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ANNOTATION 

This book describes the methods used in the mass production of pocket- and wristwatch parts and reflects 
the experience acquired by the Soviet watch industry. 

The book is intended for students of technical colleges specializing in watch manufacture. It may also 
be of aid to factory workers and to engineering personnel employed in processing small high-precision parts. 



FOREWORD 

The watch indus try created during the Five - Year Plan periods has arrived 
at a new stage in its development. New plants are going into production, 
and existing ones are being reconstructed .  The staff of factory worke rs and 
engineering pers ,onnel is being enlarged, and training programs are being 
introduced on a large s cale . The training of new personnel is hampered, 
however, by the lack of literature dealing with the technology of  watch manu­
facture .  

I t  i s  the purpos e o f  the pres ent book to fill t his gap . The basic manu­
facturing processes used in making pocket- and wristwatches are described,  
as are the special machines , devices , stamping and cutting tools, etc. The 
book presents information on the metals used in the manufacture of watch 
parts and dis cusses the fundamentals of manufacturing-process design.  The 
engineering proces s es are in some cas es illus trated by s ample operations 
as carried out in the manufacture of alarm - clock parts . 

The material pres ented corresponds to the watchmaking s ection of the 
syllabus of the cours e on "Manufacture of Precision Instruments and Tools " 
for technical s chools . In the author ' s  opinion the manufacture of jewel bear­
ings constitutes a s eparate subject, and is therefore not treated in this book. 
Sin ce heat treatment is included in the program of the special course for 
technical schools , the author has confined hims elf to mentioning hardening, 
tempering, cementation and aging. 

Due to limitations of space ,  the book cannot treat thoroughly all the 
problems encountered in the manufacture of pocket- and wris twatches .  

The author will b e  thankful for any s ugges tions and for criticism o f  the 
book's contents . Thes e should be addressed to the author,  c / o  Publisher: 
Moskva, 1 ,  Tret 'yakovskii proezd,  Mashgiz .  



INTROD UC TION 

In watch manufacture, as in other branches of instrument and tool manu­
facture, use is made of cold s tamping, turning on automatic and semiaut o­
matic lathes ,  milling, gear bobbing, drilling, thread -cutting, heat- treating, 
grinding, polishing, and s imilar proces ses ,  as well as of auxiliary proces ­
ses ,  such as electroplating, lacquer -coating, etc . 

However, for any given component, the manufacturing process es used in 
pocket- and wris twatch-making are frequently quite different from those 
which would be us ed in tool and instrument manufacture fo r the preparation 
of s imilar parts . 

The characteristic features of watch manufacture result from the very 
s m a l l  d i m e n s i o n s  of the processed parts , and from the h i g h p r e ­
c i s i o n  and e x  c e 11 e n  t s u r f a c e  - f i n i s h  q u a  1 i t  y required .  

Many dimensions o f  watch parts are below 1 m m ,  and s ome nominal di­
mensions may read 0 . 0 1 8 ,  0 . 0 8 ,  or 0 .1 5  mm.  

The gear moduli are  very small - 0 . 0 5  mm in  some cas es ,  and the gear 
ratio of a pair may be as high as 1 0, making it necessary to use gear pinions 
having between 6 and 12 teeth of a modified cycloidal shape .  

Tolerances o n  some dim ensions o f  basic parts are a s  clos e  as 0 . 0 1  to 
0 . 02 mm . Tolerances for journal diameters , bearing bore s ,  and center 
dis tances may come to 0 . 005 mm.  

The requirem ents for  trueness ,  parallelism,  concentricity and other 
form and pos ition param eters of the parts are very s trict . 

The requirements for accuracy of gear- tooth shape are also  very s evere ,  
in  order to  minimize friction losses  in the transmiss ion of power from the 
mainspring to the escapement. 

The small dimensions of the parts and their narrow tolerances render 
their measurement by conventional limit gages difficult. Accordingly, uni­
versal meas uring devices are us ed in watch manufacture such as micro­
meters , dial gages , etc . , as well as special measuring devices equipped 
with micrometers and dial gages . Geometric shapes and many linear and 
angular dimensions are often measured on optical and mechanical - optical 
ins trum ents such as optical comparators , microscopes ,  etc .  

The solution to the problem o f  interchangeability is thus seen to b e  more 
difficult in the mass production of watches than in other branches of instru­
ment and tool manufacture . 

Watch mechanisms , parts and as semblies must be interchangeable not 
only by their dimensions but also by their physical properties , such as the 
cons tant period of oscillation of the escapem ent. 

The high quality of surface finish is required mainly to minimize power 
losses  in friction pairs and m eshing gears . The external appearance of the 
watch is als o  a function of the finish of certain of the parts . Good surfac es 
on s teel parts also increase their corrosion resistance .  
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In the production of pocket- and wristwatches many hardened s teel parts 
are finished to \l\l\l\7 1 2  -VV\7\7 1 3 .  Nonhardened s teel parts and parts made 
from nonferrous alloys generally have surface finishes of\7\7\78 - \l\l\l\7 1 0  
and above.  

It will be s een from the des cription of watch- manufacturing processes 
which follows that the application of the usual metalworking techniques to 
the production of watch parts having small dimensions and low m echanical 
strength, and demanding high dimensional and form accuracy as well as 
superior s urface finish, is characterized by the us e of more accurate special 
machines , different proces sing conditions , devices , stamping and cutting 
tools of special design, and special engineering methods . 

Watch production differs from other kinds of instrument manufacture in 
the extensive us e which is made of nonferrous alloys supplied according to 
engineering specifications (see Chapter II), and in the relatively high propor­
tion of wages in the total production costs resulting from the relatively small 
volume of materials used  and the large amount of labor invested . 

The high unit price of the materials notwithstanding, the share of wages 
in the total costs involved in the production of a wristwatch is about three 
times as large as that of the materials used up . 

Lastly, watch production is characterized by the considerable amount of 
manual work involved, mainly in ass embly operations . 

3 



C h a p t e r I 

FUNDA MENTA LS OF TECHNOLOGY 

BASIC CONCEPTS AND DEFINITIONS 

Production and Technological Processes 

The p r o d u c t i o n  p r o c e s s  of a plant or shop is the totality of oper­
ations which transform the initial materials and blanks which enter the plant 
into finished products . 

A t e c h n o l o g i c a l p r o c e s s  is a part of the production process which 
is directly connected with the alteration of the shape,  properties or state of 
the material . 

The technological process is subdivided as follows�' .  
An  o p e r a t i o n  i s  a part o f  the technological process which is executed 

on a definite component (or group of several components proces sed s imul ­
taneously) b y  one factory worker ( o r  a definite group of facto ry workers ) 
continuously and at the s ame workplace.  A time and work - expenditure rate 
is established for the operation. 

A p a s s  is a part of an operation which iil executed on a s urface (or 
several surfaces ) by one or several s imultaneously operating tools under 
given processing conditions . 

A change in any of the above-m entioned factors - the tool, the proc ess ed 
surface or the processing conditions , the others remaining unchanged -con­
s titutes a new pas s .  

A s t e p  i s  that part o f  the pass (or the operation) which results in the 
actual removal of a layer of material from a given surface by a given tool . 

A h o 1 d is that part of an operation which is performed in one chucking 
of the processed component (or of s everal simultaneously process ed com­
ponents ) and is performed at a station. 

A p o s i t i o n  is meant to indicate each of the several spatial relation­
ships between the processed component and the tool or the machine in the 
same chucking. 

S e t t i n g  u p  is that part of the operation which is concerned with the 
preparation of the machine for the execution of the various passes (bringing 
up of the tool , s tarting the machine, etc . ) .  Setup times are taken into ac­
count when es tablishing the rates for the operation. 

The technolo gical process for each product is entered in detail on engi­
neering charts which are the basic documentation necessary for applying 
the production proces s .  

• Established b y  the Committee for Technology of VNITOMASh. 
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"Technological discipline " consists in the faithful carrying out of all 
instructio�s appearing in the engineering charts , and cons titutes one of the 
main conditions for the manufacture of high- quality products . 

Watchmaking plants make us e of s everal different kinds of technical 
documentation, for different purpos es . 

The degree to which the technological process is provided with technical 
documentation, and the thoroughness of the documentation, depends on the 
type of production.  

Types of Production 

Depending on the output volume and the character of production organi­
zation, one distinguishes between: u n i t  p r o d u c t i o n ,  s e r i e s  p r o -
d u c t i o n  a n d  m a s s  p r o d u c t i o n .  . 

Eache of the above types covers a range of s ituations , and intermediate 
cas es occur . Thus , depending upon the number of types of products which 
are produced and on the quantity of products in a production s eries , series 
production can be large- series or small - s eries . Mass production can be 
organized as flow-line mass production . 

U n i t  p r o d u c t i o n involves the manufacture of single products or of 
small batches mf products (s everal pieces ) ,  with large time intervals be­
tween successive runs . Universal equipment and devices and general -pur­
pose tools are us ed, permitting the proc essing of parts of various dim en­
s ions and diverse configurations . 

Personnel engaged in unit p roduction must have high qualification, be­
cause of the diversity in the operation they must perform . 

In this type of production the details of the technological processes are 
not worked out in advanc e .  The general s equence of ope rations is pres cribe d  
f o r  most parts , and only for particularly complex  parts are the processes 
worked out in more detail . 

Costs are high and production is slow under unit-production conditions . 
S e r i e s  p r o d u c t i o n  involves the manufacture in batches of s everal 

products which alternate periodically . One or several operations are car­
ried out at each workplace ,  and either the entire batch of parts pas s es from 
operation to operation together ,  or it is divided into groups . 

S m a 11- s  e r i e  s p r o d u c t i o n  is characteris tic of plants producing 
various products in s mall batches . 

The equipm ent used in small- s eries production is mainly universal but 
special devices and specialized cutting tools and measuring instruments 
are also us ed to a l imited extent. The processes for small-s eries produc ­
tion are worked out in detail, and norms and rates are fixed . 

Operations are associated with available equipment of a particular type,  
or even with a particular machine . 

La r g e - s e r i e s  p r o d u c t i o n  is characterized by the same basic 
features as those which characterize small - s eries production ,  but consider­
able differences exist between the two typ es of production. 

The diversity in the parts manufactured is smaller in large- s eries pro ­
duction .  The s eries are much larger and the product designs are more 
stabl e  in time . Special devices , cutting tools and measuring instruments 
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are us ed liberally, and this investment in tools is usually economically 
justified .  Production costs are  lowered, and the p roduction-time cycle 
shortened in large - s eries production as compared with small - series pro ­
duction. 

Ma s s  p r o d u c t i o n  is the s teady production of uniform products . 
The elem ents of work have a narrowly specialized character, and a specific 
operation is assigned to each workplace .  

Wide use  i s  made in  mass production of specialized and automatic ma­
chinery, special cutting tools and measuring instruments , and a variety o f  
automatic and mechanized ins truments and devices . 

The large investments involved in the p reparations for mass production 
make it ess ential that the product design, the technological process ,  and 
the equipment design be worked out carefully and thoroughly. 

Because the same operation is constantly repeated at a given workplace, 
and becaus e special equipment is widely us ed, the personnel quickly master 
the operation entrus ted to them and achieve a high rate of p roductivity. 
Production costs are lower in mass production than in any other type of 
production proces s .  

The large investm. nt necessary for the preparation o f  mass production 
is justified economically by the increas ed output and the lower production 
costs . 

Becaus e only one operation is performed on each machine, s etup time 
is saved and it is pos s ible to achieve higher rates of equipment utilization 
than in other types of production. 

If the workplaces (machines ) are arranged in accordance with the sequence 
of operations , the part will pass directly from workplace to workplace and 
emerge completely proces sed after the final operation. 

In order that this flow be possible ,  all operations must take the same 
amount o f  time .  In practice, however, the time required by the various 
operations is usually not the s ame for all of them and both technical and 
o rganizational measures are taken with the aim of equalizing the time re­
quired by the different operations : improvement of the design of clamping 
devices in order to reduce the loading tim e, introduction of multiple- chuck­
ing devices , etc . In particular cases certain ope rations may be conducted 
in parallel at s everal workplaces . 

A mass production process in which the work is conducted along a flow 
line is called f 1 o w  - 1 i n  e p r o d u c t i o n. 

The most important problem in flow-line production is the synchroniza­
tion of operations , to ensure that all operations require the s ame time or 
a multiple of it. The number of product units or parts coming off the con­
veyor per unit of time serves as an index of the flow-line productivity . 

Plant Structure 

Each plant is divided into shops ,  each of which has a given class of equip­
ment, and wo rkers and engineering pers onnel having specialized in s imilar 
fields . 

The following are some of the types of shops :  stamping, automatic ma­
chines , mechanical coating, (electroplating, lacquer - coating), heat treat­
ment, ass embly, etc . 
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The shops in which parts are produced and ass embled are called b a s i c  
shop s .  

Plants making pocket- and wris twatches have the following basic shops :  
preparatory shop, s tamping shop, automatics shop, plate -and -bridge shop, 
cas e shop�' (cases ,  dial s and hands ), escapement shop (sometimes called 
"movem ent" shop ), mechanical shop ( gears, barrel parts and pallet levers ), 
coating shop (electroplating), heat-treatment shop, and ass embly shop . 

The entire proc ess of watch manufacture, beginning with the raw mate­
rial and ending with the finished product, takes plac e within the basic shops . 

In addition to the basic shops ,  each plant has a u x i l i a r y s h o p s  which 
provide production services . 

Some examples of auxiliary shops are the tool shop, the m echanical­
maintenance shop, the power shop, and the construction- maintenance shop . 

The plant man�gement compris es the following departments for produc ­
tion control : 

1 .  The production- dispatching department plans the work s chedules of 
the production shops and supervises the fulfillm ent of the plant ' s  production 
program . The manager of the production- dispatching department is the 
production manager and all the basic shops of the plant are under him . 

2 .  The chief-production engineer ' s  department is charged with design­
ing the technological processes and supervising their application in produc ­
tion. This department establishes the technical norms and rates for the 
processes ,  designs the production equipment, and sets consumption s tand ­
ards for the basic and auxiliary materials . 

3 .  The chief - designe r ' s  departm ent is charged with designing the prod­
ucts to be manufactured by the plant (in this cas e - watches ) .  

A watch laboratory is attached to this department for the purpos e  of 
tes t�ng both watches produced by the plant and prototypes of new designs 
to be introduced into production.  

4 .  The technical- supply department supplies the plant with all basic and 
auxiliary materials . 

5 .  The chief-m echanic ' s  department is charged with machinery mainte­
nance and with keeping the buildings , installations and power system of  the 
plant in working condition .  

6.  The technical - control department is  responsible for the compliance 
with technical instructions in the shops ,  tests the rna terials received by the 
plant and inspects the finished products . 

MACHINING ACCURACY 

Machining accuracy is of utmost importance in instrum ent- making tech­
nology and is especially important in watch manufacture . 

Processing accuracy is unders tood to refer to the degree to which the 
finished parts correspond to the form and dim ens ions specified by the draw­
ing. 

Variations in the dim ensions of parts produced can result from many 
factors which influence the manufacturing proc ess .  Inaccuracy in the 

• The plate-and-bridge shop and the case shop are combined in some '" atch plants inro one plate-and-case shop. 
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machine or cutting tools ,  tool wear, inhomogeneity of the material being 
processed,  and deformations in the machine, the tool or the part during 
processing, are a few of thes e  factors . 

Errors 

In the process of machining all parts of the machine ,  the tool and the 
blank are subjected to cutting forces which caus e deformations . In drilling 
deep holes the drill is deflected from the desired hole axis; in turning shafts 
or axles between centers on a lathe the axles bend, etc . 

Deviations in the dim ensions and the form of the parts being made are 
due to caus es such as thos e described above; these deviations are usually 
called errors ard are classified as being of the systematic or of the random 
typ e .  

A n  error i s  called s y s t e m a t i c  i f  i t  i s  constant for all the parts of 
a given batch or if it changes in a regular manner within the batch. 

Thus , if holes are drilled using a drill which is 0 . 2  mm larger than it 
should be, all the holes will be larger by 0 . 2  mm than if they had been drilled 
with the correct drill . This will be a systematic error. Another example 
of sys tematic error is that resulting from the wear of the cutter, which 
leads to a pro gressive increase in an external diameter or a progressive 
decreas e in an internal diameter of a machined part. 

An error is called r a n d o m  if it has different values for different parts 
within the same batch and is not subject to any apparent law. Holes drilled 
by the s ame drill will have various dimensions , due to  various factors of 
random origin. 

The systematic errors are determined by analytic - calculation methods 
and the random errors are determined statistically . A formula is known 
which establishes the relationship between the various elements of the 
sys tem machine- tool - part and can be us ed for the analytical method .  

However, this method i s  inconvenient becaus e l engthy computations are 
necessary for each factor .  For example ,  72  factors are known to affect 
hobbing. 

It is difficult to determine the combined influence of several s imulta­
neously operating factors or primary errors using analytic - calculation 
methods . Calcul ation methods are, for these reasons , being widely s up­
plemented by s tatistical m ethods of investigation . According to the statis ­
tical methods , the totality of many phenomena is treated rather· than indi­
vidual phenomena or  factors . The process of investigation is split into two 
stages- collection of experimental data , and its proces sing using the methods 
of mathematical s tatistics and the theory of probability. We will illustrate 
the application of this method  by a concrete example .  Let us  assume that 
a batch of 1 0 0  parts has been manufactured according to an established 
technological process . 

If the dimension in question (d= 1 0 m m )  is meas ured in a batch of parts 
processed under uniform conditions , we will obtain different values of the 
dimension in the different parts , varying between a maximum of 1 0+0 . 014  
= 1 0 . 0 1 4  mm and a minimum of  1 0- 0 . 0 1 2  = 9 . 988  mm.  
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The difference between the maximum and minimum diameters , called 
the r a n  g e , will be equal to 

9 act =dmu -dmtn= 10.014-9.988 = 0.026 mm = 26 I t .  
The diameter of each of the parts in the batch is measured and the re­

sults are arranged in a table .  
T o  that end the range i s  split into several equal class intervals ,  say, o f  211 

each and the number of parts whos e measured diameter lies within the limits 
of each interval is recorded ( Table 1 ) . 

TABLE 1 
Results of the measurement of a batch of parts 

Class intervals of actual 
diameter (d1)in increas-

ing order, mm 

from to 

9 .988 9 .990 
9.990 9 .992 
9 .992 9 .994 
9.994 9 ,996 
9 .996 9 .998 
9 .998 10 .000 

10 .000 10 .002 
10 .002 10 .004 
10 .004 10.006 
10 .006 10 .008 
10 .008 10 .010 
10 .010 10.012 
10 .012 10 .014 

Deviation from the nominal 
diameter �,= d1-·anom' in� 

from to 

-12 -10 
-10 - 8  
-8 - 6  
- 6 -4 
- 4 - 2  
-2 0 

0 +2 
+ 2 +4 
+ 4 +6 
+6 +8 +B +10 
+10 +12 
+12 +14 

Frequency 

m, 

I 
3 
5 
9 

13 
20 
14 
12 
9 
7 
4 
2 I f-· � m1= 100 

The f r e q u e  n c y of a given interval is the number of parts whose dia­
m eter lies within the limits of the given class interval . 

A graph of the frequency m1 as a function of the deviation 131 can now be 
plotted (Figure 1 ) . The points are connected by straight lines;  and the 
broken line obtained characterizes the s catter of dim ensions in the batch 
of parts investigated and is called the a c t u a l  d i s t r i b u t i o n  c u r v e  o r  
t h e  d i s  t r i b  u t i  o n  p o 1 y g o  n .  

I f  the number o f  parts and class intervals i s  increas ed indefinitely, the 
interval width becomes infinitely small, and in the limit the dis tribution 
polygon is transformed from a broken line into a continuous curve . 

This curve is called the t h e o r e t i c  a 1 d i s  t r i b  u t i  o n  c u r v e  and it 
can be exp ressed analytically in the form 

y =<p(X), 

where x = the value of  the random magnitude; 
<p(x) = the value of the ordinate of the continuous distribution curve . 

The distribution function 'f'(x) of a variate x is called the d i s  t r i b  u t i  o n  
l a w .  

I t  has been established by numerous investigations that under production 
conditions , where the equipm ent operates automatically and there is no 
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dominating factor among the s ources of error, the s catter of errors in a 
batch of parts conforms to or closely app roaches the law of normal distri­
bution. This law is  expressed analytically by the equation 

-(X 1-xav)t 
1 2•' 

y = -- e 
0' y'21i 

/il 
1 - 'To'  =--e 

a Jf2Ti 

where y = frequency of appearance of an error of given absolute value; 
Xav = arithmetic mean of the actual dimensions (population mean ): 

or 

x1 = actual dimensions; 
8 = the variable error; 
a = s tandard deviation, determined from one of the following expres ­

s ions : 

m 

18 
16 
fl, 
12 
10 
8 
G 
4 
2 1/ 

!\ 
I \ f "'\ 

\ 
I 1\ f\ II v "'\ 

FIGURE 1 .  Distribution polygon 
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The curve repres enting the law of normal distribution is given in Figure 2 .  
The axis o f  symmetry o f  the curve is determined by Xav• which i s  called 

thepo p u l a t i o n  m e a n . 
The standard deviation a is the s econd main parameter of the law of  

no rmal distribution. 

y 

----Xa-v--� 
FIGURE 2. Curve of normal distribution 

The larger the standard deviation, the broader and less s teep the curve . 
A small value of a.on the contrary, will caus e the curve to be narrow and 
steep.  

We pres ent for comparison, in Figure 3 ,  three curves having different 
values of a .  A small value of a indicates small random errors ,  and a high 
proces s ing accuracy . The value of a can therefore s erve as a criterium 
of process accuracy. 

FIGURE 3.  Normal distribution curves with various values of " 
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The normal distribution curve has two inflection points , s ituated symme­
trically on both sides of X av at ± a. 

The standard deviation ±a separates the region of  frequently met erro rs 
from ·that of rarely met errors . 

The branches of the normal distribution curve continue to infinity in both 
directions and approach the X-axis asymptotically . The area under the curve 
limited by the ordinates ± 3 a includes 9 9 . 7 % of all the cases and therefore, 
normal distribution curves are limited in practice to ±3o; this giving an 
error of less than 0 . 3 % (Figure 2 ) . 

The accuracy with which the standard deviation can be determined de­
pends on the number of parts measured.  

For practical purposes it  is wholly sufficient to determine the standard 
deviation a with an error of ± 1 0  o/o, and in order to determine a to this de­
gree of accuracy it is  sufficient to  m easure 50  parts . 

Investigation of the A ccuracy of Technological Processes on the 
Basis o f  the Distribution Curve (Statistical Method) 

Using the statistical m ethod, the manufacturing accuracy of a given pro­
cess (the resultant error caus ed by the interaction of several prim ary er­
rors ) can be obtained, but the separate influence of each of these errors 
cannot be directly obs erved . 

The influenc e of a given factor can be determined by comparing distri­
bution curves . If the distribution curve for the dim ens ions of a batch of 
parts conforms to the law of normal distribution, the probability that the 
error relative to the mean value in a part will not be larger than ± x0 (the 
shaded area of Figure 4 )  will be 

..-av+xo -(xi- Xav)2 
--- e I s 2a2 

(J· y2it Xav-zo 
d.x. 

Instead of calculating the value of the integral corresponding to the spe­
cified value of x0 in each instance ,  the table in A ppendix I can be us ed . 

In this table the total area under the curve is taken as unity. The value 

of z = xo is given in the firs t column, and the values of the integral , de-a 
signa ted by ¢ ( z), are listed in the following columns . The values of z appear 
in the first column to the first decimal place; the s econd decimal place ap­
pears at the head of the following columns . Thus, for z = 2 . 48 ;  ¢ ( z) = 0 . 9868 ;  
forx0 = 3a; <D(z) = 0 . 9 9 7 3  or 9 9 . 7 3 % .  

I f  the probability is given, the value o f  z can b e  determined from the 

formula z = 39 and therefore the limiting deviation from the m ean value can a 
be calculated . 

Thus , given a 1 . 5 %  reject rate in a batch of parts , we obtain the value 
z = 2.4 3 from the table for <D(z) = 0 . 9 8 5 .  

Taking a = 0 . 02  m m ,  w e  will determine deviation X0 from the mean 
value Xav . 
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FIGURE 4. Normal distribution curve 

1----- 'P (range) -------l 
1---- -- b ( tolerance field) -----1 

--------L max ---�--------�------� 

FIGURE 5. Range and tolerance field 

x0 = Z· o = 2 . 4 3 X 0 . 02 = 0 . 04 8 6 .  The total tolerance is 0 . 0486 X 2  � 0 . 1 0 mm .  
Allowing a 1 .  5 %  reject rate and for o = 0 .  0 2  m m ,  the tolerance can b e  es tab ­
l is hed as 0 . 1 0 mm.  For the s ame value o f  o , and allowing a 0 . 2 7 o/o reject 
rate ,  the toler ance mus t  be  6o = 0 . 1 2  mm.  

With the aid of dis tribution curves one can characterize the process ac­
curacy not  only with res pect to  dimens ional errors ,  but als o with res pect 
to deviations from the correct geometrical s hape .  

The accuracy o f  the technological process is determined by the bas ic 
condition that the range mus t  not exceed the tolerance field (s pecification 
limi ts ) .  

If the condition is fulfilled, the work will be conducted within the limits 
of the es tablis hed tolerance ,  and therefore without rejects .  This condition 
is pres ented graphically in Figure 5 .  

Since the range is 6cr, production without rejects is defined by the follow­
ing inequality: 

6o<�. 
If this inequality is not fulfilled Q. nd 6o > a, it is necess ary to replan the 

engineering process or to envis age s upplementary process ing of thos e parts 
which fall outs ide the tolerance field .  

We will cons ider s everal examples . 

Example 1. Parts from two batches, produced by the same technological process but at different machine 
settings are measured. 

The distribution curves plotted for the two batches v1ill be roughly identical, but will be displaced from 
one another by the value a (Figure 6) .  

When working with holding and locating fixtures, the shift can be explained only by a difference in the 
positions of the working parts of the machine, the clamping devices and tools for the two cases. 

If we plot a curve for a mixed batch of parts, processed by different reamers, different punches, etc . , 
the curve will have two summits (Figure 7) .  

The multiple-summit curve can be considerei:l as the summation of curves having different arithmetic 
means (population means). 
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If the various groups of parts are machined by different processes, the individual distribution curves, 
which together form the common multiple-summit distribution curve , may also differ in shape . 

Example 2, Assume that a batch of parts manufactured by an invariable process using locating fixtures 
has been measured, The distribution curve is plotted and superimposed on the tolerance field. The range is 
seen to be smaller in absolute value than the tolerance field (Figure 8), but since the population means is 
displaced to the right, rejects will result. 

The proportion of rejects ( as a percentage of the total number of parts in the batch) is represented by the 
hatched area of the curve. 

The following conclusions can be drawn on the basis of the curve obtained. 
The process adopted can reliably produce work without rejects, since 

e = 6a<a. 

The fact that rejects are obtained is due to the shift of the population mean relative to the tolerance field. 
In order to produce work without rejects, all that is necessary is to readjust the machines. 
Example 3, rt is required to select from among three possible technological processes the one ensuring 

maximum accuracy. 
Three groups of parts are experimentally machined using the three processes, and after measuring the 

parts the standard deviation for each group is calculated. 
The process which gives the smallest value for a will be ensuring the highest accuracy. 

Having investigated a process by m eans of distribution curves ,  conclu­
s ions can be  drawn concerning its accuracy under given processing condi­
tions . On the basis of thes e data , specifications for the accuracy of the 
various technological processes can be established. 

Using thes e specifications,  engineers can correctly s elect the process 
giving the required accuracy. 

FIGURE 6 .  Normal distribution curves with 
different positions of the population mean 

FIGURE 7. Two-summit distribution curve 

The influence of individual factors on the process accuracy can be inves ­
tigated with the aid of the distribution curves . The factor in question is 
varied, keeping the remaining parameters of the process unchanged .  The 
comparison of the distribution curves obtained before and after the variation 
indicates that the m ethod of determination of process accuracy by means of 
distribution curves is of general applicability and makes it possible to find 
methods f or increasing process accuracy. 

The bas ic m ethods for increasing the machining accuracy in watch pro­
duction are: 

1 .  Increasing the durability of the tool , thus achieving increas ed s tability 
in the machined dimensions . 
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2 .  Reducing the range of the variation in the mechanical p roperties of 
the m etal us ed .  

3 .  Machining the important s urfaces of  the part in one hold .  
4 .  Combining the des ign and reference s urfaces and us ing one  s ingle 

s urface as a bas e  for the various operations . 

1------ 'P(range) --f-----<-1 
- o (tolerance field)----l 

FIGURE 8. Distribution curve for work produced 
! by improperly adjusted machine 

Average economic accuracy. Each machining process has a definite 
accuracy under normal production conditions . On the bas is of numerous 
obs ervations , the accuracy of the various machining process es has been 
es tablis hed and is called the a v e r  a g e  e co n o m i c  a c c u r a c y . 

The average economic accuracy is the accuracy achievable under normal 
pro duction conditions ,  that is , when the machines have the s pecified accu­
racy, the fixtures and tools corres pond to the drawings and s pecifications, 
the work is carried out as s pecified,  and the pers onnel have the required 
qualifications . 

Data on the average economic accuracy in watch manufacturing are 
given in Table 2 .  

TABLE 2° 

Average economic process accuracy in 1vatch manufacturing 

Process 

Turning on Swiss-type automatic screw machines 
a) bar diameter up to 6 mm : 

for diameter . • . . . • . . • . . • . . • . . . . · · • · · · · · 

for length . . . . . . . . . . . . . • . . . . . . . . . . . . .  · · 

b) diameter from 6 to 1 0 mm :  
for diameter . . . • • • . . . . . . . . . • . • . . . . . . . . .  

for length . . • • . . . • • • . • . . . . .  • • · · • · · · • · · • 

c) diameter from 10 to 16 mm: 
for diameter . . . . • • . . . . • . • . . . . . . . . . .  · . • · 

for length . . • . . . . . . • . . • . . . . . . . . • . . . . • . .  

• Based on data from watch plants. 
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Average economic pro­
cess accuracy, mm 

0.005- 0.010 
0 .010-0.020 

0.01 0-0.020 
0.02 0-0.030 

0 .01 5- 0.025 
0 .030- 0.050 



Process 

Facin g  and counterboring flat watch parts on the S -57M, S-81A, 
S-175, S-178 machines, etc . : 

for diameter . . . . . • . . . • . . . . • • . • • • . • . . . . .  

for depth . • • . . • • . . . . . • . • • . •  , . . . • . • . . . . •  

Milling gears and pinions on the S-40 and 530A machines, on the 
the ex ternal diameter : 

module 0,1 5  mm . • • • . • • . • . . . . . . • • . . . . . . .  

0.15 to 0.30 mm . . . . . . . • . • . . . • . • . . .  

0.30 to 0.50 mm . . • • . . . . . . . . . . . . . . .  

M illing recesses in flat brass parts on the S-50, S-187,  S -210 
machines, etc . :  

for depth- area up t o  5 0 mm2 . . • • . • • . . • . . . . .  

for depth- area more than 50 mm2 • . . . . . . . • • . •  

for contour • . • . • • • . • . • . • . . . • • • • • • • • • . . .  

Drilling hol es : 
diameter up to 1 mm . • . • • • . . • • • • • . • . . • . • •  

diameter from 1 to  3 mm . . • . . . . • . . . . . • . . . • .  

R eaming holes : 
diameter up to 1 mm 
diameter from 1 to 3 mm . . . • • . . • • . • . . . • • . • .  

Shaving holes:  
diameter up to 3 mm . • . . • • . • • . • • • • • . • • . . • •  

diameter from 3 to 7 mm . • . • • • . • . • • . • • • . • • .  

Stamping 
Blanking: 
a) blanks of siz e up to 25 mm and thickness up to 2 mm 
b) blanks of siz e  larger than 25 mm and thickness more than 

2 mm . . • . . • • . • •  • • • · • · · • · · • · • · · · · • • • 

Shaving 
a) parts of siz e  up to 25 mm and thickness up to 2 mm . . . • •  

b) partS of siz e  larger than 25 mm and thickness more than 
2 mm • • . . . . . . • . . . . • • • . . . . • • • . • • . . . . • • •  

Combined blanking and shaving: 
a) parts of siz e  up to 25 mm and thickness up to 2 mm . . . .  
b) parts of siz e  larger than 25 mm and thickness more than 

2 mm . • . . . • . . . . . . • . . • . . . • . • . • . • . • . . . .  

Rol ling and dr awing • . . • • . . . . . • . . . . . • . . • • . . . . . • •  

Cylindrical grinding : 
diameter up to 1 mm . • . . . . • . • . • . . . . . . • . . • •  

diameter from 1 to 3 mm . . . . . . . . . . . . . . . . . .  . 

diameter from 3 to 1 0 mm . . . . . .  , . . • . . . . . . . .  

Surface grinding (t hickness) :  
area up to 5 mm2 . . . . . . . . . . . . . . . . . . . . . . . 

area from 5 to 50 mm2 
. . . . . . . . , . . . . . . . . . • •  

area more than 50 mm2 

Circular polishing : 
diameter up to 1 mm 
diameter from 1 to 3 mm . .  
diameter from 3 to 1 0  mm . • . . • . . . • . . • . . • • . .  

Plane polishing: 
area up to 5 mm2 

. . . . • . . • . . • . . . . . . . . . . . . .  

area from 5 to 50 mm2 . . . . . . . . . . . . . . . . . . .  . 
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TABLE 2 ( cont' d) 

Average economic pro­
cess accuracy, mm 

0.02 Q- 0.050 
O , O l Q- 0,030 

0,01Q -0,025 
0.015- 0.035 
0.03Q- 0,050 

O , O l Q- 0,025 
0 .02 Q- 0.030 
0.02 0- 0.050 

0.008- 0.015 
0.015- 0.030 

0.005- 0.010 
0.008 -0.015 

0.005-0.010 
0.01 Q-0,020 

0.02 Q-0,050 

0.05Q-0,150 

O . O lo- 0.020 

0 .02 Q- 0,050 

0.01 5- 0.030 

0.030-0.1 00 
0.01Q- 0,050 

O . Ol Q- 0.015 
0 .015- 0.020 
0,02 Q- 0,025 

O . O l Q- 0.020 
0.02 Q-0.030 
0 .03Q- 0,050 

0.005 -0.010 
O . O lo- 0.015 
0.015- 0.020 

0.02 Q -0.030 
0.03 Q -0,050 



REFERENCE SURFACES 

Parts which are to be processed on a machine mus t be positioned rela ­
tive to the cutting tools and must then be held in pos ition by clamping de­
vic es . 

Selection of the reference surfaces during the part-design s tage deter­
mines how the part will be dim ens ioned.  Depending upon the reference 
surfaces s elected, a means for positioning and fastening the parts for ma­
chining is adopted, and this in turn determines the basic design of the 
clamping device .  

The reference surfaces also determine the pos ition o f  the part i n  the 
as s embled product and its interconnection with the other parts : 

Thus , the concept of "reference surface "  denotes the totality of surfaces , 
lines or points in elation to which are orientated those surfaces which ad-

c 
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join (in the finished product) other components 
or thos e  s urfaces of a component which are 
machined at the given s tage of manufacturing 
of said components . 

We distinguish between m a i n  r e f e r e n c e  
s u r f a c e s , g u i d e  s u r f a c e s , a n d s t o p  
s u r f a c e s . 

The pos ition of these surfaces in a prisma­
tic part is shown in Figure 9 .  

In order to direct (orientate )  the part o n  the 
main reference surface we have to set it on three 
points which determine the position of the plane . 

After the part is s et on the main referenc e 
surface,  its orientation along the guide surfac e  

A-maln reference ; B-guide; e-stop is determined by two points . 
The part having been s et along the main and 

FIGURE 9 .  Reference surfaces on 
a prismatic part : 

surfaces. 
guide s urfaces ,  one point suffices to fix it with 

respect to the stop surface .  If orientation of a part in three directions is 
not neces sary during ass embly or machining, the number of reference sur­
faces reduces to two or  one . 

Let it be required to machine the upper surface and maintain the dimen­
s ion a on the part shown in Figure 10,  a .  

FIGURE 1 0 .  Machining parts according to different 
holding surfaces 
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FIGURE 11.  Reference surfaces of a cylin­
drical part : 

1 -double guide surface; 2-stop surface. 



In this case the part to be machined is s et on the main reference sur­
face A ,  while the guide and stop surfaces are  of no  special importanc e .  

If ,  o n  the other hand, w e  are required t o  machine the dim ensions a and 
c (Figure 1 0 ,  b ), we s et the part along the main and the guide reference 
surfaces, the stop surface be ing of no spec ial importance.  

In thes e examples the concept of "refe rence surface "  includes one or  
two surfaces of the part, respectively . 

The position of cylindrical parts , such as rolle rs or  shafts , is deter­
mined by the position of the axis of the external cylindrical s urface in the 
horizontal and ve rtical directions , and by the pos ition of an end surface .  

It is  sufficient to support cylindrical parts on four points of the external 
cylindrical surface and on the end, as shown in Figure 1 1 .  

A cylindrical surface along which the p art is s et as in Figure 1 1  is called 
a d o u b l e  g u i d e  s u r f a c e . 

T h e  s t o p  s u r f a c e  in this case is Jhe cylinder end. 
Let it be required to turn a shoulder on a cylindrical blank (Figure 12 ) .  

When the blank is clamped, the cylindrical surface of the collet serves 
simultaneously as main reference ,  guide and stop surface for obtaining the 
dim ension 2 . s - 0 . 02mm.  The cylindrical surface of the collet als o  serves 
as the guide surface for obtaining the dimension 8 . 5 - 0 . 1 0 , while the in­
ternal shoulder of the collet serves as both the main reference surface and 
the stop surface .  

t----85-o.to -----<� 

FIGURE 12 .  A cylindrical part held in a collet 

Surfaces are classified, according to their function, as being either 
d e s i g n ,  a s s e m b l y ,  h o l d i n g  o r  m e a s u r i n g  s u r f a c e s . 

T h e  d e s i g n  s u r f a c e s  of the part are the totality of surfaces , lines 
or points relative to which the other parts of the product are orientated in 
the designer ' s  calculations . 

A n  a s s e m  b 1 y s u r f a c e  is the totality of surfaces ,  lines or points 
relative to which the other parts of the product are actually orientated .  

A h o l d i n g  ( t e c h n o l o g i c a l ) s u r f a c e  is the totality of s urfaces ,  
lines or points relative to  which a surface being machined is  orientated 
during the manufacture of the part. 

A m e  a s  u r i  n g s u r f a c e  is that surface (or s et of surfaces ) from 
which the dimensions are measured . 

Parts processed on machines are set and held in universal or  special 
clamping (fastening ) ':!evices . 
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Since all the parts of a type are located on the same surface in the same 
manner, and are machined identically, their dimensions will be identical 
within the process accuracy. 

When working with locating fixtures , l o c a t  i n  g e r r o r s appear in 
addition to the random errors described earlier.  

a 

b 

FIGURE 1 3 .  Locating error for different holding surfaces 

The following example will s erve to illustrate how the s election of the 
holding surface influences the machining accuracy and the design of the 
fixtures . 

Example, It is required that the dimension 1 .2- 0.010 be held in machining the watch plate shown in 
Figure 13 , a.  This is achieved directly by means of the setup shown in Figure 13,  a ,  where the dimension 
1 .2_ 0.010 is measured from the holding plane B. The variation in the dimension 1 .2 in the parts will depend 
only on random factors causing scatter in the dimensions. 

In Figure 13,  b, it is required to hold the dimension 0.80+ 0 .01 , measured not from the holding plane B, 
but from the plane A .  

I f  the pan is set o n  plane B, the dimension 0.8 will depend both on random factors an<i o n  the actual 
magnitude of the dimension 2 mm which has been machined previously. In this case the dimension 0.8 will 
have deviations of a magnitude of 0 . 01 + 0.02 = 0 . 03 mm. In order to increase the accuracy, the tolerance 
for the dimension 2.0 mm would have to be narrowed. This, however, would render the machining more 
complex and cost! y. 

The best solution in the given case is to set the part on plane A .  

This example shows that, all other conditions being equal , the highest 
accuracy is achieved when the plane from which the dimension in question 
is m easured is the holding surface ,  that is when the m e  a s  u r i  n g and the 
h o l d i n g  s u r f a c e s  coincide. 
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Technological processes are accordingly preferably designed s o  that 
the reference and design surfaces coincide . It is also des irable to use the 
same s urface for as many operations as pos sibl e .  The transition from one 
surface to another is always bound up with suppleme ntary errors . The 
selection of the holding surfaces must not only ensure the required machin­
ing accuracy, but must also  allow the reliable fastening of the part in the 
fixture. 

The calculation of the locating error as a function of  the locating m ethod 
for different cases is given in the specialized literature .  

ALLOWANCES A ND INTEROPERATIONAL TOLERANCES 

The metal layer which must be removed in an operation or suboperation 
in order to obtain the specified dimension is called the a 1 1  o w  a n  c e f o r  
t h e  g i v e n  o p e r a t i o n  o r  p a s s . 

The value of the allowances specified depends both on the method used 
to make the premachined blanks and on the machining process in question. The 
more accurate the blank, the smaller the machining allowance required. 
Larger allowances are allowed for roughing operations than for finishing 
operations . 

The question of the magnitude of machining allowances is of great tech­
nical and economical importance because the metal removed by machining 
is as good as lost, s ince the value of shavings is much smalle r  than that 
of the original metal stock. 

In addition, the removal of an exces sively large allowance requires time ,  
thus lowering the productivity and the capacity of the equipment, and raising 
tool- wear and power -expenditure rates .  

Excessively large allowances are thus s een to  reduce the economic ef� 
fectivenes s  of the process .  

Excessively small allowances are not desirable either,  since they make 
the s etting and adjustm ent of the parts on the machines more difficult and 
require higher accuracy in the blanking operations , increasing their cost .  

Machining allowances specified must therefore be as s mall as is possible 
under the given process conditions . 

Long production experience has made it possible to fix ave rage allowances 
for blanks obtained by various methods or being prepared for various ma­
chining p rocesses and thes e  can be found in the handbooks or factory spe­
cifications , or  can be calculated . 

The allowances for machining external and internal cylindrical surfaces 
are given on the diameter (for both side s ). The allowances on external 
planes and end surfaces are given for one s ide; and their num erical values 
are accordingly half as large as thos e  for corresponding cylindrical surfaces .  

The total allowance for the machining of a surface i s  the sum o f  the al ­
lowances for all the various operations . 

In order to ensure that one operation will not remove the minimum al ­
lowance intended for the next operation, o p e r a t i o n a l  t o l e r a n c e s  a r e  
s et on the nominal value of the allowance for each operation, and thus the 
maximum and minimum values for each operational allowance are fixed.  
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The operational tolerance on the last operation is the tolerance on the 
final dimension for the machined surface.  The s cheme of disposition of 
the operational allowances and tolerances is given in Figure 1 4 .  

Blank dimension 

Maximum dimension after 
rough turning and before 

finish turning 
Minimum dimension 
after rough turning 

Maximum dimension 
after finish turning and 
before grindi�g 

Minimum dimension 
after finish turning and 

before grinding 

Maximum final dimension 

M inimum final dimension 

Shaft 

! 

.......... � � 
Grinding tolerance 

Miminim grinding 
allowance 

Finish-turning toleran� 
Minimum finish-turning 
allowance 

Rough-turning tolerance � -
Rou h -turnin g g allow a� 

Maximum final dimension 

Minimum final dimension 

�aximum dimension after finish-
boring and before grinding ., 

Minimum dimension after finish 
boring and before grinding 

Maximum dimension after 
rough boring (or drilling) 
and before finish boring 
Minimum dimension afte 
rough boring (or drillin ) 
and before finish bonfig 

Blank dimension 

� � Hole 

� 
Rough-boring (or drilling) 
allowance �!-- 1-
Rough-boring tolerance 

Minimum finish-boring 
allowance 

Finish-boring tolerance 

Minimum grinding 
allowance 

Grinding ( or reaming) 
tolerance 

� � � � 

FIGURE 14. Scheme of disposition of the operational allowances and tolerances 

In watch production a cons iderable proportion of the parts have no blank 
allowance s .  

SURFACE FINISH 

Machining with cutting and abrasive tools always leaves traces of the 
cutting tool or grinding wheel grit on the machined surface s .  These traces 
take the form of crests and hollows , imparting roughness to the surfaces . 
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The rougher the machining, the larger the magnitude of the unevenness 
on the machined s urface s .  Each machining process produces a distinctive 
surface finish.  . 

In the case of metals , the state of the surface is assessed according to 
two scales of magnitude .  The deviations from the regular geometrical 
shape ,  such as the wavines s ,  are called the s u r f a c e  m a c r o  g e o m e t r y.  
The degree of roughness and the height of the roughness hills and valleys 
are part of the s u r f a c e  m i c r o g e o m e t r y  (Figure 1 5 ) . 

a b 

c d 

FIGURE 15.  Surface macro- and microgeometry : 

a-flat smooth ; b-flat rough; c -wavy smooth; d-wavy 
rough. 

The measure of surface -finish quality is the he ight of the roughne s s  
crests . 

After machining operations (such as reaming, grinding, etc . ) the rough­
ness crests are of very small height (thousandths of a millimeter )  and cannot 
be s een by the unaided eye . It is customary therefo re , in measuring sur­
face finish, to expres s the roughness in !t . 

According to GOST 2 7 8 9 - 5 1 ,  the surface-finish quality must be expres s ed 
either by the root mean square (r.  m. s . ) ave:NJ.ge deviation of the mic ro ­
roughnes s  crests from the mean (Hr. m. s . ) or by their arithmetic average 
deviation from the mean (Hav> · 

The r .  m .  s .  averages height of the microroughnes s  crests is defined as 
the s quare root of the m ean s quare of the roughnes s  - c rest heights measured 
from the mean line . The mean line is defined as the line dividing the crests 
and valleys of the profile in such a way that the areas enclosed between the 
line and the profile contour on both s ides of the line are equal (Figure 1 6  ) .  

h 

1-.------------------- L --------------� 
F1 +Fzt . . .  -+Fn =St +Sz + . . . . + Sn 

FIGURE 16.  The mean line of the roughness profile 
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Classification into surface-finish groups and classes ,  and the symbols 
us ed according to GOST 2 7 8 9 - 5 1 ,  are given in Table 3 .  For classes 1 to 
4 the surface roughness is determined according to arithmetic mean devia­
tion from the mean surface;  for classes  5 to 12 by the r.  m. s . deviation, 
and for clas s es 1 3 - 14 by the arithmetic mean deviation.  

TABLE 3 

Classification of surface finish according to GOST 2789-51 

Surface- Roughness height , f' 
finish- Symbol quality Hr. ii. l l l, Hav class 

I \7 1  - From 1 25 to 200 
2 y2 - . 63 . 1 25 
3 ' \73 - . 40 . 63 

4 \7\74 - From 20 to 40 
5 \7\75 From 3.2 to 6.3 -

6 \7\76 . 1 .6 . 3.2 -

7 \7\J\77 From 0.8 to 1 .6 -

8 v\7\78 . 0.4 . 0.8 -

9 \7\7\79 . 0.2 . 0.4 -

1 0  \7\7\7\7 1 0  From 0. 1 to 0.2 -

I I  ! \7\7\7\7 1 1 . 0.05 0. 1  -

1 2  \7\7\7\7 1 2  . 0.025 : 0.05 -

1 3 \7\7\7\71 3 - From 0.06 to 0 . 1 2  
1 4 \7\7\7\71 4 - • 0.06 

By agreement between the parties (producer and customer) ,  it is per­
mitted., according to GOST 2 7 8 9 - 5 1 ,  to assess the surface in classes 5 - 1 2  
by Hav rather than by Hr .  m .  s .  according to the relations given in Table 4 .  
The reason for this is that not all enterprises have profilometers reading 
in Hr .  m .  s .  The majority o f  the existing instruments for measuring sur­
face roughness can measure only the height of the roughnes s .  

TABLE 4 

Crest height (Hav> and surface-finish classes 

Class 5 6 7 8 

H avo l' From 10 to 2 0  From 6 .3 to  1 0  From 3 . 2  t o  6.3 From 1.6  to 3 .2 

Class 9 1 0  11 12 

H av• !! From 0.8 to 1 .6 From 0.5 to 0.8 From 0.25 to 0.5 From 0.12 to 0.2 5  

GOST also specifies the division of certain classes into catego ries , but 
iri practice such a division is necessary only in rare cas es ,  as when two 
surfaces of the same class are being compared . 

Surface-finish quality is of great importance in instrument production, 
as it directly influences the operational properties of the parts and joints . 
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It has been es tablished by many investigations that the resistance to wear 
of parts in moving contact depends to a considerable extent on the surface­
finish quality, and that instruments having frictional surfaces with an un­
satisfactory finish lose up to 5 0  "/o of their acc uracy in the initial period of 
use as a result of the rapid wear of these surfaces and the resulting inc reas e 
in clearances . 

It has also been es tablished that the corrosion resistance of parts depends 
on the quality of their surface finish.  

The parts which go into instruments and watches must,  therefore, meet 
high requirements relative to the quality of their finish .  Many frictional 
surfaces in watches are machined to a class 12  or 1 3  s urface-finish quality . 

The classes  of surface-finish quality attainable by the various proc esses 
used in watch manufacture are given in Table 5 .  

Inspection o f  surface-finish quality i s  o f  great importance in watch pro­
duction because of the fact that the tolerances on small parts are of the 
same order of magnitude as the mic roroughness height. Thus , turned 
wris twatch pinions , arbors , and shafts have a tolerance on the journal dia­
m eter of 0 . 005  mm,  or 2 . 5  fl per side,  while the average microroughness 
height for a class 8 surface-finish quality is 1 .  6 to 3 .  2 fl. 

The microroughness range is thus seen to be almost equal to the tolerance 
field diameter.  

In order to ensure that the roughness height is only a fraction of the di­
mension tolerance ,  a higher class of surface- finish quality (class 1 0 ) must 
be achieved in turning thes e parts on automatic lathes . 

Inspection of the surface finish of watch parts under production conditions 
necessitates accurate m ethods , and efficient and s imple - to - handle inspec ­
tion ins truments . Unfortunately, no ins truments satisfying these  require­
ments are available to date . The existing instruments are suitable mainly 
fo r us e under laboratory conditions or, in particular cas e s ,  for random 
s ample inspection in the shop . 

The existing instruments for the determination of the surface-finish quali­
ty either use a t r a c e r  s t y l u s  or are bas ed on the us e of o p t i c a l  p h e ­
n o m e  n a . 

Instruments of the first type feel the inspected surface by means of  a 
diamond or corundum stylus (for small diameters - a  thin metal strip ) and 
transmit the amplified vibrations of the stylus (or the strip ) to a photogra­
phic plate or to the instrument pointer.  

Such instruments can measure roughness with a height of from 0.2 to 
2 0  fl and they are the refore suitable for surface-finish qualities between 
class 12 and Class 5. The following are among the instruments using a 
tracer:  a )  the KV- 4  Kiselev electrodynamic profilometer which measures 
the surface roughness in Hr .  m .  s .  (from 0 to 1 0 fL) and gives direct s cale 
readings (accuracy roughly ± 5 o/o) ;  b )  the Ammon and Levin profilographs 
IZP- 5 and IZP- 1 7  (Hmax from 0 . 2  to 2 5 0 fL), which record profilograms on a 
photographic plate (accuracy 1 0 - 2 0 o/o ) . 

The optical instruments are of three types : those bas ed on the m ethod 
of the oblique light beam , those operating by the interference method, and 
those  operating by the comparative method . 

The oblique- beam instruments , such as the double microscope MIS- 1 1 ,  
permit the measurement on flat surfaces of roughnes s es of the order of 
1 to 7 0  fl corresponding to surface-finish quality between class 3 and clas s 9 .  
The accuracy o f  the instrument i s  5 - 2 5  o/o .  
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TABLE 5 

Surface-finish quality attainable by various machining processes used in watch production 

Process 

C o l d  s t a m p i n g  

Contour blanking . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  

Gear blanking . . . . . . . . . . . . . . . . . . • . . . • . . • . . . • . • • •  

Contour shaving . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • .  

Swaging . • . . . . . . . . . . . • . . . . . . . • . . . • . . . • . . • . • • .  

Hole shaving . . . • . . . • . . . • . • . • • • . . . • . . • . . . . . . . . . .  

T u r n i n g 
' 

T urning on Swiss-type automatic screw machines: 
a) ex ternal surfaces . • . . . . . . . . . . . . . . . • . . . . • . . • . . .  

b) shaft and pinion journals . • • . . . • . . . • . . . . . . . . . . . . . 

Counterboring : 
a) without particular requirements relative to surface quality • • .  

b) with high requirements relative to surface quality . . . . . • • .  

Facing • . . . . . . . . . • • • . . • . . • . . • . . . . • • . . . • . . • • • • .  

M a c h i n i n g o f  h o l e s  

Drilling: 
a) prior to interrfal threading . . . . . . . . • . . • . . . . • • . . . • •  

b) for journals of ax es and pinions . . • . • • . . • . . . . . • . . . • .  

Reaming . . . . . . . . • . . . . . . • . . . . . . . • . . • . . • • . . . . • • .  

M i l l i n g  

Flat surfaces : 
a) · roughing . . . . . . • . • . • . . . . . . . . . . . . . . . . . • • . . . .  

b) finishing . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . .  

Gear hobbing: 
a) high-module teeth (from 0.2 to 0.5 mm) . . . . . . . . . . . . .  . 

b) 101<-module teeth (up to 0.2 mm) . . • . . . . . . . • . . . . . . .  

G r i n d i n g  

Prior to polishing and lapping . . . . • . • . . . . • . . . . . . . . . . • .  

Centerless . . . • . . • . . . . . . . . • . . . . . • . • . . . • . . . • • • . . .  

Fine and decorative 
Cup-wheel grinding 

Dimensional: 

P o l i s h i n g  

a) cylindrical surfaces . . . • . . . • . . . . . . . . • • . . . . . . . . .  

b) flat surfaces . . • . . . . . . • . . . . . . . . • . . . . . . . . . . . . . 

c) profiles . . . • . . . . . • • . . . . . . . . . . . . • . . . . . . . . . . . 

Decorative (flat surfaces) . . . . . . . . . • . . . . . • . . . . . . . . . • .  

Drawing 

Round or profiled bars . . . . . • . . • . . . . . . . . . . . . . . . . . . • .  

• Special cases W\l9-'i7'i7\7'i71 0  . 

.. Special cases \7\7\7\713. 
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S urface-finish-quality class 
( GOST 2789-51) 

\7\76 
\7\76- \7\7\71 

\7\7\17- \7\7\7 8 * 
\7\7\79- \7\7\7\7 I 0 
\7\7\79- \7\7\7\710 

\7\l\71- \7\7\7 8 
'i7 \7\79- \7\7\7 I 0 

\7\7\71- \7\7\78 
\7\7 'i7 8- \7\7\79 
\7\7\77- \7\7\7 8 

\7\76 
\7\7\77 

\7\7\79 - \7\7\7\7 I 0 

\7\76- \7\7\77 
\7\7\7 8- \7\7\79 

\7\7\7 7- \7\7\78 

\7\7\78- \7\7\79 

\7\7\78-\7\7\79 
\7\7\79-'i7 \7\7\710 
\7\l\79-'V\7\7\71 0 

\7\7\7\7 I 0-\7\7\7\71 1 

\7\7\7\71 I -\7\7\7\7 I 2** 
\7\7\7\712- \7\7\7\7 I 3 
\7\7\7\7 I I -\7\7\7\7 I 2 
\7\79 'i7 I I -\7\7\7\712 

\7\7\79 -\7\7\7\710 



The interference instruments , such as the Linnik microinterferometer, 
measure roughness height from 0. 08 to 1 .2 fl corresponding to surfaces 
between class 9 and 1 3 ; the accuracy being 5 to 15 o/o. 

In comparative instruments the proc ess ed part and a s tandard s pecimen 
are compared under a microscope. The microscope used for this purpose 
in watch manufacture is of the NIIChASPROM design . 

The method of comparison is more efficient than the other methods and 
can be used under shop conditions for random sampling. 

ECONOMICS OF THE TECHNOLOGICAL PROCESS 

Economic Effectiveness of the Design 

A ny p roduct can be assessed from two points of view: from the point 
of view of its technical and operational properties , and from the point of 
view of the economic effectiveness of the design .  

The term "economic effectiveness o f  the design" refers to the technical 
and economical characteristics of a des ign from the point of view of its 
production. 

The product of highest economic effectiveness among a group of products 
having identical technical - operational characteristics will be that which can 
be produced by the most economical processes .  

The economic effectiveness o f  a design can be  as sessed by  a numbe r of 
coefficients . 

The coefficient of recurrence of parts K r . If the number of different 
parts in the product is equal to Np and the total number of parts is N t , then 

Nt K , =  Np " 

The higher Kr , the better the economic effectiveness of the design.  In  
watch p roduction this coefficient varies between 1 .2 and 1 . 6 .  

Coefficient of design continuity Ka . This coefficient expresses the degree 
to which parts ( Na in number)  adopted from other products produced by the 
plant, and which can be produced by the available equipment, are used.  

K _ Na 
a - Nc - Npur 

where N pur = the number of purchased parts; 
Nt = the total numbe r  of parts . 

A high value for K a reduces the time and the investm ent involved in the 
preparations for p roduction and s implifies the design . 

Only thos e  parts should be adopted,  however, which are not liable to 
constitute "bottlenecks " in production. Complex parts should not be bor­
rowed if they can be replaced by s impler ones in the new design .  

· The standardization coefficient K 5 ,  expres ses the degree t o  which stan­
dardized parts are us ed in the design: 

K _ Ns 
s - No - N pur 
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The higher the value of K5 ,  the s maller the inves tm ent in machinery, 
and the s impler the production des ign . 

The coefficient of metal utilization I<m characterizes the efficiency of 
material utilization, and is defined as the ratio of the net weight of the parts 
to the weight of materials us ed: 

K = P net • 
m P gross 

The value of Km ris es with the quality of the machining methods . Its 
value is low in watch p roduction ( Km = 0 . 2 5  to 0 . 3 0 ) .  

The economic effectiveness o f  a des ign can be ass ess ed by  many other 
indexes as well , s uch as the ratio of the labor required by the machining 
process es to the total amount of labor required in the manufacture of the 
product. Thes e indexes are a meas ure of the excellence of the technolo­
gical process and the degree to which the mos t  productive process es , s uch 
as cold s tamping, are us ed . 

A very important index of the economic effec'tiveness of a des ign is the 
amount of labor expended in ass embling the product. This index is a func­
tion of the degree of  interchangeability: the higher the degree of interchan­
geability, the less fitting work is required, the s impler the ass embly, the 
lower the labor cos ts involved, and the better the economic effectiveness 
of the des ign . 

The average fi.Ccuracy class for a product is als o an index of the econo­
mic effectiveness of the des ign. Production is s impler and cheaper and 
the economic effectiveness better ,  the lower the average accuracy require ­
ments which will s till meet all the technical and operational demands . 

In the p roduction of pocket- and wris twatches 3 5  to 40 % of the parts 
fall into the s econd class of accuracy, 5 to 1 0  o/o belong to the firs t  class , 
and the remainder are in the 3rd and 4 th class es . 

A correct ass ess ment of the economic effectiveness of a des ign can be 
made only on the bas is of all the indexes together .  

Rate Setting 

A t i m e n o r m mus t  be es tablis hed for every job (or work in general ) 
required by the technological p rocess . 

The time norms are necess ary for calculating wages , for determining 
the output capacity of machines ,  s hops or plants , for calculating the length 
of the p roduction cycle, for des igning the p roduction programs and the 
necess ary equipment, for planning work s chedules and determining the eco­
nomic indexes and for organizing line production on a conveyor .  

A time norm is generally es tablis hed f o r  each operation. 
The reciprocal of the time norm is called the o u t p u t  n o r m  and it 

gives the number of parts to be p roduced per unit time (s uch as one work 
s hift ) .  The output norm is defined as the ratio of the duration of the s hift 
[in minutes ] to the time norm : N = 480/  Tp .  

In practice two kinds of time norms are  in  us e :  e x  p e r i  m e n t a  1 -
s t a t is t i c a l  a n d  c a l c u l a t e d - a n a l y t i c a l ( t e c h n i c a l ) . The 
experimental-s tatis tical norms are es tablis hed on the bas is of the pers onal 
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experience of the foremen, engineers or rate- s etters , or by reference to 
the norms existing in the industry. Statistical data on the actual rates for 
s imilar operations carried out in the past can als o s erve as a basis for 
rate s etting. 

In establishing experimental - statistical norms , no technical calculations 
are undertaken which would take account of the equipment ' s  output capacity, 
of progressive cutting techniques ,of the strength of the cutting tools, etc. 

The experimental- statistical norms therefore reflect the technical level 
of a past period and do not take into account the technical growth and pres ­
ent- day state of production engineering. 

For  this reason thes e norms cannot s timulate the further growth of work 
productivity and are of no use in a s ocialist economy. 

The calculated-analytical (technical ) time norms,  on the other hand, are 
bas ed on the most effective use of all the means of production in the oper­
ation to be  normed: optimal regimes,  us e of high- output tools and fixtures , 
use of the advanced experience of production technicians , etc . 

The technical time norm is compos ed of s everal elements and is expres ­
sed by the formula: 

where T
p = the time norm per piece (piece norm ); 

Tb = basic machine time ;  
Ta = auxiliary time; 
1t. s.= technical - servicing time; 
Ta. s.= organizational- servicing time; 
T br = time taken by rest breaks and the satisfaction of natural needs. 

The b a s i c  t e c h n o l o g i c a l t i m e T b is the time spent directly in 
changing the geometrical shape of the product through its proces s ing by 
cutting tools .  

It is calculated on the basis of the dimensions of the proces s ed s urface 
and of the given cutting conditions . 

The a u x i l i a r y  t i m e  T a is the time spent on various activities con­
tributing to the basic work and repeated either with each part processed or 
after a definite number of parts . Starting and stopping the machine, clamp­
ing and releasing the processed part, and the displacement o f  the working 
members of the machine during its operation are examples of such activities .  

I t  i s  obvious that the activities which together cons titute the auxiliary 
time will differ depending on the type of work and on the design and dimen­
s ions of the machine, etc . 

When calculating the technical norm, the auxiliary time is calculated 
from norms which take into account the above - mentioned factors . 

T h e  t e c h n i c a l - s e r v i c i n g  t i m e Tt. s .  is the time spent on re­
grinding or  replacing blunted tools , on adjus ting or res etting the machine,  
on regrinding a blunted tool without removing it from the machine, etc . 

T h e  o r g a n i z a t i o n a l - s e r v i c  i n  g t i m e To. s. is the time spent 
on s etting up the tools at the workplace at the beginning of the shift and 
removing them at the end of the shift, on tidying up in general, and on clean­
ing and greasing the machine in the course of the shift. 

The s um of the technical-s ervicing and the organizational - servicing 
times,  which is the time required to keep the workplace in proper condition, 
is called the w o r k p l a c e - s e r v i c  i n  g t i m  e ( T t.  s .  + T0• s. ). 

28 



T i m e f o r  r e s  t b r e a k s (T br )  is established only for hard o r  other­
wis e s trenuous work. In all other cases only the time required for the 
satisfaction of natural needs is taken into account . 

The sum of the basic machine time and the auxiliary time ( T + T ) is 
called the o p e r a t i o n a l  t i m e . 

b a 

The technical -servicing time ,  the organizational - s ervicing time and the 
break time are calculated from norms established in dependence on the 
type of work and the size and the design of the machine . 

In order to simplify the calculations , the norms are pres ented as coef­
ficients relating these  time costs to the operational time :  

Tt. s .  = � (Tb + Ta ), 
To . s .  = � (Tb + Ta), 
Tb, =  r <Tb + Ta l, 

whe re a, �. 1 = are the coefficients taken from the corresponding norm s .  
Thus , the piece norm can be express ed a s  (allows : 

The time norm should not include worktime losses stemming from 
excessive machining allowance,  increased hardness ,  etc. , nor should it 
include time losses resulting from rej ects or  other organizational - technical 
factors . � 

T h e  c a l c u l a t e d  t i m e  defined as the total time required to p roduce 
a part or a batch of parts can be expres s ed by the fo rmula 

T T + Ts. c . 
p . c . = p n '  

whe re Ts. c = the s etup and concluding time; 
n = the number of parts in the batch. 

The calculated time for a batch of parts is thus equal to 

T h e  s e t u p  a n d  c o n c l u d i n g  t i m e  is the tim e spent by the ma­
chine operator on familiarizing hims elf with the work and on preparing and 
s etting up the machine and the tools and fixtures required, plus the time 
spent on removing the tool and fixtures after the whole batch of parts has 
been processed .  

The s etup and concluding time is calculated for  the batch as a whole and 
it does not enter into the piece norm . The size of the batch has no influence 
on the magnitude of the s etup and concluding time .  

I n  mass production, and usually i n  large- s eries production a s  well , the 
organization of the workplace is s uch that the machine is preset and the 
materials , blanks , fixtures ,  tools and everything els e  necessary to do the 
job, are prepared in advance at the workplace .  

I n  such cases the s etup and concluding time i s  not taken into account 
at all in the machining norm . 

The s etup and concluding time is calculated from plant s tandards in 
dependence on the type of p roduction, the work organization, the size of 
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the machines , the means of setting the fixtures and parts and the number 
of  tools participating, etc. 

By reducing the number of the individual components of the technical 
norm , one increases the productivity. The basic machine time, for instance ,  
can be reduced by  imposing the most  advantageous cutting conditions and 
by simultaneously p rocessing s everal surfaces . 

The auxiliary time can be  reduced by combining positionings and s etups ,  
liquidating unnecessary setups tolerated for any reasons , and by reducing 
the time taken by any s etup . 

In watch manufacture the auxiliary times constitute a considerable frac­
tion (of the total machining time ], and the best  way to reduce them is to 
combine operations and to us e automatic machines . 

TECHNICAL INSPECTION 

Parts , assemblies or finished products which deviate for any reason 
from the drawings or the p erformance specifications must be  regarded as 
rejects . 

Rejected parts and ass emblies cannot be used in the manufacture of the 
p roduct, and rej ected p roducts cannot be put on the market. 

Rej ects cause great damage to the plant and to the national economy, 
leading as they do to increas ed expenditure materials ,  unnecessary time 
losses in p roduction, and breakdowns in the fulfilment o f  the program. 

An incessant struggle is accordingly waged agains t rejects and those  
responsible for rejects bear  administrative and m aterial responsibility for 
them . 

E ve ry plant has its technical inspection department (TI D )  charge.d with 
overse eing the quality of the plant ' s  production at all stages ,  studying the 
causes l eading to rejects , and formulating m easures to prevent their ap­
pearance .  

The TID s taff inspects the  materials used  by  the basic and the auxiliary 
(tool , maintenance )  shops . They are also charged with checking all measur­
ing instruments and tools used in production. 

Distinction is m ade between operation inspection, s ampling inspection, 
and final inspection . In s ome cases the process conditions are inspected 
as well . 

0 p e r  a t  i o n  i n s p e c t i o n  is conducted after each operation for parts 
which undergo s everal operations . 

Operation inspection is also carried out for important assembly opera ­
tions . 

I n  s a m p l i n g  i n s  p e c t .i o n  a fixed percentage of the parts in a batch 
is inspected, and the results of the inspection are considered as applying 
to the entire batch. 

T h e  i n s p e c t i o n  o f  p r o c e s s  c o n d i t i o n s  is a preventative 
m easure for operations where the conditions directly influence the final 
process result  (such as heat-treatment operations ) .  

The inspection of process conditions consists mainly in observing instru­
ment readings . 
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In f i n a l  i n s p e c t i o n ,  important finished parts or finished products 
(completely assembled)  are thoroughly inspected and tested, and the degree 
to which they correspond to the drawings (in the case of parts ) or specifi­
cations (in the case of products ) is ascertained . 

When the inspection has been completed, a certificate is issued attesting 
to the quality of the accepted products . 

One of the main objects of production inspection is the prevention of 
rejects . 

The prevention of rejects is of particular importance in mas s -production 
operations becaus e the damage caus ed by rejects is particularly s evere in 
such processes . 

In high- output mass -production operations , such as cold s tamping or 
turning on automatic lathes , the continuous operational inspection is fre­
quently more labo

'
r- consuming than is the process its elf .  

I t  is , therefore, usual i n  such operations t o  inspect only s ome of the 
parts rather than all of them . This is called s t a t i s t i c a l  i n s p e c t i o n .  

Statistical inspection, based on the methods of mathematical statistics ,  
makes it  possible to determine the quality of an entire batch on the basis 
of a limited number of inspected parts . 

Statistical inspection is pos sible only if the machining process is inhe ­
rently stable .  By means of  s tatistical inspection techniques the quality 
can be checked during production and accumulation of rejects is thus pre-
vented .  � 

If the spread of dimensions conforms to the law of normal dis tribution, 
the dimensions of 9 5 % of the parts in the batch may differ from the average 
by no more than ±2a ,  and the dimensions of 9 9 . 7 %  of the parts by no more 
than ±3  a (see above ). 

Therefore, should the m easured dimensions of several of the parts in­
spec

-
ted differ by more than 3 a from the average, this would mean that the 

s tability of the process has been ups et, and that a systematic error leading 
to rejects has appeared . 

Reject zone 
- ·  ���n zone" 
,_ _  --r-- -.,.-- - -1- - - - -- -

Inspection zone 

Inspection zone 

- -t-- -- _J,__L_L_ - f- -- - -
Acnon zone 

r--- · -r--·-
r--. ---r-;y· t--· -t-· -,...._ . 

Re ject zone 

z J 4 5' 6 7 8 .9 10 
No. of batches 

FIGURE 17 .  Control chart 
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A change in the machine setting, the blunting of the cutting tools or  the 
dis turbance of the working conditions could lead to such systematic errors . 

The alarm signal thus given permits the timely detection and elimination 
of the cause of the disturbance thus preventing the mass production of rejects .  

In  statistical inspection, the inspector measures ,  a t  definite time inter­
vals , a small number of parts (sample ), taken from the machine in the 
course of its operation .  

He then plots the results on a control chart (Figure 17  ) , where the X­
axis gives the sample number, and the Y-axis the value of the average for 
the sample of the magnitude measured . The line of  central tendency is 
drawn through the middle of the diagram corresponding to the average value 
of the measured magnitude .  

A t  a distance o f  3 a o n  either s ide o f  this line the upper and lower control 
limit lines are drawn . Lines corresponding to the upper and lower speci­
fication limits are added (beyond the control limits ) .  

The field o f  the diagram enclosed between the control limits i s  called 
t h e  i n s p e c t i o n  z o n e . 

The sectors enclosed between the upper and lower specification limits 
and their corresponding control limits are called the a c t i o n  z o n e s  . 
Beyond the specification limits are what are known as the r e j e c t  z o n e s .  

If the points plotted by the inspector lie within the limits of the inspection 
zone , the process proceeds normally and the dimensions of the parts are 
within the range limits (±3cr ) .  

If points fall i n  the action zone , a factor has appeared which disturbs 
the normal course of the proces s .  Although th e specification limits have 
not yet been exceeded and there are the refore no rejects , the dis turbing 
factor must be sought out and eliminated in order to p revent the possible 
production of rejects . 

Points falling outs ide the specification limits indicate the complete break­
down of the process and nec essitate the immediate stoppage of work. 

The m ethod of statistical inspection described is called t h e c o n  t r o 1 -
c h a r t m e t h o d  f o r- a v e r a g e  s i z e . 

Other methods of s tatistical inspection exist, such as the method of the 
c o n t r o l  c h a r t  f o r  r a n g e �' . 

The statistical inspection methods are des cribed in greate r detail in the 
specialized literature. 

Statistical inspe ction m ethods considerably reduce the size of the inspec­
tion staff a plant requires , shorten the production cycle (the parts pas s 
directly from operation to operation) ,  reduce measuring-instrument outlay 
(especially for gages ), and makes available to the engineer valuable material , 
in the form of control charts , for the analysis of the technological process . 
On the basis of thes e charts , norms for the economic accuracy of equipment 
and tool - cost norms are es tablished .  

• [In American practice, average-size and range-control charts are usually combined and are not considered 
separate methods. ) 
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FUNDAMENTALS OF PRODUCTION-PROCESS DESIGN 

The designs of the product and of the production process are carefully 
worked out before s tarting large - s eries or mass production. The extensive 
preparatory work conducted is called p r o d u c t i o n  p 1 a n n  i n  g.  

Production planning comprises a whole range of measures undertaken 
at definite dates and includes the following five basic stages :  

1 .  Design of  the new products , or  radical modification of  an existing 
design (improvements ) .  

2 .  Preparation and testing of experimental prototypes . 
3 .  Planning the production process , and the equipment and tooling. 
4 .  Manufacture of the production equipment. 
5 .  Testing and development o f  the p roduction process o n  a pilot batch. 
In the watch industry, the design of new products or  the radical modifi-

cation of exis ting designs is conducted in the following stages :  
Establishing the p roduct s pecifications :  
Working out the design drawings . 
Working out technical specifications for the parts and s ubass emblies .  
Preparing design drawings of gear profiles and special profiled parts . 
Establishing the assembly p rocedures for the product .  
The experimental p rototypes are made in the experimental shop of the 

plant under the s upervis ion of the s enior designer . The drawings are cor­
rected in the cpurs e  of prototype manufacture ,  and the dimensions and 
tolerances are carefully coordinated.  

Prototypes are thoroughly tested in the watch laboratory in order to 
ascertain whether the design meets the specifications . 

Process planning consists in establishing the s equence of operations for 
each part and for assembly operations , s electing the equipment, machinery 
and tools ,  establishing the p rocess conditions , calculating the time rates 
for the operations , and establishing the work category. 

In working out the processes  the rates of material consumption are cal­
culated, the dimensions and s hape of the parts at each operation are fixed, 
and the m eans and methods of inspection are established. 

All these  data are noted on engineering charts of different shapes and 
purpose s ,  whos e  extent and contents depend on the type of production. 

The most complicated among the operations are tested experimentally 
in ihe course of the p rocess planning. 

The production equipment is built by the plant 's  tool shop and the techno­
logical process planned is us ually tested on a pilot batch . 

The pilot batch is m achined and assembled in the bas ic shops on machin­
e ry and at workplaces identical with those planned for the actual production 
process . 

The punching dies , fixtures and other pieces of equipment are tested , and 
corrections are introduced into the engineering charts and the equipment 
drawings if necessary .  

After the process  has b een tested, normal production begins . The test­
ing of the planned process by m eans of a pilot batch is a necessary stage 
for mass and large - s eries production .  

In order to  shorten the time taken by p roduction planning, many jobs are 
conducted in parallel by the chief production engineer ' s  and the chief de­
signer 's  departments . 
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Production planning must be particularly thorough when assimilating 
new products . 

E xperience of watch plants has shown that production planning for a new 
type of watch takes roughly a year . Up to 7 5 % of this time is taken by the 
preparation of the production processes . Sometimes the products are de ­
s igned, and the drawings checked by building prototypes in departmental 
(branch ) s cientific research institutes or in special design offices . In such 
cases  the plant need only work out the p roduction process .  

E quipment norm s and typical technological proces ses ,  as  well as other 
normative technical materials ,  are very important in reducing the time 
required to p repare the production process es . 

The basic enginee ring document used in watch production is the ope ration 
chart. Its form for all machining operations is given below. Charts of a 
different kind are' used for certain operations , s uch as cold s tamping, metal 
coating, heat treatm ent, etc.  

In addition to the operation charts , special lathe- adjustment charts are 
worked out for machining on automatic lathes . ' 

On the basis of data from the ope ration charts , specifications and con­
sumption norms for materials can be es tablished, and summary process 
charts and lists of standard and special tools to be used can be drawn up . 

The operation charts also serve as the basis for planning the special 
technological equipment, drawing up machining lis ts ,  and establishing ac­
ceptance stand!lrds for the parts , 

The basic material used by the engineers in planning the technological 
processes ,  aside from the product drawings , includes :  technical catalogues 
for the m achinery, typical or standardized technological processes , GOST, 
departmental and plant standards for materials for punching dies ,  fixtures ,  
cutting tools and measuring instruments , stan.dards for technical rate­
s ettfng, and tariff guide for establishing work catego ries ,  etc .  

In working out the processes ,  engineers must strive to  use typical techno­
logical processes and standard tools and equipment whereve r  pos sible .  

These  aids reduce the time and work involved in  the p reparations for 
production, and lower the process cost .  

If  typical technological processes are used there is no need to plan new 
processes ,  it being sufficient to indicate the typical process to be used and 
the part dimensions . Standard tools are specified by listing their reference 
number. 

In planning the technological process it is necessary to take into consi­
deration the size of the production program, the available trained personnel ,  
and the available equipment. Depending upon these conditions , the produc­
tion process can either be split into simple operations each of which can be 
carried out on ve ry simple machine s with the aid o f  simple fixtures ,  or the 
processing can be done on a smaller number of complex machines . 

The differentiation of ope rations is not advantageous in mass production, 
since both the piece time and the reject rate increase as a result of the 
increase in the number of workplaces ;  it is more advantageous to plan 
mass -production processes according to the p rinciple of concentration of 
operations . 

Processes drawn up according to this principle consist of complex oper­
ations carried out on complex machinery, such as automatic and unit-built 
tpachines ,  and require complex adjustments . Such arrangements result in 
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a reduction in the number of ope rations ,  higher productivity, higher pro­
cess accuracy, shortened production- cycle time ,  and reduced floor-space 
requirements . 

Processes designed on the principle of concentration of operations re ­
present a further step toward the transition to automated lines consisting 
of automated machines linked together into complex groups . 

In automated line s the transfer of parts from one machine to the next 
takes place automatically, and the inspection of the processed parts is also 
done automatically and is included in the general work cycle .  

Although the initial inves tments involved in  the concentration of operations 
are much heavier than for s impler arrangements , these processes  result 
in higher values for the engineering- efficiency figures .  

The engineering efficiency of the process planned can b e  assessed by 
the following indexes :  

a )  product cost :  composed of the cost  of the materials and s emifinished 
products and the wage and overhead expenses in the shops and the plants ;  

b )  mechanization coefficient: the ratio of the rated machine time to the 
total working time ,  per unit p roduct .  The nearer the coefficient to unity, 
the higher the level of m echanization· of the planned processes ; 

c )  coefficient of equipment utilization: the ratio of the time during which 
the equipment is directly in use to the total time available in two shifts ; 

d )  coefficient of the metal used per unit product.  
These indexes are not sufficient, however, to allow comparisons to be 

made between the technological processes and production planning of two 
plants manufacturing similar products . To that end, additional indexes 
must be used.  

Some of such engineering - efficiency indexes are:  
1 )  labor productivity, defined as the annual output in rubles per pro ­

duction worker; 
2 )  the yearly output in rubles per machine and 1 m2 of floor space; 
3 )  the yearly output in p roduct units per worker,  per machine, and per 

1 m2 of floor spac e .  
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C h a p t e r  II 

METALS USED IN WA TC H PRODUCTION 

The mechanical p rope rties of metals used in watch production must 
s atisfy definite t�chnical requirements (speci.fications ) which have been 
worked out over a long period of time .  In mass production, deviations from 
the specified properties lead to the deteriorat�on of the quality of the watches 
p roduced and complicate the production process . 

Chemical compos ition, mechanical properties and other requirem ents 
relative to the metals are defined in the All - Union Gove rnment Standards 
(GOST)  and the interdepartmental technical specifications (TU ) .  

A wide range of metal profiles and dimensions are us ed in the manufacture 
of watch parts . The number of m etal grades is , however, relatively limited . 

. 

FERROUS METALS 

':(he dimensions , tolerances and surface conditions of round wires and 
bars , as well as of rectangular bars and strips used in watch production 
are specified (with reference to GOST and TU ) in the order specifications . 

In exceptional cases the materials are proces sed to the required dimen­
sions in the watch plants thems elves : flat bars and strips are rolled and 
rods are drawn and then ground and polis hed .  

The range of grade U l OA and U7AV steel rods is given in Table 1 ,  and 
Table 2 lists the range of high- carbon s teel strips . Steel rods of a dia­
meter of less than 3 mm can be supplied with a tolerance of 0 . 005  mm if 
required .  

TABLE 1 

Polished steel rods• (in mm) 

Diameter GOST or TU Tolerance on diameter 

From 0.2 to 0 .45 GOST 2589-44 - 0 . 015 
. .  0 .5 3 The same - 0 .02 
.. 3 .05 .. 6 - 0 .025 
.. 0 .6 0 . 9  MPTU . .  2283-49 - 0 . 005 
.. 0 . 9  . .  3 MPTU 2236-49 - 0 .01 

• A bridged list. 
.. Metallurgicheskaya promyshlennost ' .  Tekhnicheskie usloviya (Metallur­

gical Industry . Technical Specifications) .  
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The range of low- carbon cold- rolled steel strips is given in GOST 5 0 3 - 4 1 .  
The grades and chemical compositions of the carbon steels and special 

steels used in watch production are given in Table 3 .  
The mechanical properties o f  these s teels are listed in Table 4 .  
The steels most widely used i n  watch production are grades U7 A V and U 1  OA . 
An  order for metals used in the manufacture of watch parts must specify the 

metallurgical state and characteristics of the metal in addition to the specifica ­
tion of mechanical prope rties . Thus , low- carbon cold- rolled s teel strips 
(GOST 50 3 - 4 1 ) can be supplied with different hardnes ses ,  depending on the de­
gree of cold working resulting from rolling (Table. 5 ) .  Degrees of hardness have 
also  been es tablished for rods : soft (symbol M ), semihard (symbol PT), hard 
(T) ,  very hard (OT ) .  

Steel , aside from its mechanical prope rties , is characterized by  its mi­
crostructure . Grades U 1 0A and U7AV steel must have a microstructure of 
uniformly distributed fine- grain pearlite,  corresponding to numbers 2 - 3  on 
the GOST 8 0 1 - 4 7  s cale . A cementite lattice or lamellar pearlite are not accept­
able . Nonmetallic inclusions , oxides and sulfides ,  are permitted for U 1  OA 
steel within the limits of numbers 2 - 2a on scale No . 5 of GOST 8 0 1 - 4 7 .  

The sulfide inclusions must b e  uniformly distributed within the grains of 
the metal . Steel in a decarburized condition is not acceptable .  

TABLE 2 

Bright cold-rolled tool-steel strips• (in mm) 
( according to GOST 2284-43) 

Thickness Thickness tolerance Thickness Thickness tolerance 

0 .1 - 0 .1 5  - 0 .015 0 .95-1 .35 - 0 .06 

0.15- 0 .25 - 0 .02 1 .35- 1 .75 - 0.08 

0.25- 0 .40 - 0 .03 1 .75-2 .30 - 0 .10 

0 .4 0- 0 .7 0  - 0 .04 2 .30-3 .0  - 0 .12 

0.70- 0 .95 - 0 .05 

• High-precision strips 

The surfac e quality of the steel and its tolerances are of great importance in 
watch production.  In most cases thes e parameters directly influence the quali­
ty of the parts and the production process . Thus , the yoke and the bridge of the 
hand-s etting movement, for example ,  are blanked from a strip with final thick­
ness dimensions and a surface suitable for plating. Less important parts ,  which 
are not subjected to heat treatment (hardening),  are manufactured from rods 
and strips of grades 1 0  and 50 s teel .  Most turned parts and bla-nks, including 
thos e to be hardened, are made from rods of grade U7A V s teel (automatic ) .  Ow­
ing to the p resence of s ulfur and phosphorus in this grade of steel, it ma­
chines easily and is particularly suitable for fine threading. 

Its high sulfur content, however, reduces its corrosion resistance and 
makes it brittle ,  C ritical parts , such as the balance staff, are therefore 
preferably made of grade U 1 0A steel.  USA steel strips are supplied in a 
hardened state and are us ed for the manufacture of flat springs . 

Grade E 1 6 9 9  steel is characterized by a high co rrosion res istanc e .  Its ma­
chinability in turning and drilling is lower than that of grades U 7A V and U 1 0A ,  
reducing machine output by roughly 1 0  o/o .  This steel i s  supplied with a polished 
surface . Grade 1Kh 1 8N 9  steel is used mainly for external parts such as covers, 
etc . This steel is very hard and tough, which makes its machining very difficult .  
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TABLE 3 

Chemical composition of steel grades used in the manufacture of watch parts 

Steel grade GOST or TU 
Chemical composition, in o/o 

Carbon Manganese Silicon Sulfur Phosphorus Nickel 

1 0  GOST 1050-52 .0 .07 -0 .01 5  0 .35-0 .65 0.17- 0.37 ,. 0 . 045 0 .04 0 .30 
50 The same 0 .47-0.55 0 .50- 0 .8 0  0.17- 0.37 0 . 045 0 .04 0 .30 

U S A  GOST 1435-54 0 .75-0 .84 0.25- 0 .30 0.30 Not more than 0.02 0 .03 ' -
U10A GOST 1435-54 0.95-1 .04 0.15-0 .30 0 .30 Not morethan 0.02 0 .03 -
U7AV MPTU 2242-49 0 . 7 - 0 . 8  0.4-0 .7 Not more 0.16- 0.24 0 . 04-0.08 Not more 

than 0 .3 than 0 .25 
1 Kh18N9 GOST 5632-51 ,;;; o.14 <o.8 ,;;; 2 . 0  0 .03 0 .035 8 .0-11 .0  
El699 ChMTU* 4825-54 0 .32-0 .4 0.4- 0 .7 ,;;; o.7 0 .2- 0.3 0.02-0 .05 -

• [Chernaya metallurgiya. Tekhnicheskie usloviya (Ferrous Metallurgy. Technical Specifications)] 

TABLE 4 

Mechanical properties of steel grades used in the manufacture of watch parts 

Ultimate temile strength, in kg/mm2 Percentage elongation 

Steel grade GOST or TU rods rods 
strips and flat bars 

up to 4 mm above 4 mm up to 4 mm above 4 mm 

1 0  GOST 503-41 - - 28-80 - -
50 1982-50 Not more than 80 70 -

2284-43 - - 75-11 0 - -
USA GOST 2283-43 - - 75-120 - -
U10A MPTU 2242-49 80- 90 70-80 75-120 4 7 
U / A V  1\ 1  PTU :2242-49 80- 90 70-80 - Not less than 4 7 

1 Khl�N9 ChMTll 3715-53 - - Not more than 72 - -
F.I699 ChMTU 4825-54 - 70-75 - -

Chromium 

0 .15 
0 .30 

-
-

0 .25 

1 7 .0-20.0 
12 .5-14 

strips and flat bars 

4-30 
-
1 .5 

Not less than 1 
Not less than 1 

-
Not less than40  
Not specified 



TABLE 5 

Mechanical properties of low-carbon cold-rolled steel strips (GOST 503-41) 

Very soft 

State 

• 0 • • • •  ' . . . • 0 .  

Soft . . . .  . . . . . . . . . . 

Semisoft . .  • . • • • . • . • 0 .  

Reduced hardness . . . . . . . .  

Hard . . . . . . . . . . . . . . . . 

U !tim are tensi le 
Percentage 

Symbol strength, in 
kg/mm2 elongation 

OM 2 8 - 4 0  30 

M 33-45 20 

PM 3 8 - 5 0  1 0  

PT 42 - 55 4 

T 5 0 - 8 0  Not specified 

NONFERROUS METALS 

The nonferrous metal most  widely us ed in watch production is bras s .  
Plates and b ridges , gears , cases ,  mainspring barrel caps , dials and other 
parts are made of bras s .  

German s ilver (nickel s ilver )  occupies s econd place in impo rtance .  
Case  pa rts , the balance-wheel rim and other parts are  made f rom it . Cop ­
per ,  tombac , and aluminum are used t o  a small extent. 

Flat bars and strips of grade LS6 3 - 3  brass are listed in Table 6; Table 7 
gives the range of brass wire of grades LS59 - 1 ,  L62 and LS6 3 - 3 . 

Strip thickness 

0 .1 8 - 0 .2 3 

0 .2 5 - 0 . 3 0  

0 .35- 0 .38 

0 .40- 0 .47 

0 .50 

0 .5 5 - 0 .60 

0 .6 5 

0 . 7 0 - 0 .85 

0 .9 0 - 0 .95 

TABLE 6 

Flat bars and strips of grade LS6 3 - 3  lead brass (in mm) 
(according to GOST 4442 -48) 

Tolerance Tolerance 
Strip thickness 

standard high-precision standard high -precision 

- 0 .03 - 0 .02 1 .0 - 1 .1 - 0 .08 - 0 .06 

- 0 . 04 - 0 .02 1 .2 - 1 .4 - 0 .09 - 0 .06 

- 0 .04 - 0 .03 1 .5 - 1 .7 - 0 .1 0  - 0 .08 

- 0 . 05 - 0 .03 1 .8 - 1 . 9  - 0 . 1 2  - 0 .08 

- 0 . 06 - 0 .03 2 .0 - 2 . 5  - 0 .1 2  - 0 .1 0  

- 0 .06 - 0 .04 2 .75 - 3 . 0  - 0 .14 - 0 .1 2  

- 0 .06 - 0 .05 3 .2 5 - 3 . 5  - 0 .16 - 0 .12 

- 0 .07 - 0 .05 3 .75-4.0 - 0 .18 - 0 .1 2  

- 0 .08 - 0 .05 4 . 5 - 5 . 0  - 0 .20 - 0 .14 

It  should be noted that the tabulated data p res ented refer to the period 
1 9 54 to 1 9 5 5  and that mechanical properties and attainable accuracy are 
constantly being improved.  

The chemical compositions of the basic grades of nonferrous metals us ed 
in the manufacture of watch parts are given in Table 8 .  

I n  order to improve machinability, lead i s  added to LS5 9 - 1 and LS6 3 - 3  
b rass and to German silve r MNTsS6 3 - 1 7 - 1 8 - 2 .  

Nonferrous metal s mus t  satisfy the requirem ents specified by GOST and 
VTU and pres ented in Table 9 .  
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Flat rods and strips of LS6 3 - 3 lead brass are supplied,  according to the 
TsMTU 4 5 8 9 - 5 5  specifications, with the following mechanical properties : 

semihard - 45 - 6 5 Rc , scale B; 
hard - 6 5 - 90  Rc , s cale B .  
Brass grades L62 and L 6 8  are used for the manufacture o f  parts by 

drawing or bending, since they have good plasticity and can be worked with­
out failure .  

TABLE 7 

Brass 1vire (in mm) (according to GOST 1 066-50) 

Tolerance Tolerance 
Wire diameter Wire diameter 

standard high-precision standard high-precision 

' 

0.10-0 .25 -0 .02 - 1 .0-1 .1 -0 .04 -0 .03 
0 .30 -0 .03 -0 .02 1 .2 -1 .9 -0 .045 -0 .04 

0 .35-0 .50 -0 .03 - 0 .025 2 .0-2 . 9  -0 .055 -0 .04 
0 .55-0 .60 -0 .035 -0 .025 3 . 0  -0.06 -0 .04 
0 .65- 0 .90 -0 .035 -0 .03 3 .2 -4.8 -0.06 -0 .05 

R e m a r k s  : The tolerances can be narr01ved if required : for diameters up to 2 .5 mm - down to 0 .01 mm, 
" " 4 .8 mm - down to 0 .02 mm.  

TABLE 8 

Chemical composition of nonferrous metals used in the manufacture of watch parts 

Grade GOST or TU 
Chemical composition 

Copper Lead Zinc Nickel Iron Antimony Bismuth 

Brass 1..559-1 GOST 57 -60 0 .8 -1 . 9  Balance - 0.5 0 .005 0 . 002 
. 

1019-47 
Brass L62 " 60 .5-63.5 0 .03 " - 0 .10 0 .005 0 . 002 
Brass LS63 -3 " 62-65 2 .4-3 " - 0.10 0 .005 0 . 002 
Brass L68 " 67 -7 0  0 .03 " - 0 .10 0 . 005 0 . 002 
German silver TUTslviO Balance 1 .6-2 17-19  16 .5-18 - - -

lviNTsS 6-42 -51 
63-17 -18-2 

When machined, thes e types of brass develop large burrs ,  which are 
inadmis sible in watch production . 

LS5 9 - 1 brass contains lead (more than 1 % ), which makes it more suit­
able for machining .  

LS6 3 - 3  brass , containing up t o  3 %  lead, has even better machinability 
and also  higher hardness and brittleness . The hard and very hard bras ses 
of this grade have a very good surface quality after being machined .  

LS6 3 - 3  brass is used  i n  the manufacture o f  important watch parts which 
require considerable machining. 

Less important parts or parts requiri'ng less machining are manufactured 
from LS5 9 - 1  bras s .  

Bras s o f  all grades lends its elf eas ily t o  plating.  
Leaded German silver has much poorer machinability than has bras s ;  

i t  i s  harder and al so tougher .  Its surface quality after machining 
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is the refore poorer than that of brass and its tendency to form burrs is 
more p ronounced .  

Some of the special alloys used in watch p roduction are a nickel alloy 
for the spiral springs (hairsprings ) of pocket- and wristwatch balance 
wheels, beryllium bronze and cupronickel . 

Grade 

LS59-1 
L6:2 

LS63-3 

LS59-l 
L62 

LS63-3 

L62-T 

LS59-1 
L62 
L68 

LS59-1 
L62 
L68 

TABLE 9 

Mechanical properties of the nonferrous metals used in '" arch production 

GOST or VTU 

GOST 1 066-50 
GOST 1066-50 

TU 303-46 

GOST 1066-50 
GOST 1066-50 

TU 303-46 

TUTsMO 
6-29-50 

GOST 2208-49 
GOST 2208-49 
GOST 2208-49 

GOST 931 - 52 
GOST 931 -52 
GOST 931 -52 

Ultimate tensile strength, in kg/rnm2, 
not less rhan 

Soft 

I 

Semihard 

I 

Hard 

I 

Very 
( M) ( PT) (T) hard (OT) 

Percentage elongation, not less than 

Soft 
(M) I

Semihard I Hard 

I 

Very 
( PT) (T) hard(OT) 

W ires, diameter between 2 and 5 mm 

35 - 45 - 30 - 5 -
35 40 45 - 30 10 2 -
- - 50-60 60-70 - - 1 .5 0.5 

l<ods, diameter above 5 mm 

35 - 43 - 30 - 8 -

35 36 41 - 34 12 5 -
- - 50-60 60-70 - - 1 .5 0 .5  

Sheets 

Drawing depth, according to the Eriksen test, from 1 to 3 mm 

Ribbons 

35 - 45 - 25 - 5 -
30 38 42 60 35 20 1 0  2 .5  
30 35 40 50 40 25 15  4 

Strips 

35 - 45 - 20  - 5 -
30 35 42 - 40 20 10 -
30 35 40 - 40 25 15  -

T h e  n i c k e l  a l l o y  N 3 5KhlVIV used for hairsp rings is supplied in the 
form of wires of 0 . 2 6 - 0 . 3 0 mm diameter having an ultimate tens ile s trength 
of 78 to 85 kg/m m2 and a percentage elongation of 1 7  to 2 0 o/o .  

These wires are drawn to the required gage ( 0 . 055 ;  0 . 07 ;  0 . 075  m m )  at 
the watch plants , after which they are subjected to flattening by rolling. 

The temperature coefficient of this alloy is 0 .  3 to 0 .  5 sec per P C ,  which 
means that when the temperature ·varies by 1 oc , the modulus of elas ticity 
of the spiral changes by a magnitude which will caus e a variation of 0 . 5  sec  
in  24 hours . The modulus of elas ticity of  the alloy E = 1 8 , 5 00 to 
1 9 , 500 kg/mm 2 and the chemical composition are defined in the MPTU 
3404 - 5  3 specifications . 
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The alloy must satisfy high requirem ents as regards its structure: the 
size of the (dispers e d )  carbides must not exceed 6 fl . 

Grade B - 4  b e r y l l i u m  b r o n z e  is used in the manufacture o f  the 
balance - wheel rim of watches and has the following chemical compos ition: 
2 .  26 o/o beryllium , 0 . 40  o/o nickel, 0 . 4 2  o/o tellurium , the balance being copper .  

TABLE 10  

Mechanical properries of beryllium bronze, brass and German silver 

Brinell hardness, Ultimate tensile Coefficient 
Alloy kg/mm2 strength, kg/mm2 of linear 

expansion 
Brass LS63-3 . . . • . . . • . . . •  13D-150  43-54 19x lo-6 
German silver 63�17 -18-2 . . • 14D-180 38-45 18.4x lo-6 
Bery Ilium bronze B-4 . . . .  , , 340 1 1 0  16. 5xlo-6 

( after aging) 

The choice of bronze as the material from which the bal R.nce wheel o f  
pocket- and wris twatches is  made is  bas ed on  the following properties o f  
this alloy: 

a )  high hardness ,  reaching 340  kg/mm 2 (H8 = 34 0 ), with a highly stable 
fine- grain s tructure, a fact which eliminates the tendency to dis tort, during 
or after machining, assembling and adjusting; 

b) small co;fficient of linear expansion ( 1 6 . 5 X  l o- 6 ) as compared with 
b rass and German silver .  This makes it possible to lower the total temper­
ature coefficient o f  the system balance wheel - spiral; 

c )  high corrosion resistance .  
The mechanical p roperties o f  the B - 4  bronze are p res ented in Table 1 0 ,  

together with those o f  brass and German silver .  
A small addition o f  tellurium improves the machinability o f  B - 4  bronze 

to the extent that it approaches 80 % of the machinability of Ge rman silver .  

JZO 

-a ZBO Cl) c:: "0 :£ zw 
200 

150 

� 
/ 1\ 

I 1\. _,I \"' 
( ""' . u 0 0 c> • b • 150 200 250 300 350 1;1)0 450 0 500 ° 

Aging temperature - t C 

FIGURE 1 .  The hardness HB of beryllium bronze as a function 
of the aging temperature 
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The heat treatm ent of bronze consists in heating to between 780  and 
800°C , quenching in cold water, and tempering for several hours at 3 00 to 
32 5°C , A s  a result of precipitation hardening, which takes place at a tem ­
pe rature of 300  to 32 5°C, the beryllium bronze loses the plasticity it had 
after  quenching and becomes hard . Quenched be ryllium bronze has a 
hardness H8 = 1 00; after aging the hardness is H 8  = 3 2 5 - 340 .  

A ging o f  the bronze a t  tempe ratures above 3 2 5°C leads to a decrease 
in hardness ,  as can be seen from Figure 1 .  

C u p r o n  i c k e 1 is used for the manufacture of the cases of the wrist­
watches of the "Zvezda" b rand . It contains , according to GOST 4 92 - 52 ,  
2 0  to 2 8 %  nickel, the balance being copper .  I ts  m echanical properties are, 
according to GOST 5 1 8 7 :  ultimate tensile strength from 30 to 40 kg/ mm2 , 
elongation 2 . 5  % .  

Cup ronickel strips are supplied, as are brass strip s ,  either t o  normal 
accuracy s tandards or as precision strips according to GOST 5 1 8 7 - 4 9 .  

Strips o f  thickness up to 0 .  3 0  mm are not subjected t o  tensile tests, 
and their technological prope rties are es tablished by a drawing test.  

METAL TESTING 

The metals delivered to the plant are subje cted to sampling tests for chem­
ical composition, mechanical and technological propertie s, as well as  for  their 
metallurgical structure, in accordance with GOST or VTU . 

Depending upon their final use ,  the metals are subjected to the whole set 
of tests or only to some of them . The m etals are certified as fit for use in 
p roduction after s atisfactory results have been obtained from the tests . 

The metal tests are class ified as chemica.!, mechanical , technological, 
metallographic, or special tests . 

T h e  c h e m i c  a 1 t e s t s are conducted in the plant laboratories and 
consist in the analysis  of the chemical composition of the m etal for the 
purpose of determining the percentage of the various components . 

This analysis is called an a s s a y and is conducted on a small sample , 
cut from the bar or strip . 

The determination of the chemical composition of m etals by chemical 
methods is a lengthy proces s ;  however, in many cases ,  it suffices to de­
termine the percentage content of only those components which decisively 
influence the p roperties of the alloy: carbon in carbon steel, carbon and 
sulfur in U7A V steel, lead in LS6 3 - 3  bras s ,  etc .  

The percentage content o f  certain components can in such cases b e  de­
termined rapidly, although less accurately than by chemical analysis ,  by 
use of spectral analysis . The instrum ent used for this purpose is the SL- 3 
spark spectrograph . 

The determination of the chemical composition using the spark spectro ­
graph takes not more than a few minutes , since it is nondes tructive and can 
be conducted directly on the metal bar or strip to be tes ted . 

The mechanical tes ts s e rve to determine the ultimate tensile strength 
(U .  T. S .  ) ,  the percentage elongation, and the hardnes s .  The tensile - test 
specim en ( 1 )  of given dimensions and shape (Figure 2 ) ,  is gripped at both 
ends (2 and 3 )  and is set under  tensile stress by the m achine .  The test 
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specimen is s tretched under the continuously increasing load, its length 
increases ,, and its cross section decreases . 

FIGURE 2. The P-5 machine for tensile 
testing 

kg/mm2 

GO 
30 

40 
"0 "' 0 30 ,.., 

s 

/ / '\ 
�; \ � p \ � E 

20 

10 

0 mm 
Deformation (extension) 

FIGURE 3.  Deformation diagram of U1 OA 

steel (in the annealed state) 

If we plot a load - defo rmation graph (Figure 3 ), we obtain a diagram 

60 

with four characteristic points E,  P ,  Y,  S .  A s traight section, up to the 
point E follows Hooke ' s  law with the deformation p roportional to the load . 
Between point E and point Y this p roportionality is dis turbed, and the curve 
inclines to the right . B eyond point Y the tes t-specim en length increases with 
almost  no increas e in the load, the metal , as it were, flowing. The load reaches 
a maximum at point S, which corresponds to the ultimate tens ile s trength, 
after which a neck appears on the test specimen, and finally fracture occurs . 
The fracture takes place on a smalle r  cross se ction and under a smalle r 
load than the maximum . 

The mechanical p roperties of the metal are defined by the points E ,  P ,  
Y ,  S .  

T h e  e l a s t i c  l i m i t  (point E)  is  the maximum s tress which produces 
no resid ual defo rmation or some p redete rmined, very small, value of re­
sidual deformation (Figure 3 ) .  It is designated by a E· 

T h e  p r o p o r t i o n a l  l i m i t  (point P )  is the s tress at which the elonga­
tion ceases to be p roportional to the s tres s .  It is designated by a p. 
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T h e  y i e l d  s t r e n g t h  o r  p o i n t  (point Y )  is the stress at which 
further deformation (elongation ) of the specimen be gins to take place with 
no further increas e in load . It is designated by o y. 

T h e  u l t i m a t e  t e n s i l e  s t r e n g t h  (point S )  is defined as the ratio 
of the maximum load recorded during the tes t ,  to the initial cross section 
of the test specimen. It is designated by a s and defined by the formula 

where P max = maxim urn load; 

Pmax 
OS = fo '  

fo = initial cross section of the test specim en.  
T h e  p e r c e n t a g e e l o n g a t i o n  is the residual deformation as a per­

centage ratio of the initial test- specim en length . It  is designated by o and 
defined by the formula 

whe re l = length of the deformed test specimen; 
[0 = initial (gage ) length of the test specimen.  

The P - 5 tensile testing machine (Figure 2 )  was designed for the s tatic 
compression and tensile tes ting of metals . It can be adapted,  by means of 
special attachments , to shearing, bending, and extrusion tests . The upper  
chuck of the machine is connected to  a lever-pendulum dynamometer  (4 ), 
on whose scale ( 5 )  the value of the load can be read . The operating loads 
of the machine are from 2 0 0  to 5000 kg. The machine has four s cales ;  

0- 50 kg, 1vith a scale division of . . . . . . . . . . 2 kg 
0-1 00 kg, .. .. .. .. . . . . . . . . . . 5 .. 
0-250 kg, .. . . . . . . . . . .  10 " 
0-500 kg, .. . . . . . . . . . .  10 .. 

The lower chuck is powered by means of the electric motor ( 7 )  and a 
manual drive is als o  p rovided .  The recorder (7 )  records the deformation 
of the specimen on paper .  

The allowable error in the readings is  1 %  of the load . 
T h e  h a r d n e s s t e s t is widely applied in mechanical tests . Both 

nonhardened and ha rdened pa rts are tested for hardness . Chemical analysis 
and tensile tests are time- and work-consuming proces ses , and are destruc ­
tive of the specimens . Hardness tests , on the othe r hand, take only several 
minutes and are basically nondes tructive . The ins trum ents used for ha rd­
nes s tests are s imple and do not require foundations . The tests can be 
run inside the storeroom or in the heat-treatm ent shop . 

The basic hardness tests are the Brinell test, conducted on the PBM 
tester, and the Rockwell test, carried out on the RV apparatus . The PBM 
tester is  us ed for  testing nonhardened metal s .  In  the Brinell test, accord­
ing to OST 1 02 4 1 -40 ,  a s teel ball is  press ed into the m etal to be tested,  and 
the diameter o f  the indentation is measured by m eans of a magnifying glass 
or a microscop e .  The Brinell hardness is defined as the load divided by 
the spherical surface of the impression (Figure 4 ). It is designated as H 8 
and calculated using the following fo rmula: 

p p H 13 = - = ----,,--------F tt O ( D - l' 02 - d2) 2 
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where Hs = the Brinell hardness ,  in kg/mm 2 ; 
P '= the load on the steel ball, in kg; 
D the diameter of the steel ball, in mm; 
d = the diamete r of the imprint, in mm;  
F = the surface of the imprint; 

In the PBlVI tester the load is transmitted from the weights ( 5 )  to the 
steel ball through a leve r  sys tem (Figure 5 ) . 

To begin with , the beam ( 1 )  rests on the roll er of the connecting rod (2 ) .  
When the electric moto r is  switched on ,  the conne cting rod drops and the 
load ( 5 )  is transferred to the ball " ( 3 ) which indents the specimen or part 

tested. The surface of the specimen must be flat 

p in order that the edges of the imprint be clearly 
visible and given to accurate measurement by means 
of a micros cope . 

The magnitude of the load , the diameter of the 
ball , and the length of the time during which the spe­
cimen is kept under load ( i . e .  the load- application 
tim e )  are determined from Table 1 1 .  

The specimen to be tested is placed on the table 
of the PBlVI tester and applied against the ball (to 

FIGURE 4 .  Scheme of the Brinell a given depth ) by turning the handwheel (4 ) .  The 
hardness test electric m otor is then switched on and the main load 

is applied to the steel ball . At  the end of the spe­
cified load - application time the electric motor is automatically switched off 
and the load is removed .  The table is lowered by means of the handwheel ,  
the specimen is removed, and the imprint diameter measured . 

FIGURE 5. PBM rester for Brinell hardness tests 
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The need for subsequent calculations can be avoided by using tables which 
give the values of H8 as a function of the imprint diameter for given values 
of loa-d and ball diameter .  The values of H u corresponding to a load P = 

= 3000  kg and a 1 0  m m  diameter steel ball are given in Table 1 2 .  

TABLE 11 

Conditions for Brinell tests 

Hardness range, 
Thickness of the 

Ball diameter, Load-application 
Metal test specimen, Load, kg 

kg/mm2 mm time, sec 
mm 

More than 6 1 0  3,000 
Ferrous metals . . . . .  140-450 From 3 to 6 5 750 1 0  

Less than 3 2 .5 187 .5 

More than 6 1 0  3 , 000 
The same . . • . . . . . . Up tol40 From 3 to 6 5 750 30 

Less than 3 2 .5 187 .5 

Nonferrous metals and 31 .8-130 More than 6 1 0  1 , 000 30 
alloys (copper, brass, From 3 to 6 5 250 
bronze, etc . )  

Nonferrous metals and 8-35 Not less than 6 1 0  250 60 
alloys ( aluminum , 
bearing alloys, etc . )  

When soft materials or thin parts are  tested, the load and the diameter 
of the ball are reduced so  as to avoid p enetration of the indenter through 
the specimen.  B rinell hardness tests give reliable results for hardnesses 
up to  H8 = 3 5 0 kg/ mm2 . When metals of  higher hardness are tested the 
ball is liable to become defo rmed (owing to its insufficient hardnes s ) . 

The Rockwell test (see Figure 6 )  is suitable for both s oft and hardened 
metals . I t  consists in forcing into the metal eithe r a s teel ball of 1 . 588 mm 
diameter or a conical diamond indenter with an apex angle of 1 2 0° .  

The ball is used for tes ting soft metals ,  and the diamond cone for meas ­
uring hardened parts . 

Rockwell hardness is determined from the difference between the depths 
of penetration of the diamond cone (or the s teel ball ) under the action of 
two consecutive loads - an initial and a major  load. The load is applied by 
the beam ( 1 )  on which weights ( 2 )  are suspended .  A turn of the crank ( 3 )  
connects the load and transfers i t  t o  the indente r (diam ond cone o r  s teel ball ) 
(4 ), which is thus forced into the surface being tested.  The depth of pene ­
tration is measured by the dial indicator ( 5 ) . 

The design of the apparatus permits direct reading of hardness on the 
indica tor scale . 

The method for conducting Rockwell tests has been s tandardized (OST 
1 02 4 2 - 4 0 ) .  The tests can be conducted using one of the following three in­
dicator s cales (Table 1 3  ) .  

The exte rnal (black) s cale of the indicator i s  used for readings o n  s cale s  
A and C .  

The inte rnal red scale s e rves fo r scale B .  Hardness values according 
to these scales are des ignated HRA , HRa • HRc ':' . Scale  A is used fo r tes ting 
• [According to American usage : RA , R8, Rc. l  
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metals of hardness beyond HRc = 6 7 .  The working range of scale B lies 
within the limits HR a  = 25 and HR a  = 1 0 0, and of s cale C between the limits 
HRc = 2 0  and HRc = 7 0 .  

Diameter of 
imprint d 

2.4 
2.45 
2.50 
2.55 
2.60 

2.65 
2.70 
2.75 
2.80 
2.85 

2.90 
2.95 

3.00 
3.05 

3.10 
! 

3.15 
3.20 
3.25 
3.30 
3.35 

3.40 

3.45 
3.50 

TABLE 12  

Brinell hardness numbers (P= 3000  kg, Dball = 10 mm) 

Diameter of Diameter of 
Hardness n8 imprint d HardnessH 8 imprint d 

652 3.55 293 4.70 
627 3.60 286 4,75 
600 3.65 277 4.80 
578 3.70 269 4.85 

' 555 3.75 262 4.90 

532 3.80 255 4.95 
5 1 2  3.85 248 5.00 
495 3.90 241 5.05 
477 3.95 235 5.10 
460 4.00 229 5 . 1 5  

444 4.05 223 5.20 
430 4 . 1 0  2 1 7  5.25 

5.30 
4 1 8  4 . 1 5  2 1 2  5.35 
402 4.20 207 5.40 

5.45 
387 4.25 202 5.50 

375 4.30 1 96 5.55 
364 4.35 1 92 5.60 
351 4.40 1 87 5.65 
340 4.45 1 83 5,70 
332 4.50 1 79 5.75 

321 4 .55 1 74 5.80 
5.85 

3 1 1 4.60 1 70 5.90 

302 4.65 1 66 5.95 

FIGURE 6. Apparatus used for RockHell hardness tests 
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Hardness n8 

1 63 
159 
1 56 
1 53 
149 

1 46 
143 
1 40 
1 37 
1 34 

131 
1 28 
1 26 
124 
1 2 1  
1 1 8  
1 1 6  

1 1 4  
1 1 2 
1 09 
1 07 
1 05 

1 03 
1 0 1  
99 
97 



Rockwell tests take less time than do B rinell tests . 
Another advantage of  the Rockwell method is that the specimen surface 

suffers almost no damage, the indentations made by the steel ball or the 
diamond indenter being negligible .  

The Rockwell hardnes s tes ter i s  suitable for testing specimens of a 
thickness not less than 1 mm on scale C ,  and not less than 2 mm on s cale B .  

TABLE 1 3  

Rockwell-hardness scales 

Symbol Indenter 
Initial load, 

Final load, kg Application 
kg 

Diamond cone with 
apex angle 120' and Hard and heat-treated 

c 1 0  1 0 + 140 = 150 
of radius curvature steels 

0 .2 mm 

Superhard alloys, prod-
A The same 1 0  10  + 50 = 6 0  ucts with case-hardened, 

work-hardened surface, 
etc. 

B Steel ball of 1 .588 mm 
diameter 

1 0  1 0 +  90  = 100 Soft metals 

Thinner specimens are deformed through the revers e side, and the 
hardness readings are distorted. 

The Rockwell hardness has a relative value, and is not an abs olute 
quantity. One division on the indicator s cale corresponds to a depth of 
penetration of 2 fl. .  

A definite relationship exists between the hardness values obtained by 
the Brinell method and thos e  obtained by the Rockwell m ethod (Figure 7 ). 

As the machinability of a metal is not uniquely determined by its chemical 
composition and m echanical p roperties ,  the metals to b e  us ed in the manu­
facture of parts are subjected to technological tests . 

D r a w i n g  t e s t  o f  s h e e t m e t a l s .  Sheets and s trips intended for 
drawing are subjected to this test.  

The test specimen ( 1 )  is fastened to the apparatus (Figure 8 )  by m eans 
of the threaded sleeve ( 5 ). When the hand wheel ( 7 ) is turned, the spindle (4 ) 
is displaced forcing the punch (2 )  into the m etal . The m etal is thus drawn 
through the die ( 3 )  until cracks appear. The punch and die are .of s tandard 
form , and the appearance of cracks is obs erved through the mirror (6 ) . The 
depth of draw up to the appearance of cracks s e rves as a m esure of the 
drawability of the metal . 

Figure 9 presents three photographs of tested specimens . In Figure 9 ,a ,  
the depth of draw, for a thick brass specimen, was 1 2  m m .  Figure 9 ,  b 
shows a 0 . 3 5  mm specimen drawn to a depth of 5 m m .  In Figure 9 ,  c ,  a 
0 . 5  mm steel specimen has b een drawn to a depth of  1 0  m m .  

Strip material (steel , bras s ,  etc . ), which i s  t o  go into the manufacture 
of alarm - clock case s ,  airborne clock housings , etc . , is first subjected to 
a drawing test.  

50  



A drawing depth of 1 1  to 1 2  mm has been established as the standard for 
1 Kh1 8N9 stainless steel, used in the m anufacture of lids and bottoms for 
pocket- or wristwatches .  

The conditions under which the drawing tests are to b e  carried out are 
specified by GOST 5 0 3 - 4 1 .  

R e p e a t - b e n d i n g  t e s t s for round and s quare bars are carried out 
on the NG- 1 - 2  apparatus (Figure 1 0 ) . 

The apparatus consists of a small bench- type vis e  ( 1  ), with exchangeable 
jaws (2 ), which clamp one end of the specimen. The other end is held by 
the carrier (4 ) of the rotating lever ( 3 ) .  
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FIGURE 7 .  Relationship between Rockwell and Brinell 
hardness values 

The test specimen is bent 9 0° alternatingly to the right and left . The 
number of bends to failure of the test specimen is characteristic of the 
ductility o f  the metal . 
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FIGURE 8. Apparatus for drawing tests 

FIGURE 9. Drawing test specimens 

FIGURE 10 .  NG-1-2 apparatus for bending tests 
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The apparatus is suitable for tes ting round bars of diameters from 0 . 8  
t o  7 mm and'flat bars o f  a thickness of up t o  5 mm . 

A counter ( 5 )  records the number of bends . 

FIGURE 11 .  Apparatus for torsion-testing of wires 

T o r s i o n  t e s t s  f o r  w i r e  are conducted on the K- 1 (K - 2 ,  K- 3 )  ap­
paratus (Figure! 1 1  ). 

The wire is clamped in chucks in the head- and tailstock of the apparatus . 
The heads tock chuck is rotated by an electric motor which is automatically 
switched off when the specimen fails . The number  of turns to failure is 
recorded on a counter .  

R e s i d u a l  d e f o r m a t i o n  (permanent- set )  t e s t s .  With heat- treated 
spring s teel s trips ,  the tensile ,  hardness and bending tests are only indirectly 

FIGURE 12. Apparatus for testing the elasto­
plastic properties of spring steel strips 

indicative of their quality, and do not define 
fully the e"lasto -plastic p roperties of the 
material . 

Thes e properties are determined by us e 
of an apparatus (Figure 1 2 )  which measures 
the angle a. of res idual deformation .  The 
apparatus s cale is divided into 1 8 0°. The 
test specimen is clamped at one end to the 
mandrel of the apparatus , and the other end 
is s et to the zero point of the s cale .  The 
test specim en is then wrapped around the 
mandrel by an angle of 1 8 0°. After 50 such 
bends the angle a. is measured from the 
position of the tes t specimen on the s cale ,  
and the res idual deformation determined 
from it. 

In some variants of this apparatus the 
springback angle ( � = 1 80° -a. 0) is measured 
ins tead of the angle of res idual defo rmation .  
The accuracy of this type of apparatus is 
by 5 to 6° lower than that of the device 
shown in Figure 1 2 .  
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The springback p roperties for s trips are given in the ChMTU 3 6 8 0 - 5 3  
specifications .  The angle o f  springback for a 0 . 1 2  m m  thick spring bent on 
a 5 mm diameter mandrel must not be less than 1 4 7 ° .  For a 0 . 32 mm strip 
on a 2 0 m m diameter mandrel , this angle mus t not be less than 1 5 6°  (for 
first- grade strip s ) .  C orrespondingly, the angle of residual deformation 
mus t not be larger than 3 3° for the 0 . 1 2  mm s trip, and 24° for the 0 . 32 mm 
strip . 

M a c h i n a b i l i t y t e s t  f o r  m e t a l s . The machinability test  is con­
ducted on the apparatus shown in Figure 1 3 .  

FIGURE 13 .  Apparatus for testing of metals for machinability 

The test consists ess entially in producing dimples (craters ) in the metal 
by means of a pointed- end drill of 2 . 5 - 3 . 0 mm diameter and a point angle 
of 80 - 85° for bras s ,  and 1 2 0 - 1 2 5° for steel. 

The dimples are drilled under a specified axial load on the drill which 
is made to rotate for a given number of turns . After the chips have been 
removed, the diameter of the crater is measured by means of a graduated 
magnifying glass .  The machinability can also be determ ined from the weight 
of chips . 

The machinability of a given metal is determined as a percentage of the 
machinability of an accepted s tandard material . The above method is there­
fore of  a comparative character. 

Numerical values of the squared ratios of the diameters of the specimen 
and standard craters , respectively, are given in a special table .  

The apparatus consists of a s emiautomatic bench drilling p ress and a 
cam mechanism .  
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The constant (given ) load is applied by calibrated weights carried by the 
spindl e .  The specified number of turns of the spindle for one test cycle is 
ensured by a cam mechanism lifting the spindle off the specimen. The load 
can be varied,  depending upon the thickness and machinability of the material 
being tes ted .  

M e t a l l o g r a p h i c  t e s t s consis t in the inves tigation of the micro ­
structure o f  metals and alloys b y  m eans o f  suitable (metallographic ) mi­
croscopes . 
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C h a p t e r  III 

STA MPING PROCESSES 

Stamping is one of the most advanced methods of metal processing and 
has many advantages over other proces sing methods such as turning, milling, 
drilling, etc . Complex parts can be stamped out in one s troke of the p ress 
to high accuracy and with stable dimensions . Stamping process es are char­
acterized by a high output: various presses have between 60 and 4 2 0  work­
ing strokes per minute .  Almost all kinds of s tamping operations can be 
automatized . 

Stamping processes play an impo rtant part in watch production. Of the 
6 2 0  machining operations carried out on wristwatch parts , 1 2 5 ,  or 2 0 %, 
are stamping operations . The amount of work expended on thes e operations , 
howeve r, repres ents only 7 %  of the total work expended on all the machin­
ing operations . 

Stamping refers to the various technological operations executed (general ­
ly without formation of chips ) on p resses by means of s tamping dies of var­
ious designs . The following s tamping processes are us ed in watch p roduc ­
tion: blanking, pie rcing, dinking, shaving, bending, drawing, straightening, 
center punching, embossing and coining, marking, forming, combined 
punching, and sizing . 

Thes e  operations are executed on crank, knuckle ,  friction and hydraulic 
presses .  

The dies used in  stamping operations are known, according to  the oper­
ations executed by them, as blanking dies , shaving die s ,  etc . 

BLANKING AND PIERCING 

Blanking is the most widely applied among the stamping operations and 
is the initial operation in the manufacture of parts from flat bars o r  s trips . 
It is applied not only as a s eparate operation, but also in conjunction with 
other s tamping operations . 

The blanking p rocess is shown diagrammatically in Figure 1 .  
The blanking process can b e  divided into three s tages (Figure 2 ) .  
F i r s t  s t a g  e .  When the press  ram is lowered, the flat end of  the 

punch presses the strip of material against the upper face of the die , then 
compress es the upper layers of the strip and penetrates into the m etal . 

The metal fibers suffer a slight compression and bending, and the metal 
begins to be forced into the die hole .  A t  this stage, the stresses in  the 
metal do not exc eed the elastic limit. 
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S e c o n d  s t a g e .  During this stage, in which stres s es go beyond the 
elas tic limit, there occurs a further bending and stretching of the fibe rs , 

FIGURE 1 .  Schematic diagram of 
the blanking process 

and they are cut by the sharp edges of the die .  
A t  the end of this s tage , the stres s es reach 
the ultimate shearing s trength for the metal, 
and microfractures appear. The press force 
reaches its maximum . 

T h i r d  s t a g e . The beginning of this 
s tage is characterized by the appearance of 
macrofractures near the cutting edges of the 
die and punch, and their propagating at a 
definite angle into the metal . 

These  fractures develop swiftly, and the 
blank s eparates from the strip . 

1- punch; 2-die; 3-stock. If the clearance between the punch and the 
die opening is normal, the punch-side and die­

side fractures will meet and form a common sh'earing surface .  
I f  the clearance i s  too small , the di rections o f  the fractures d o  not coin­

cide, and the double shearing causes the formation of an extended burr on 
the p roduct (Figure 3 ) .  If the clearance is too 

� � 
First stage 

large , the blank will have rugged edges owing 
to the tearing of material in the clearance spac e .  

A graph showing the s tres ses i n  the metal 
as a function of the ram motion is given in 
Figure 4 for a steel strip of up to 4 mm thick­
ness and of average hardness . The s ector A B  
corresponds to the s tage of elastic deformations 
and BC to the plastic deformation s tage (up to 
the beginning of shearing) .  Point C corresponds 
to the maximum s tress imposed on the metal 
during the blanking and s ector CD indicates the 
rupturing stage . Sector  DE gives the force 
which must be applied in order to overcom e the 
friction when the part is ejected from the strip 
and forced through the die .  

The three zones o n  the late ral surface of 
the part correspond to the three stages of the 
blanking p rocess (Figure 2 ). The firs t zone , 
corresponding to the first stage, is slightly 
rounded off on the die side . The s econd zone 
is a cylindrical belt formed during the cutting 
of the fibers by the cutting edges of the die, @�����B:E.l st zone and corresponds to the ram motion up to the 
appearance of shearing fractures . The third 

FIGURE 2. Stages of the blanking 
zone is a rough conical surface and corresponds 
to the stage of metal failure . process 

Clearance between punch and die . Clearance 
is the diffe rence between the matching punch and 

die dimensions . The magnitude of the clearance required depends mainly 
on the material and the thickness of the part to be blanked .  

57  



Each material and thicknes s  have their optimal clearance ,  defined as 
the clearance for which the directions of the shearing s tresses from the 
punch and the die coincide, and for which the blanking force is a m inimum . 

FIGURE 3. Shearing fractures and 
shape of the blank in the case of 
insufficient punch clearance 
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FIGURE 4, Graph of the stresses in the stamped 
metal as a function of the ram stroke (steel strip 
of a thickness of up to 4 mm and average hardness) 

Despite the wide application of blanking operations , as yet the re exists 
no theoretically s ubstantiated method for determining the clearanc e .  Em ­
pirical data are us ed in production practice .  

Recommended clearances between the punch and the die for blanking dies 
are given in Table 1 .  

TABLE 1 

Bilateral clearance between punch and die in o/o of the strip thickness 

Clearance, o/o 
Strip thickness, mm 

brass and mild steel of average 
hard steel 

steel hardness 

0.1 o-1  4 7 9 
1 .1 -2 4.5 7 9 
2 .2 -4 5 8 10  
4 .2 - 6  6 9 12 

Optimum clearances vary between 5 and 1 2 % of the strip thickness .  
The values given are suitable for circular blanks . When blanking parts 

of a more complex shape, having sharp angles , the data given in the table 
mus t  be adjusted up or down, depending on the actual shape of the part .  

In blanking operations the required clearance is obtained at the expense 
of the punch size, the size of the blank being equal to the die opening. In 
piercing operations , on the other hand, the clearance is achieved by in­
creasing the size of the die opening, as the size of the pierced hole is equal 
to the punch diam eter .  
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Blanking Forces 

. 
The force P ,  required to blank out a part, depends on the shear area , 

equal to the perimeter of the blanked part multiplied by the stock thickness ,  
and on the shear strength of the metal . 

The force P is calculated using the formula 

where P = the force, kg; 
L = length of the part perimeter, mm; 
s = the thickness of the part, mm; 

a ,  = the shear s trength of the metal, kg/mm2 . 
For circular parts L = rrD , and ( 1 )  becomes 

P = 'lt· D · S · a , . 

( 1 )  

If several punches operate s imultaneously in the stamping die, the value 
of the total force P is equal to the sum of the forces calculated s eparately 
for each punch.  

In a gang blanking die the blanking force is sometimes reduced by instal ­
ling the punches at  different heights , which ensures progressive blanking. 

The value of a, for various materials can be found in the handbooks on 
stamping.  The value of P also  depends on the die design. If the die hole 
has a cylindrical portion, an additional force Q is necessary in order to 
force the blankJ through the die (cf .  below) .  The n mber of parts held in 
this cylindrical portion obviously depends on the height of the latter and on 
the thickness of the material . The force Q necessary for forcing through 
one part is on the average 3 to 5 "'o of P .  If the die has a tapered hole ( see 
below),  the part will not be retained, and no additional force is needed to 
force it through . 

The magnitude of P decreases if the strips are lubricated and increases 
with a decreas e in the clearance between the punch and die below the normal 
value .  Blunted cutting edges on the punch and die als o  inc reas e the force.  
P decreas es by 5 to 7 o/o when the strips are lubricated, and can increase 
by 1 5  to 2 0 "/o  with a decrease in the clearance. The blunting of the cutting 
edges likewise leads to an increas e in P of 1 0  to 1 5 "/o . The p res ence of 
buffer springs in the die also increases the required blanking forc e .  

Owing t o  the above-listed factors , the actual value of the blanking force 
is higher by 20 to 3 0 "/o  than the value calculated by ( 1 ) : 

J?.cr= ( 1 . 2  - 1 .3) P calc ( 2 )  

Example of calculation of P .  Let the part be a watch plate: the blanking 
diameter, 38 mm; the thicknes s ,  3 . 2  mm; the material , brass ;  " ,  = 40 kg/mm2 . 

Atct= 1 .2�tDsa s = 1 .2 ·3. 14 ·38 · 3.2 · 40 "" 18.!l t .  

Center of pressure of the die. The blanking forces are applied along 
the cutting edges of the punch and die and are mutually parallel and per­
pendicular to the die plane . 

The point of application of the resultant of all the forces acting during 
the blanking is called the c e n t e r o f  p r e s s u r e . 
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The center of pres sure of a blanking die mus t coincide with the axis of 
the die shank mounted in the ram , as otherwis e ,  lateral shearing forces 
will appear which can lead to uneven wear of the ram guides o r  of  the die , 
uneven blunting of the cutting edges and, in the cas e of s mall clearances , 
even punch breakage or damage of the die .  

In round parts the center of pressure coincides with the center of the 
blank . In parts of regular geometrical shape, such as s quares and rectan­
gles , the center of pressure coincides with the inte rs ection of the diagonals . 

In parts of any shape the center  of pressure will always be located at 
the center of gravity of the contour of the part, calculated by as sumin g that 
the contour of the part to be blanked is a material line poss essing weight . 

The re are s everal methods for the determination of the center of pres ­
sure.  

A diagram of the simultaneous piercing of  two holes of  different diam eters , 
having cente rs located on the X-axis , is shown in F igure 5, where the fol ­
lowing designations have been adopted: D1 = diam eter of the smaller hole; 
D2 = diameter of the larger hole; U1 and U2 = perimeters of the holes;  a, = 
= shearing strength . 

The forces P1 and P2 neces sary for piercing the two holes ,  respectively, 
will be equal to 

P1 = U1s · a, , 

P2 = U2 · S ·a, . 

The forces P1 and P2 are applied at the centers of the corresponding 
circles . Pt and P2 are parallel and the magnitude of their resultant is there ­
fore equal to their sum 

The point of application of the resultant P is determined by s etting the 
moments of the two forces equal 

Pzl 
X =  P1 +Pz '  

Substituting fo r P. and P2 their values and canceling s ,  a , , 7t ,  w e  obtain 

X =  DtD�l Dz . 

X 

P, 

p 
FIGURE 5. Determination of the center 
of pressure for a two-punch die 

y 

X 

p 
FIGURE 6. Determination of the center of pressure for a 
multi -punch die by the analytical method 
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It is seen from this expression that the center of pressure is uniquely 
determined by the blank perimeters or,  in our cas e ,  by the diameters . 

Gene rally, the position of the center of press ure is expressed as x and 
y relative to some point of reference in the plane of the drawing. 

The diagram in Figure 6 shows the simultaneous piercing of holes of 
different diam eters . 

The resultant P of all the forces acting during blanking will be equal to 

P = P1 + P, + Pa + ·  . .  + P,.. 
Reso rting to the theorem of s tatics , according to which the s um of the 

moments of the component forces relative to an axis is equal to the moment 
of the resultant relative to this axis , we obtain 

, P1x1 + P1x2 + P8x8 + . . . + P,x,. = P ·x, 
P1Y1 + P2Y2 + PaYs + · · · + P,yn = p . y. 

Substituting P1 , P2 , P3, P,. for D1 , D2 , Da• D,. (or  the perimeters U1 for 
contours of other shapes ) ,  we obtain the general formula 

This m ethod for determining the c enter of p ressure is an analytical 
m ethod . 

A graphical method for determining the center of pressure is also in us e .  
I t  consists in finding the application p oint of the resultant o f  the system of 
parallel forces by means of a forc e polygon. 

When blanking irregularly shaped parts , the contour of the part is b roken 
up into parts (straight segments , arcs ,  etc . ) .  Each s ection of the contour 
is treated as a material line and a vector proportional to its length ( to a 
chosen s cale ) is applied at its center of gravity . 

The coordinates of the center of p ressure are determined, analytically 
or graphically, as the application point of the resultant of the system of 
parallel forces ( vectors ) .  

Layout. The blanking operation must be designed so  as  to ensure the 
most economic us e of the metal . To that end the part must be laid out in 
the strip so as to minimize scrap . 

Scrap resulting from punching small holes and was te of the m etal at both 
ends of the strip is unavoidable ,  but their influence on the coefficient of 
m etal utilization is small . The economy of the layout is basically deter­
mined by the amount of scrap left between the blanks which, in certain cases ,  
i s  as  much as  7 0 "/o, only 3 0 "/o o f  the meta.l being utilized us efully. 

The economy of the layout is m easured by the coefficient of m etal utiliza­
tion, defined by the formula 

F km. u.= rr 1 00, 
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FIGURE 7 .  Examples of strip layout 
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where km. u.= coefficient of metal utilization, o/o; 
F = blank area, mm 2; 
B = s trip width, mm; 
t = strip feed per  blank, mm (distance between two homologous 

points of two adjacent blanks ) .  
S everal examples of  layout are  shown in  Figure 7 .  Figure 7,  a shows a 

single-row strip layout, as us ed in blanking and s imultaneous piercing the 
winding wheel of wris twatches . The coefficient of metal utilization (ne­
glecting the waste due to the punching of the holes ) i s  5 0 % .  

Figure 7 ,  b shows a two - row strip layout used f o r  blanking spoked wheels . 
The coefficient of metal utilization is 64  o/o . Figure 7 ,  c pres ents a five - row 
s trip layout for blanking hexagonal nuts with simultaneous punching of holes . 
The blanks are arranged in a honeycomb pattern and the coefficient of metal 
utilization is 6 0 o/o .' 

Figure 7 ,  d shows a two - row strip layout for' blanking cas e  rims ,  with 
simultaneous punching of holes . The layout is economical fo r the given 
part, although the coefficient of metal utilization is only 3 3  o/o .  

I n  Figure 7 ,  e three strip layouts for blanking alarm - clock regulators 
are shown . The coefficient of metal utilization is 32 o/o in the first layout, 

4 0 o/o  in the s econd, and 4 6 o/o in the third. 

FIGURE 8 .  Blanking of  two parts by two 
stamping dies from the same strip 

Figure 8 shows the strip layout for 
blanking two different alarm - clock parts 
in two different s tamping dies :  the re­
gulator is blanked after the blanking of 
the spring. 

The staggered multi- row layout is 
most expedient for blanking round parts 
(washers , wheels ,  etc . ) .  It should be 
kept in mind, when designing the layout, 
that in mas s p roduction a saving of 

several grams of metal per  part adds up to tens of tons of metal . 
The strip layouts can be designed in the following manner: the part is 

cut out of cardboard in several copies , in its full -size dim ensions or to 
s cale .  Various arrangements are then tried, and the arrangement giving 
the smallest loss of material is selected. If the configuration of the part 
is such that there is always considerable s c rap , it s hould be matched with 
another part of the same thicknes s and the two parts can either be made by 
the s ame die or s eparately by two dies . 

A layout without scrap is possible for certain parts whose contours are 
made up of straight lines . 

For parts with very narrow sections , such as clock hands , etc . , an in­
vers e layout can be used,  in which the part remains in the strip in the fo rm 
of a bridge while the blanked spaces between the parts constitute the scrap . 
The coefficient of metal utilization in such cases drops to 1 5 - 2 0 o/o .  

The s trip layout for blanking wris twatch hands i s  shown in Figure 9 .  
The thickness in section a-a  is equal to 0 . 1 5 mm,  and the width is 0 . 0 5 to 
0 . 08 mm.  

The stamping of  this part is carried out as follows :  the hole is  pierced,  
the contour is blanked; the central s ection is cambered and the s ocket drawn; 
lastly, the hand is cut off from the lateral edges of the strip . 

In designing the layout it is necessary to take into account the arrange­
ment of the parts relative to the direction of the ( rolling]  grain in the material 
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The grain in strips is .usually of longitudinal orientation but if the strips 
are cut from sheets it is possible to obtain trans versally oriented grain . 

There are parts which, due to their configuration, cannot be made with 
trans versally directed grain . The s top -watch spring is an example (Figure 
1 0 ); it will break after heat treatment if made with trans vers e grain. In 
such cases it is necess ary to arrange the parts along the s trip, although 
such a layout is less economical . 

0.05-0.08 

1st 2nd 3rd 4th operation 

FIGURE 9. Layout for the blanking of wrist-watch hands FIGURE 10 .  Stop-watch spring 

When designing the layout it is necessary to take into account the exis t­
ing as sortment o f  s tandard s trips (GOST) .  If a certain layout calls fo r 
s trips of nons tandard width, it is likely that the extra cost  of p reparation 
of nonstandard s trips will be higher than the economy achieved by the better 
layout. The striving for economy in the layout must not be allowed to lead 
to an increase in machining work and to the introduction of additional oper­
ations . 

Blanking of sheets or s trips leaves in the blank p ortions of metal called 
bridges which constitute waste . The width of these bridges depends on 
many factors , but  mainly on the s trip thickness and the metal s trength . 
It is also influenced by the dimens ions. and configuration of the blanks , 
the means of strip feeding, the required accuracy, and the s tamping­
die design .  

The width o f  the bridges i s  determined using empirical graphs (Figure 1 1 )  
o r  tables . 

The data given in Figure 1 1  must be  multiplied by the following coeffi ­
cients , depending on the material being s tamped: 0 . 9  for s teel of average 
hardness ,  1 . 0  for hard steel,  1 . 2  for s oft b ras s ,  1 . 4 for aluminum . 

If an automatic roll feed is used in the blanking p roces s ,  the bridge 
values are multiplied by 1 . 2 .  

I f  the blanks are t o  b e  p ress ed back into the s trip , the bridge width must 
be increas ed by 2 0 o/o . 

Scrap width a� at the s trip edges is taken as equal to 1 . 2 - 1 . 5 a1 • 
Elements of blanking dies . Most s tamping operations in watch production 

are conducted on die s ets p rovided with guidepins . A die s et cons ists of the 
upper  and lower shoes , the punch, the die, and other auxiliary components . 

The shoes are two cas t-iron plates on which all the other components of 
the die are mounted . The guidepins and the die block are mounted on the 
lower shoe,  the punch and the shank, on the upper shoe .  
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When m ounted on a p ress ,  the die s et is fastened to the bolster plate of 
the p ress by means of straps and bolts . 

The upper  shoe is fastened to the press ram by its shank, whos e  head 
fits into the T-shaped slot of the transition shank fastened to the ram by 
bolts . 

The shank head is made spherical in order to avoid the transmiss ion of 
nonaxial forces from the press ram to the upper shoe of the die set. Such 
nonaxial forces could result from clearances and disto rtions in the moving 
parts . 

A s  comparatively large clearances exis t between the moving ram and its 
guide, guidepins are included in the die s et to ensure maintenance of the 
proper relationship between the uppe r  and lower die elements . 
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FIGURE 1 1 .  Determination of the width of bridges a1 

The dimensions of the die s ets used in watch production are standardized 
(Table 2 ) . 

The main working pa rts of a blanking die are the die and the punch. 
Dies can be made either with a cylindrical portion beyond the cutting edge 

of the die, or with an angular clearance s tarting right from the cutting edge 
(Figure 1 2  ) .  

Dies with a cylindrical portion as  distinct from dies with an  angular 
clearance only, preserve their s ize after regrinding of the face .  The clear­
ance between punch and die does not change in such dies . The cutting edge 
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of dies with a cylindrical po rtion is stronger than that of the other type ,  
but a larger force is  required for  the ejection of blanks . The relieved 
s ection below the cylindrical portion of thes e  dies may take many forms 
and has p ractically no influence on the blanking p roces s .  

FIGURE 12 .  Blanking dies : 

a and b-dies '"ith a cylindrical portion; c and d-dies with an 
angular clearance only, starting at the cutting edge. 

TABLE 2 

Dimensions of model Sh-01 die sets used in watch production, mm 

Die-set dimensions 
No. of 
die set A B c 

0 110  55 55 

1 135 7 0  7 0  

2 160 85 90 

3 190 95 110  

4 235 130 140 

5 280 160 170 

6 330 180 200 

Limiting-
blank dia-

Hmln meter 

1 05 1 0  

1 30  15 

150 25 

175  35  

190 50 

205 65 

220 85 

Dies of the above type are us ed for blanking precision parts and when the 
blanked parts have to be p ress ed back into the s trip . The width of the cy­
lindrical portion is usually made equal to the thicknes s of 2 to 5 parts . 

The wider the cylindrical part (within certain limits ), the more regrind­
ings the die can bear,  and the higher its rigidity . 

Dies with angular clearanc e up to their cutting edge do not retain the 
blanked parts and therefore no additional force is required for their ejection . 
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However ,  because regrinding changes their dimensions , they are not 
s uitable for blanking accurate parts . The rigidity of such dies is less than 
that of dies with a cylindrical portion and they require more frequent re ­
grindings . Dies with a full angular clearance are also more difficult to 
manufacture.  In order to overcome s ome of the above drawbacks , die 
openings are sometimes provided with a double angular clearance (see  
Figure 12 ,  d ) .  The clearance in  the working part of the opening has a slope 
Of 0° 1 5  I tO 0°30 I ,  While in the nonworking part the SlOpe iS 2°  tO 5° .  

The die blocks have holes fo r fastening to the die shoes , and for the 
m ounting of s tops , strippers , guides , and other die components (Figure 1 3 ) . 

Punches are subject to high crus hing, bending and also tensile stresses . 
In order that the punch be stable in operation, it should be as short as pos ­
s ible, or be mounted in a guide. If the punch is not guided, holes to be 

FIGURE 13 .  Punch and die of 
a compound blanking die 

punched should not have a diam eter smaller than 
the stock thicknes s .  Guided punches can make holes 
of diameters down to 0 . 5 - 0 . 7 5  of the stock thickness .  

Examples of punch mountings are  shown in Fig­
ure 1 4 .  

Dies and punches are generally made from high­
carbon or chromium tool steels . However, dies 
and punches used in the p roduction of watch compo­
nents are frequently made of BK6 , BK8, and other 
hard-alloy grades (Figure 1 5 ) . 

The durability of dies having cutting parts made 
from hard alloys is 1 0 - 1 5  tim es as high as that of 
dies and punches made of tool steel.  

A blanking die for an irregularly shaped part is 
shown in Figure 1 6 .  

To facilitate the manufacture of these dies , they 
are built-up from s ections , wi'th the joints chosen 
in such a way that all parts of the contour can be 
machined ,  Sectional dies are held to gether by rings . 
The rigidity of s ectional dies is somewhat lower 
than that of s olid dies and the considerable stresses  

sometimes p roduce dents at  the joints . 
In order to increas e the durability of the die s et it is so  adjus ted that the 

punch penetrates into the die to a depth not exceeding the thickness of the 
part. 

Strippers. When parts are blanked or holes pierced, the punch penetrates 
the entire stock thickness and in o rder to pull it out of the strip , or to re ­
move the strip from the punch, a force of the order of 1 0  to 1 5  o/o of the 
blanking force must be applied .  Die components used for this purpose are 
called strippers . 

The strippers in s imple blanking dies are permanently attached to the 
die and are stationary. The stock passes freely between the stripper  and 
die and the s trippers also  se rve to guide the stock (Figure 1 7  ) .  

The strippers in  compound blanking dies are  mounted s eparately from 
the lower die (see Figure 2 0 ). 

Types of blanking dies . Blanking dies are classified, according to their 
p rinciple of action, a s  s i n g l e - a c t i o n  d i e s , p r o g r e s s i v e  d i e s , 
a n d  c o m p o u n d  d i e s . 
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S i n g l e - a c t i o n  d i e s  are us ed for blanking the external contours of 
parts , and the blanked parts are ejected through the die hole .  

a b 

FIGURE 14.  Punch mounting : 

a-with additional guiding in the knock-out; b-without 
additional guiding. 

FIGURE 1 5 .  Hard-alloy dies FIGURE 16. Sectional die 

The design and dimensions of the model Sh- 02 blanking die are shown in 
Figure 1 7 .  The stripper (2 ) is fastened to the die ( 3  ) .  The stock guides (6 ) 
are located between the punch and the s tripper.  The die block, with the 
parts fas tened to it, is mounted in the recess in the lower (die ) shoe by 
pins (4 ) and two s crews ( 5 ) . 

The punch ( 7 ) is mounted in the recess of the upper (punch ) shoe by the 
screws and pins (8 ) .  

The upper shoe contains two hardened steel bushings ( 9 )  fo r the guidepins . 
The bushings increase the s e rvice life of the die and its accuracy as other­
wise the holes in  the cast- iron shoe would be rapidly worn out and the die 
would los e its accuracy. 

The shank ( 1 0 ) is screwed into the upper shoe, and is s ecured by the 
stud ( 1  ). 

P r o g r e s s i v e  d i e s  fo r blanking parts with holes . These  dies are us ed 
for blanking parts in which accurate location of the hole relative to the ex­
ternal contour is not required, and where the width of the bridge between 
the external contour and the hole is small . The use of a compound die 
(see below) for such a p art is not expedient, s ince the punch and die will 
have weakened cross sections and will therefo re be unreliable .  Figure 1 8  
shows a two - row strip layout f o r  alarm - clock pawls , which are blanked in 
the following s equence .  

First-op eration - piercing the hole i n  the first part; second operation ­
blanking the contour of the first part ; third operation - pie rcing the hole in 
the s econd part; fourth operation - blanking the contour of the s econd part .  
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This die operates with two side cutters . A general view of the die is 
shown in F\gure 1 9 .  

The die has no guidepins , punches being guided by the s tripper ( 1 )  which 
is mounted on the die (2 ). In order to increas e the durability of the die, 

5 

FIGURE 1 7 .  Model Sh-02 blanking die with 
fixed-type lm"er stripper 

hardened bushings ( 3 )  are p ressed into 
it .  The piercing and blanking punches 
(4 ) and ( 5 )  and the side cutters ( 6 ) are 
fastened to the upper shoe. The punches 
never leave the guiding stripper ( 1 ) dur­
ing the operation of the die .  

Progressive dies are o f  a much s im ­
pler design than are compound die s .  

C o m p o u n d  d i e s  are us ed for blank­
ing parts with windows and holes where 
an accurate mutual location of the holes 
and the contour is required. 

Compound dies are widely used in 
watch manufacture, as they make it pos ­
s ible to blank parts to a high degree of 
accuracy ( 0 . 02 mm ) .  Their shortcom­
ing lies in  the complexity of  their design 
and manufacture . 

A schematic drawing of the model 
Sh- 04 compound die for blanking a round 
part with a hole is shown in Figure 2 0 .  

When the upper  die i s  lowered, the 
s tock is pressed onto the lower die .  
The spring s tripper  (4 ) des cends s imul ­
taneously with the upper die ,  the blanking 
punch ( 5 )  and the die ( 3 )  blank the part, 
and the knock- out (6 ) is pushed back. 
At the same time the piercing punch (2 ) ,  
cooperating with the hole in the blanking 
punch ( 5 )  which constitutes a die, pierces 
a hole in the part. When the upper die 

is lifted, the s tripper (4 ) removes the stock from the blanking punch (5 ) ,  
while the knock- out ( 6  ), actuated by the push pin ( 1 )  and the spring ( 7  ) ,  ejects 
the blanked part from the die ( 3 )  and forces it back into the s trip . 

The model Sh- 06 compound die for blanking brass wheels is shown in 
Figure 2 1 .  

The blanking punch ( 6 - 7 )  is mounted in the lower shoe of this die and 
s erves als o as piercing die for both the s ector windows and the central hole .  
The punch is compos ed of the contour punch (Figure 2 2 ,  a )  and the core 
(Figure 2 2 ,  b ), clamped together by the ring ( 5 )  (Figure 2 1 ) . The s tock 
s tripper  (4 ) is also mounted in the lower shoe. 

The die ( 3 )  for blanking the external contour of the part,  and the punch (2 ) 
for blanking the s ector windows , are mounted in the upper shoe .  The punch 
(2 ) consists of five s ectors (Figure 2 3 ) . The punch ( 1 ) (Figure 2 1 )  for 
pie rcing the central hole, and the knock- out ( 8 )  for p ressing the part back 
into the s trip , are also mounted in the upper shoe .  
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FIGURE 2 0 .  Sh- 04 compound blanking die FIGURE 2 1 .  Sh-06 compound die for blanking 
wheels with tapering spokes 

FIGURE 22. Lower punch : 

a-contour punch; b-punch core . 

7 1  



The knock- out ( 8 )  (Figure 2 4 )  consists of the knock- out p roper (Figure 
24, a), and the star-shaped core (Figure 24 ,  b ) .  

The working parts o f  the die set are standardized.  The dimensions of 
the upper and lower punches mounted in the die s et No.  1 are given in 
Figure 22 - 24  (see  Table 2 ) .  

FIGURE 23 .  Upper puncl1 for punching 
\V indows 

a b 

FIGURE 24. Knock-out of a sectional die : 

a-knock-out proper; b-core. 

The stamping die operates as follows : when the upper shoe is lowered,  
the punch (6 - 7)  penetrates into the die ( 3 )  and blanks the part .  The strip ­
per (4 ) goes down. The knock- out ( 8 )  is forced up and compress es the 
spring through a pin and washer.  Simultaneously, the punches ( 1 ) and (2 ) 
p roduc e the s ector windows and the central hole .  Slugs from the holes drop 
through a hole in the lower shoe and the bols ter plate into a box. When the 
upper  shoe returns , the blanked part is ejected by the knock- out ( 8 ), the 
stock is removed from the punch (6 - 7 )  by the s tripper  (4 ), and the part is 
forced back into the strip . 

Parts punched by this method have no rough edges and do not require 
any additional straightening. They need only be pres sed out of the strip , 
a very s imple operation. For s table operation all parts of the die s et should 
have proper fits and should be centered. 

Hardened s teel dis ks are placed between the contact faces of the cas t ­
iron shoes and the die block in order to p rotect the shoe against local denting. 

P i e r c i n g  d i e s  are a variant of the blanking dies . They are used for 
piercing holes in blanked parts located in the die by their external contour.  

A piercing die for piercing a central hole in gears located acco rding to 
their external diameter is shown in Figure 2 5 .  

The gear is ins erted into the conical part o f  the c entering nes t ( 6 ) . The 
die ( 8 )  is mounted on the upper shoe and the punch ( 5 )  in the punch holder ( 1 ) . 
The centering nes t ( 6 ) is free to slide on the punch holder ( 1 )  and is held by 
three springs ( 3 ) .  The part to be pierced is put into the centering nes t  ( 6 ) . 
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At  the beginning the descending die (8 ) presses the part agains t the s tripper 
( 7 )  which is thereby forced down, comp ressing the sp ring (4 ) .  The punch 
( 5 )  then pierces (or calibrates ) the hole .  The slugs pass through the hole 
in the die (8 ) and in the upper  shoe and are ejected .  The centering nest ( 6 )  
is also lowered, compressing the springs ( 3 ) . 

FIGL:RE 2 5 .  Piercing die for piercing a 
central hole in gears 

After the hol e has been pierced, the upper shoe retracts while the center­
ing nest ( 6 )  and the s tripper ( 7 )  return to their original positions under the 
action of their resp ective springs . The part is removed with the aid of pin­
cers . Having a run- out of not more than 0 . 0 1 5  mm,  the central hol e pierced 
by this die is more conc entric than thos e made by the form erly us ed m ethod 
of drilling or bo ring on a machine with the wheel clamped in a collet .  

DlNKING, SHAVING, AND BENDlNG 

Dinking is a process for blanking parts from mica, leather, cardboard 
and other thin nonm etallic materials . 

The clinking process consists in cutting the m aterial with a hollow punch 
having a closed contour . The die is cons tituted by a smooth l ead o r  mild ­
steel plate . The punch i s  hardened to  Rc = 52 to 56  and the ma rks left by 
the punch on the surface of the die are removed at certain fixed time 
intervals . 
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Typical punch designs for dinking dis ks and washers are shown in Figure 
2 6 .  The punch shear angle a is 1 5  to 1 8° .  

Shaving. Parts blanked from s tock more than 0 . 5  mm thick will have 
rough edges and burrs . 

Most watch parts are required to have a smoothly finished shear ..surface 
(class 7 - 8 )  perpendicular to the main plane and the parts are shaved afte r 
blanking to achieve this finish. Shaving allowances are given in Table 3 .  
These allowances should b e  increas ed by 50- 6 0 o/o  a t  sharp angles and sharp 
transitions where burrs are liable to attain dim ens ions as large as 50 o/o of 
the blank thicknes s .  The allowances are also increas ed by 0. 5 to 0. 8 o/o of 
the major blank dimension when this dimension is larger than 2 0 mm .  

a 
b 

FIGURE 2 6 .  Dinking dies : FIGURE 27.  Sh- 03 shaving die 

a-for disks; b-for washers 

Parts may be shaved on both their exte rnal and their inte rnal contours . 
The part to be shaved in the die set  in Figure 2 7 is placed on the die ( 3 )  and 
properly located by the nest ( 2 ) .  When the punch ( 1 )  is lowered, the part 
is forced through the die opening whose cutting edges shear the metal along 
the desired contour. 

TABLE 3 

Shaving allowances for 20 mm-diameter blanks (total for both sides) 

Material 
Part thick-

1\lild steel and brass Steel of aver age hardness Hard steel 
ness 

min max min max min max 

0 . 5- 1 . 5 0 . 1 0  0 .1 5  0 . 1 5  0 .20 0 . 1 5  0 .25 

1 .6 - 3  0 . 1 5  0 .20 0 .2 0  0 .25 0 . 2 0  0 . 30 

3 .1- 4 0.20 0 .25 0 .25 0 . 3 0  0 .25 0 . 35 

-L�- 5 .5 0 .25 0 .30 0 .30 0 . 35 0 . 3 0  0 .40 
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In order that the allowance  be uniformly removed, the nest ( 2 )  mus t be 
accurately pos itioned relative to the die contour, and it is therefore punched 
in s itu by the shaving-die punch its elf after which the opening is enlarged 
by the value of the allowance, and chamfe red . 

In watch p roduction it is frequently necessary to blank and shave parts 
whose thickness is 2 - 5  times their width or diameter .  In such cases the 
blanking allowance is inc reased,  and the blank is shaved on a die s et having 
a punch la rger than the die opening . 

In this type of shaving die the punch does not penetrate into the die, and 
each part is ejected from the die by the following part . A surface thus 
shaved has a bette r finis h, and the part is flatter, but the shaving force re­
quired is much large r than that required in shaving by the usual method .  
Springs of s top watches (see  Figure 1 0 )  are shaved by this method .  

When the contour of a part se rves as  the bas e for  subsequent operations 
parts may be shaved two or three times . Each' subsequent shaving opera­
tion removes a smaller  and more  even laye r and the dies us ed in  the final 
shaving must the refore be much more rigid than the firs t shaving die .  

Multiple shaving p roduces more uniform dim ensions and a better  surface 
quality .  The parts mus t be shaved in the same direction in which they were 
blanked,  as otherwise burrs will appear on the edges . 

Thin s teel parts are frequently sized ins tead of being shaved and this 
p rocess produces a clas s 9 or 1 0  finish on the lateral surfaces . In sizing, 
the working edl;{es of the die are blunt, and as a result the part increases 
in thickness (Figure 28 ). 

F l G U H E  Z R .  Schematic representation of the sizing 
process 

The shaving force P is calculated from the formula 

P = kl · ® s , 

where l " perimeter, mm; 
a = allowance per  side, mm; 

a 5 " shear strength , kg/mm2; 
k = coefficient allowing for the ejection force Q and the shaving depth h .  

For s teel with an ultimate s trength au � 90 kg/mm2 , k "  1 . 5  to 1 . 6 ;  fo r 
brass with a u up to 6 0 kg/ mm 2 k "  1 . 2 for a s tock thickness of 1 mm . 

Example. lt is requireu to determine the force ? necessary for shaving a watch plate 38 n!ln in diameter 
and :! .2 mm thick . Table 3, after adding 0 . 8 °/o D ,  recommends an allO\vance of 0 . 52 mm. Further given are 
a5 = 3H kg/mm2 and k = 1 .4 .  11/e therefore obtain P = 1 .43X3 .14X38X 0 . 52°X38 = 3.4 t .  

The force P required for sizing i s  higher by 30 "/o than that required for shaving and a minimum al101vance 
of 0 .03  to O .OH mm per side is fi xed.  

• [The value 0 .52 ,  taken from Table 3 ,  constitutes the total al101vance , i . e . , 2 a .  As,  however ,  the above 
formula operates w i th the al101vance on one side only, i. e .  w ith a, it seems that 0 .26 should be substituted 
for 0.52 , which of course would reduce P to 1 .7 t . )  
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The same die s ets . are used for shaving dies as a re us ed for blanking 
dies (Figure 2 7 ) . 

Dies with a fixed nest are us ed for shaving parts of thickness up to 1 m m .  
Thicke r parts are shaved on dies with s wing- out nests (Figure 2 9 ) . 

The nes t  is first  swung clear of the wo rking zone of the die s et and the 
die is carefully cleaned, rem oving all chips . The part to be shaved is then 
ins e rted into the nes t .  The adjus tm ent of the die s et (the positioning of the 
punch relative to the die ) is much eas ier with s wing- out nests . On the othe r 
hand, it should be kept in mind that the positioning accuracy o f  swing- out 
nes ts is inferior to that of fixed nests and that,  with swing- out nes ts ,  the 
shaving action may be nonuniform.  Accidental notching of swing-out nests 
is a possibility to be reckoned with . 

FIG URE 2 9 .  Swing-out nest for a shaving die FI GURE 30. Combination blanking- shaving die 

It  should be mentioned that, according to safety rules , parts may be fed 
into fixed nests with pince rs only. 

C ombination blanking- s having dies are now widely us ed in watch produc ­
tion .  

The des ign of such a combination die  for plates and bridges is shown in 
Figure 30 .  The uppe r  shoe of the die  set  carries the punch ( 1 )  and the s trip ­
per  (2 ) and on the lower shoe are mounted the blanking die (3 ), the pads (4 ) ,  
and the shaving die ( 5 ) .  

The first  time the punch ( 1 )  descends , the s trip i s  p ressed against the 
die block by the s tripper (2 ) ,  a part is blanked ,  and remains in the die.  
The s econd strike of the punch blanks anothe r part and the first part is 
pus hed into the hole in the pads (4 ) .  During the third blanking the first part 
is shaved by the die ( 5 ) .  The shavings are removed by a jet of compressed 
air through a lateral window between the pads . The two dies , togethe r with 
the pads, are a single ass embly and are mounted on the lower shoe . 
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A shortcoming of these  dies is that the whole s et has to be dismantled 
for regrinding.  In other models the dies and punches are ground in the 
shoes . Generally, s tandard crank presses are us ed for shaving operations . 
Precision parts , in particular springs of the type shown in Figure 1 0 , are 
sha ved on vibration presses . 

Bending. When a part is bent, the external fibers of the metal are 
s tretched and, if the bending radius is small and the part thickness large , 
failure occurs in the external fibers . 

The values of the smallest bending radius permissible depends on the 
properties of the metal, the strip thickness and the relative directions of 
the axis of the bend and the grain. The value of r is determined from the 
formula 

r = k · s, 

where s = s trip thicknes s ,  mm; 
k = a factor depending on  the material , and having the following 

values for various metals : 

Soft brass 
Semihard 

Soft steel 
Semihard Stainless 

Material 
brass steel steel 

k 0 .25 0 . 35 0 . 35 0 .6  2 

. 

A s suming that the length of the neutral axis remains unchanged in bend-
ing, and that the inside fibers are compressed and the outside fibers extend­
ed, the blank length (Figure 3 1 )  is determined from the following fo rmula: 

where lt and [2 = lengths of the straight sections , mm; 
r = bending radius , mm; 
s = stock thickness ,  mm; 
ct = bend angle ,  degrees ;  
n = a  coefficient depending on ratio !:.. ,having the following values : s 

r 
- 0 . 1  0 .25 0 .5 1 2 4 5 s 

n 0 .18 0 .26 0 . 33 0 .39 0 .44 0 .47 0 . 50 

Elastic deformation is always present in bending, and the part tends to 
"spring back" , that is , partially returns to its original shape . The actual 
final bend angle is therefore smaller than the die bend angle . 

The magnitude of the spring-back depends on many factors and it is 
frequently necessary to determine the punch and die angles of bending dies 
empirically. Figure 32 is a nomogram of the spring-back angle f. ct 0 as a 

function of the bend angle and the ratio !.._ , The dispos ition of the axis of s 
the bend relative to the grain of the material is very important . 

A s  mentioned earlier, rolled materials , i . e .  m aterials having a definite 
direction of grain, should not be bent about an axis parallel to this direction 
as the extended outside fibers are liable to fail .  The angle between the axis 
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FIGURE 31. Bent plate 
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FIGURE 3 3 .  Bending die 
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of bending and the direction of the grain should therefore preferably be 9 0° ,  
but should• not be reduced below 30° .  

Bending dies are relatively simple in design. The shapes of the punches 
and dies correspond to that of the part to be bent , allowing fo r spring- back . 
Open- type dies are used for simple bending operations , while more complex 
operations are performed on dies provided with knock- outs and special 
blank holders . 

The design of a bending die for alarm - clock detents is shown in Figure 3 3 .  
Both ends o f  the detent are bent simultaneously. The die (6 )  with the guide 
pins (4 ) and ( 5 )  is mounted on the support ( 7 ) .  The support can move with 
the slide (8 )  in the base (9 ) .  The punch (2 ) and the p ressure pad ( 3 )  are 
fastened to the shank ( 1 ) . When the p ress ram descends , the pad ( 3 )  presses 
the part against the die face .  As the punch (2 ) continues to descend,  the 
right-hand end of' the detent is bent by 1 05° .  The bending radius r is about 
2 . 5  mm, or 4 s. 

DRAWING 

Hollow parts are d rawn from flat blanks on single- action o r  doubl e - action 
pres ses . 

Drawing can be defined as a process in which a punch forces a flat blank 
into a die hole and caus es it to assume the shape of the punch (Figure 34 ) .  

d 

6 
FIG UI<E 34 . Schematic dia­
gram of the dra1ving process 

1 - punch; 2 -die; 3-blank.  

FIGURE 35 Schematic di agram of 
dra�;ing ''' ith a blank holder 

1 - punch; 2- die; 3-blank holder. 

1. 

Drawing operations are o f  two types : 1 )  drawing without changing the 
initial s tock thicknes s  (the thickness of the walls and of the bottom of the 
product are equal to the blank thicknes s ); 2 )  drawing with a reduction in 
the s tock thickness (the wall thicknes s  of the product is smaller than the 
blank thicknes s ) . If the difference between the diameter of the p roduct and 
that of the blank is small , drawing is performed without using a blank holder . 
If the difference in diameters is considerable ,  a blank holder is us ed (Fig­
ure 3 5 ), as otherwise wrinkles may form (Figure 34 ) .  A blank holder is 
us ed in all cases where the blank thicknes s does not exceed 1 / 7 0 of its dia­
mete r .  I f  the thickness of the blank i s  larger than 1 / 5  0 o f  its diameter,  a 
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blank holder is not necessary. If the thickness is somewhere in between , 
either system can be us ed.  The press force required increases when a 
blank holder is used.  

Deep shells are drawn in two, three or more s tages with intermediate 
annealings to eliminate the work- hardening effect .  Alarm - clock cases and 
air- and s eaborne watch cases are examples of drawn watch parts . 

Blank dimensions . Drawing does not change the volume of the metal . 
If the wall thicknes s  of the drawn p roduct is the same as that of the blank, 

FIGURE 36 . Development of 
a hollow cylinder : 

1 -blank; 2 -product; 3-de-
velopment . 

the blank area F1 will be equal to the surface area 
Fz of the drawn p roduct.  If  the height of the product 
does not exceed half its diameter and its wall is 
not larger than 1 mm, F2 will be the external sur­
face of the p roduct':' . 

The diameter D of the circular blank from which 
a hollow cylinder of height h and diameter d (Fig­
ure 36 ) is to be drawn is found from the relation-

. "D2 "d2 . D y d 4 sh1p T = 4 + 1tdh;  we obtam: = d ( + h). 

An allowance of 3 to 5 o/o is added for trimming 
the edges which, after drawing, will be une ven.  

When a complex part is drawn in s everal stages , 
the dim ensions of the blank are either computed or 
experimentally determined .  

Figure 3 7  gives the formulas for calculating the 
blank diameter for various drawn shapes .  

Number of stages in  drawing. Deep shells cannot 
be produced in one s ingle draw from a flat blank as 
the extensive deformation involved would caus e a 
failure.  Deep shells are therefore drawn in several 
s tages , the depth being increas ed in each s tage . 

for each draw is 
The ratio of product diam eter to blank diam eter 

expressed as the draw coefficient: 

where D the blank diam eter; 
m1 , m2 , m,. draw coefficients; 

d,. 
m,. = d,.-1 ' 

d1 , d2 , d,._1 diameters obtained in the successive draws; 
d,. diam eter of the final p roduct. 

The draw coefficient m depends on the technological properties of the 
material as determined by the Erichsen test, on its surface condition and 
thickness ,  on the drawing method us ed (with or without a blank holder), on 
the product shape, etc . 

Empirical average values of draw coefficients for cylindrical products 
are given in Table 4 .  

The higher values given i n  each cas e should b e  used f o r  s tock not thicker 
than 1 . 5 mm and drawn at high speed while the lower values are meant for 
thicke r  s tock, drawn at lower speeds . 

• For dra\v ing irregularly shaped products of complex shape, the calculations given in V .  P .  Romanovski i ' s  
book " Spravochnik po l<holodnoi shtampovke" ( Handbook ofCold Stamping) Mashgiz, 1954, wil l  be useful. 
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The m etal is work- hardened during drawing and the work hardening must 
be eliminated before the subsequent draw. The parts are therefore annealed 
and pickled, after which the scale is removed by washing. 

D = V d ( d + 4/t) .  
D = y di + 21 (d1 + d2) . 

a b 
c 

d e 

FIGURE 3 7 .  Calculation of blank diameters for dra1"ing operations 

Material 

Brass L62 ,  tombac 

M ild steel 

TABLE 4 

Draw coefficients 

First draw , m1 

0 .50-0 .54 

0 .52- 0 . 6 0  

Subsequent 
draws, m, 

0 .7 0- 0 .75 

0 .72- 0 .8 0  

Clearances between punch and die. The magnitude of the clearance be ­
tween the punch and the die depends on the blank thicknes s and on the type 
of drawing (with or without a decreas e in the wall thicknes s ). When the 
thickness of the material is not changed a clearance somewhat larger than 
the s tock thicknes s  is specified, so as to reduce the friction between the 
s tock and the die walls . Too large a clearance leads to the appearance of 
wrinkles and too small a clearance will lead to reduced wall thickness . 

The clearance for the cas e  of unchanged thickness is determined from 
the formula 

l = A · s, 
whe re A = coefficient; 

s = s tock thickness .  
A is taken as 1 . 2 5  for s < 1 mm, and 1 . 1  for s >  1 m m .  
Radii of the die and punch. The radii of curvature o f  the dies and punches 

are of great importance in drawing. Small radii produce high s tresses and 
can lead to tearing, while large radii may cause the metal to wrinkle .  
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The radius of curvature of the die edge for the firs t draw is usually ten 
times the stock thicknes s  for s teel and six times the s tock thicknes s  for 
bras s .  In subsequent draws , the edge radius is reduced to 6 0 - 8 0  o/o of the 
first- draw edge radius , but should not be less than 3 s. The punch radii 
are generally equal to the die radii .  

The punch radius for the final operation must, of course ,  be equal to 
the desired product radius . 

Lubrication. F riction in drawing operations , between punch, stock and 
die, is considerable .  This friction is reduced by lubricating the blanks 
with engine oil, vas eline, emulsions , or powdered- graphite suspension, etc . 

Drawing force and blank-holder pressure. The drawing force is deter­
mined from the formula 
P1 = 1r:d1 · S · aunl for the first operation; 
P2 = 1r:d2 · S · aun2 for the s econd and subs equent operations , 
where d1 , d2 = the diameters of the drawn part after the first and s econd 

operations , respectively; 
n1 , n2 = correction factors depending on the ratio � .  

The values of n1 and n2 are usually between 0 . 6  and 0 . 8 .  
The blank-holder forc e i s  determined from the formula 

Q = qF, 
where Q = the holding force,  kg; 

q = the blank- holder pressure, kg/mm 2 ; 
F = the blank-holder area, mm 2 . 

If the holding force is insufficient, wrinkles are formed on the blanks . 
If it is too large, the blank m ay tear . 

FIGURE 38 . Combination blanking­
drawing die 

The value of q can be taken as 0 . 1 5  to 0 . 2 0 kg/mm 2 for bras s ,  and 
0 . 2 0 - 0 . 3 0 kg/mm2 for s teel . The total press force is 
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Drawing dies are clas sified, according to the operations they perform, 
as first - draw dies , or dies for s econd, or subsequent draws . 

First - draw dies can be either s imple or combination dies .  A simple die 
draws a previously punched blank. A combination die (Figure 3 8 )  performs 
both blanking and first- drawing operations . 

The die can operate on a s ingle - action press . The blanking punch, a 
hole in which serves as a drawing die , is fastened to the upper shoe .  The 
blanking die and the drawing punch are mounted on the lower shoe. The 
die is p rovided with a rubber cushion for stripping and ejecting the part. 

STRAIGH�ENING, POINTING ( CENTER PUNCHING), EMBOSSING , STAMPING 

Straightening. Parts obtained from a blanking operation are usually not 
completely flat.  Such parts can be flattened and smoothed by s queezing 
them between the punch and die surfaces of a die s et. If the surfaces of 
the punch and die are smooth, the process is called s m o o t h straightening. 

If angular slots are milled on the punch and die s urfaces in two mutually 
perpendicular direction, (knurling)  pyramids with sharp apices result. 
A part s traightened on such a die bears imprints on its surface and this 
process is called p o i n t  straightening. 

The apices M the punch pyramids do not necess arily coincide with those 
of the die  pyramids . Point straightening gives better results than does 
smooth s traightening, and a part subjected to point straightening does not 
show elastic spring-back If the apices of the punch and die pyramids are 
blunted, the depression pattern formed on the surface of the s traightened 
part is of the so - called w a f e r  type and is us ed for thick parts made of 
soft metals . 

A die used in the point straightening of alarm - clock plates is shown in 
Figure 3 9 .  Since straightening imprints are not allowed around the holes 
in this part, the pyramidal apices have been removed near the holes . The 
alarm - clock plate is positioned for straightening by means of pins matching 
the holes in the plate. 

Pointing (center punching). A pointing die consists of flat punch and die 
plates with hardened- steel points p ressed into the die and protruding above 
its surface .  

The blank is located in  a nest which is either fastened to  the d ie  or set  
on pins mounted on the die .  

When the upper shoe o f  the die s et is lowered, the lower face o f  the 
punch pres s es the blank against the upper die face ,  and the points penetrate 
into the metal and indent i t .  These  indentations s erve for guiding the 
drill in subsequent operations . 

In order to reduce the adherence of metal to the points , they must have 
a smoothly polished surface .  The indentation diameter mus t  be larger than 
the drill diameter, and the angle of the indenting point must be smalle r than 
the drill -point angle .  

The position of  the drill in  the indentation as  a function of  the point angle 
and punching depth is shown in Figure 4 0 .  

Figure 40, a shows the position of the drill i n  a n  indentation of a diameter 
smaller than the drill diameter. The point angle is 8 0° and the drill-point 
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angle is about 1 2 0° .  Touching, initially, only the rim of the pointing crater , 
the drill is poorly guided. Figure 40 ,  b shows the position of the drill in 
an indentation of a diameter larger than the drill diameter. The point angle 
is 8 0°, and the drill -point angle is about 1 2 0° .  The displaced metal is not 
removed in the subsequent drilling. In this cas e ,  the drill is better guided 
and, if p rope rly ground, will produce accurate holes ,  both from the dimen­
sional and the positional point of view.  

a 

FIGURE 3 9 .  Die for poi nt··strai ghtening alarm­
clock plates 

b d 

FIGURE 40. Position of the drill in the pointing indentation for different 
punching depths 
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Figure 40 ,  c shows an indentation with a cylindrical portion. The drill 
is initially guided by the cylindrical part, and later by the conical part. 
This type of center-pointing is recommended for diam eters above 1 mm and 
in parts 3 mm or more thick. 

Figure 40,  d shows the position of the drill in an indentation with an angle 
larger than the drill -point angle .  In this case the drill contacts the crater 
with its point, and not with the cutting edges as in the preceding cases . The 
accuracy of drilled holes is lower with this type of indentation . 

The required pointing depth is a function of the diameter of the hole to 
be drilled .  

The points mus t  protrude above the die by 0 . 3 - 0 . 5  mm more than their 
actual desired penetration, in order to ensure that a clearance will always 

e xist between the work and the die face ,  preventing dan­
gerous "dead" impacting of the .pres s .  

Hole diameters are divided into s everal groups in order 
· - -

- to reduce the variety of pointing-punch size s .  Thus ,  only 
three pointing-punch sizes ( 1 ,  1 . 8 , and 2 . 5  mm ) are used in 
drilling holes of diameters 0 . 5 0, 0 . 6 ,  0 . 7 5 ,  1 . 1 0 ,  1 . 2 0, 1 .40 ,  
1 . 80 ,  2 . 0  and 2 , 2 0 mm .  

If the distance between centers for two holes is smaller 
than the s um of the radii of the pointing punches ,  flats are 
machined on both punches (Figure 4 1  ) . 

The design of pointing dies mus t allow for easy replace­
ment of the pointing punche s .  F requent replacement is 
necessary as metal adheres to the punch point and sp reads 

FIG URE 41. Mount- over the cone s urface,  dis torting the shape of the indenta-
iug of the pointing tions . 
punches for small dis-
tances be tween centers The accuracy of the center punching must not be affected 

by the frequent dismantling of the die s et and by the removal 
and replacement of the pointing punches themselve s .  

Repeated grindings o f  the pointing-punch tips reduces their total length 
and it eventually becomes insufficent fo r forming the indentations . In such 
cases either the pointing punches are replaced or  the die-plate thickness is 
reduced.  

The most  widely used pointing-die design is shown in Figure 4 2 .  
The hardened - s teel die plate ( 3 )  is mounted o n  the lower shoe of the die 

set and in it are fixed the pointing punches (8 ) .  The die plate is connected 
to the disk ( 6 ) by screws ( 7 )  and the pin ( 9 ) .  The supporting pins ( 1 0 ), on  
which the p art i s  placed, are mounted in  the disk .  The knock-out pins (5 ), 
actuated by the knock- out bar (4 ) ,  pass through the disk (6 ) .  The nesting 
pins (2 ), which locate the part in the horizontal plane are mounted on the 
die plate .  

The flat- faced punch ( 1  ) ,  provided with clearance holes to  take the nest­
ing pins (2 ) is mounted in the upper sho e .  When the punch i s  lowered, the 
part des cends together with the supporting pins and is pressed against the 
pointing punches . When the punch recedes upward, the s upporting pins , 
being spring-loaded, lift the part off the pointing punches .  The part is 
removed from the nesting pins by a p edal, the knock- out bar (4 ) ,  and the 
knock- out pins ( 5 ) . 

It might happen that the longest punches are concentrated on one side 
of the die, and the shortest punches on the other.  The supporting pieces 
p revent dis tortion of the part in s uch cases . 
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In watch movements the bridges are mounted above plates and the cor­
responding holes have the s ame coordinates in both parts . A single die 
can therefore be designed for pointing the holes first in the plate and then,  
simultaneously, in the corresponding bridges . This increases the accuracy 
of hole location in m ating parts , and als o  reduces the number of dies re­
quired, althoug s uch a combination die is more complex than each of a s et 
of separate die s .  

FIGURE 42 . Pointing die 

Only through - holes can be pointed on bridges by means of such a die .  
Blind holes necessitate a s eparate d ie  for each bridge. The accuracy of 
hole location for pointed holes is 0 . 0 3 mm . The positional accuracy obtain­
able by the use of drilling jigs is 0. 05 mm.  

The pointing process is very productive and the number of holes pointed 
is limited only by the part and pointing-punch dimensions . The usual dies 
can point between 2 and 2 5 holes . 

The shortcoming of hole location by pointing is that the drill operator, 
using a drill of a given diameter, could conceivably e rr in his choice of 
pointing marks corresponding to the given drill, when faced with a large 
number of pointing marks . Perforated templates (holes 0 . 0 5 - 0 . 1  mm larger 
than the hole to be drilled ) are used to overcome this disadvantage. Each 
template is designed for holes of only one diameter .  
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Embossing and coining*. These operations are used in watch production 
for obtaining design in relief on the back lid of watches (Figure 43 ) , for 
producing rais ed figures and symbols on dials (Figure 44 ) and fo r other 
si'Tiilar operations . 

FIGURE 43. Back lid of a pocket-watch 
c ase with e mbossed design 

FIGURE 45. Wristwatch mechanism with 
symbols, figures and inscriptions 

FIGURE 44 . D i a l  1v ith embossed ( raised) 
figures 

FIGURE 46 . Stamping 
depth of figures and 
symbols 

• [Russian terminology does not differentiate between embossing and coining dies . As these two terms are 
frequently confused in American usage, it might be w orthwhile to attempt a working definition of the 
difference betlveen the two : embossing dies have usually the same design on the upper and on the lower 
die, one being the negative of the other, while coining dies generally present d ifferent designs on the 
upper and lower die ,  respectively . A special case of the embossing-type of die is the die used to embellish 
the w atch lid shmvn in Figure 43. Here one die represents the negative of the desired lid surface, while 
the other die is smooth, serving only as countersupport . ]  
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Stamping. Symbols and figures are often stamped on the bridges and 
winding wheels of watch movements . Stamping is accompanied by a local 
plastic deformation. Stamped ins criptions , figures and symbols on the 
movement of a "Pobeda " wristwatch are shown in Figure 4 5 .  The approxi­
mate s tamping depth is indicated in Figure 4 6 .  

SIVAGING 

In swaging the blank is completely contained in the die under pressure 
from all sides . 

The blanks us ed are of a shape approximating that of the final part, 
(cylinders , disks , etc . ) .  The volum e of the blank is equal to that of the 

a 

c 

FIGURE 47 . Pendant of pocket 
watches 

a-blank; b- after the first oper­
ation; c-after the second swag­
ing operation. 

final part with a small s urplus which is required 
to ensure that the die is completely filled . This 
surplus goes into the formation of flash (burrs 
at the parting face of the die ) which has to be 
removed.  The blank for the pendant of pocket 
watches is obtained by cold heading from bar stock 
and is shown in Figure 47, a ,  while Figures 4 7 ,  
b and c show the pendant after the first and s econd 
s waging s tages on a hydraulic pres s .  

The blank i s  annealed and cleaned after the 
heading and after the first s waging operation. 

Swaging can be treated as a kind of  embossing 
or coining, since the nature of these  processes 
is very similar, as are the working pressures 
involved (see Table 5 ) .  

Metals to b e  swaged must b e  ductile .  Ductili­
ty is characterized by the am ount of deform ation 
the metal can endure without fracture.  In s wag­
ing, the deformation is defined by the relations hip 

o r  

E = F -;/r 1 00, 

where E = the deformation in %; 
H and H f = the initial and final heights of the blank and part ,  respectively .  
F and F f = the initial and final cross -sectional areas of the blank and part, 

resp ectively. 
Embossing, coining and swaging operations require considerable p res ­

sures (Table 5 ) . 
The force P required is determined from the formula 

P = q · F, 
where q = the pressure in kg/mm 2 ; 

F = the part surface (in plane ) in mm2 . 
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Swaging operations are performed on powe rful knuckle -joint, friction, 
and hydraulic pres ses .  Swaging of a part is sometim es carried out before 
the part has been blanked out from the s trip (see Figure 48 ) .  

TABLE 5 

Prc"urcs required for embossing, coining and swaging operations 

Type of operation 

Embossing of a convex-
concave design . ' . . . .  

Stamping of figures and 
symbols . . . . . . . . • . . . 

S1vaging . . . . . . . .  . . . 

Ductility 
E 

High 

Average 
.. 

High 

Pressure kg/mm2 Surface-
quality 

brass steel class 

180 2 5 0  2 5 0 - 3 0 0  8 - 9  

1 0 0 - 1 10 150-280 

120- 1 6 0  180-250 8-9 

180-250 250-300 -

Dimensional 
accuracy, 

mm 

0 .02 - 0 .03 

-
0 . 0 3 - 0 .05 

-

An open- type set  without guidepins , us ed for making a mainspring end 
piece, is shown in Figure 4 8 .  The pin and shoulder are formed in the strip 
in one press s troke, and the contour is blanked in the next. 

3 
FIGURE 48. Die set for forming mainspring end piece 

The die (2 ) fastened to the lower s hoe (4 ) by the s crew ( 3 )  has reces s es 
for forming the pins ( 5 )  and (6 ) and the shoulder.  The die edges are rounded 
off for greater durability. The punch ( 1 )  is mounted on the press ram . 

The metal strip is pos itioned on the die .  The flat end of the punch makes 
contact with the metal and forces it to flow between its surface and that of 
the die,  and into the die cavities . A relief impression of the part is ob­
tained in the s trip . The s trip is manually advanced after each s troke . The 
formed s trip is fed to the blanking die . 

The forming of chamfers in watch parts can als o be class ified as a type 
of swaging. Some watch parts have decorative chamfers on the contour, 
as do parts of other precis ion ins truments (Figure 4 9 ) . A s  the milling of 
such chamfe rs is a very expensive proces s ,  even using special machines , 
chamfers are usually formed on s tamping dies . 

89 



A die s et used for forming chamfers on wristwatch bridges is shown in 
Figure 5 0 .  The die ( 3 ) is fastened to the lower shoe ( 1 )  and has a recess 
in the shape of the bridge . The depth of the recess is 7 5 o/o of the bridge 
thickness and a chamfer with an invers e radius has been p roduced and care­
fully polished along the contour of the recess . The punch ( 5 )  is mounted on 
the press ram and is larger than the bridge contour. When the ram des cends , 

the punch presses the metal into the recess and fills it. 
The excess metal resulting from the chamfe r, moves into r the punch recess . The chamfered bridge is ej ected from 
the die by the knock-out ( 2 )  through the pins (4 ) .  A fter 
chamfering, the punch- side surface of the bride is cleaned.  
The chamfering allowance is taken into account in specify­
ing the thickness of the s trip used for blanking. 

FIGURE 49. Deco- Combination stamping. Combination stamping is very 
rative chamfer effective in mas s production. A lthough combination dies 

are more complex and require clos er  attention, the addi­
tional investment is justified .  

Various operations in watch production, which were formerly performed 
in separate dies ,  are now combined into one operation. The blanking and 
shaving of plates and bridges ,  cas e rims ,  mainspring barrels , etc . , are 
examples . 

The winding wheel of the "Pobeda" watch (Figure 5 1 )  is made on a com ­
bination die which combines five operations : blanking, punching and shaving 
the square hole ,  stamping the symbol "Pobeda" and the s tars , and straighten ­
ing. 

The combination die for performing these operations is shown in Figure 
52 , a,  The punch ( 1 )  (Figure 52, c) fo r piercing the square hole is s tepped .  
The first step pierces the hole ,  and the s econd shaves it .  The upper  knock­
out ( 2 )  has the s tamping symbols on its face (Figure 52, b ) .  

1174 
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FIGURE 50.  Die set for forming chamfers on bridges 
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FIGURE 5 1 .  Winding wheel of the " Pobeda" 
wristwatch 
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FIGURE 52. Combination die for blanking wheel blanks, 
punching and shaving the square hole, stamping and 
straightening 

a-general view;  b-upper knock-out; c-piercing punch 
for the square hole. 



When the upper shoe of the die s et is lowe red,  the knock- out ( 2 )  marks 
the design,  after which the die (3 ) and punch (4 ) blank the part. Simulta­
neously, the square hole is pierced and shaved by the punch (1 ) .  The hole 
in the punch (4 ) serves as the die for piercing the hole .  When the upper 
shoe is rais ed,  the stripper ( 5 )  removes the strip from the punch (4 ) ,  and 
the knock- out (2 ) presses the blank back into the strip simultaneously, by 
straightening it.  

PRESSES 

A s  was mentioned earlier ,  s tamping operations are carried out on pres ­
s es of various designs . 

Presses are clas sified ,  according to their working principles , into : 
crank (single action ) ,  vibration, double- action, multi - station,  knuckle ,  
friction, and hydraulic presses . 

Crank (incl uding eccentric ) presses are used for blanking, shaving, 
bending, s tamping, etc. , and are the bas ic equipment of stamping plants . 

Figure 5 3  shows a S- 2 02 6 ton high- speed clos ed- type c rank press with 
automatic two- rolle r feed . 

The press is driven by an electric motor through a V- belt transmission 
and a pair of helical gears . The starting clutch is of the sleeve type with 
rotating wedge; the brake is of the periodic- action band type and adjus table .  
The controls are hand- or  pedal-operated .  Mechanical controls are avail ­
able s o  that the press cycle may be either continuous or single -stroke . 

Technical specifications of the S-202 press 

Force at the end of the stroke, tons . • . . • • . . . . . 

W orking-stroke length ( adjustable), mm . . . • • . . .  

Number of double strokes per minute . . . . . • . • . .  

Pitch of strip feed ,  mm . . • • . . . . • • • . . . . . . . .  

M aximum distance between bed and ram, mm 
Adjustment of the connecting-rod length, mm . • . .  

6 
From 4 to 4 0  

2 5 0  
From 0 t o  5 0  

2 6 0  
50 

Shaving operations giving a class 9 or 1 0  surface quality are p erformed 
on D - 2 0 0  vibration presses . A general view of a 6 ton press of this type is 
shown in Figure 54, and its kinematic scheme is given in Figure 5 5 .  

Small parts can b e  shaved o n  this press  both o n  their external and internal 
contours . To achieve more accurate processing, the eccentric B superim ­
poses a recip rocating motion of 90 vibrations per ram stroke over the normal 
ram motion, controlled by cam A through the rocker arm C .  

The press is equipped with a reliable device which prevents double s trokes.  
A characteristic feature of the shaving process as carried out on this 

press is that the die executes up to 90 cutting motions for one s troke of the 
rocker arm, so that the p rocess is similar to scraping. The vibrating ram 
pushes the part through the die intermittently. A shear surface of class 9 or  
1 0  quality is obtained .  The deviation from the nominal contour are of the order 
of 0 . 0 1 to 0 . 0 5 mm and up to 5000 .parts can be shaved on this p ress per shift. 

Double -actioA presses are us ed mainly in drawing. The press has two 
rams :  an outer,  or blank holder, ram , and an inner, or plunger, ram , 
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carrying the upper die shoe.  The m otions of the rams are of cours e coor­
dinated .  

The outer ram i s  actuated by the crankshaft through cam s ,  rollers and 
rods , or by a pneum atic device .  

FIGURE 5 5 .  Kinematic scheme o f  the D-200 vibration press 

The inner ram is actuated by an ordinary crank mechanis m .  In draw­
ing, the outer ram clamps the blank before the punch on the inner ram has 
descended and begun the drawing and holds it until the drawing punch leaves 
the part . The outer ram is im mobilized during the drawing proces s .  

Double - action presses are well suited for combined blanking and draw­
ing. The blanking punch is m ounted on the outer ram and serves as blank 
holder as well. 

Multiple - station presses are used in the mass production of parts whose 
manufacture requires several similar ope rations ,  mainly drawing .  Finished 
alarm - clock cases ,  fo r instance ,  can be obtained directly from the strip 
on such presses . Alarm- clock cases have relatively large dimensions , 
and were the 5 o r  6 stamping operations to be performed on separate pres ­
ses ,  considerable floor space and staff would be needed. 

Friction presses are us ed fo r straightening, stamping, bending and 
drawing.  A press of this type is s hown in Figure 5 6 .  Two brackets with 
bearings s upporting a shaft with two vertical friction disks are mounted on 
the press frame .  The shaft with the disks is powe red by an electric motor 
through a belt transmission. The shaft can move freely in its axial direc ­
tion and thus bring either the left-hand or the right-hand disk into contact 
with a flywheel on a vertical s c rew. The flywheel is leather-surfaced and 
the ram , restrained by lateral guides , is raised and lowered by the screw 
which turns in a nut mounted on the upper pa rt of  the frame .  

The die set  is m ounted o n  the press table .  
When the press  is started, the shaft carrying the vertical disks rotates 

and one of the disks is made to contact the flywheel . The flywheel turns the 
screw in the fixeu nut forcing the ram downward.  At the beginnir_g, when 
the flywheel contacts the vertical dis k at a small radius , the rotational speed 
of the flywheel is small .  A s  the flywheel des cends with the ram , the radius 
increas es so that the ram has a maximum velocity at the end of the stroke . 
By this time the flywheel has accumulated a large amount of ene rgy which 
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it transfers to the part to be worked through the s c rew and the ram .  In its 
lowest  position the ram frees a spring which b rings the s econd ve rtical disk 

FIGURE 56 . Friction press 

(through a system of levers ) into contact 
with the flywheel . This reve rses  the 
direction of rotation of the flywheel and 
raises the ram . 

The s hortcomings of friction presses  
are  their low p roductivity and poor  ac ­
curacy. The height of this type of pres ­
ses relative to their powe r is exces sive . 

Knuckle- joint p res s es are used for 
embossing operations. The m ain dif­
ference between these p res ses and 
ordinary c rank press es is that in knuckle­
joint p resses the ram is connected to  
the crankshaft through an additional 
linkage (Figure 5 7 ), which generates 
cons iderable forces . 

The force Q developed by the crank 
mechanism and applied to the point 0 of 
the linkage creates a force P directed 
perpendicular to Q, and in opposite direc­
tions . The force applied to the ram can 

be taken as P = � tan a .  

Because o f  design considerations the 
angle Gt at the end of the stroke mus t not 
exceed 87° 3 0 ' .  In this position we have 

P mar. = � tan 87°30' � I 1 .5 Q .  In other 

wo rds , the force obtained is almost 1 2  times as large as the force on the 
cranks haft . The gain in force is of cours e associated with a corresponding 
reduction in distance traveled .  Knuckle- joint p resses have the refore a 
relatively short s troke and also a relatively small number of s trokes per 
minute ( 30 - 5 0 ) . 

Figure 5 8  gives a general view of the knuckle- joint press made by the 
East- German firm DIA . 

Hydraulic p resses s erve the sam e purpose as knuckle -joint presses . 
They are used in watch production for embossing relief figures and sym ­
bols on dials , and for other similar ope rations . 

Safety rules must be strictly obse rved when ope rating p resses . The 
press design must include a two - hand starting lever, protection shields 
on the working parts of the pres s ,  devices preventing the introduction of 
hands into the danger zone during the motion of the ram, etc. The die sets 
must also be shielded, and the shield to be us ed  must be indicated on the 
die - s et drawings . 

The smallest defect in the operation of the p ress 
mediately reported , and work on the press stopped .  
se rvance of all safety rules can prevent accidents . 
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or  die set must be im ­
Only the careful ob-



The operator must be familiarized with these  safety rules before he is 
put to work with p resses and his knowledge of them should be refres hed 
periodically . 

p 

p 

FIGURE 57 . Diagram of the crank mechanism 
and the linkage of a knuckle-joint press 
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FIGURE 5 8 .  Knuckle-joint press 
DIA , made in Eastern Germany 



C h a p t e r  IV 

A UTOMA TIC TURNING 

Between 6 0  and 6 5  "/o of the parts us ed in watches are machined on auto­
matic lathes . Typical parts are shown in Figure 1 .  

The blanks for most of these parts must have accurate dim ensions , a 
correct geom etrical shape ,  and a high - quality finish.  

The tole rance on the journal diameter of the balance staff, pallet s taff, 
escapement pinion and fourth pinion of wristwatches does not exceed 
0 . 005  mm, and a class 1 2  surface finish is required (class 1 3  in the case 
of the balance staff ) .  

In order to achieve this accuracy and high-quality finish in the finished 
p roduct, the blanks must  have a clas s 8 or 9 surfac e finish (clas s  1 0  in 
particular  cas es )  and a tolerance of 0 . 003 - 0 . 005  mm.  

Subs equent polishing imp roves the surface quality to class 1 2  at  the 
expens e of a slight decrease in the dimensional accuracy, The blanks ob­
tained from the automatic turning machines mus t, therefore ,  satisfy both 
the surfac e-quality requirem ents and tolerance .  If the machined- part fin­
ish quality is only class 6 or  7, the part has to be ground . 

Single- spindle automatic turning machines of the following two basic 
types are us ed in watch production: horizontal [Swis s - typ e ]  s crew machines , 
and turret lathes':' . 

Swis s - type automatic screw machines are widely us ed in the manufacture 
of wris t- and pocket- watches and alarm clocks . A utomatic turret lathes 
have a limited application in the manufacture of alarm clocks , and of table 
and wall clocks . Blanks are machined on the automatics f rom bar stock. 

Ope rations such as generating cylindrical and s haped fo rms , taper turn­
ing, bo ring recesses ,  drilling and reaming holes , thread chasing and tap ­
ping, knurling outer surfaces , and milling s crew head slots can all be per­
formed on Swiss - type automatics .  

The p rinciple o f  operation of these machines i s  that the rotating bar stock 
is held by a headstock which advances the bar longitudinally through a guide 
bushing mounted in a fixed head (Figure 2 ) .  The stock is rigidly supported 
in the guide bus hing, and p rotrudes from the headstock collet only enough 
to allow the bar to pass through the bushing and be turned directly in front 
of it .  

The cutting tools are fastened in tool slides mounted on the sam e  head as 
the guide bushing. The tools are displaced by means of cams and levers 

• f-or a description of the design and kinematic diagrams of automatic turret lathes, and for a calculation of 
their setups, cf. the book by B . A .  Boguslavskii, Tokarnyie avtomaty i poluavtomaty (Automatic and 
Semiautomatic Lathes) . - Mashgiz. 1948. 
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FIGURE 1 .  Parts turned on automatic lathes : 

a-balance staff; b-central pinion; c-claw 
clutch; d-keyless wheel; e-cannon pinion; 
f-winding stem; g-barrel arbor. 



in a radial direction in a plane perpendicular to the axis of the bar being 
m achined .  

When a cylindrical surface is being turned, the tool dwells with its point 
positioned at a distance from the bar axis equal to the radius to be machined. 

FIGURE 2 .  Basic scheme o f  operation of 
Swiss-type automatic screw machines: 

1 -headstock; 2 -guide head; 3-guide 
bushing; 4-tool slide with cutting tool; 
5- stock. 

The heads tock s imultaneously advances 
at the p roper feed rate . 

In taper  turning, the tool moves in a 
trans versal direction while the headstock 
advances . 

By combining the m otions of tool and 
headstock one can machine shaped sur­
faces of any given form . 

Shaped surfaces can also be machined 
by form tools mounted in one of the tool 
slides . 

Straight _and stepped holes can be 
drilled and threads tapped using attach­
ments m ounted on a horizontal s eat in 
f ront of the guide - bushing head . 

Screw slots are milled by an attach­
ment mounted on  the machine bed  on  one 
s ide of the guide-bushing head . 

After the cutting-off of a finished part, 
the collet is released ,  and the bar is 
pushed by a counterweight against the 
cutting tool which, at that moment, dwells 
in front of the guide-bushing hole .  The 
headstock is retracted by a spring to a 

distance equal to the blank length, after which the collet regrips the bar. 
The tool bits are pos itioned directly in front of the guide bushing, which 

supports the bar s tock and absorbs the radial cutting forces ,  thus p revent­
ing the bending of the bar being machined .  

FIGURE 3 ,  Diagram o f  the position o f  a slightly elliptical bar in the guide bushing 

This arrangement mr..kes it possible to machine to a high degree of ac­
curacy low- rigidity parts (having a high length-to- diameter ratio ), and 
stepped parts with any disposition of the step s .  

9 9  



One of the necessary conditions for turning high - accuracy blanks is the 
us e of bar s tock of uniform diameter.  

Accordingly, bar stock supplied for Swis s - type automatics must satisfy 
rigid requirements , formulated in the special technical specifications (see 
Chapter Two ) .  

When working with Swiss - type automatics , any ovality in the bar stock 
is reproduced on the machined surfaces . 

Let us assume that the bar cros s - s ection is elliptic (Figure 3 ), and that 
the differenc e between two mutually perp endicular diameters is 0 . 04 mm . 
Let the maximum diameter of the bar be l , g8 mm and the diameter of the 
bushing hole be 2 mm,  and l et the bushing hole be strictly circular.  A s  seen 
in Figure 3 ,  a, the bar will be pres sed to the right side by the cutter ,  and 
the major axis of the bar ellipse  will be displaced relative to the vertical 
diameter of the guide bushing by a distance e ,  in this cas e equal to � 0 . 0 3  mm . 
The one-side clearance between bar and bushing will be - 0 . 06 mm,  and the 
turning radius is r1 • 

When the bar is rotated by goo  (Figure 3 ,  b ), the distance e will be 
0 . 0 1  mm, and the clearance between bar and bushing is 2 . 00- 1 . g8 = 0 . 0 2 .  

The turning radius r1 will be larger b y  0 .  0 2  m m  than r2, and therefore 
the diameter turned will have roughly the same ellipticity as the bar, with 
the difference that the major axis of the turned ellipse  will be displaced by 
g oo relative to the major axis of the bar ellipse .  

In  order to  p revent jamming of  the bar , the working surface of the  bush­
ing mus t be smooth and free  of  defects . 

DESIGN OF THE MODEL l A l OP AUTOMATIC SCREW MACHINE 

The following m odels of Swis s - type automatic s crew machines are pro­
duced by the local industry: 1 1  04P, 4 mm diam eter maximum s tock capac­
ity; 1A 1 0P , 7 mm diameter maximum stock capacity; and 1A 1 2P ,  1 2 mm 
diam eter maximum stock capacity. 

These  models differ not only in size ,  but in design as well .  
The 1A  1 OP model (Figure 4 )  is  widely us ed in watch p roduction. 
The machine comprises a base accommodating the drive , a bed with a 

camshaft, a headstock, a tool head with rocker arms , a device for feeding 
the bar, and a gear pump for the coolant.  

Special attachm ents , mounted on the machine bed when neces sary, p ermit 
centering and drilling, thread chasing and tapping and s crew- head slot mil ­
ling. 

The kinematic schem e of the machine is shown in Figure 5. Rotation is 
transmitted from the electric motor pulley A (shaft I ) , by a flat belt,  to 
pulley B on the main drive shaft II .  The following are mounted on this drive 
shaft: the 1 2 0  mm diameter pulley (1 ) ,  which transmits the rotation through 
a flat belt  to the pulley on the headstock spindle III; the four-s tep pulley 
(C , D, E,  F ) , which trans mits the rotation through a V-belt to the jack shaft 
(countershaft )  IV; the change pulleys (3 ) ,  which transmit the rotation through 
a flat belt to the attachment spindles .  

The change pulleys A and B provide for 17  spindle speeds (Table 1 ) .  
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FIGURE 4. Model lAlOP Swiss-type auto­
matic screw machine 
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FIGURE 5. Kinematic scheme of the lAlOP automatic 



TABLE 1 

Spi ndle speeds 

Change Change Change 

Spindle pulleys Spindle 
pulleys Spindle pulleys 

speed, I speed, I speed, I rpm A B rpm A B rpm A B 

6250 1 76 80 3 180 1 76 1 57 1620 64 1 1 2 
5550 1 76 90 2840 64 64 1 450 64 1 25 
5000 1 76 1 00 2520 64 72 1 300 64 1 40 
4460 1 76 1 1 2 2270 64 80 1 1 60 64 157 
4000 1 76 1 25 2020 64 90 1 030 64 1 76 
3570 1 76 140 1820 64 1 00 

The jack shaft IV drives the worm reduction gear ( shaft V ), from which 
the rotation is transmitted,  through the change gears a and b and a two - step 
pulley fastened to shaft VI, to the trans verse shaft VII, which in turn is 
connected by a wo rm and wheel with the cams haft VIII. 

The stepp ed pulleys and the change gears make it pos sible to obtain 4 5  
different camshaft speeds . Taking into account the 1 7  main drive -shaft 
speeds , we have 7 6 5  possible cams haft spe eds (Table 2 ) . Thus , the cam ­
shaft speed can b e  varied within wide limits , a fact which p ermits a rational 
utilization of the machine . 

In addition to the pulley A ,  a second pulley (2 ) of 7 0 mm diameter is 
mounted on the electric - motor shaft; it powers the cooling- system pump 
through the shaft IX and a chain transmission. 

Camshaft 

FIGURE 6. Camsh aft drive 

F ixed pulleys are mounted on the stud shaft IX which power the slotting 
attachment spindle and the attachment for retracting the d rill in multiple 
drilling. 

T h e  b a s  e o f  t h e  m a c h i n e  is of cast iron and the motor is mounted 
on a bracket attached to the rear of the bas e .  The drives to the various 
working mechanisms of the machine are inside the bas e and the tension of 
the drive belts is adjusted by tension pulleys (idlers ) .  

A special disconnecting device ,  which stops the machine i f  the heads tock 
drive belt tears ,  is m ounted inside the bas e .  

The machine b e d  i s  mounted o n  the upper  part of the bas e which i s  trough­
shaped .  The cutting fluid (coolant ) pipes pass through the trough. 
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TABLE 2 

Camshaft speeds (rpm) for the lAl OP lathe 

Designation of change 
Spindle speed, rpm gears and pulleys 

Pulleys 

Gears 1030 1 1 160 1 1300 1 1450 1 16'10 1 1820 1 2020 1 2270 1 2520 1 2840 1 3180 1 3570 1 4000 1 4460 l sooo 1 5550 1 6250 
-

a
-,-

b

- 1 Camshaft speed, rpm 

I'KLO 25 1 00 0.22 0.25 0.28 0.3 1 0.35 0.39 0.43 0.49 0.54 0.61 0.6S 0.77 O.S6 0.96 , 1 .07 

. 

1 . 1 9  1 .34 
ElLO 25 100 0.32 0.36 0.41 0.46 0.51 0.57 0.63 0.71 0.79 O.S9 1 .00 1 . 1 2  1 .25 1 .40 1 .57 1 .74 1 .96 
FKLO 35 90 0.35 0.39 0.43 0.49 0.54 0.61 0.6S 0.76 O.S5 0.95 1 .06 1 . 1 9  1 .34 1 .49 1 .67 l .S6 2.09 
FKMN 25 IGO 0.35 0.39 0.44 0.50 0.55 0.62 0.69 0.77 O.S6 0 97 I .  OS 1 .22 1 .36 1 .52 1 .70 I .S9 2. 1 3  
DHLO 25 100 0.45 0.50 0.56 0.63 0.70 0.7S o.S7 0.9S 1 .09 1 .22 1 .37 1 .54 1 .72 1 .92 2. 1 5  2.39 2.69 
E!LO 35 90 0.50 0.56 0.63 0.7 1  0.79 O.S9 0.99 I .  I I  1 .23 1 .3S 1 .55 1 .74 1 .95 2. 1 7 2.43 2.71 3.04 
ElMN 25 100 0.5 1 0.5S 0.64 0.72 O.S I 0.90 1 .00 1 . 1 3  1 .26 1 .4 1  1 .5S 1 .77 1 .99 2.22 2.4S 2.76 3. 1 0  
FKMN 35 90 0.55 0.61 0.69 0.77 O.S6 0.96 1 .07 1 .21  1 .34 1 .5 1  1 .69 l .S9 2. 1 2  2.37 2.65 2.95 3.31 
CGLO 25 100 0.60 0.6S 0.76 O.S5 0.95 1 .06 I .  I S  1 .33 1 .4S 1 .66 l .S6 2.09 2.34 2.61 2.92 3.25 3.65 
D HLO 35 90 0.69 0.7S O.S7 0.97 1 .09 1.22 1 .36 1 .52 1 .69 1 .90 2. 1 3  2.39 2.6S 2.99 3.35 3.72 4 . 1 9  
D HM N  25 1 00 0.7 1 0.79 O.S9 1 .00 I .  I I  1 .25 1 .39 1 .56 1 .73 1 .95 2. 1 S  2.45 2.74 3.06 3.43 3.S I  4.2S 
E!LO 45 so 0.73 O.S2 0.9 1 1 .02 1 . 1 4 I .2S 1 .42 1 .60 1 .7S 2.00 2.2·4 2.51 2.S2 3. 1 4  3.52 3.91 4.4 
FKMN 45 so 0.79 O.S9 1 .00 1 . 1 2  1 .25 1 .40 1 .55 1 .74 1 .94 2. 1 S  2.44 2.74 3.07 3.43 3.S4 4.26 4.79 
El� IN 35 90 0.80 0.90 1 .00 1 . 1 2  1 .26 1 .40 ! .56 1 .76 1 .95 2. 1 9  2.46 2.76 3.09 3.45 3.S6 4.29 4.S3 
CGLO 35 90 0.94 1 .05 l . J S  1 .32 1 .4S ! .65 J .S4 2.07 2.30 2.5S 2.S9 3.25 3.64 4.06 4.54 5.05 5.6S 
CGM N 25 100 0.96 1 .07 1 .20 1 .35 ! .50 ! .68 l .S7 2.1 0  2.34 2.63 2.95 3.31 3.70 4 . 1 3  4.63 5. 1 4  5.79 
DHLO 45 so 1 .00 l . J 2  1 .26 1 .4 1  1 .5S 1 .76 1 .96 2.20 2.45 2.75 3.09 3.46 3.SS 4.33 4.85 5.39 6.06 
DHMN 35 90 1 . 1 0  1 .24 ! .3S 1 .55 1.73 1 .94 2. 1 6  2.42 2.70 3.03 3.39 3.SI 4.26 4.76 5.33 5.92 6.66 
E!MN 45 so 1 . 16 1 .30 1 .45 1 .63 J .S2 2.03 2.26 2 .54 2.S3 3. 1 S  3.56 3.99 4.47 4.99 5.59 6.21 6.99 
CGLO 45 80 1 .36 ! .53 1 .7 1  1 .9 1  2. 1 4  2.39 2.66 2.99 3.33 3.74 4 . 1 9  4.70 5.26 5.SS 6.5S 7.31 S.22 
CGMN 35 90 1 .49 1 .67 l .S7 2. 1 0  2.34 2.62 2.91 3.27 3.64 4.59 5. 1 4  5.76 6.43 7.20 s.oo 9.00 1 0.01 
FKLO 80 45 1 .58 1 .77 1 .98 2.22 2.4S 2.7S 3.09 3.47 3.S6 4.34 4.S7 5.46 6.1 1 6.S2 7.64 S.49 9.55 
DHMN 45 80 1 .60 1 .79 2.00 2.24 2.51 2.81 3. 1 2  3.51 3.90 4.38 4.91 5.5 1 6. 1 7  6.S9 7.71 8.57 9.64 -----



...... 
0 
>I' 

TABLE 2 (cant' d) 

I Designation of change 
gears and pulleys 

Spindle speed, rpm 

Gears 1030 1160 1300 1 1450 1 1620 1 1820 1 2020 2270 1 2520 1 2840 1 31 BO 3570 1 4000 1 4460 I sooo l ssso I 6250 ci z Pulleys 
0. -a l b  " Camshaft speed, rpm .;; 

24 CGMN 45 80 2. 1 6  2.42 2.71 3.03 3.39 3.79 4.22 4.74 5.27 5.92 6.64 7.45 8.34 9.31 10.42 1 1 .59 13.03 
25 FKLO 90 35 2.29 2.56 2.87 3.21 3.59 4.02 4.47 5.02 5.59 6.28 7.04 7.89 8.84 9.87 1 1 .05 12.28 13.81 
26 EILO 80 45 2.30 2.58 2.89 3.24 3.62 4.05 4.50 5.06 5.63 6.32 7.09 7.95 8.90 9.94 1 1 . ! 3  12.37 13.9 1 
27 FKMN 80 45 2.51 2.81 3.15 3.52 3.94 4.41 4.90 5.51 6.13 6.88 7.72 8.65 9.69 10.82 12 .1 1 13.46 1 5. 1 4  
28 DHLO 80 45 3. 1 7  3.55 3.97 4.45 4.97 5.57 6.19 6.96 7.74 8.70 9.75 10.93 12.24 13.67 15,31 1 7.0 1 19. 13 
29 EILO 90 35 3.33 3.73 4. 18  4.68 5.23 5.85 6.51 7.32 8. 14 9. 15 1 0.26 1 ! .50 12.88 14.38 16 . 10  1 7.89 20. 12  
30 FKLO 100 25 3.55 3.98 4.46 5.00 5.59 6.25 6.95 7.81 8.69 9.76 10.95 1 2.27 1 3.75 15.39 17 . 19  19. 1 0  2 1 .48 
3 1  FKMN 90 35 3.62 4.06 4.55 5. 1 0  5.70 6,37 7.09 7.97 8.86 9.96 1 1 . !6  12.52 1.4.02 15.65 1 7.52 1 9.47 2 1 .90 
32 EIMN 80 45 3.65 4.09 4.58 5.13 5.74 6.42 7. 1 4  8.02 8,92 1 0.03 1 1 .24 12 .60 14 . 12  15.76 17.65 19.61 22.06 
33 CGLO 80 45 4.30 4.82 5.39 6.04 6.75 7.55 8.40 9.44 10.50 1 1 .80 1 3.23 1 4.84 16.62 1 8.55 20.77 23.09 25.96 
34 DHLO 90 35 4.58 5. 13  5.75 6.44 7.20 8.05 8.96 1 0.06 1 1 .20 12.58 14. 10 15.81 1 7.71 19.77 22. 14  24.61 27.67 
35 DHMN 80 45 5.04 5.65 6.33 7.09 7.92 8.86 9.86 1 ! .07 12.32 13.84 1 5.52 1 7.40 19.49 21 .76 24.36 27.08 30.45 
36 EILO 100 25 5. 18  5.80 6.50 7.28 8. 1 4  9 . 10  10 . 13 1 ! .38 12.66 1 4.22 1 5.95 1 7.88 20.03 22.36 25.03 27.82 3! .29 
37 EIMN 90 35 5.28 5.92 6.63 7.43 8.30 9.28 1 0.33 1 1 .60 1 2.91 1 4.50 1 6.26 1 8.23 20.42 22.80 25.53 28.37 3 1 .9 1  
38 FKMN 100 25 5.64 6.32 7.08 7.93 8.86 9.91 1 1 .03 12.39 13.78 15.48 1 7.36 19.46 21 .80 24.34 27.25 30.29 34.07 
39 CGLO 90 35 6.22 6.97 7.80 8.74 9.77 10.93 12 . 16  13.66 15.20 17.07 19. 1 4  21 .46 24.04 26.84 30.05 33.40 37.56 
40 CGMN 80 45 6.81 7.63 8.55 9.58 1 0.70 1 1 .97 1 3.32 1 4.96 16.65 18.71 20.97 23.51 26.34 29.40 32.92 36.59 4 1 .15  
4 1  DHLO 100 25 7. 1 2  7.98 8 94 1 0.02 1 1 . 19  12.52 1 3.93 15.65 1 7.4 1 19.56 2! .93 24.59 27.55 30.76 34.43 38.27 43.04 
42 DHMN 90 35 7.29 8.17 9. 15 10.25 1 1 .45 12.82 1 4.26 16.02 17.82 20.02 22.45 25. 17  28. 19  3 1 .48 35.24 39.! 7  44.05 
43 EIMN 100 25 8.21 9.20 10.31 1 1 .55 12.90 1 4.44 1 6.06 1 8.05 20.08 22.56 25.29 28.35 3 ! .76 35.46 39.70 44.!2 49.62 
44 CGLO 1 00 25 9.67 10.83 1 2. 1 3  1 3.60 15. 19  1 6.99 18.91 21.24 23.63 26.55 29.77 33.38 37.39 4 ! .74 46.73 5 ! .94 58.41 
45 CGMN 90 35 9.85 1 1 .04 1 2.37 13.85 15.48 1 7.32 19.27 21 .65 24.08 27.06 30.33 34.01 38. 1 0  42.53 47.62 52.92 59.53 

Position of the change I A I 64 1 64 1 64 1 64 1 64 1 64 1 64 1 64 1 64 1 64 1 1 76 , 1 76 1 1 76 1 176 1 1 76 1 1 76 1 1 76 
pulleys 8 1 76 1 57 140 125 1 1 2 100 90 80 72 64 157 1 40 1 25 1 1 2 1 00 90 80 



All the working mechanisms of the machine - the headstock on the right, 
the drilling and threading attachments on the l eft, and the tool head in the 
middle - are mounted on the b e  d.  The camshaft is mounted on the rear 
side of the bed and carries cams which control the headstock feed, the feeds 
of the upper  tool slide, the rocker, the spindles of the drilling and othe r 
attachments , and the closing and releasing of the collet. 

The camshaft is driven by the trans vers e shaft VII, mounted inside the 
bed (Figure 6 ) .  A two-step pulley turns freely on one end of this shaft while 
a handle is fixed to its other end by m eans of which the camshaft can be 
m anually rotated when the machine is being adjusted. 

The worm, with s imple jaw clutches at both ends ,  turns freely on the 
transvers e shaft. 

The camshaft is rotated by the pulley when the worm clutch engages 
the latter, and manually when the worm engages the trans vers e shaft. 

T h e  h e a d s t o c k  (Figure 7 )  consists of a cast-iron body, inside of 
which the hollow spindle ( 1 )  is mounted in two bearings . The frontal bear­
ing is a bronze bushing (2 ) ,  and the rear bearings are two radial- thrust 
bearings of the A accuracy clas s .  The bar being machined passes  inside 
the spindle and is clamped by the collet (3 ) .  The pulley (4 ), rotated from 
the main drive shaft, is fixed on the spindle between the bearings . 

FrGURE 7 .  Headstock 

The headstock moves longitudinally during the operation of the machine ,  
and therefore the belt  also  m oves along the wide pulley of  the main drive 
shaft. 

The collet mechanism is mounted on the spindle (1 ) .  If the slider (5 ) is 
moved to the right, the front ends of the cams ( 6 )  are forced apart. The 
cams ,  rotating on their axes ,  press the hardened bushing ( 7 )  forward. The 
bushing (7 ), by moving fo rward inside the spindle ,  applies pressure on the 
collet ( 3 )  through the tubes (8 ) and (9 ) ,  thereby closing the collet. The 
collet is constantly pressed by the sp ring (1 0 ) ,  against the nut ( 1 1  ), screwed 
onto the front end of the spindle.  

If the slider ( 5 )  is moved to the left, the forward ends of the cams ( 6 )  
are able to be drawn together by the spring ( 1 0 ), and the bushing ( 7 )  retreats , 
releasing the collet ( 3  ) . 
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The motion of the slider ( 5 )  to the right and l eft is controlled by the fixed 
cams ( 3 ) and (4 ) on the camshaft through the fork lever (6 ) (Figure 8 ) .  As  
the headstock moves longitudinally during the machine ' s  operation and the 
cams which open and clos e the collet are fastened in a fixed position on the 
camshaft, the l ever ( 1 )  is provided with a channel slot in which slides the 
pin (2 ) ,  held by the nut (7 ) . The l ever ( 1 )  turns about an axis mounted on 
the machine bed,  

FIGURE 8 .  Design o f  the chucking system 

5 6 2 

The lever  ( 1 ) carries the pins (8 ) and (9 ), which are engaged by the 
cams ( 3 )  and (4 ), fastened on the camshaft . The cam ( 3 )  releas es ,  and the 
cam (4 ) closes the collet. The cams are so s et on the faces of the disk ( 1 0 )  
that they close and releas e  the collet at definite points i n  the machining 
cycle .  

The headstock i s  actuated through a feed mechanism by the plate cam B 
on the camshaft (Figure 9 ) . The cam B,  acting on the follower ( 1  ), rotates 
the lever  C about its axis (2 ). The roller ( 3 ) on the lever C comes into con­
tact with the roller  (4)  on the lever D .  The lever C rotates i n  a vertical 
plane perp endicular to the spindle axis while the lever D rotates in a verti ­
cal plane parallel to the spindle axis . When the roller ( 3 )  is lifted,  the 
lever D rotates to the left about axis ( 5 )  which is fas tened to the machine bed .  

The axis of the roller ( 6 )  is held in the slot  of the lever  D.  The roller (6 ) 
engages on the cleat ( 8 ) ,  mounted on the lateral face of the heads tock body. 
When the l ever D is rotated to the left the roller (6 ) feeds the heads tock 
forward.  The transmission ratio of the two arms of the lever D can be 
varied from 1 : 1 to  1 : 3  by m eans of the s crew ( 7 ) .  The headstock is returned 
by means of a spring. 

Two headstock-feed plate cams for machining two different parts can be 
mounted on the camshaft . Two followers ( 1 )  are mounted on the lever C 
and when the machine is changed over from one part to the other, the ap ­
prop riate follower is lowered so  that it does not engage its cam , while the 
other follower is lifted till it engages its cam . 

T h e  t o o l  h e a d , sometimes called the tool pos t by analogy with the en­
gine lathe,  is a complex iron casting m ounted on the machine bed (Figure 1 0 ) .  
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The tool slides Nos 3 ,  4 ,  5 ,  are mounted in a vertical plane on the front 
side of the head . An axis is fastened in the lower part of the tool head 
round which the rocker os cillates (Figure 1 1  ) .  The tool slides ( 1 )  and (2 ) 
are mounted at the extremities of the rocker .  The horizontal slides with 
tools Nos 1 and 2 ,  and the vertical slides with tools Nos 3, 4 ,  5 are advanced 
to the work through levers actuated by cams mounted on the camshaft and 
are returned by springs . Fine adjustment of the tools is provided for by 
equipping all tool slides with an adjusting device having micrometric screws 
and scales . When the rocke r arm is rotated about its axis , tools Nos 1 and 
2 move toward the bar axis along the arc of a circle of 42 mm radius ; tools 
Nos 3, 4, 5 advance along straight lines . 

Vie1� A 

FIGURE 9. Headstock feed mechanism 

I 
FIGURE 1 0 .  Tool (guide) head 
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The guide bushing, which supports the part of the bar p rotruding from 
the collet is mounted in the central part of the tool -head body. This suppo rt 
is unnecess ary when short workpieces are machined .  By removing the guide 
bushing and drawing the headstock r.earer to the tool head the bar m etal is 
us ed more economically, because the end s crap will be s horter . 

FIGURE 11 . Roci<er 

Various types of guide bushing exis t .  An adjustable guide bushing is  
shown in Figure 1 2 .  The bushing (2 ) ,  which carries the collet ( 3 )  with the 
carbide ins e rt {4 ) is clamped in the collet ( 1 ) . The opening diameter in 
collet ( 3 )  is ad jus ted by the nut ( 5 ) ,  screwed on the end of the collet .  

T h e  b a r  f e e d e r  as sembly consists of a tube mounted on two b rackets , 
one of which is mounted on the back face of the bed,  and the other on a 

special s tand . The bar is pushed through 
the feed tube by action of a counterweight .  
When the collet is  opened and the head­
stock retracts , the bar is p ressed by 
gravity (on the counterweight ) against the 
cutting tool , which is at that mom ent 
positioned directly in front of the guide 
bushing. 

T h e  c o o l a n t  s u p p l y  s y s t e m  
consists of a netwo rk of pipes through 
which the cooling liquid (cutting fluid )  is 
supplied by a gear pump from the tank to 

FIGURE 12. Adjustable guide bushing the cutting tools . 
The coolant is pure spindle oil o r  a 

mixture of 80 o/o spindle oil and 2 0 o/o paraffin oil . An  emulsion is some ­
times used . Splashing of the coolant is p revented by a jacket . The sliding 
surfaces of the machine are lubricated manually with an oiler .  Worm-gear 
pairs and gear boxes are p rovided with oil baths . 

E 1 e c t r i c  a 1 e q u i p  m e n  t .  The controls for the electric motor are 
placed on the control panel, located at the rear of the machine . Safety fus es 
guard against short circuits and a thermal relay p rotects agains t ove rload­
ing of the motor .  

1 0 8  



The machine lighting network is powered by a 36  v sourc e and the entire 
electrical system must be grounded. 

Technical description of the 1 A 1 0P S�; iss-type automatic lathe 

Maximum bar diameter, mm . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Maximum turning length, m m  . . • . . . . . . . . • . . . . . . . . . .  , . . 50 
l<ange of headstock-spindle speeds, rpm . . . . . . . . . . . . . . . . . . . 1 01Q-o250 
N umber of headstock-spindle speeds . . . . . . . . • . . . . . • . . . . • . . 17 

Range of camshaft speeds, rpm . . . . . . . . . . . • • . . . . . . . . . . . . 0 .22- 59.5:l 

Number of camshaft speeds . . •  , • . . . . . . . . . . . . . . . . . . • . . . 765 

N umber of tool slides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Bar length, m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 2 
Shortest bar butt �;hen �;orking lvith a guide bushing, mm • • . . . . . . 78 
Shortest bar butt when working without a guide bushing, mm . . . . . . 1 7  
Power o f  motor, k w  . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . 1 .  7 
Speed of motor, rpm . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . 1420 

These automatic screw machines are equipped with a s et of removable 
attachm ents , which are, as a rule ,  mounted on the l eft part of the bed . The 
most important of those attachments are a s ingl e - spindle drilling attach­
ment and a singl e - spindle threading attachment.  

In addition,  the following attachments can be s upplied on request: 
1 .  A two - spindle centering- drilling attachment .  
2 .  A two - spindle combined drilling and threading attachment. 
3 .  A three - spindle combined attachment for drilling and threading on 

two diamete rs . 
4 .  A slotting attachment . 
5 .  A n  attachment for reducing the travel o f  rocker tools .  
6 .  A n  attachment for taper  turning and for the automatic retraction of 

the drill at deep drilling.  
7 .  A n  attachment for automatic s toppage i n  case o f  thread stripping . 
8 .  A back- drilling attachm ent. 
9. A reces sing attachment.  
A two - spindle attachment for centering and drilling deep holes of small 

diameter is shown in Figure 1 3 .  
The nonrotating centering spindle ( 1 )  is fed axially by the cam (4 ) through 

the lever ( 3 ) .  
The drilling spindle (2 ) i s  fed forward b y  a spring, and i s  withdrawn by 

the cam ( 5 ) through the lever (6 ) .  If repeated retractions of the spindle 
are neces sary to remove chips and cool the drill ,  the pus h cam (8 ) , which 
contacts the pin (7 ) of the lever ( 6 ) , is ins talled .  The cam (8 ) is rotated by 
the s tud shaft IX of the machine drive through a worm-gear s et and a pulley 
(see the kinematic s cheme in Figure 5 ) . 

The success ive shifting of spindles is performed by cam (9 ) .  
Various attachm ents are  used  fo r thread cutting. A combined two - spindle 

drilling - threading attachment is shown in Figure 1 4 .  
The drilling spindle of the attachment (not shown i n  the drawing) i s  ac­

tuated by the threading spindle through a gear pair ( 1 )  and can be locked so 
that it can move in the axial direction only .  
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The threading spindle (2 ) is rotated from the drive shaft of the machine 
through two flat belts . The belts are shifted from the idler  ( 3 )  to the keyed 
pulley (4 ) or from the keyed pulley (4 ) to the idler ( 5 )  by a belt fork con­
trolled by a cam mounted on the camshaft. 

FIGURE 1 3 .  Two-spindle centering-drilling attachment 

FIGURE 14. Two-spindle drilling - threading attachment 
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A cam mounted on the camshaft advances the threading tool into the work 
through the lever (6 ) which acts on the rod ( 8 )  through the tang ( 7 ) .  

The attachment has a device for shifting the spindles and adjusting them 
in the vertical , ho rizontal and longitudinal directions . 

In addition to the above-des cribed two - spindle attachment, a three-spindle 
combination attachment can be s upplied if reques ted.  One of the spindles 
se rves for drilling and the other two for threading and tapping. The thread­
ing spindles can also be used for drilling. The attachment is s uitable both 
for cutting two different threads on the same part and the use of two chasing 
dies and two taps of the s ame pitch .  

In both attachments the spindle rotation must  begin before the axial feed .  
A utomatic s crew machines meet  the following requirements for  accuracy 

(according to specifications ) :  

Radial run-out of the forward end of the headstock spindle 
Radial run-out of the collet closer cone 
Axial run- out of the spindle 
Parallelism of the spindle axis and the direction of displace­

ment of the headstocl< 

Radial run-out on a length of 35 ml11 of a mandrel chucked in 
the collet 

Concentricity of the guide bushing and the machine spindle 
Radial run-out on the camshaft at the places where the 

headstock, rocker and slide cams are fitted 
Parallelism of the bed guide planes and the spindle axis 

Not more than 0 .003 mm 
Not more than 0 .005 mm 
Not more than 0 .003 m111 
0.005 m111 on the length of 

displacement of the 
headstock 

Not more than 0.02 mm 

0 .005 mm 

Not more than 0 . 010  m111 
0 .005 111111 

If the automatic screw machine satisfies the accuracy requirements , the 
stock diameter is accurate,  and carbide tools are used,  the total of diameter 
deviations , ovality and taper will not exceed 0 . 0 0 3  mm (for bar stock of dia­
meter not larger than 3 m m ) .  The axial dimens ions of turned cylinders 
will not differ from one another by more than 0 . 008 m m .  

PRODUCTION CAPABILITIES O F  AUTO!v!ATIC SCREW MACHINES 

The capabilities of Swiss - type automatics are determined to a large 
extent by the tools which can be mounted in the tool-head slides and in the 
attachments available for these automatics . The following operations can 
be performed on the model - lA lOP machine:  

1 .  Turning and facing of cylindrical ,  conical and contoured outer s ur­
faces . 

2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  

F acing . 
Reces sing and chamfering.  
Drilling and boring of holes . 
Thread- cutting and tapping. 
Slotting the heads of s crews , bushings and othe r parts . 
Broaching of s quare and other contoured holes . 
Knurling outer surfaces . 
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The various us es to which cutting tools can be put on the lA  lOP machine 
are shown in Figure 1 5 ,  while Figure 1 6  shows the shape of some tools . 

� � � 1(8: ( I  � ( � -- -(_--_ I I �, .· .. 

� rrB • •  I I I \ .. 1 • 1 c / 1 
� � - - ... --:: r- rr rr-

FIGURE 1 5 .  Diagram of the various uses of cutting tools 

b c 

FIGURE 1 6 .  Tools of different shapes:  

a-turning tool; b-cut-off tool; c-centering tool; d-boring tool. 

d 

T u r n i n g .  Cylindrical surfaces are generally turned by rocker tool 
No. 1 .  The tool dwells ,  while the headstock advances at the predetermined 
longitudinal feed rate . 
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Small surfaces o r  recesses are machined by plunging tool No . 2 while 
the heads tock is stationary . 

The rocker is so des igned that the feed motion of tool No . 2 and the 
withdrawal of tool No . 1 are produc ed by the rocke r cam , while the with­
drawal of tool No . 2 and the feed motion of tool No . 1 are induced by a 
spring. Tool No . 1 is not us ed in plunging operations , since the spring 
p ressure could bend the part or break it. Ins tead of being cam - actuated, 
tool No . 1 can also operate on a fixed stop , a p rocedure used for machin­
ing the most accurate s urfac es . 

Tool No . 1 can turn several diameters in succession. When one diameter 
is finished, the tool retreats the necessary dis tance while the headstock 

dwells . When the tool is pos itioned for the second 

r-··· 

i ' 

FIGURE 1 7 .  Scheme of cut-off 
with tool and headstock moving 
simultaneously 

diameter, the headstock begins to advance . 
For taper turning, tool No.  1 and the head­

stock move simultaneously and uniformly. Con­
toured surfaces of a�y desired shape are ob­
tained by feeding the tool and heads tock simul ­
taneously at suitable different speeds . 

Rear- end taper turning is performed by the 
simultaneous feeding of the heads tock and tool 
No . 4 .  Cone formation a t  cut- off is shown in 
Figure 1 7 .  The front- end cone in the following 
part is obtained by suitably grinding tool No . 4 .  
I n  order t o  obtain a sharp apex in the front- end 
cone , the tool overruns the axis by 0 . 1 - 0 . 2  mm.  

The sketch of the blank given on  the operation 
sheet specifies a blank length which allows fo r 
the overrun . 

The rear cutting edge of the cutter has a 
clearanc e angle of 3 to 5° in o rder to avoid rubbing the entire cutting edge 
along the cone surfac e .  The cone surface obtained by simultaneously feed­
ing the cutter and heads tock is somewhat serrated as a res ult of tool traces . 

Some watch parts have chamfers with dimensions ranging from 0 . 0 5 mm X 
X 4 5° to 0 . 1 5  mm X 4 5° .  Such chamfers are made either by the combined mo­
tion of cutter and heads tock or by a suitably ground cutter cross fed .  In 
the latter case slides No . 3 or No.  5 can be us ed .  

It is s ometimes more expedient to  p roduce a chamfer by us ing the com­
bined motion of cutter and headstock. Such a cas e is shown in Figure 3 1  
( 9th operation ) ,  where a 0 . 06 m m X 45° chamfer is p roduced.  In this cas e 
cutter  No . 1 has a continuous backward motion during the formation of the 
shoulder and the chamfer; the heads tock advances continuously from the 
beginning of the chamfering till the turning operation is completed.  When 
a separate tool is us ed for chamfering, additional time must be expended 
on its approach and plunge , as can be seen from Figure 3 1  ( 1 6 th operation ) .  
In addition, one of the tool s lides is occupied by  the chamfering tool . 

The largest diameter of a part is sometim es not turned, since the bar 
s tock can have the required diameter.  

In cases where the part is subjected to heat treatment, however, or 
where the largest diameter is a mating surface ,  the bar must  be turned on 
the largest diameter in order to remove surface scale or to attain a higher 
degree of conc entricity, respectively. 
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Undercutting is usually performed by tool slides No .  4 o r  No . 5 .  The 
cutte r is pos itioned fo r the operation by a cam . The headstock is then ad­
vanced to the undercutting depth, and is withdrawn when the undercutting 
is completed .  The cutter then retreats to its initial position .  The shape 
of the undercut is the same as the shape of the cutting tool . Underc utting 
can also be performed by means of tools mounted in the horizontal slides 
of an auxiliary attachment (Figure 1 8 ) . Slides ( 1 )  and (2 ) are actuated 
through the levers ( 5 )  and (6 )  by the bell cams ( 3 )  and (4 ) on the camshaft. 
The slide carriage ( 8 )  is actuated by the flat cam (7 ) . 

FlGL!I\E 1 8 .  Attachment 1vith two horizontal slides for undercutting 

Back rec essing, especially of deep recesses , should not be attempted 
on this type of automati c s c rew machine, as the cutting will take place at 
a conside rable dis tance from the guide bushing, and the headstock, during 
the plunge, is withdrawn by a s trong sp ring.  This can lead to b roken cut­
ting tools . Parts having a back recess must the refore be started from the 
recess side .  On the s trength of thes e considerations the machining of the 
central pinion is started at the sho rt end (see operation sheet on pp . 1 42 - 1 4 3  ) .  

Depending on  the configuration of the part, the cutters can work in  a 
diffe rent order as well . For  instance, the cut- off may be performed by 
cutter No . 4 or  5 ,  and the recessing by cutter No . 3 .  The dis tribution of 
wo rk among the cutte rs is explained below. 

D r  i 1 1  i n  g .  Holes are drilled by attachments mounted on the left part 
of the bed in front of the tool head . The drill ed hole must be concentric 
with the outer surfac es ,  and accordingly the part must be accurately cente r­
drilled (c ente red ) before drilling. 
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The part is centered either by one of the vertical cutters , by a center 
drill mounted in a holder in a vertical slide (see Figure 1 9 ), or  by a cente r 
drill mounted in one of the spindles of the attachment. Centering with a 
cutter  is more accurate , although it involves a greater time expenditure .  

b c 

FIGURE 1 9 .  Holders : 

a-for a center drill; b-for a carbide-tipped 
tool; c-for a common cutting tool. 

Drilling without first centering is acceptable only if the hole depth does 
not exceed two diameters and if a s trict concentricity between the hole and 
the outer surface is not required. The concentricity of the attachment and 
heads tock spindles is very impo rtant when holes of a depth of more than two 
diameters are drilled .  

In  o rder to  inc reas e the p roductivity of the machine , centering o r  drilling 
mus t be combined with other operations as much as poss ible .  Drilling, fo r 
instance ,  can be combined with turning. In drilling one must take into ac­
count that the total feed of the drill and the headstock must not exceed the 
admissible feed magnitude .  

C entering and drilling will be accomplished with the highest degree of 
accuracy if the operation is started before the bar leaves the guide bushing. 

A drilling ope ration should not begin with a cons iderable length of bar 
protruding from the guide bushing as the blank is then less stable and the 
machining might be inaccurate . It is not recomm ended to combine drilling 
and radial- feed machining. 

FIGURE 20. Layout of bell spindle feed cam for drill attachment, w ith recesses for retracting the dri l l  
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Stepped holes are drilled using two - ,  three - ,  and four- spindle attachments .  
The last spindle can b e  us ed for facing.  Stepped holes are best drilled by 
s eparate drills , and not by s tep drills , in o rder to achieve accurate dia­
meters and depth for each step.  Straight- flute drills are generally us ed 
for drilling holes . 

Blind holes and s tep holes with close depth tole ranc es are drilled using 
the heads tock feed. Spindle feed is used when a through hole of uniform 
diameter is drilled .  

In  drilling deep holes , the drill is retracted many times in order to  
remove the chips and to cool the drill . The deeper the hole ,  the more 
frequent the retractions . The following relationships have been empirically 
es tablished between the drill diameter, the hole depth, and the number of 
retractions of the drill: 

Retraction . . . . . . .  First 
Drill ing depth . . . . .  3d 

Second 
5d 

Third 
6 .5d 

Fourth 
7 .5d 

Fifth 
8 .5d 

The bell cam which feeds the spindle of the drilling attachment has suitable 
recess es for retracting the spindle (Figure 2 0 ) .  It  is ,  however, more 
expedient to retract the drill by means of a special cam mounted on the 
back wall of the bed (see  Figure 1 3  ) . 

T h r e a d  c h a s i n g  is carried out on automatic s crew m achines using 
the differential method, also called the overrunning method .  The machine 
spindle rotates at the same speed and in the s ame s ens e as in turning while 

the spindle carrying the chasing die ro­
tates in the s ame s ens e ,  but at a speed 

� · . �. 

which is higher than that of the machine 
spindle when chasing a right-handed 
thread, and lower when chasing a left ­
handed thread. The speed of thread chas ­
ing is equal to the difference between the 
spindle speeds . 

When the chasing of a right- handed 
thread has been completed, the chas er  
begins to  rotate more slowly then the ma­
chine spindle,  and thus unscrews itself. 
The s ame effect  is achieved in chasing 
a left- handed thread by reversing the 
s equence .  

FIGURE 21 . Thread-chasing attachment drive The differential method of thread chas -
ing has many advantages over the method 

used in turret automatics , where the machine spindle is revers ed and 
slowed down and the chasing die or tap is fixed in the turret head and has 
only a translato ry motion. The switch- over of the machine spindle takes 
time and the design of the machine spindle ass embly is much more c omplex.  

Left- hand threads are chased using the same attachm ent as for right­
handed threads with only the pulleys on the machine m ain drive shaft chang­
ing places (Figure 2 1  ) . 

For thread chasing, the headstock must first advance 5 to 8 mm at high 
speed, so  that the cutters will not prevent the chas er  from advancing along 
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the whole length of the thread . After completion of the chasing, the head ­
stock returns to its initial position. Thread tapping can be combined with 
cut- off, but only in the initial cut- off s tage while the part is s till rigidly 
connected to the stock.  

The spindle speed necess ary for chasing the thread is determined with 
the aid of Table 3 ,  which gives the ratio between the chas er  spindle speed 
and the machine spindle speed for the cutting speed adopted. The highest  
ratio is specified when chasing brass , and the lowes t when tapping U 1 0A 
steel .  Inte rm ediate values are s elected in all other cases . 

TABLE 3 

Pulley diameters and the ratio of chasing die spindle (n1) and the 
working-spindle (n) speeds when chasing a right-handed thread 

Ratio of spindle 
Pulley diameters• 

speed n , : n D, D, . 

1 .1 2 :  1 50 45  
1 .24:  1 5 0  4 5  
1 .35 :  1 50 45 
1 .46:  1 50 45 

• For the belt position see Figure 2 1 .  

The cutting speed is determined from the formula 

7t · d ch (n1 - nl 
v = 1000 

D, 

1 5 0  
165  
180 
1 95 

( 1 )  

The working- spindle speed n ch, necess ary to chas e a thread is deter­
mined from the fo rmula 

n n ch = Z  n1 - ii •  
where z =c the number  o f  thread turns · 

(2 ) 

Let us determine the value of n ch ,  necess ary for chasing a thread on 
the winding- key shaft (see operation sheet on pp . 1 38 - 1 3 9 ) . 

A s sume n = 5 5 5 0  rpm ,  and let the mate rial be U7A V  steel . We s elect  
from Table 3 the ratio � = 1 . 1 2 and thus obtain n1 = 5 5 5 0 X 1 . 1 2 = 6 2 1 6  rpm .  

. . n 'lt · l . 2 (6 2 1 6 - 5 5 5 0 )  . The cuttmg speed w1ll be v = 1 000 � 2 . 5 m /mm. 

The number  of revolutions necess ary for chasing seven thread turns on 
the winding-key shaft will be (taking into account the approach of the chaser 
and the run- out ) 

nch = 7 · 621:�5550 = 58 revolutions . 

In addition the uns crewing of the chas ing die requires 

nuns= 7 .  187r�o5550 ::::::: 1 2 revolutions ':' . 

• The absolute value is taken in the calculation. 
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In all 58 + 1 2  = 7 0  revolutions are required and this value is noted on the 
operation sheet.  The uns c rewing takes place at a chasing spindle speed of n: = 

_ , _ 6 2 1 6 X 4 5  - 1 8 7 5  rpm .  ( n1 - 1 50 1 8 7 5 ) .  
S l o t t i n g .  Screw heads , bushings and rollers are slotted using a spe ­

cial attachment mounted ho rizontally on the bed (Figure 2 2 ) . 

FIGURE 22 . Slotting 

1 -lever; 2-pick-up bushing; 3-flap; 4-milling cutter ;  5 -knock-out cleat; 6-trough; ?-plate cam; 
8-bell (edgewise) cam; 9-pin. 

The slotting operation is carried out as follows . Just before cut- off the 
lever ( 1 )  takes up a position with the hole in the pick-up bushing directly 
opposite the part. The lever ( 1 )  is then moved along the bar axis by the 
bell cam, the bushing (2 ) is slid over the part and, when cut- off is completed, 
the lever, together with the part, takes up a new position opposite the slot­
ting cutter ( 4 ) .  The flap ( 3 )  prevents the part from falling out of the bushing 
during its transport. 

A cam advances the part into the slotting cutter .  
The slotting- cutter spindle i s  powered from the stud shaft IX (Figure 5 ) .  
When the slotting has been completed, the lever ( 1 )  returns to its initial 

pos ition, and the pin ( 9 )  in the pick-up bushing ( 2 )  contacts the cleat ( 5 )  and 
ejects the part into the trough (6 ). A ll motions of the lever ( 1 )  are control ­
led by the flat and bell cams ( 7 ) and (8 ), mounted on the camshaft . 

When the slotting attachment is in operation, slides Nos 3 and 4 do not 
operate . Slide No . 3 is taken out of the tool head together with the bracket. 
The flap ( 3 )  is attached to slide No 4 .  

D i a m o n d  k n u r 1 i n  g i s  accomplished by knurling roll ers in a holder 
mounted in slide No . 4 o r  No . 5 (Figure 2 3 ) . 

A longitudinal feed is us ed for knurling in order to prevent bending of 
the blank by radial stresses . The width of the knurling roller is , in this 
cas e ,  several times small er than the l ength of the surface to be knurled .  

B r o a c h i n g  o f  h o 1 e s o f  s q u a r e  a n d  o t h e r  s h a p e s  is car­
ried out using a broach chucked in the drilling- attachment chuck (Figure 24  ) .  
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The broach rotates freely in the chuck and is fed toward the work by a 
spring, as in drilling.  As the broach contacts the work, it is gripped by 
the rotating bar and rotates at the speed of the latter .  

FIGURE 2 3 .  Knurling-tool configurations 

FIGURE 24. Chucking of a broach in the drilling-attachment spindle 

The broach must be accurately centered relative to the p reviously drilled 
hole in the work. The chuck and spindle of the drilling device do not rotate 
during broaching. 

B a c k  d r i l l i n g . This term refers to the drilling of a hole in the cut­
off side of the part. To this end two attachments are mounted on the ma­
chine . One of the attachments is mounted in place of  the milling attachment 
and the other is mounted behind the tool head and above the heads tock. The 
firs t attachment feeds the p art under  the drill while the s econd rotates the 
drill. The spindle of the s econd attachm ent is driven from the s tud shaft lX 
(see Figure 5 ) . Figure 1 ,  c is an example of a back-drilled part. 

T a p e r s w i t h  a n g l e s  o f  3 to 5° are turned with the us e of a special 
attachment mounted on the bed ways (Figure 2 5 ,  a ) .  The attachment in­
creases the trans miss ion ratio of the rocker levers from 3 : 1 to 1 0 : 1 (the 
ris e transmitted from the cam to the rocker tools is reduced by a factor 
of up to 1 0 ) .  A s  a result,  small inaccuracies in  the cam p rofile do not  in­
influence the accuracy of the proces s .  The most c ritical ope rations , with 
tole rances of 0 . 003  to 0 . 005  mm, are performed by the rocker tools with 
the aid of this attachment . 

The attachment is usually used in combination with an undercutting at­
tachment (Figure 2 5 ,  b ), the two attachments being mounted on a common 
base ( 1 ) . 

Two followers ( 3 ) are located at one end of the lever (2 ) . One of the 
followers works with cam (4 ) intended for turning, and the other with cam 
(5 ), designed for plunging and undercutting. The lever rotates about axis (6 ) .  

The pin  ( 7 ) is located at  the opposite end of the lever and acts on  the pin 
of the shoe ( 8 ) , which is mounted directly in the rocker .  Pins ( 7 )  and ( 8 )  
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drop when the profile of cams ( 4 )  and ( 5 )  ris es ,  and as a result tool No.  1 
retracts . 

The undercutting attachment consists of a rigid plunger rod ( 9 ) , mounted 
in the hinge mount ( 1 0 ) .  The mount is carried on the slide ( 1 1  ) .  

14 10 15 9 

FIGURE 25 .  Attachment for reducing rocker travel and for recessing 

The carriage is fed longitudinally by the cam ( 1 2 )  through the lever ( 1 3 ) .  
The cutter is  held i n  the collet o f  the rod ( 9 )  b y  the pin ( 1 4 ) . The sc rews ( 1 5 )  
and ( 1 6 )  se rve for c entering the rod in the vertical direction, and the screw 
( 1 7 )  for setting the slide in the transve rs e direction. 

The brief descriptions given above of operations performed illustrate the 
great versality of Swiss - type automatic screw machines which can be fur­
ther broadened by the introduction of a fourth vertical sl ide and a third ho ­
rizontal slide.  

Only parts of extrem ely complex configuration, however, require this 
extra degree of versatility. 

CUTTING CONDITIONS 

The range of cutting speeds on the automatic s crew m achines is relative­
ly narrow: from 2 0  to 60 m /min when machining s teel,  and from 30 to 
1 00 m /min for machining bras s .  

The low cutting speeds are due to the small m achining diameters and to 
the fact that when working at maximum spindle speed the machine vibration 
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inc reas es considerably, this being detrimental to the surface-finish quality . 
It should be noted that the cros s -sectional a rea of the chip is small when 

m achining watch parts , and the refore the depth of cut is usually not taken 
into account when establishing the cutting conditions . 

The cutting speeds and feeds recommended in Tables 4 and 5 are bas ed 
on a sys temati zation of the up - to - date experience of watch plants . 

TABLE 4 

Cutting speeds on Swiss-type automatic screw machines 

Steel UlOA 
Steel U7A V 
Steel El699 

Metal 

Brass LS63-3 . . . . . . . . . . . . . . 
German silver MNTsS63-17-18-2 

TABLE 5 

Cutting speed, m/min 

2 0-40 
2 0-60 
1 5- 30 
30- 1 00 
3 0-60 

Feeds for U7A V steel worked on Swiss-tyjle automatic screw machines, mm/revolution 

Process 

Turning journals and chamfering pinions and shafts 
Turning cylindrical, conical and contoured surfaces 
Cut-off, plunging, facing and recessing 

0 .  0 • • •  0 

Turning nonworking surfaces 
• • • • • • • • •  0 • • •  

Drilling, centering 
• 0 • • • • • • • • • • •  0 • • • • • •  

7th 

-

0 .015 
0.008 
0.02 0  
0.015 

Surface-finish quality 

8th 9th l Oth 

0 .01 0 0 .008 0 . 005 
0.010 0.008 -

0.005 - -

0 .015 - -

0 .01 0 - -

The cutting conditions recommended are not optimal and the cutting 
speeds and feeds can and should be increas ed as soon as improvements in 
the limiting elements make this feasibl e .  

When using U 1 0A o r  EI6 9 9 s teels ,  the feeds recommended above must 
be multiplied by 0 . 9  and 0 . 8 ,  respectively. When using type LS6 3 - 3 brass 
the feed should be multiplied by 1 . 2 .  

CALCULATION OF THE SETUP 

Setup calculation involves planning the s equence of all operations and idl e 
movements of the cutting tools and working parts of the automatic machine 
(allowing for possible overlappings ), and the es tablishment of dwell inter­
vals between operations . The s etup must  ensure that the finis hed part cor­
responds to the specified dimensions , tole rances and surfac e quality, and 
that its machining requires a minimum of tim e .  

I n  order t o  draw the p rofiles o f  the cams which control all the motions 
of the working parts of the machine, it is necess ary to determine the values 
of the headstock and tool motions , to s elect the cutting speed and feed, and 
to calculate the angles of rotation of the camshaft for the various operations 
and idle movem ents . 
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The cam curves are determined by two parameters : 1 )  the value of  the 
central angle corresponding to the angle of rotation of the camshaft during 
the time of the operation or the idle  movement; and 2 )  the value o f  the in­
crement (or decrement) of cam radius (the value of the linear displacement 
of the given working part of the machine ) .  

The cam curves are calculated so a s  to complete the entire cycle of 
operations and l.dle movements and to completely machine one part in one 
camshaft revolution.  Sometimes 2 to 3 parts are completed during one 
revolution of the camshaft, as in the case of the p art shown in Figure 2 6 .  

The machining o f  this part is simple .  The bar  already has the specified 
diameter and the only operations carried out on the machine are the cham-

FIGURE 26. W ristwatch bridge pin 

fering of both ends and the cut- off. 
Three cycles are completed, and there ­
fore three parts p roduced, for one cam ­
shaft revolution. 

The cam ris e for the operations and 
the idle movements depends on the ratio 
of lever arms s elected. This ratio 
varies within certain limits for the head­
stock and for the rocker, while for the 
other mechanisms it is a constant mag­
nitude (see Table 6 ) . 

Two headstock cams and three rocker 
cams can be mounted on the camshaft. Several cams are installed in order 
to speed up the process of changing over from machining one part to machin­
ing another .  A side from this , in complex s etups the profile of the cam curve 
for some operations is split up into two or three profiles ,  thus creating the 
possibility of increasing the accuracy of the cams . 

The travel of the headstock or  the tool is defined as the difference be­
tween its initial and final pos itions . Thus , the value of the heads tock travel 
will be equal to the length of the p art plus the width of the cut- off tool . 

The travel of cutters No . 2 (or 1 ) , 3 ,  4 ,  5 is determined by the formula 

C D - d  s =  + -2- + a. 

where C = distance from the initial cutter position to the bar; 
D = bar diameter 
d = machined diameter 
a = tool cross - ove r.  

( 3 )  

The distance C (at cut -off )  is usually 0 . 5  m m  when machining bars of 
3 mm diameter and up . When bars of smaller diameter are machined the 
cutters must be s et at a distanc e of 2 mm from the bar axis in order to 
make sure of the free approach of the cutters in working position and the 
free passage of the bar between the cutters . The value of a is 0 . 1  to 0 . 2  m m .  

Having determined the heads tock or tool travel , the cam ris e  or drop is 
determined, taking into account the ratio of the lever arms . Thus , if the 
part length is 3 . 2 5  mm,  the width of the cut- off tool 0 . 2 5  mm and the ratio 
of the headstock lever arms is 2 : 1 ,  the stock-feed cam rise will be :  
( 3 . 2 5  + 0 . 2 5 )2 = 7 m m .  
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The maximum heads tock lever ratio ( 3 :  1 )  is s el ected to m1mmize the 
influence of errors in the cam profile in those  cas es where a narrow toler­
ance must b e  held on axial dimensions . It must be kept in mind that accord­
ing to the design data the maximum allowable cam ris e  is 5 0  mm.  

The 2 : 1 lever ratio is recommended for  the manufacture of  long parts , 
s ince the ris e curve co rresponding to the 3 : 1 ratio is s teep, especially for 
small radii, and jamming of the cam could occur. 

TABLE 6 

Lever arm ratios and cam dimensions for the 1A10P automatic screw machine 

Displacement mechanism 

Headstock feed 0 • • • • • • • • • • •  0 0 

Rocker . . . • . . . . . . . . . . . . . . . .  

Tool slide No. 3 feed . . . . . . . . . . 

Tool slide No. 4 feed • • • •  0 .  0 0 0 .  

Tool slide No. 5 feed 0 • • • • • • • • •  

Centering-drilling attachment spindle 
feed • •  0 • • • • • • • • • • • • • • • • •  

Drilling-threading attachment spindle 
feed 0 .  0 • • • • • • • • • • • • • • • • •  

S lotting attachment lever feed . . . . 

Lever arm 
ratio 

F l a t  c a m s  

from 1 : 1  
to 3 : 1  

3 ; 1  and 
1 0 : 1 

1 : 1 
2 : 1  
2 : 1  

B e l l  c a m s  

1 : 1  

1 : 1  
1 : 1 

Basic cam dimensions, mm 

maximumlminimum lhole dia- l cam thick-
dtameterl dtameter I meter j ness 

160 60 2 0A 8 

120 70 2 0A 8 

120 70 28A 8 
120 7 0 28A 8 
120 7 0  28A 8 

I cam height 
88 24 22 

1 00 86 42 
100  86  21  

The motions of the working parts of the automatic machine can be clas ­
sified as motions directly connected with the machining of the bar, and 
motions not directly connected with m achining. Motions of the first type 
are called o p e r a t i o n s; motions of the second type - i d l e m o v e m e n t s . 

Calculation of the idle movements . When blanks of watch parts are 
machined on Swiss - type automatic screw machines , from 15 to 2 5 o/o  ( 35 o/o 
in some cases ) of the cycle time is taken up by idle movements which, ob­
viously, should be kept at a minimum value in order to increas e the produc ­
tivity of the machine . 

Som e  examples of idle movements are: releasing the collet, retracting 
the headstock, closing the collet, the approach and retreat of the tools , 
dwells ,  headstock advance when no external turning is necess ary o r  when 
the bar is fed for chasing, etc . 

It is usual to express idle movements by the number of degrees corre­
sponding to a 1 m m  ris e o r  drop on the cam . 

The number of degrees corresponding to 1 mm idle ris e or drop for the 
same tool is a variable magnitude and depends on the production rate of the 
machine for the given part. 
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The higher the production rate,  the more degrees are apportioned per 
mm idle movement. 

When the production rate is low (up to 6 pieces per minute ) ,  the inertia 
forces on the moving parts of the machine are small and have no influence 
on the work, and can the refore be neglected.  When the production rate is 
high (2 5 pieces per  minute and more) ,  the inertia forces become consider­
able ,  and if the idle movement curves are incorrectly calculated, the operation 
of the machine can be disturbed.  Let us assume that the inertia forces in 
the lever driven by a cam follower (Figure 2 7 )  are quite considerable and 
exceed the tension of the lever spring. In that case the follower, on reach­
ing the top point on the cam profile ,  will continue to ris e b ecause of inertia 
to some height h and in coming down will strike the cam . To avoid this , 
the ris e  curve must b e  made less steep or,  in other words , the number of 
degrees per m m  ris e must b e  increas ed and the follower velocity at the 
end of the rise must be reduced to zero. 

)( 

FIGURE 27 .  Headstock feed cam 

The number of cam degrees apportioned to the idle m ovements is c.stab­
lished on the basis of the m achine production rate, taking into account the 
dynamic phenomena occurring at high camshaft speeds . 

The optimal idle movements , in degrees , for the headstock and rocker 
cam s ,  whose  operation bas ically determines the production rate of the 
s crew machine,  are given in Tables 7 - 1 4 .  

I t  can b e  s een from the tables that the cam angle apportioned t o  idle 
movements increas es with a decreas e in cam radius . The reason for this 
is that a small rotation angle at small radii gives a very s teep ris e curve, 
which l eads to rapid cam and follower wear and possibly, as was mentioned 
earlier, to jam ming of the cam . 
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TABLE 7 
Rocker cam 

Cam angle for an idle movement, rise or drop; at a production 
rate below 6 pieces/minute 

I 

J;l c.. � 0 "' � � ""  ::> "-'  ·- 0 
"0 "' ""  ... " 
E ·c; "' "  u ·o, 

60 

57 

54 
51 

48 

45 

42 

39 

36 

33 

3 5 

3 5 

3 5 

3 5 

3 5 

3 5 

3 6 

3 6 

4 7 

4 rrs-
1 30 

Drop, mm 

30 

C a m  a n g l e, d e g r e e s  

6 7 9 1 0  I I  12 IS -4- 3 57 

6 7 9 10 12 13 16 5 3 54 

6 7 9 1 0  1 4  1 5  '7" 5 4 5 1  

6 8 10 I I  ,.!i. r-g 8 6 4 48 

7 9 10 1 3  I I  1 0  8 6 4 45 

7 9 I I  'iT 12 10 8 6 4 42 

8 10 � 1 4  12 10 9 7 4 39 

8 r"'j7 16 IS 13 1 1  9 7 5 36 '21 1 9  17  1 6  1 4  1 2  1 0  8 5 33 

22 21 1 9  17  15 1 3  1 1  9 6 30 

� I 24 I � I � I � I n I 9 I 6 I 3 
I OJ � � rn ·;:: 
::> "-'  ·- 0 

Rise, mm � �  
E ·c; "' "  u ·o, -

TABLE 8 

Rocker cam 

Cam angle for an idle movement, rise or drop; at a production 
rate of 6 to 12 pieces/minute 

I " a. ..c 0 � � "' -o  .§ b "" co  � "  
E ·c; "' "  u ·o, 

60 

57 

54 

5 1  

48 

45 

42 

39 

36 
33 

3 

4 6 

4 6 

5 6 

5 6 

5 7 

5 7 

6 8 

6 8 

6 9 

6 'to' 

Drop, mm 

30 

C a m  a n g l e ,  d e g r e e s  

8 10 12 14 16 19 , 21 � 5 

8 10 13 1 4  17 1 9  21 6 5 

8 I I  1 3  1 5  1 7  20 7 6 5 

9 I I  1 3  1 6  19 � 10 6 5 

9 1 2  1 4  �� 10 10 7 5 

10 1 2  15 18 1 5  I I  II  8 5 

10 � 2i" 19 16 13 I I  8 6 

I I  24 22 19 16 14 I I  8 6 ';7"1" 22 20 17  15 I I  8 7 

28 26 23 20 1 8  1 6 1 1 3  1 0  7 

1 30  1 27 1 24 1 21 1 18 1 15 1 12 1 9 1 6 1 3 

Rise, mm 

57 

54 
51 

48 

45 

42 

39 

36 
33 

30 

I OJ � � rn ·;:: 
::> "-'  ·- 0 � �  
E ·c; "' "  u ·o, 



,..... 
"-' m 

TABLE 9 

Rocker cam 

Cam angle for an idle movement, rise or drop; at a production 
rate of 12 to 25 pieces/minute 

' 
� g.  � .a  Drop, mm 

::> "-'  lt ·tl · I ., I ,. I .. I ,. I ,. I , I ·  
60 6 

57 6 

54 6 

5 1  6 

48 7 

45 7 

42 7 

39 9 

36 1 0  

33 1 0  

C a m  a n g l e, d e g r e e s  

1 2  1 5  20 24 27 31 1 39 45 

1 2  1 5  20 24 28 32 40 � 
1 2  1 5  20 24 29 33 � 1 5 

12 1 5  20 25 30 ,.£.. 1 9  1 6  

1 2 1 7  22 29 � 24 1 9  1 6  

1 2  1 7  24 32 28 24 20 1 7  

1 2  20 � � 28 25 21 18 

15 � 37 34 30 26 22 1 8  

� 42 38 35 32 27 22 1 9  

50 44 42 37 34 29 24 21 

1 30 1 27 1 24 1 21 1 18 l is 1 12 1 9 

Rise, mm 

� 6 

1 0  6 

I I  6 

I I  7 

1 2  8 

1 2  9 

1 3  9 

1 4  1 0  

1 6  I I  

1 8  1 2  

6 1 3 

57 

54 

51 

48 

45 

42 

39 

36 

33 

30 

<I) :: � 
� ·;:: ::> "-'  ·� 0 ] go  E 0:: "' "  
u b'o  

TABLE 10 

Rocker cam 

Cam angle for an  idle movement, rise or  drop; at a production 
rate above 25 pieces/m achine 

' 
] g.  Drop, mm � � � -o  ::> "-'  
·� 0 ] go  E ·o: 3 6 18 21 24 27 30 "' "  
u ·b'o 

C a m  a n g l e, d e g r e e s  

60 10 13 1 7  23 27 32 37 45 50 � iO 57 

57 10 1 4  18 23 29 33 40 46 � 1 3 1 0  54 

54 1 0  15 19 24 29 35 4 1  p£. 1 7  1 4  1 0  5 1  

5 1  10 1 5  20 2 5  30 37 ,.g. 23 1 8  1 5  10 48 

48 1 0  16 20 26 3 1  ,..!2.. 27 23 1 9  1 5  1 0  45 

45 1 0  16 21 28 � 32 29 24 20 1 6  1 0  42 

42 1 0  1 7  23 29 37 33 29 26 20 1 6  1 0  39 

39 1 1  1 8  25 7 40 35 30 26 21 17 1 1  36 

36 12 19 '50 46 4 1  37 31  28 23 1 8  1 2  33 

33 13 '57 53 47 43 40 35 29 25 1 9  1 3  30 

1 30 1 27 1 24 1 21 1 18 1 15 1 12 1 9 1 6 1 3 
<I) 

..0 <I) � ·� 
::> "-'  .� 0 � �  

Rise, mm · � '§ 
u ·b'o --
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TABLE 11 

Headstock cam 

Cam angle for an idle movement, rise or drop; at a production 
rate below 6 pieces/minute 

0 
" a.  -e E  Drop, mm .. .., � ..... .::::! 0 

-c oo  "' " � .� I= " s so - " "' ·� U bO 

C a m  a n g l e, d e g r e e s  

80 5 8 I I  1 4  1 7  20 23 26 29 ,.ll. 5 75 

75 5 8 I I  1 4  1 7  20 23 26 � 9 5 70 

70 5 8 I I  1 4  1 7  20 23 � 12 9 5 65 
65 5 8 I I  1 4  1 7  20 � 1 6  1 2  9 6 60 

60 5 8 I I  1 4  1 7  1 9  20 1 6  1 2  9 6 55 

55 5 8 I I  1 4 � '24 20 1 6  1 2  9 6 50 

50 5 8 I I  � 27 24 20 1 6  1 2  9 6 45 

45 6 9 ...u.. 32 28 24 21 17 1 4  I I  7 40 

40 7 9 36 32 28 25 2 1  1 8  1 5  1 2  8 35 

35 7 � 38 34 31  27 24 21 1 8  1 4  9 30 

l ro l � � � � � � w � � � � � � � w � s 0 0) � �  :;: ·;::: ;::! 4-o ·� 0 ] go  
Rise, mm E ·c: "' "  

u ·o:o 

TABLE 12 

Headstock cam 

Cam angle for an idle movement, rise or drop; at a production 
rate of 6 to 12 pieces/minute 

0 

_g a.  
� 0 .. .;:; � ;::! 4-o ·� 0 ] �  
E ·c: 

5 "' "  
u ·o:o 

80 7 

75 7 

70 7 

65 7 

60 8 

55 8 

50 9 

45 9 

40 10 

35 I I  

-

1 2  

1 2  

1 2  

1 2  

1 3  

1 3  

14 

14 

4 
58 

Drop, mm 

C a m  a n g l e ,  d e g r e e s  

1 6  21 26 

1 6  2 1  26 

1 6  2 1  26 

17  22 27 

18 23 28 

1 8  23 � 
1 9  � 39 

� 45 40 

51 46 41 

53 48 43 

31 36 

31 36 

31 36 

32 � � 28 

34 29 

34 29 

35 30 

36 31 

38 33 

4 1  46 

4 1  47 

42 'i7 � 1 8  

2 3  1 8  

24 1 9  

24 1 9  

25 20 
26 21 

28 23 

so 

� 7 

1 2  7 

12 7 

13 8 

13 8 

1 4  9 

1 4  9 

1 5  10 

16 I I  

1 8  1 4  

1 so 1 � 1 40 1 � 1 30 1 2S 1 � 1 15 1 10 1 5 

Rise, min 

75 

70 

65 
60 

55 

50 

45 

40 

35 

30 

0 0) -= �  
:;: ·� ;:s 4-o  ·- 0 ] go  E c "' "  
u ·o:o 
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TABLE 13  

Headstock cam 

Cam angle for an idle movement, rise or drop; at a production 
rate of 12 to 25 pieces/minute 

__g g.  � -o  ::> ..... ·� 0 � �  I" ·� 
;tj a 
u ·O'o 

80 

75 

70 

65 
60 

55 

50 

45 

40 

35 

' 
Drop, mm 

s 1 1o j �s l  w 25 30 35 40 45 50 
C a m  a ng l e, d e g r e e s  

1 1  1 9  28 37 45 53 61 68 76 � 8 

1 1  20 28 37 45 53 60 68 74 15 9 

1 1  20 28 36 44 51 59 65 � 16 9 

12 20 28 36 43 50 57 "fg" 23 17 10  

1 2  20 28 35 43 �7 30 23 1 7  10  

1 2  20 28 34 ,.!!... 43 37 30 23 17 10 

12 20 27 34 51  45 38 31  25 18  1 2  

13  20 �fg- 53 46 39 33 26 20 1 4  

1 3  20 67 6 1  54 47 41 34 28 22 1 6  

15  'ir 69 62 55 49 42 36 30 24 18 1 so 1 45 1 40 1 35 1 30 1 25 1 20 I ts I to 1 5 
Rise. mrn 

·- - _, 

75 

70 

65 
60 

55 

50 

45 

40 
35 

30 

Q) :: �  "' ·� � ..:: ·� 0 � �  
E 'E! 

tU ·� 

TABLE 14 

Headstock cam 

Cam angle for an idle movement, rise or drop; at a production 
rate above 25 pieces/minute 

__g g.  Drop, mm � � � "0  ::> ..... ·� 0 
"" oo  

35 1 40 1 45 1 50 
!'! c:  
E ·;:; s 10 ts 20 25 30 "' c:  
u ·O'o 

C a m  a n g l e, d e g r e e s  

80 13 23 34 44 56 64 75 86 96 105 12 

75 1 3  

70 1 4  

65 1 4  

60 15  

55 15 

50 1 6  

45 1 8  

40 19 

35 20 

24 34 44 55 64 75 85 � 20 12 

24 34 44 55 64 75 � 28 20 13 

24 34 45 55 64 � 37 29 21 13  

25 35 45 54 � 46 38 30 21 1 4  

26 36 45 54 55 46 39 31 22 15 

28 37 45 rs:r 55 48 40 32 24 16 

28 37 '74 65 60 49 41 33 25 1 8  

28 rs3 74 67 60 50 42 34 27 20 '93 84 77 68 61  52 44 37 30 24 

1 50 1 45 1 40 1 35 1 30 1 25 1 w 1 15 1 10 1 5 
Rise, mm 

75 

70 

65 
60 

55 

50 

45 

40 

35 
30 

Q) � �  � ·;::: 
::> ..... ·� 0 � go  E ·;:; U ·� 



When working out the preliminary draft of the machine setup it is diffi- .  
cult to decide from which table to take the data on idle movements , the 
production rate for the given part being as yet unknown . In p ractice ,  there­
fore, a preliminary s etup is calculated, taking the idle movements fo r the 
rocker and headstock cams from Table 1 5 .  

TABLE 15  

Camshaft rotation angle for idle movements 

Function of the cam Section of the cam profile 

Headstock displacement Rise for headstock advance 
Drop for headstock retreat 

Rocker control Rise for advancing tool No. 2 
Drop for advancing tool No, 1 

Shift of tool slides Nos. 3, 4, 5 Rise for advancing the tools · 
Drop for withdrawing the tools 

Drilling attachment control Drill retraction for multiple 
drilling 

Drilling and threading attach- Rise and drop of the lever 
ment spindle selection control Closing the collet 

Collet releasing and closing Releasing the collet 
control 

Number of cam degrees per 
1 mm rise or drop of the cam 

profile (idle movement) 

1' per mm, but not less than 3' 

0.5' per mm, but not Jess than 3' 
1' per mm, but not Jess than 3' 
0.5' per mm, but not Jess than 3' 
1' per mm, but not less than 3' 

0.5' per mm, but not less than 3' 
0, 75' per mm, but not less than 

3' for the entire operation 
20' 
15' 
1 0' 

After the preliminary calculation and the determination of the approximate 
production rate of the machine for the part in question, the definitive s etup 
is calculated using the idle movements taken from the tables; and on the basis 
of this s etup the actual production rate is determined. The data in Table 1 5  
should be used i n  the final calculation only for the tool-slide cams [ 3 ,  4 ,  5 ] , 
the collet cams and the attachment cam s .  

Safety dwells o f  2 t o  3° each are added when necessary to the values o f  the 
movements obtained in the s etup calculation, in order to compensate for 
pos sible inaccuracies in the manufacture of the cam p rofile .  

Laying out flat cam s .  The cam profiles must produce the uniform headstock 
or  tool feed rate adopted with the s election of the cutting conditions . This 
condition is s atisfied by the A rchimedean spiral . 

In order to plot the A rchimedean spiral the angle of rotation of the cam 
corresponding to the given operation is split into several equal parts on the 
arc of a circle and rays are traced, connecting the center with the points 
of division. 

The height of ris e is spli� into an equal number of parts and concentric 
circles are drawn accordingly. 

A continuous curve is drawn through the inters ections of the rays with 
the corresponding circles and the resulting curve is an A rchimedean spiral . 
Figure 2 7  shows an A rchimedean spiral plotted on the s ector from 96 °  to 
1 9 0°.  The rise is 1 9 . 9  mm . 

In order that the interaction between cam and follower b e  correct, the 
angle 6 between the tangent to the cam at the point of tangency and the per­
p endicular to the ray radius at the point of  tangency, X1 Xp must not exceed 
some specified value (Figure 2 7 ) . 
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The angle 0 is a variable magnitude in the A rchimedean spiral, being 
larger at the beginning of the rise than at its end . It is recommended that 
this angle be less than 30° ,  s ince the p ressure force could lead to jamming 
with higher angles .  In addition, the follower prism wear increas es with 
an increase in the angle e .  

If a roller  followe r is  used instead of a p rismatic follower, the angle can 
be increas ed by 5 to so,  this being the difference between the friction angles 
in sliding and rolling friction, respectively . 

f 

a b c 
r 

\ I  $ 

cl20 c 8 

e 
d 

g h 

FIGURE 28. Templates for drawing idle movement cam profiles 

1-headstock cam for a production rate of: a-up to 6 pieces/minute; b-6 to 12 pieces/ 
minute; c-12 to 25 pieces/minutes; d-more than 25 pieces/minute; 2-rocker cams for 
a production rate of: e-up to 6 pieces/minute; f-6 to 12 pieces/minute ; g-12 to 25 
pieces/minute ; h-more than 25 pieces/minute. 
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In o rder to reduce the angle or,  in other wo rds , to obtain less s teep 
spirals ,  the most important cam profile s ections should be located at large 
cam radii . It is best ,  from this point of view, to select the 1 : 1 lever arm 
ratio, as the curves will be less s teep for this ratio .  

The cam profile s ections for  idle movement, on the other hand, are  so  
laid out that the follower speed will increas e from zero, a t  the beginning, 
will reach a m aximum in the middle of the movement, and will then drop 
to zero at the end of the movement. 

When the production rate does not exceed 12 pieces per minute,  the 
A rchimedean spirals may s erve as cam curves for the idle movements , 
though not really s atisfying the above conditions . For small rises and drops 
the curves can be replaced by straight segm ents (Figure 2 7 ,  s ector 1 0  to 
2 5° ) .  

Cam layout i s  facilitated b y  the us e o f  templates , which are usually in­
cluded in the s et of s tandard acc essories for the machine . 

Templates which correspond to Tables 7 - 1 4  are shown in Figure 2 8 .  
The assumption was made above that the follower moves along a s traight 

line . A ctually, it moves along a circular arc with a radius equal to the 
lever arm length, and the cam angles of rotation must therefore be referred 
to the inters ection of the follower arc with the cam circle rather than to the 
inters ection of the cam radius with its circle . 

FIGURE 29.  Bell cam FIGURE 30.  Cam profile AC, 
equidistant from the pitch 
curve ac 

Bell cam profiles . In some models of automatic s crew machines the 
headstock feed is controlled by bell cams (Figure 2 9  ) .  The calculation of  
the p rofiles o f  such cams is  different from that for  the above - described 
flat cams . 

For a constant- velocity rise ,  the profile of the rim of the bell cam cons ­
titutes a helix. The idle-movement profiles ,  too, are helices with cur­
vatures of 2 to 5 mm radius at both ends . 

While most automatic s crew machines us e p rismatic - toe ,  sliding- type 
followers , some pres ent roller followers . The two types of followers differ  
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not only in their friction coefficients , but als o  in the cam p rofiles they 
require for a given p rogram.  The cam p rofile for a roller follower de­
pends on the value of the roller  radius . 

If we have a curve A C  (Figure 3 0 )  along which a roller  of radius r1 rolls ,  the 
roller c enter will describe a c urve ac, equidistant from the curve A C .  It is 
usual to call this curve ac the p i t c h  c u r v e .  

The shape  o f  the pitch curve differs from the shape of the cam p rofile 
in the places of trans ition from one curve to another.  When calculating the 
cams,  the angles of rotation ex should be taken from the pitch curve, and 
not from the cam p rofile .  The value h of the cam ris e is equal to p2 - PI ·  
The smalle r  the roller radius r1 the nearer the shape o f  the pitch curve to 
that of the cam p rofile .  In the case of a concave cam profile,  the transi ­
tional curve must have a radius much larger than that o f  the roller .  

The p rofiles of the drilling, threading, and slotting attachment bell cams 
are helic es . 

O rder of the s etup calculation. A sketch of the part is included in the 
operation sheet with dimensions , tolerances and finish-quality specifica ­
tions . The type of material and bar gage, the tool-positioning s cheme in 
two planes ,  and the cutting and spindle speeds for the maximum diam ete r 
to be turned, are also noted.  

In dividing the work among the various tools and establishing the sequence 
of operations , it is well to remember that tool No . 1 is best for precise turn­
ing with longitudinal feed.  Tool No . 2 is best fo r grooving; cutting-off should 
be done by tool No.  3 or No . 4; and contour turning, reces s ing and center­
ing by tool No . 4 o r  No . 5 .  

Example of setup calculation for an automatic screw machine, W e  will present , as an example, the 
calculation of the layout of machining operations for the production of the 1�inding key of the " Pobeda" 
brand wrist\vatch (see page 138) .  

ln order to simplify the calculation, we will take the idle movements of the headstock and rocker from 
Tables 7 - 14 assuming that the production rate for the given part does not exceed 6 pieces/minute. 

We introduce into the operation sheet a sketch of the part and specify the type of steel to be used. We 
specify 1 .6 0 mm diameter bar stock, all01ving 0.14 mm for removing the outer layer, since the 1 .46 mm dia­
meter is subsequently ground. Basing ourselves on the bar-Stock diameter 1 .60,  we now introduce into the 
operation sheet sketches of the tool positions. The work is divided up among the various tools as follows•: 

tool No. 1 turns the shoulder beyond the thread, one 0.06 mm x 45° chamfer and the 1 .46 mm diameter 
for a length of 1 .65 mm; 

tool No. 2 turns the second 1 .46 mm diameter section for a length of 1 .45 mm, one 0.06 mm X 45° cham-
fer ,  the 1 mm diameter neck, the 0 .08 mm chamfer and the 0. 72 mm diameter journal; 

tool No. 3 forms the internal chamfers 0.06 mm x 45°; 
tool No. 4 cuts off the blank and turns the front and rear cones; 
tool No. 5 turns the 0 .88 mm w ide groove. 
We determine the initial distance from the tools to the bar as 1 .2 mm. This dimension is necessary for 

the calculation of the idle movements . Taking into account that the given part has no complex configura­
tion and that the process accuracy is relatively low, we fix the following lever arm ratios : 

headstock . . . . . . . . . . . . . . . . . • . . . . . . 2 : 1  
rocker . . . . . . . . . . . . . . . . . . . . . . . . . . 3 : 1  
tool No. 3 . . . . . . . . . . • . . . . . . . . . . . . 1 : 1  
tools Nos 4 and 5 . . . . . . . . . . . . . . . . . . . 2 : 1  

W e  take the cutting speed for the maximum diameter to be 28 m/min, and therefore the spindle speed 
is 5550 rpm. In accordance with Table 3, we fix the ratio of the threading-attachment speed to the machine­
spindle speed as 1 . 1 2 : 1 .  

• [For reference see drawing o n  page 140 . ]  
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We select the following sequence of operations: 
1. The collet is released, The angle of rotation of the camshaft is fixed at 10" in accordance with 

Table 15.  After the release of the collet the end of the bar is pressed by a counten•eight against cut-off 
tool No. 4, which dwells in front of the guide bushing at that moment. 

2. The headstock withdraws to its start position. Length of headstock travel is: 10 .375 + 0 .158 = 10 .511 . 
The dimension 1 0 .375 is the sum of the nominal dimension 1 0.450 and half the sum of the tolerances on the 
. . (-0.10+ 0.02 - 0.03- 0.04) 

dunenswns 3.40, 0 .88, 4.52 and 1 .65 : 1 0 .45 + 
2 

= 10 .375 mm. 

The dimensions 0.158 mm is the width of cut-off tool No. 4 .  In calculating length dimensions, half the 
tolerances are taken into account. 

The angle of rotation of the camshaft for the drop 10 .5 X 2  = 21 mm is set at 14•, in accordance 1•ith 
Table 1 1 .  

3 .  The collet closes. The angle o f  rotation of the camshaft i s  1 5 •  according t o  Table 15 .  
4. Tool No. 4 withdraws to  its original position. The travel i s  2 +  0 .10 = 2.10 mm, where 0 .1 0 mm is 

the tool cross-over. The angle of rotation of the camshaft is 3", according to Table 15 .  
At the same time tool No. 1 approaches from its  neutral position and is positioned for work (Figure 11) .  

The travel of tool No, 1 is 1 .45 mm, this being the difference (2 mm- 0.55 mm) where 2 mm is the distance 
from the bar axis to the neutral position of the tool, and 0.55 mm is the radius of the surface turned for the 
thread 1 .2 mm ( 0.55 mm includes an all01•ance for the deformation of the metal by the threading). 

5. The diameter for the thread is turned by tool No. 1. The headstock travel is 

3 ,40 - 1.65- 0.346 - 0.05+ 0.1 0mm=  1 .454 mm , 

where 3 .40, 1 .65, 0 .346 are the dimensions from the sketch given in the operation sheet; 0 .05 is half the 
tolerance on the dimension 3 .40;  and 0.10 is the initial distance from tool to bar. 

We specify a feed of 0.03 mm. The number of spindle revolutions necessary to turning a part of this 
1 .454 

length will be 
0.03 

= 48 . 

6 .  Dwell for cleaning the face . The angle of rotation of the camshaft is 2·. 
1 .46 - 1 .1 0  

7 .  Tool No .  1 retracts for chamfering. The tool travel i s  
2 

0.06 = 0.12 mm, where the 

dimension 1 .46 is taken from the sketch; 1 .1 mm is the diameter turned for the 1 .2 mm thread; and 0.06 is 
the chamfer dimension. 

The angle of rotation of the camshaft is 3•, from Table 15 .  
8 .  The chamfer is produced by  the simultaneous motion of the headstock and tool No .  1 .  A 0 .01 mm 

feed i s  chosen from Table 5 for chamfering a t  45•, Both the headstock and the tool travel 0.06 mm, and the 
number of spindle revolutions necessary for performing the operation is therefore 0 .06 : 0 .01 = 6. This value 
is noted on the operation sheet. 

As already mentioned above, the number of spindle revolutions necessary for performing all the oper­
ations is first calculated and then the number of cam degrees actually eq1ployed in working the part is com­
puted (see below) .  

9 .  The 1 .46 mm diameter is turned by tool No. 1 (Figure 31) .  The headsto�k 'travel i s  

where 1 .65 mm = 
0,06 mm = 

0.03 
2 

1 .65- 0.06-
0
'�3 

= 1 .575 mm, 

the length between shoulders according to the sketch ; 
the width of the left chamfer ; 

half the tolerance on the dimension 1.65 .  

The feed of 0.02 mm is taken from Table 5.  
The number of revolutions is 1 .575 : 0 .02 = 78 . 
1 0. Dwell for cleaning the face surface. A ngle of rotation of the camshaft is z•. 
11. Tool No. 1 w ithdraws to its neutral position. The travel is 2 -

1;6 
= 1 .2 7 mm.  

The number of  degrees corresponding to  this idle movement i s  5 ,  according to  Table 7 .  
12 .  The headstock advances 6 mm rapidly for threading. The angle o f  rotation o f  the camshaft i s  g•, 

according to Table 11 .  
13 .  An M 1 .2 mm thread with a pitch of 0.25 mm is chased for a length of 1 .40 mm. The number of 

spindle revolutions is calculated as follows :  
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The spindle speed is 5550 rpm , and therefore the speed of the threading spindle will be 5550 X 1.12 = 
6216 rpm, the coefficient 1 .12 being tal<en from Table 3 .  The number of revolutions necessary for chasing 

seven threads, taking into account the safety clearance of one thread and the chaser approach (2 threads) 
5550 

��ill be 7 X 
6216 - 5550 

= 58.  
5550 

The number of revolutions necessary for unscrewing the chasing die will be 7 X 
1875 _ 5550 

= - 12 

(the unscrewing taking place at 1875 rpm). In all we need 58 + 12 = 70 spindle revolutions for the operation. 
1<1. The spindle recedes 5 .11  mm, less than 6 mm by the width of tool No. 5.  This is done in order 

to position tool No, 5 for work. The camshaft rotation is taken from Table 11 and is 6'. 
1 5 .  Tools Nos 5 and 3 approach simultaneously . The travel is 2 - 0.8- 0.03 = 1 .17 mm, where 2 and 

0.8 are the tool neutral and work radii, respectively , and 0 .03 is a s afety clearance to prevent breakage. This 
idle movement requires 3', according to Table 1 5 .  

1 .60- 0.90 
16 .  Tool No. 5 plunges to a depth of 0.38 mm (Figure 31), where 0.38 = 2 

+ 0 .03 is the 

safery clearance from operation 1 5 .  The feed is taken from Table 5 and is 0.008 mm. The number of spindle 
revolutions will be 

0 .38 :  0.008 = 47. 

Tool No. 3 simultaneously turns tl�o chamfers, it being suital:ily ground to that end. The number of 
spindle revolutions necessary for this operation is 31 , with a feed of 0. 008 mm ( 0 .25 : 0 .008 = 31). The oper­
ation of tool No. 3 must be so arranged on the cam that its chamfering action is carried out after tool No. 5 
has plunged to a depth of roughly 0.10 to 0 .15  mm. The retraction of tool No.3 overlaps with the plunging 
of tool No. 5. Tool No. 3,  positioned at an angle of 90' relative to tool No. 5, is more convenient for simul­
taneous chamfering than tool No. 4, which is positioned at an angle of 45' relative to tool No. 5 .  

1 7 .  Tool No. 5 dwells. Angle o f  camshaft rotation- 2'. 
18, Tool No. 5 withdraws to its neutral position traveling 1 .55 mm, a distance equal to its advances in 

operations 15 and 1 6 ,  The camshaft rotation is 3' on the basis of Table 15 .  Tool No. 2 approaches as tool 
. 4 - 1 .46 

No. 5 withdraws. Its travel 1s -
2
-- = 1 .27 mm. 

19,  Tool No. 2 turns the external 1 .46 mm diameter (Figure 31). The headstock travel is 1 .45- 0.06 + 
+ 0 .70  = 2 .09 mm, where 1 .45 is the length dimension according to the sketch in the operation sheet; 0.06 
is the length ofthe second chamfer; and 0 .70  is the overlap of the edges of tools Nos 5 and 2 .  We fix ; a  feed 
of 0 . 02 according to Table 5 .  The number of revolutions necessary will be 2 .09 :  0 .02 = 1 04. 

2 0 .  A 0.06x 45' chamfer is  turned by the simultaneous motion of the headstock and tool No. 2 .  The 
feed is 0 .008 mm, as above. The number of spindle revolutions will be 0 .06 : 0 .008 = 7 .  

1 .46 1 .0 
2 1 .  Tool No. 2 plunges to the 1 mm diameter. The travel is -

2
- - 0 . 06 - 2 = 0.17 mm. 

Table 5 indicates a feed of 0 .01 mm. The number of spindle revolutions necessary 1�ill be 0.17 : 0.01 = 17. 
22.  Tool No. 2 dwells. Angle of camshaft rotation- 2' , 
23. Tool No. 2 turns the 1 nnn diameter neck. The headstock travel is 4 .52 - 1 .45 - 0.08 = 2 . 99 mm. 

The feed is 0 .03 mm. The number of spindle revolutions necessary will be 2 . 99 :  0 . 03 = 100. 
24. A chamfer 0 .08 mm long and 0 .14 mm deep is turned by the simultaneous motion of the headstock 

and tool No. 2 .  The dimension 0.14 is half the difference between the diameter 1 and 0 .72 mm. 
The feed for tool No. 2 is 0.005 mm. The number of spindle revolutions necessary is 0.14: 0 .005 = 28,  
25 .  Dwell; the angle of rotation of the camshaft is  2 ' .  
26 .  The 0 .72 mm diameter journal i s  turned. The headstock travel i s  1 .65 - 0.36 - 0.02 + (0.864 - 0.8)= 

1 .334 mm, where 0.36 mm is the length of the back cone; 
0 , 02 mm is half the tolerance for the 1 .65 mm dimension; 
0 .064 mm is the difference between the positions of the edge of tool No. 2 and the point of tool No 4. 
A feed of 0 .01 5 is chosen from Table 5 .  The number of spindle revolutions necessary will be 1 .334: 

0 .015 = 88. 
27. Tool No. 2 dwells; the camshaft rotation is 2' . 
28.  Tool No, 2 withdraws to its neutral position. Its travel is equal to the sum of its travels in operations 

18 ,  20 , 2 1  and 24: 1 .2 7 +  0.060 + 0 .1 7 + 0.140 = 1 .64 mm. The camshaft rotation is 3' (according to Table 7). 
29, The headstock retracts 0 .36 + 0.1 0 +  0.05 = 0.51 0 mm where 0 .36 mm is the cone length, 0.10 is 

the cross-over, 0 . 05 = the safety clearance of tool No. 4 to the journal. 
The camshaft rotation is 5' (by Table 1 1). 
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30. Tool No. 4 advances from its neutral position and is positioned for work. Its travel is 2 - 0.36 -
- 0.05 = 1.59 mm, where 0.36 is the journal radius and 0 .05 is the safety clearance from the journal. 

The camshaft rotation is 3° (by Table 15). 
31 . The back-end cone is turned by the simultaneous motion of the headstock and tool No. 4 ,  while 

the part is simultaneously cut off from the stock, and the front cone of the next part is turned by the second 
edge of the tool. The travel of both headstock and tool No. 4 is 0.51 mm. The headstock feed is fixed by 
Table 5 at 0.015 mm. The number of revolutions necessary is 0.51 : 0.015 = 35. 

The calculation is checked by summing all headstock movements, the advancing motions being taken 
as positive and the retracting motions as negative : 

2 .  - 10 .533 20 .  + 0.060 
5 .  + 1 .454 23 .  + 2.99 
8. + 0 .060 24. + 0.08 
9 .  + 1 .675 26 .  + 1 .334 

12 .  + 6 .000 29 .  - 0.510 
14. 5 .11 0 31 .  + 0.510 
1 9 .  + 2 .09 

We obtain + 1 6.153 and - 16 .153. 

It is also necessary to check the tool displacements. 
We now sum up the cam angles employed for actual machining and those required for idle movements. 

The idle movements take 94°, or 26"/o of the machining cycle. The cam angles for actual machining will 
accordingly be 360°- 94 o = 266°. 

The total number of spindle revolutions necessary for the actual machining of the part is 628 and the 
angle of camshaft rotation corresponding to one spindle rotation will accordingly be 266 :  628 = 0.425°. 
This number makes it possible to translate into camshaft degrees the spindle revolutions corresponding to 
each operation. The values obtained are introduced into the operation sheet and their sum must equal 266°. 

The number of spindle revolutions, x, necessary for the machining of one part is obtained from the pro­
portion 

628 X 360 
x :  628 = 360: 266; x = -----z66 = 850 revolutions. 

The production rate of the machine is determined by dividing its usual spindle speed by the number of 
revolutions per piece : 

A = 5550/850 = 6.6 pieces/minute. 

Since the calculated production rate exceeds the assumed rate of 6 pieces/minute only very slightly , 
there is no need to recalculate the layout . 

Examples are given below of setup calculations for the machining of the 
central pinion and the cannon pinion .  

The layout for the c entral pinion makes us e of all five tools on the tool 
head and of one tool on a horizontal attachment. This last tool forms an 
undercut which s e rves for s taking a gear on the 1 . 5 0· 0 . 0 1  diam eter. 

The 0 . 1 5  mm undercut s e rves to ensure a well- defined s eat of the gear 
against the face of the fitting shoulder on the pinion .  This undercut is 
machined by tool No . 4 .  

The external diameter i s  not turned s ince gear teeth are later cut on it 
and it has an appropriate allowance .  

A fter the end o f  the calculation the sums o f  all advancing and retracting 
headstock and tool motions are checked and should be equal to zero .  

Laying out cams . Laying out the cams consists i n  transfe rring the cal ­
culated data from the .operation sheet to a s eparate sheet of paper and plot­
ting the cam p rofile .  The maximum and minimum cam circles are  trac ed 
and, for the rocker cam , an interm ediate circle with R = 4 5  mm is also 
drawn. Beginning from the vertical axis and continuing in a clockwise di­
rection, the values of the rotation angles given in the operation sheet are 
suitably marked .  
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Beginning from the outer or intermediate circle, the values of the dis ­
placements (taking into account the transmis sion ratio which also appears 
in the operation sheet) are marked on these line s .  

A s  an example w e  will lay out the profile o f  the heads tock cam for the 
production of the winding key shaft according to the operation sheet estab­
lished by us . The angular increments are marked on the 1 6  0 mm diameter 
outer c ircle of the cam . An arc of 1 2 0  mm radius is drawn through the 
point 1 0° from the zero point (Figure 32 ) .  The radius of 1 2 0 mm corre­
sponds to the length of the followe r leve r  C (see Figure 9 ) .  

FIGURE 3 2 .  Headstock cam 

In the s ector in question the collet opens and the headstock dwells ,  and 
the cam profile is the refore an arc of a circle of 80 mm radius . 

Corresponding to the retracting motion of the headstock, 14°  are now 
marked and another 1 2 0  mm radius arc is drawn through the new division 
point .  A circle of radius 8 0 - 2 1 . 06 6  = 5 8 . 934 mm is drawn (from the cam 
center )  and its intersection with the arc drawn through the 24°  point is found. 
A cco rding to the operation sheet, 2 1 . 0 6 6  mm is the drop on the cam . The 
points obtained are connected by a template curve . 

A further 1 5° are laid off, corresponding to the closing of the collet. 
The headstock dwells ,  and therefore the p rofile is an arc of 5 8 . 934  mm radius . 

When tool No . 4 recedes and tool No . 1 approaches ,  the heads tock con­
tinues to dwell and therefore the 3° involved are marked along the s ame arc . 

Between 42°  and 62 °  a ris e on the cam equal to 2 . 9 1 0 mm occurs . This 
ris e is drawn according to an A rchim edean spiral . 

The cam profile is thus obtained, successively marking on the cam blank 
the values of the angles and the linear displacements listed in the op eration 
sheet.  The other cam profiles (for the tools , etc . ) are drawn according to 
the same method .  
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Setup calculation 
Sheet A -1 

Part No. 

K-26-15 

Cam lever 
ratio 

Part name Material Cutting speed 

Winding key shaft U7AV steel 28 m/min 

Spindle rpm 5550 

Tools Nos 3, 
Headstock Rocker 4, 5 

Threading spindle rpm 6216 

2 : 1  1 : 1 2 : 1  Production rate 6 . 6  pieces 
3 : 1  

2 : 1  per minute 

1-------10.3 75(f0.450r-----l 
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' [ 0 

1 st 

2nd 

Designation of 
operations 

Release collet . 

Retract head-

Headstock 
and tool 

travel 

10,375 + 
stock . . . . • + 0.158 = 

3rd 

4th 

Close collet . .  

Retract No. 4 . 
Approach No. 1 

5th Advance head-
stock 

6th Dwell 

7th Retract No.1 . .  

8th Advance head-
stock . . . . •  

Retract No .  1 • 

9th Advance head-

lOth 

11th 

stock 

Dwell 

Retract No. 1 . 

12th Advance head-

13th 

14th 

15th 

16th 

17th 

stock . • . . .  

Thread . . • .  

Retract head­
stock . . . . .  

Approach No. 5 

Approach No, 3 

Plunge No. 5 . 

Plunge No. 3 .  

Retract No. 3 .  
to neutral . .  

Dwell . . . . . 

= 10 .533 

2 + 0.1 = 21 
1 .45 

1 .454 

0.120 

0.06 
0 .06 

1 .575 

1 ,270 

6 

1 .40 

5.11 

1.17 

1 .17  . 

0.38 

0.25 

1 .42 

2 

2 
3 

2 

3 

2 
3 

2 

3 

2 

1 

2 

2 

2 

1 

2 

1 

1 

21 .066 

4.2 
4.35 

2.91 

0.360 

0 .12 
0.18 

3 .15 

3.810 

12 

1 .40 

10 .22 

2 .34 

1 .17  

0 .76 

0 .25 

1 .42 

1 3 9  

0 .03 48 

0.010 6 
0.01 0  (6) 

0 .02 

(0 .25) 

0.008 

0.008 

78 

70 

47 

31 

Cam rotation, 
degrees, for 
' 0:: :c u <lJ E .S :§ 

20 

3 
(3) 

32 

30 

20  

(14) 

10 

14 

15  

3 
(3) 

2 

3 

2 

5 

9 

6 

3 

3 

(3) 

2 

Setup calculation 
Sheet A-1 

Camshaft posi­
tion, degrees 

E 0 .::: 

0 

1 0  

24 

39 
39 

42 

62 

64 

67 
67 

70 

1 02 

1 04 

109 

118 

148 

154 

1 54 

157 

158 

172 

177  

8 

10  

24 

39 

42 
42 

62 

64 

67  

70 
7 0  

102 

104 

109 

118 

148 

154 

157 

157 

1 77  

1 72  

175  

179  



Sheet A-1 (cont'd) 

Part No, Part name Material Cutting speed 

K-26-15 Winding key shaft U7AV steel 28 m/min 

Spindle rpm 5550 

Cam lever 
Headstock Rocker 

Tools Nos 3 ,  
ratio 4, 5 

Threading spindle rpm 6216 

3 : 1  
1 : 1 2 : 1  Production rate 6.6 pieces 

2 : 1  
2 : 1  per minute 

1 40 



<: .g "' " 0.. 0 ...... 0 
" '0 0 

18th 

1 9th 

20th 

21st 

22nd 

23rd 

24th 

2 5th 

2 6th 

27th 

28th 

2 9th 

30th 

31st 

Designation of 
operations 

Retract No. 5 
to neutral • .  

Approach No. 2 

Advance head-
stock . . . . • 

Advance head-
stock . . . . . 

Advance No. 2 

Advance No. 2 

Dwell . . . . . 

Advance head-
stock • . • • •  

Advance head-
stock • . . •  , 

Advance No. 2 

Dwell . . ' . . 

Advance head-
stock 

Dwell 

. . 

. . 

. .  

. . 

Retract No. 2 • 

Retract head-
stock . . • • . 

Approach No. 4 

Advance head-
stock . . . • •  

Advance No. 4 

Total . . .  

Headstock 
and tool 

travel 

1 .55 

1 .2 7 0  

2 .09 

0 .060 

0 , 060  

0 .170  

-

2 .99 

0 . 08 

0 .140 

-

1 . 334 

-

1 .640 

0 .510 

1 .590 

0.510 

0 .51 0 

62 X 360 
Revolutions per piece �= 850 

.!:: 
e "' 0 

0.. � 0 " "' > 6 � Ci "' 
6 u � " "' 

u 0:: -5 

2 3 .10  

3 3.810 

2 4.18 

2 0.12 

3 0.180 

3 0.51 0 

- -

2 5.98 

2 0.16 

3 0.420 

- -

- 2 .668 

- -

3 4.920 

2 1 .02 0 

2 3 .180 

2 1 .020 

2 1 .02 0 

Production rate, pieces per minute A =  5550 : 850 = 6 . 6  

1 4 1  

� '0 "' ·� " � 0 g, ·p ::l '0 �  " 0 " > 
u.. � 

-

-

0 ,02 

0 .008 

0.008 

0 .010 

-

0.03 

-

0.005 

-

0.015 

-

-

-

-

0.015 

0.015 

Sheet A-1 (cont'd) 

b() Cam rotation, Camshaft posi-"' degrees, for tion, degrees :.>: Ci 
� ...... � b() I 0 "' "' " 0 > :v ·g :§ 0 ..0 6 6 0 .c:: c: E u � ::l > "' " 0 z � E :3 E .::: 8 

- - 3 179  182 

- - (3) 1 7 9  182 

1 04 44 - 182 226 

7 3 - 226 229 

(7) (3)  - 226 229 

17  8 - 229 237 

- - 2 237 239 

1 0 0  42 - 239 281 

(28) (12) - 281 293 

28 12 - 281 293 

- - 2 293 295 

88 36 - 295 331 

- - 2 331 333 

- - 3 383 336 

- - 5 336 341 

- - 3 341 344 

:15 1 6  - 344 360 

(35) 16 - 344 360 

628 266' 94" - 360 



Setup calculation 
Sheet A -2 

Part No. 

K-26-8 

Cam lever 
ratio 

Part name 

Central pinion 

Headstock Rocker 

3 : 1 1 0 : 1  

Device for frontal plunging w ith lever arm ratio 1 : 1 

Material Cutting speed 

U7AV steel 37 m/min 

Tools Nos 3 ,  Spindle rpm 5550 
4, 5 

1 : 1  2 : 1  5 .7 pieces 
2 : 1  Production rate per minute 

.. 

142  



--,---
<:! .g "' ., 0.. 0 

Headstock ..... Designation of 0 
� and tool <l) operations " travel 0 

1st Release collet . . .  -

2nd Retract headstock . 6 .26 + 0.34 = 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

lOth 

11th 

12th 

13th 

14th 

15th 

16th 

1 7th 

18th 

19th 

2 0th 

21st 

22nd 

23rd 

24th 

25th 

26th 

Close collet . . . .  

Retract No. 3 . . .  

Advance No, 1 . , 

Advance headstock 

Dwell 0 • • • • • • 

Retract No, 1 , , , 

Retract No, 1 • . •  

Advance headstock 

Advance headstock 

Dwell • 0 • •  0 • • •  

Retract No, 1 . •  , 

Advance headstock 

Dwell ' • • • • •  0 

Retract No. 1 • . •  

Approach No, 4 

Advance headstock 
(recess cp 1 .50) , 

Dwell • • • • •  0 .  

Retract headstock 

Retract No, 4 , , , 

Approach reces-
sing-attachment 
tool . . . . .  0 .  

Recess cp 1 mm • •  . 
Dwell . . . . . . .  

Retract recessing-
attachment tool 

Advance headstock 

Advance No, 2 , . 

= 6 .6 mm 

-
1 .175 +  0.1 + 
+ 0.5 = 1 .775 

1 .1 7 5 +  0,5 -
- 0.26 = 1.415 

0.1 + 0.645 = 
= 0.745 

-

0 .88 - 0.52 
= n � 

= 0.18 

0 .06 l 
0.06 f 
0.04 

-
0.25 

0,30 

-

0,925 

0.925 

0.25 

-
0,25 

0.925 

-

0.4 

-

-
0,97 + 1 .1 -

- 0.1 = 1 .97 
0.4 

.s " § 0 
0.. ., 0 .;:; > � 6 0 "' 

6 u � "' "' 
u 0! -8 

- -

3 19 .8 

- -
1 1 .775 

1 0  14.15 

3 2.285 

- -

1 0  1.8  

1 0  0,6 
3 0.18 

3 0.12 

- -

1 0  2.5 

3 0,9 

- -

1 0  9.25 

2 1 .85  

3 0.75 

- -

3 0,75 

2 1 .85  

- -
1 0.4 

- -

- -
3 5.91 

10 4 

1 43 

00 " "' ;:;< :0 0 " ·o. :. ..... <:! � " 0 0 0 "' ·� ., ·g o.. 5 ..0 ] 0 6 0 
<l) > " > "" � z � 

-

- -

- -

- -

- -

0.008 93 

- -
- -

0,005 12 
- (12) 

0.005 8 

- -

- -

0 .015 20 

- -

- -

- -

0.020 12 

- -

- -

- -

- -

0,020 20 

- -

- -
- -

- -

Cam rotation, 
degrees, for 

I 00 " "' > ·c: 0 
E 6 c: u "' "' � <l) 6 6 

- 1 0  

- 12 

- 1 5  

- ( 9) 

- 9 

33 -

- 2 

- 3 

5 -

(5) -
4 -

- 2 

- 3 

7 -

- 2 

- 6 

- (4) 

5 -

- 2 

- 3 

- 3 

- (7) 

7 -

- 2 

- 3 

- 5 

- (4) 

Setup calculation 
Sheet A -2 

Camshaft posi-
tion, degrees 

6 0 .::: B 

0 1 0  

10 22 

22 37 

37 46 

37 46 

46 79 

79 81 

81 84 

84 89 
84 89 

89 93 

93 95 

95 98 

98 105 

1 05 107 

1 07 113 

1 09 113 

113 118 

1 18 120 

120 123 

123 126 

119 126 

126 133 

133 135 

135 138 

1 38 143 

1 38 143 



Sheet A-2 (cont'd) 

Part No. Part name Material Cutting speed 

K-26-8 Central pinion U7AV steel 37 m/min 

Cam lever Headstock Rocker 
Tools Nos 3, Spindle rpm 5550 

ratio 4, 5 

1 0 : 1  
1 : 1  2 : 1  

Production rate 
5.7 pieces 

3 : 1  
2 : 1  per minute 

Device for frontal plunging with lever ann ratio 1 : 1  

1 44 



Cl 
.g "' OJ P.. 0 ..... 0 
� " "0 
0 

27th 

28th 

29th 

30th 

31st 

32nd 

33rd 

34th 

35th 

36th 

37th 

38th 

39th 

40th 

41st 

42nd 

43rd 

44th 

45th 

46th 

47th 

48th 

49th 

50th 

Designation of 
operations 

Advance No. 2 . •  

D\vell 
• 0 • •  0 • •  

Advance headstocl< 

Advance headstock 
Advance No. 2 . .  

Advance No. 2 . .  

Dwell . • • . • • • .  

Advance headstock 

Advance headstock 
Advance No. 2 ' . 

Advance No. 2 . ' 

Dwell • • • •  0 .  0 

Advance headstock 
Advance No. 2 . .  

Dwell • • • • • 0 0 

Retract No.  2 • • .  

Approach No, 5 • •  

Plunge No. 5 . . .  

Dwell • • • • •  • • • 

Retract No. 5 • • •  

Approach No. 2 

Advance No. 2 • •  

Advance headstock 

Advance headstock 

Retract No. 2 • . •  

Retract headstock 

Approach No, 3 . •  

Advance headstock 
Advance No. 3 • •  

T o t a l  . . .  

Headstock 
and tool 

travel 

2 .35
+ 0 1 -

2 
• 

1 . 00 - -
2
- = 0.775 

-

1 .450- 0.97-
- 0.05 = 0.430 

0 , 05 l 
0 . 05 J 

0 .90 - 0 .67 
2 

= 0 .115 

-

2 .33 - 1 .85 -
- 0.05 = 0.43 

0 .05 l 
0. 05 f 
0.04 

-

1 .26 
0 . 02 5  

-

1 

1 .445 

0 .015 

-

1 .460 

1 

0 . 025 
1 .195 

0 .38 

1 .455 

0.43 + 0 ,48 = 
= 0,91 

1 .405 

0 .60  l 
0.37 J 
-

.s 
� 
v > � 
E "' u 

1 0  

-

3 

3 
10  

10  

-

3 

3 
1 0  

1 0  

-

3 

-

1 0  

2 

2 

-

2 

-

3 

3 

1 0  

3 

1 

3 
1 

-

661 X 360 . � = revolutiOns 

Sheet A -2 (com' d) 

"" " Cam rotation, Camshaft posi-" � " :0 15 degrees, for tion, degrees 0 .s � P.. fii' ._ '" ' 8 " 0 tJ) 'J -o � 0 
.g " > 

E "' ·� 0 '" 0 15 "' P.. � .0 "' E E -o - E 0 \'! "' (.) � � " 
� .s  "' > (.) � (j i3 u.. � z 8 "' E .::: 3 E 

7 . 75 0 .010 78 28 - 143 171 

- - - - 2 1 7 1  173  

1 .290 0,015 29 1 0  - 1 7 3  183 

0 .15 - - - - - -
0.5  0.005 1 0  4 - 183 187 

1 .15  0.008 . 15  6 - 187 1 93 

- - - - 2 193 1 95 

1 .29 0 .015 28 1 0  - 195 2 05 

0.15 - - (4) - 205 209 
0 .5 0 .005 10  4 - 2 05 2 09 

0,4 0 ,003 13  5 - 209 214 

- - - - 2 214 216 

3 .78 0 .012 110  40 - 216 256 

Turning cones of small slope 

- - - - 2 256 258 

10 - - - 6 258 264 

2 .89 - - - (6) 258 264 

0,03 0 .005 5 3 - 2 64 267 

- - - - 2 267  269 

2 .92 - - - 3 269 272 

- - - - (6) 269 272 

T urning cones of small slope 
3 .585 

1 .14 

2 .91 

-

1 .405 

1 .80 
0 .37 

-

1 4 5  

0.012 1 00 37  - 272 309 

0 .01 38 1 3  - 309 322 

- - - 1 0  322 332 

- - - 3 322 335 

- - - 3 335 338 

0 .010 60  22  - 338 360 
- (60) - - 338 360 

- 661 243 1 1 7  - 360 

P d . A 5550 
5 

. . ro uctLOn rate = 980 = .7 p1eces per mmute 



Setup calculation 
Sheet A-3 

Part No. 

K-26-12 

Cam lever 
ratio 

Headstock 

2 : 1  

Part name 

Cannon pinion 

Rocker Tool No. 4  

3 : 1  2 : 1 

1 46  

Material Cutting speed 

UlOA 33 m/min 

No.5  Spindle rpm 5000 

2 : 1  Production rate 6 .4 pieces 
per minute 



§ ';::J "' 
& 0 

..... 0 
� '0 0 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

l O th 

11th 

12th 

13th 

14th 

15th 

16th 

17th 

18th 

19th 

2 0th 

21st 

22nd 

23rd 

24th 

25th 

D esignation of 
operations 

Rel ease coll et . .  

Retract headstock 

Close coll et . . . 

Retract No, 2 . . 

Approach center-
ing tool . . • . .  

Advance headstock 

Dwell . . . . . . .  

Retract headstock 

Retract centering 
tool 0 • • • • • •  

Switch-attachment 
to dril l spindl e  . 

Approach drill . .  

Approach No. 1 

Advance headstock 

Retract No. 1 . . .  

Retract No. 1 . . .  

Advance headstock 

Dwell . . . . . . . 

Retract No. 1 . . .  

Advance headstock 

Dwell . . . . . . .  

Retract No, 1 . .  , 

Retract No. 1 . .  , . 

Advance headstock 

Retract No. 1 . , . 

Approach No. 5 . 

Headstock 
and tool 

travel 

-

2.65 + 0.8 = 
= 3.45 

-

2 . 05 

-

0 . 1 + 0.2 = 
= 0.3 

-

0.3 

-

-

-

0 .5+  1 .05 -
- 0.185 = 
= 1 .365 

O ,H 0 .1 5 •  1 
= 0.25 

0 .1 +  0.15 = 
= 0.25 

0 .005 r 
0,28 

-

0.065 

1 .45 

-

2 .1-1 .01- 0 .2 
2 . 0  

= 0.445 

0.1 } o.1 

0.50 

2 .10 - 1 .01 
2 

+ 

+ 0.4 = 0,945 

0 ';::J c 
� 0 

0. � 0 Q) > .{:l � s i5 "' u s .� 1J "' 
u e>: � 

- -

2 : 1  6.90 

- -

3 : 1  6 .15 

- -

2 : 1  0.6 

- -

- -

- -

- -

- -

3: 1 4.095 

2 : 1  0.50 

3 : 1  0.75 

3 : 1  0.015 

2 : 1  0.56 

- -

3 : 1  0.195 

2 : 1  2.9 

- -

3 : 1  1 .335 

3 : 1  0,3 

2 : 1  0,20 

3 : 1  1 .50 

2 : 1  1 .890 

1 47  

gp Q) ;:;l :0 15 c 
·� c::= 

:. ..... � 0 � 0 .8 Q) ·� � o. j:l  .0 .B ., �  
� � s 0 => > 

u.. 1l z 1l 
- -

- -

- -

- -

- -

0 .010 30 

- -

- -

- -

- -

- -

- -

0.008 30 

0,008 (30) 

- 57 

0,005 57 

- -

- -

0,015 1 0 0  

- -

0,008 55 

0 ,01 0  1 0  

- -

- -

- -

Cam rotation, 
degrees, for 

"" I Q) c > '8 0 :8 s l:! u Q) "' :§ Q) s s 
- 1 0  

- 8 

- 1 5  

- 6 

- (6) 

12 -

- 2 

- 3 

- 1 0  

- 2 0  

- 1 0  

- (6) 

12 -

- -

(25) -

25 -

- 2 

- 3 

43 

- 2 

25 -

5 -

(5) -

- 3 

- (3) 

Setup calculation 
Sheet A-3 

Camshaft posi-
tion, degrees 

s 0 .):: 8 
0 1 0  

1 0  1 8  

1 8  33 

33 39 

33 39 

39 51 

51 53 

53 56 

56 66 

66 86 

86 96 

9 0  96 

96 1 08 

96 1 08 

108 133 

1 08 133 

133 135 

135 138 

138 181 

181 183 

183 2 08 

2 08 213 

2 08 213 

213 216 

213 216 



Sheet A-3 (com' d) 

Part No, Part name Material Cutting speed 

K-26-12 Cannon pinion U10A 33 m/min 

Headstock Rocker Tool No. 4 No 5 Spindle rpm 5000 

Cam lever 
ratio 

2 : 1  3 : 1  2 : 1  2 : 1  Production rate 
6 ,4 pieces 
per minute 

���i 1-o._. 8_5 -t-4-o._. 45 lrZr N"S 

1 4 8  



Cam rotation, 
degrees, for 

Designation of 
operations 

26th Plunge No. 5 • • •  

27th Dwell . • • . • . •  

28th Retract No. 5 • • •  

29th Approach No. 4 

Headstock 
and tool 

travel 

0,230 

1 ,175 

0,945 

30th Plunge No, 4 • • • 0.1 + 0.025 = 
= 0.125 

31st Dwell • • • . • • • -

32nd Retract No . 4  , • • 1 .070 

33rd Advance headstock 1 .27 

34th Approach No. 2 0.50 

35th Advance headstock 0.1 l 
36th Advance No, 2 • • 0,1 f 
37th Advance No, 2 • • 1.45 

T o t a l . . . . .  

6 "' 
u 

0.46 

2.35 

2: 1 1.890 

2 0,35 

2,14 

2,54 

1 .50 

0,2 

0.3 

4.35 

0,005 43 

0.008 15 

0.005 20 

0.008 180 

540 

bO .s " :E tJ "' 6 
18  

10  

10  

(10) 

87 

247" 

540 X 360 
n = 

247 
= 790 revolutions per piece 

Production rate A =  5000: 790= 6 .4 pieces per minute 

Approach drill . . . 

Dwell . . . . . . .  . 

Advance drill . , , 0.85 1: 1 0.85 112 

Retract drill . . . .  

1 4 9  

2 

3 

3 

2 

2 

4 

3 

113° 

10 

10 

12 

Sheet A-3 (cont'd) 

Camshaft posi­
tion, degrees 

6 
� 8 
216 

234 

236 

239 

242 

252 

254 

256 

260 

263 

263 

273 

86 

96 

106 

218 

234 

236 

239 

242 

252 

254 

256 

260 

263 

273 

273 

360 

360" 

96 

106 

218 

230 



Cam marking and manufacture. Cam s are marked in a special device 
(Figure 3 3 ). The cam is held on the vertical mandrel of the circular table ( 1 ) . 
of the device .  

The c am is center-punched along the outer profile by  the c enter punch (2  ), 
mounted in the bracket ( 3 )  of the plunger (4 ) .  The plunger can move in the 
radial direction, and the value of its displacement is measured on the scale 
( 5  ) .  The idle-movement curves are laid out by means of  the template ( 6  ) . 

FIGURE 33. Device for cam layout 

Cams are manufactured in three operations . The first operation con­
s ists in the drilling of holes along the layout contour and the removal of the 
excess metal . The s econd operation is the milling of the cam in a special 
machine with an allowance of  0 . 3 - 0 .4  mm.  The third operation involves 
bringing the cam to shape on a special machine':' . 

The c am radii are measured in a device with a built-in indicator .  Actual­
ly, the differences between the two radii corresponding to the beginning and 
the end of a curve are measured, and not the radii thems elves . A s  this dif­
ference is equal to the rise or drop on the cam , it must be very accurate, 
any inaccuracy in the m anufacture of the cam profile being transferred to 
the p roduct. 

The smallest radii on the cam , if extending over considerable angles of 
rotation, are reduced by 1 mm relative to their c alculated value, so that the 
follower will not touch the cam when passing through the arc of this radius,  
its lever being supported on a correspondingly adjusted special stop.  

This also  m akes it possible to prevent the follower from falling into the 
ass emblv slots on the cams for tools Nos 3, 4, 5, 

• See illustrated catalogue of Glavchasprom MM and P. 

1 50 



TOOLS AND ATTACHMENTS 

The specified high accuracy of geometrical shap e  and high surface-finish 
quality are achieved by virtue of the accuracy of the s crew machine itself 
and by the us e of high-quality tools and attachments . 

Tools and implements used with Swiss - type automatic screw machines 
include p rismatic tools with carbide ins erts , twis t drills (left-hand ), chaser  
dies and taps ,  slotting cutters , and chucking collets . 

Tools . The tools must s atisfy rigid requirements relative to the surface 
quality of the cutting edges and the stri ct paralleleity and perpendicularity 
of the tool - s hank planes . The dimensions and shapes of tools Nos 1 and 2 
are given in Table 1 6 .  

The dimension C i s  specified in the tool order.  

TABLE 1 6  

Dimensions and shape o f  tools Nos 1 and 2, mm 

Section 1111 
Section 

!Ill 4040  ����� 

A B L A B L 

6 6 80 10 1 0  1 00  

8 1 2  100 1 0  1 6  1 00  

The cutting edges of the tools are brought to a class 10 o r  11 surface ­
finish quality on S- 1 94 m achines using boron carbide powders and diamond 
disks (see Chapter IX) .  The tool edges are first ground by boron carbide · 
and then polished on a diamond disk. The grinding gives the tool edges a 
dull surface which influences negatively the chip flow and favors heating of 
the tip . The m aximum blunting allowed on edges of journal- turning tools 
is r = 0 . 0 1  mm,  and therefore  the carbide tip must be of  fine- grained s truc ­
ture ( 3 . 5  to 5 11 grain size ) .  Carbide tips are  made  of  VK6 - VK8 alloy (tung­
s ten- cobalt ) and are brazed to the shank using a copper s older.  

The tool shank has strictly parallel and p e rpendicular edges which en­
sure the correct positioning of the tool in the slide. The width of the cut-off 

1 5 1  



tool is especially important . The chips removed by the cut-off tool in 
the manufacture of certain watch parts constitute 140  to 1 8 0 %  of the 
part weight. The cut- off tool width must consequently be reduced to a min­
imum , but this reduction must not increas e the tool vibrations , as this 
would impair the surface quality of the part. Recommended cut- off tool 
widths are given in Table 1 7 .  

TABLE 17 

Cut-off tool widths 

Tool width, mm 
Bar stock diameter, mm 

steel brass 

Up to 2 0 .7 0 .7 
2 .1 - 4  0.9 0,8 
4.1 - 6 1 .1 0.9 
6 ,1 - 8 1 ,2 1 .0 
8 . 1- 10  1 .5 1 .2 

Collets . The dim ensions and shape of the collets us ed in the Swiss - type 
automatic s crew machines a re given in Table 1 8 .  The collets are made of 
U8A steel .  Requirements relative to the collet include the correct gripping 
of the bar or tool and concentricity of the hole with the outer guide surfaces ; 
the closing cone and the cylindrical surface .  A ccording to specifications , 
the run- out on thes e surfaces must not exceed 0 . 0 1  mm . Run- out is checked 
at a dis tance of 5 - 1 0  mm from the collet grip by means of a mandrel held 
in the collet .  

TABLE 18  

Dimensions and shape of  collets for Swiss-type automatics, mm 

Machine let-
D D, v, D, d, l I, l, I, L a• through( max . 

bar diameter) 

12 8 8 7.5 5 21 8 6 3 5  4 1  1 5  4 mm 

1 6  10  1 0  9.5 7 35.5 1 0  7 5.5 47.5 1 5  6 .. 

19  13 13 12.6 9.5 45 1 8  10  6 64 15 8 " 

21 1 4.5 15 1 4.5 1 0.5 45 18 1 0  6 64 !5 10 " 

Notes : 1 .  Admissible radial run-out for d,  0,010 mm. 
2. Dimensions d. 14• D4, m to be taken from tables. 
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The diameter of the collet hole is equal to the nominal diameter of the 
bar with the tolerance of class 2 accuracy suitable for a close running 
fit . The use of collets having slightly different dimensions is not recom ­
mended as an additional run- out appears as a result of the incorrect grip ­
ping of the bar stock and the collet rapidly loses its sp ring p roperties . The 
collet has brazed carbide inserts which increas e its durability 4 - 5  tim es . 
Collets with carbide inserts are slotted by means of diamond cutting disks . 

Twist  drills . Left- hand twist  drills are used on Swiss -type automatics .  
The types and dimens ions of the twist  drills most frequently use d  i n  watch 
p roduction are given in Tables 1 9  and 2 0 .  

TABLE 19 

Dimensions of straight-shank twist drills with 
ground flutes, mm 

Drill diameter 
nominal di- I L 

tolerance 
Inension 

0.025-0.30 -0.008 3 1 8  

0.32-0.40 -0.0 1 0  4 20 

0.42-0.50 -0.010 5 22 

0.52-0.60 -0.01 0 6 24 

0.62-0.70 - 0.01 2 7 26 

0.72 - 0.80 -0.01 2  8 28 

0.82- 1 .00 -0.0 1 2  1 0  30 

TABLE 20 

Dimensions of twist drills with ground flutes and 
oversize straight shanks, mm 

Drill diameter 
nominal di- I L 

Inension 
tolerance 

0. 1 0-0.20 - 0.006 1 .5 - 2.5 1 5  

0.2 1 -0.30 -0.008 2.5-3 1 5  

0.32-0.40 - 0.0 1 0  4 1 8  

0.42- 0.50 -0.0 1 0  5 20 

0.52-0.60 - 0.0 1 0  6 22 

0.62-0.70 -0.01 2  7 24 

0.72-0.80 - 0.012 7 24 

0.82 - 1 .00 - 0.012 10 28 

Drills with ove rs ized shanks make it poss ible to reduce the number of 
collet dimensions . Because of the small diameters of the drills , the helical 
flutes , having a particular contour, are ground from the hardened blank / 1 2 /  

The tolerance o n  the working diameter is  according t o  accuracy class 
2 a':' of GOST 3 04 7 - 54 .  The drills are made of type R18  high-speed steel 
with a hardness Rc= 59 to 6 2 .  

U 1 0A - U 1 2A steel i s  not us ed for drills as the drills are heated by the 
grinding wheel (when the flutes are ground) ,  and this would cons iderably 
reduce the hardness of drills made of these steels . 

Taps . Watch m echanisms us e right- hand, and sometimes left- hand, 
threads of diameters from 0 . 3  to 2 . 6  mm. The thread-profile angle is 50°, 
for threads of 0 . 3 - 0 . 9  mm diam eter, according to GOST 3 1 96 - 4 6 ,  and 6 0° 
for watch th,reads of larger diameters , according to GOST 72 1 7 .  The 50° 
p rofile has several advantages over the generally used 6 0° p rofile for small 
diameters . The s trength of the thread increases as a result of the increas e 

• [A 1st accuracy class fit corresponds to an extra fine fit, a 2nd accuracy class fit to a fine fit, a 3rd accuracy 
class fit to a plain fit, and a 4th accuracy class fit to a rough fit. ] 
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in its depth and the thread wear rate decreas es as a result of the increas e 
in the flank area.  A mong the sho rtcomings of 50° threads is a certain 
weakening of the s crew or tap body as a result of the decreas e in the root 
diam ete r .  

The over-all length and the threading length of the taps used fo r thread­
ing 0 . 3 - 0 . 9  mm diameter threads are different from thos e  generally ac­
cepted (see  Table 2 1  ) .  

TABLE 2 1  TABLE 22 

Dimensions and shape of triangular taps, mm Dimensions of three-flute taps, 111111 

d $ L I I, f d $ L I I, f 

0.3 0.075 1 6.8 2.6 0.5 0.1 

0.35 0 .075 1 6.8 2.6 0.5 0 . 1 2  
I 0.25 27.7 8 1 .5 2 

0.40 0.100 18.8 3 5  0.6 0. 1 5  1 .2 0.25 27.7 8 1 .5 2 

0.45 0. 1 00  18.8 3.5 0.6 0.17 1 .4 0.30 30 1 0  1 .75 2 
0.50 0 . 1 25 20.9 4 0.75 0.2 

0.55 G. l25 20.9 4 0.75 0.22 
1 .7 0.35 32 1 2  2 2 

0.60 0. 1 50 20.9 5 0.85 0.25 
2.0 0.40 35 1 4  2.3 3 

0.70 0. 1 75 20.9 6 I 0.25 2.3 0.40 35 1 4  2.3 3 

0.80 0.200 23.0 7 1 .2 0.30 2.6 0.45 38 1 6  2.5 3 
0.90 0.225 23.0 7 1 .3 0.30 

Triangular taps track reliably into the hole ,  have a s mall cutting-lip 
width, and are stronger  than taps of the usual shap e .  Their shortcoming 
lies in their large negative rake angles , as much as 4 0° at the m ajor  dia­
meter, and 7 0° at the minor diameter.  Cutting is replaced to a consider­
able extent by s craping when these  taps are used, and this requires an ad­
ditional effort.  

Triangular taps have insufficient clearances for chip removal and s uch 
taps are therefore not used for threading holes of a diam eter larger than 
1 mm in brass and steel , nor holes with a depth greater than 1 . 5d .  

Three-flute taps are us ed for threads of diameter larger than 1 . 0  mm and 
depth more than 1 . 5d .  The dimensions of thes e taps are given in Table 2 2 .  

The three -flute taps have zero rake angles and this gives considerably 
improved cutting conditions as compared with the triangular tap s .  

The flutes als o  provide sufficient chip space . 
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The body s ection of three-flute taps is somewhat weakened and it is more 
difficult to mill the flutes in these  taps than in the triangular taps . Three­
flute taps are made from U 1 OA - Ul2A s teel .  

Chaser dies . Three standard types o f  chaser dies are us ed i n  watch 
production: round , nonadjustable ,  thread-forming tools without chip spaces 
for cutting threads of 0 . 3 - 1 .2 mm diameter; tubular adjustable chasing dies 
with chip spaces for cutting threads of 0 . 3 - 1 .  7 mm diameter; and round, 
nonadjustable dies with chip spaces for cutting threads of 1 . 0  to 2 . 6  mm dia­
meter. 

The round,nonadjustable dies without chip spaces are flat disks with 
tapped holes (see Table 2 3 ). 

TABLE 23 TABLE 24 

Dimensions of round dies without chip spaces, mm Dimensions of tubular dies, m m  

11 s /1 d s /1 d a D I d s D 

0.3 O.D75 0.35 0.60 0. 150 0.60 
0.35 O.D75 0.35 0.70 0.175 0.60 
0.40 0. 1 00 0.35 0.8 0.200 0.60 
0.45 . 0.100 0.35 0.9 0.225 0.70 
0.50 0. 1 25 0.40 1 .0 0.250 0.90 
0.55 0. 1 25 0.40 1 .2 0.250 0.90 

0,30 0,075 0.5 0.70 0.175 

0.35 0,075 0.5 0.80 0,200 6 
0.40 0.100 0.5 0.90 0.225 
0,45 0.100 5 0.5 1 .00 0.250 
0.50 0. 1 25 0.5 1 .2 0.250 6.5 
0.55 0, 125 I 1 .4 0,300 
0.60 0,150 1 1 .7 0,350 

l 

I 

1.4 
1.4 
1.4 
1.6 
1 .6 
2 

The die hole is chamfered at both ends and its thickness must not exceed 
three thread pitches . The depth of the chamfer is 0 . 7 5 s  and the cutting and 
calibrating portions of the die are equal in length. 

An increase in the thickness of the die leads to the s wift wors ening of the 
threading conditions,  to jamming of the part in the die and to breaking off 
of the part. 

A notch is cut on the end plane of the die to ameliorate the conditions of 
thread formation. The s ervice life of thes e dies is not long (400 to 600  
threads ), but their manufacture is simple . The blanks for them are stamped 
from a s trip . 

The tubular, adjustable dies are mainly used for threading in specialized 
automatic machines . Their dimensions are given in Table 24 .  

Tubular dies have three cutting lips with positive rake angles . The 
threads are cut, and not formed as by the first type of die . The dies are 
adjustable ,  which is particularly important when the mechanical properties 
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of  the bar stock are not uniform . When the lips dull they can be res harpened 
by grinding the faces ,  and if the part being threaded breaks it can be re­
moved from the die by removing the adjusting ring and forcing the lips apart. 
A die without chip spaces must  be dis carded in such a cas e .  The s ervice 
life of tubular chasing dies is 5 - 6  times longer than that of the forming dies , 
but their production requires s everal tim es more labor and mate rials . The 
adjustable chasing dies are better than the forming dies for use in mass 
p ro duction . 

Round die s ,  nonadjustable but with chip spaces ,  are us ed for cutting 
threads of 1 mm diameter and larger. Their advantage relative to the dies 
without chip spaces lies in the pres ence of three cutting faces with positive 
rake angles and with windows for chip removal (see Table 2 5 ) . 

TABLE 25  

Dimensions of round dies, mm 

d s " 

0.25 2.0 
1 .2 0,25 2.0 
1 .4 0.30 2.5 

1 .7 0.35 2.5 
2.0 0.40 3.0 

2.3 0.40 3.0 
2.6 0.45 3.0 

Round dies with chip spaces are more expensive to p roduce than are 
those without chip spaces; however, they can be resharpened by grinding 
the cutting faces . The dies are manufactured from U 1 2A and 9KhS, steels . 

Slotting cutters . Table 2 6 gives the dimensions of the slotting cutters , 
made of U 1 0A ,  U 1 2A ,  9KhS steels ,  used for slotting s crew heads and cutting 
small  slots in bushings and other parts . 

Measuring instruments . The outer diameters and l engths of the machined 
parts are measured by micrometers of special design .  Dim ensions with 
tolerances of 0 . 02 mm and larger are measured by the horizontal L- 2 3  mi­
crometer with divisions of 0 . 0 1  mm on the barrel and range from 0 to  15  mm 
(Figure 34 ) .  

Dimensions with tolerances between 0 . 003 and 0 . 03 mm are measured by 
me ans of the combined instrum er.t K - 6 ,  consisting of an indicator with s cale 
divisions of 0 . 0 0 1  mm and range ± 0 . 0 3  mm,  and a micrometer head with 
scale divisions of 0 . 0 1  mm,  and range 0 to 1 0 mm (Figure 3 5 ) . 

1 5 6  



The indicator and the micrometer are mounted on the s ame bas e .  The 
micrometer s erves for establishing the nominal dimension (length or dia­
meter ), and the indicator for measuring within the tolerance range . The 
convenience of this instrument lies in the fact that dim ensions from 0 to 
1 0  mm can be m easured on it to a high degree of accuracy. 

d 
D 

nom. toler-
ina! a nee 

1 2-0.24 5 +0.01 3  

16_0.24 5 +0.013  

TABLE 26 

Dimensions of  slotting cutters, mm 

b 
nom· toler-
ina! a nee 

0. 1 0  +0.01 
0. 12  +O.OI 
0. 15  +0.01 5 
0 . 18  -t O.DI5 
0.20 + 0.01 5 

0. 15  +0.015  
0.18 +0.015 
0.2(; + 0.02 
0.25 + 0.02 
0.30 +0.02 

0.35 + 0.02 
0.40 +0.02 
0.45 +0.02 
0.50 +0.02 
0.60 +0.02 

I 
• r 

56 0.1 

64 0.1 

56 0.2 

For b•aJ 
Type II 

a 
D 

nom toler-
ina! a nee 

20_0.28 6 +0.013  

24-0.28 8 +0.016 

30_0.28 8 +0.016 

b 
% r 

nom toler-
ina! a nee 

0. 15 +0.015 
0.20 + 0.02 70 0.1 
0.30 +0.02 
0.40 +0.02 
0.50 +0.02 64 0.2 
0.60 +0.02 

0.30 +0.02 80 0. 1  0.40 + 0.02 

0.50 +0.02 
0.60 +0.02 70 0.2 

0.30 +0.02 80 0. 1 0.40 +0.02 

0.50 +0.02 800,2 0.60 +0.02 

FIGURE 34. Horizontal micrometer with scale 
divisions of 0.01 mm, and range of 0 to 15 mm 

fiGURE 35. K-6 instrument with indicator scale 
divisions of 0.001 mm, and micrometer scale di­
visions of 0.01 mm 
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Internal diameters are measured by means of plug gages . A set of such 
gages ,  with intervals of 0 . 002 5 mm between them, s erve for measuring 
holes with diameters between 0 . 05 and 0 . 3  mm . The accuracy of these gages 
is ± 0. 0005 mm. The gage ( 1 )  is inserted in the bushing (2 )  and is supported 
in the handle ( 3 )  (Figure 36  ) .  

FIGURE 3 6 .  ?lug gage : FIGURE 37. Set of gages (1 00 pieces) 

1-gage; 2-bushing; 3-handle, 

The gage diameter is written on the handle in hundredths of a milli- ­
meter (a gage o f  0 . 2 5 5 0 mm diameter i s  designed 2 5 . 5 0 ). The gages are 
arranged in s ets of 1 00 (Figure 3 7 ) . The gages can serve as standards when 
adjusting indicators and micrometers for relative measurements . 

Ring and plug thread gages are us ed for checking external and internal 
threads , respectively. 

The surface-finish quality of machined parts is determined, under plant 
conditions , by m eans of a microscope with a magnification of 1 6X to 32X. 
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C h a p t e r  V 

MILLING THE TEETH OF GEA R  WHEELS, 
PINIONS, AND CLUTCHES 

Toothed transmissions in pocket- and wris twatches transmit mom ent 
from the mainspring to the balance and balance spring sys tem , rotation 
from the es cape wheel to the hands , and force from the human hand to the 
winding m echanism for periodically winding the mainspring. 

The trans miss ion ratio between the barrel arbor and the escape wheel 
can be as much as 1 : 5400 ,  and the amount of energy s to red in the wound 
mainspring is s mall . The moment transmitted to the escape wheel is there­
fore very small :  in the case of the "Zarya " brand of ladies '  wristwatches 
the moment transmitted to the escape wheel is M mln = 0 . 0 3 0  gmm .  

The gear transmissions in watches must, therefore,  have a high effi­
ciency; that is , the friction losses both between the m eshing teeth and in the 
bearings must be at a minimum . In order to reduce the dimensions of 
watches , gear modules of  0 . 0 7 - 0 . 3 0  mm and driven wheels (pinions ) hav­
ing 6 - 1 2  teeth are us ed.  

These  basic requirements are the determining factors which lead to the 
use in watches of a modified cycloidal gear-tooth form, which we will refer 
to as "w a t c h  g e a r i n g" .  

T h e  t o o t h c o n t o u r  o f  t h e  w h e e l s  a n d  p i n i o n s  o f  w a t c h  
m e c h a n i s m s  can ,  however, have an epicycloidal , hypocycloidal or 
involute form . 

The epicycloid curve is generated by rolling a generating circle I on a 
base circle II,  the center of the generating circle lying outside the bas e 
circle (Figure 1 ,  a ) .  Any point A on the rolling circle des cribes an epi­
cycloidal arc 01 A . 

The hypocycloid curve is generated by rolling a generating circle II on 
a base circle I ,  the center of the generating circle lying inside the bas e 
circle (Figure 1 ,b ) .  Any point A on  the rolling circle des cribes a hypo­
cycloidal arc 01A . 

In the particular case ,  when the radius of the generating circle is equal 
to half the radius of the bas e circle, the hypocycloid reduces to a straight 
line directed along a bas e circle radius . 

The involute curve is generated by rolling a s traight line on a bas e circle 
(Figure l, , c ) . The point A on the line describes an involute arc 01A . 

In cycloidal gearing the tooth face is cons tituted by an epicycloidal arc, 
and the tooth flank is a straight radial line (Figure 2 ) .  In involute gearing 
both the face and the flank are formed by a s ingle involute curve . 

The difference between watch gearing and ordinary cycloidal gearing is 
that in watch gearing the epicycloids are replaced by circular arcs . The 
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circular arc s elected is s imilar to the epicycloid (Figure 3 )  in the case of 
gear wheels ,  and differs considerably from it in pinions (Figure 4 ) .  

The tooth tip form A is a s emicircle o f  radius equal to half the tooth thick­
nes s .  The form C consists of circular arcs of radius equal to the tooth 
thicknes s .  Form B consis ts o f  circular arcs o f  radius equal to 2 / 3  the 
tooth thickness .  Form A is used relatively rarely and then for pinions with 
more than 1 2  teeth. Form C is used for pinions with 6 or 7 teeth and is 
called the ogival full - depth tooth form . Form B is widely us ed for pinions 
with z > 7  and is called the ogival stub - tooth form . 

Oz 
b 

FIGURE 1. Generating tooth forms : 

a-epicycloidal; b-hypocycloidal; c-involute. 

FIGURE 2. Cycloidal gearing 

c 

The reason for the replacement of the epicycloids by circular arcs in 
gear-wheel teeth lies in the difficulty of producing milling cutters of epicy­
cloidal contour.  
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In the case of pinion teeth the main reason for the replacem ent of the 
epicycloid is the need to reduce the angle of approach, which in turn makes 
it possible to inc reas e the efficiency of the gear transmission.  

FIGURE' 3 .  Replacement of  the epicycloidal arc by a 
circular arc 

II 8 

FIGURE 4. Profiles of pinion teeth tips 

The line of action of a m eshed pair is the locus of the points of contact 
of the two meshing contours on a given plane . 

In the case of involute teeth the line of action is the straight line passing 
through the pitch point P and tangent to the two base circles (Figure 5, a ) .  

The s egment A B  is the active portion of  the line o f  action . 
In the case of cycloidal tooth contours the line of action cons ists of two 

arcs of the generating circles A P  + PB , meeting at the pitch point P (Fig­
ure 5 ,  b ) .  

The follower face and the driver flank are  in  action till the line of  centers 
01 02 is reached, while the driver face and the follower flank are in action 
beyond the line of centers . 

The augles through which the driver and follower teeth move from the 
beginning of their contact to the line of centers are called t h e  a n g l e s  o f  a p ­
p r o  a c h ,  while the angles from the line of centers to the end of contact are t h e 
a n g l e s  o f  r e c e s s i o n . In the case of cycloidal gearing the angles of 
approach are cx1 and ctz and the angles of recession are �1 and �z (Figure 5 ,  b ) .  
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The sum of the angles of approach and recession for each wheel must be 

equal to or larger than its angular pitch: IX + p > 3�00 , where z is  the 

number of teeth on the wheel . 
The values of the angles of approach and recession fo r the basic gear 

pairs of watch mechanis ms are given in Table 1 .  If thes e gear pairs had 
teeth with involute contours ,  the angles of approach would have been be­
tween 2 0  to  25 ° .  The advantage of the watch gearing over involute tooth 
form gearing is clear considering the fact that the friction losses decrease 
with decreas ed angle of approach. 

b 

FIGURE 5. Line of action : 

a-involute profiles; b-cycloidal profiles. 

TABLE 1 

Angles of approach and recession in watch gearing ( shortened) 

Number ofteeth : Angular pitch Angle of Angle of Pinion tooth form 
lvheel- zw: of pinion approach recession (ace. to Fig.4) 
pinion- zp 

Zw = 60 
Zp = 6  

60° 17°44'13" 42" 1 5'47" c 

Zw = 70 5 1  °25'43" 1 1°30'28" 39°55' 1 5" c 
Zp = 7  

Zw = 60 
Zp = 8 

45° 7°23'40" 37°36'20" B 

Z w= 64 45° 7°17'30" 37°42'30" B 
Zp = 8  

Zw = 80 45° 6°59'5" 38°0'55" B 
Zp = 8  

Zw= 75 360 1 °20'7" 340S9'53" B 
Z p = 1 0  

Zw= 80 36° 1° 14 ' 1 2" 34°45°48" B 
Z p = 10 
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In watch gearing the line of action will deviate from the theoretical 
curve AB ( Figure 5, b )  at those s ections where the circular arcs do not 
coincide with the epicycloids . This deviation disturbs the trans mission 
ratio of the meshing pairs (within the limits of one pitch ), and in consequence 
the moment transmitted is altered and the accuracy is disturbed .  This is 
the main shortcoming of watch gearing. 

In order to reduce this deviation to a minimum , the active portion of the 
wheel tooth profile m - n (see Figure 3) and of the pinion tooth profile (Fig­
ure 4 ,  shape C),  are made to approximate the epicycloid as clos ely as pos­
sible .  

The basic parameters of watch gearing are  given in  Appendix 2 (Standards 
of the Glavchasprom (Watch Industry C enter ) ) .  

The tolerance on  the center distance must be  narrower for  cycloidal and 
watch gears than for involute gears . 

Deviations in the c enter dis tance will produce ,  in the case of cycloidal or 
watch gearing, a contact either between two hypocycloids or two epicycloids 
and this obviously will disturb the trans mis sion ratio . In involute gears 
the transmission ratio is not affected by such deviations . 

The influence of radial wheel run- out or  an increas e or decreas e in its 
diameter is s imilar to that of a deviation in the center distance .  A ccordingly, 
narrow tolerances are fixed for thes e param eters . 

Jewel bearings are used in watches in order to reduce the friction los ses 
in the bearings and to increas e the efficiency of the gear transmission. 

Photographs of a wheel, pinions , and a claw clutch are given in Figure 6 .  

a b c d 

FIGURE 6. Toothed watch parts 

a-chronograph wheel; b-third-wheel pinion; c-cannon pinion; d-claw clutch. 

Wheels and pinions have spur teeth. The claw clutch and the winding 
pinion have face teeth - formed and angular .  

I n  order t o  obtain high performance from the gear transmission i t  is 
neces sary that the wheels and pinions have accurate dimensions and that 
the wheels have a class 8 or 9 surface-finish quality, and the pinions a 
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class 1 1  to 1 3  finish.  In order to ensure accurate center distances in 
plates and bridges , the holes are sized (see Chapter VI ) .  

TOLERANCES ON GEARING ELEMENTS 

Accuracy classes  and tolerances for 2 0° pressure angle involute gearing 
elem ents of module 1 mm and above have been established by GOST 1 6 4 3 - 4 6 .  
Only departm ental standards exist for involute gearing of module 0 . 1 5 - 1 m m .  

Tolerances us ed i n  watch industry for watch gearing correspond to the 
departmental specifications NPM5 - 246 - 5 3  (see Table 2 ) . 

The departmental specifications establish tolerances for six gearing 
elements . The table has been prepared so that the numerical values of the 
tolerances for /lD , !lA and 8f are taken with a geometrical-progression 
factor of 1 .4 1 ,  and for !ld , /ls and 8t with a factor of 1 . 2 6 .  

Drawing 

TABLE 2 

Tolerances for basic watch-gearing elements, in microns 

Tolerances 

Maximum run-out, 
outside diameter 

Tolerance, external 
diameter 

164  

Symbol Accuracy 
class 

lld 2 

3 

1 

llD 2 

3 

Module, mm 

"" 
0 o o 

a ;;!  8 0 ..... � 

0 ..-< 0 �  
E o  8 0 ..... � 

9 12 

12 15  

1 5  19  

9 12 

14 17 

20 24 

0 
C'> 

' o  o ., 

E o  
� 8  

15  1 9  

19  24 

24 30 

15 1 9  

2 1  26 

28 35 
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TABLE 2 (cant' d) 

Tolerances 

Tooth-thickness 
tolerance 

Profile tolerance 

Maximum difference 
betlveen adjacent 

circular pitches 

Center distance 
tolerance for 
a gear pair 
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FIGURE 7. Methods of holding and positioning blanks in machines : 

a-pinion blank between female centets; b-cannon-pinion blank 
between male centers; c-mounting and holding winding wheel 
blanks; d-mounting wheel blanks by sector windows; e-moum­
ing and holding barrel-wheel blanks; f-mounting and holding 
wheel stacks. 
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Table 2 does not include tolerances for the bas e pitch A.t or  for the dis ­
placement lih of the basic rack as do the involute gear tolerances , since the 
pitch circle and the bas e circle coincide in cycloidal and in watch gearing, 
and the param eter 8h is replaced by the parameter AD in sharp-tipped teeth . 

Mounting Gear Blanks in Machines 

The blanks are fas tened in the heads tock of the machine dividing-head and 
the tailstock serves as a support only. The methods of holding and position­
ing vary, depending upon the design of the blanks . 

The mounting of a pinion blank between female centers is shown in Fig­
ure 7, a. The centers have clearance holes for the journals . The blank is 
located on chamfers and the conical notches in the driving center grip the 
chamfer s o  that the blank rotates with the center .  The tailstock cente r 
s erves as a support. 

The cannon-pinion blank is mounted between male centers (Figure 7, b ) .  
The driving center grips the hole chamfer, with its sharp edges forcing the 
blank to turn with the center .  The tailstock center s erves as a support.  

Barrel-wheel blanks having a small-diameter central hole are s et on 
the mandrel ( 1 )  in a s tack (Figure 7,  c) and are mounted between centers . 
Here both centers are knurled on their faces and drive the work . The tail­
stock center rotates with the mandrel, the ball (2 ) s erving as a thrust bear­
ing. The tailstock spindle retracts together with the center ,  being connec ted 
to it by the s et s c rew ( 3 )  which fits into an annular groove on the center .  

Wheels having sector windows in  addition to  the central hole are mounted 
on s ector tongues on the mandrel (Figure 7, d ) .  The mandrel {2 ) i s  center­
ed by a recess on the shoulder of the headstock spindle nos e .  The nut ( 3 )  
serves for p ressing the blanks against  the mandrel shoulder . The center (4 ) 
fits the mandrel hole ,  its female cone accommodating the tailstock center ( 5 )  
The pin ( 1 )  serves as a driver for rotating the mandrel . 

The mainspring barrel with a 3 . 2  mm diam eter hole (Figure 7 ,  e )  is 
mounted and held on the mandrel ( 1 )  which has a shank fitting the dividing­
head spindle bore and replacing the driving center .  The chuck (2 ) is mounted 
in the tailstock c enter and the pin { 3 )  centers the blank in the mandrel . 

The mounting and positioning of wheel blanks for stack milling is shown 
in Figure 7 ,  f .  The method of milling in stacks is used for wheels whose 
run out in the s tack mus t not exceed 0 . 0 1  mm. 

MILLING TEETH USING FORMED CUTTERS 

The methods used for milling the teeth of wheels and pinions in watch 
production are the form-milling method (division), us ing a profiled disk 
cutter ,  and the generation method using a hob . 

The form -milling method is used for milling the teeth of ratchet wheels , 
segments and pinions with fewer than 1 2  teeth (z < 1 2 ) . If hobbing machines 
are not available ,  wheels and pinions with more than 12 teeth can also be 
form - milled.  
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The profile of the milling cutter (Figure 8 )  corresponds to the profile 
of the tooth spaces of the wheel or pinion to be milled .  

When one cut has been completed the blank is  automatically indexed by 
the angle 3 6 0°/  z ( z  = the number of teeth on the wheel or pinion to be milled) ,  
and another tooth space is  milled .  

Pinions are  milled one at  a tim e and thin wheels are  milled in  stacks of 
30 to 50 pieces . 

The milling is performed on specialized automatic and s emiautomatic 
machines (models S-40 ,  S - 5 1 ,  S - 5 3 ,  S - 1 8 6 ,  etc . ) .  

The S - 4 0  automatic gear-milling machine is des igned for  milling wheels 
and pinions with a maximum module of 0 . 5 mm for brass and 0 . 3 5 mm for 

FIGURE 8 .  Tooth milling 11ith a formed cutter 

steel,  over a milling length of 1 2  mm . 
If the blanks are loaded manually, 
blanks up to 20 mm diameter can be 
milled . If magazine loading is us ed,  
the maximum diameter is 5 mm. The 
machine can operate automatically or  
s emiautomatically. 

Power is trans mitted from the 
electric- motor pulley ( 1 )  through a flat 
belt to the pulley (2 ) on counters haft I 
(Figure 1 0 ) .  Pulley (4 ) or ( 5 )  on  coun­
tershaft II is  driven by pulley (2 ) ,  and 
pulley ( 3 )  drives either pulley ( 1 4 )  or 
( 1 5 )  on the worm-gear shaft ( 9 ) .  

Pulleys (4 ) and ( 1 4 )  are keyed to 
their shafts while ( 5 )  and ( 1 5 )  are idlers . Shaft II drives the worm ( 1 8 )  
through the three-step pulleys ( 7 )  and ( 1 3 )  (round belt )  and the rotation is 
transmitted through the worm gear ( 1 8 - 1 9 )  to the main camshaft . The 
formed cutter spindle is driven from countershaft II by a round belt on 
pulley ( 1 2 )  and the two -step pulley ( 6 ) . The belt passes  over the guide idlers 
( 1 0 )  and ( 1 1 ) . The auxiliary camshaft is powe red from the pulley ( 14 ) through 
the worm gear ( 9 - 1 7  ) .  The coolant- feed gear pump is driven from counter­
shaft II by pulleys ( 8 )  and ( 1 6  ). 

Starting and stopping of the shaft II is automatic . The automatic action 
of the machine is controlled by fixed cams mounted on the main and auxiliary 
camshafts ( Table 3 ) .  

The machine operates as follows : 
The cam A advances the table with the dividing head from left to right in 

a uniform motion. The form cutter mills one tooth space .  The cam B then 
lifts the milling- cutter head in order to enable the table to return freely, 
without the cutter  scratching the blank . The drop in the profile of cam A 
allows the table to be returned to the left by a spring. Cams C and D then 
go into action . Cam D lifts the left end of the lockpin l ever and pulls it out 
of the index plate slot. Cam C next lifts the left end of the push lever,  and 
the pawl goes down, rotating the ratchet wheel, and the index plate together 
with it, by one tooth . The ratchet wheel is fitted in the sam e  bushing as the 
index plate and the relative pos ition of the ratchet-wheel tooth and the index­
plate slot is adjusted by means of special bolts during the machine s etup . 

The ratchet wheel and the index plate have the same number of teeth as 
the wheel to be milled ,  or a multiple thereof .  Both disks are replaceabl e . 
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The lockpin enters the next slot under the action of a spring. The pawl is 
raised by the spring and engages the next tooth . The cam B frees the form ­
cutter head, which then desc ends to its initial pos ition under the action of 
a spring . The head is held in this position by a strong spring. This term ­
inates the machine cycle for one main- camshaft revolution. The process 
is repeated until the first cutter  has milled all the tooth spaces .  The s econd 
cutter is then engaged automatically. A dog P, fitted on the dividing- head 
bushing together with the index plate and the ratchet wheel, meshes with a 
three- tooth segment when the index plate reaches its initial pos ition. The 
segment is rotated by one tooth and, through a lever train, rotates the shaft 
carrying cams I and J by 1 2 0° .  Cam I dis engages from the s etting s crew (22 ) 
on the cutter table ,  and the table is moved forward by a spring until the 
s etting s c rew (2 1 )  comes into contact with cam J .  When the s econd cutter 
has finis hed its work and the index plate has again made a full revolution, 
the dog P meshes with the s econd tooth of the s egment and rotates it . The 
shaft carrying cams I and J again rotates 12 oo. The cam J then loses con­
tact with the setting s crew (2 1 )  and the cutter head moves forward until the 
s etting sc rew ( 2 0 )  makes contact with an abutm ent face on the machine . 

FIGURE 9. General view of the S-40 machine : 

1-bed ; 2-dividing head; 3-feeding device; 4-table with headstock and tailstock ; 5-table-feed lever . 
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After the third cutter has finished its work the dog meshes with the third 
tooth of the s egment. The camshaft rotates by 1 2 0° ,  and the cam I brings 
the cutter head to its initial position. Simultaneously the s egment frees the 
s tarting bar . The belt is transferred from the keyed pulley (4 ) to the idler 
( 5 )  (on shaft II ), and this stops the rotation of the main camshaft, the cutter 
spindle and the pump . The starting bar s hifts the belt from the idler ( 1 5 )  
to the keyed pulley ( 14 ), and with the aid of a leve r  and ring thus s tarts 
the auxiliary camshaft . The cam E,  acting through a leve r  system, draws 
the tailstock spindle to the right and frees the blank. The cam H controls 
the blank feed devic e .  To clamp the tailstock, the cam G returns the s tart­
ing bar to its forme r position, that is , starts the main camshaft, the cutter 
spindle and the pump.  At that moment cam F shifts the belt from pulley ( 1 4 )  
to pulley ( 1 5 ), thus stopping the auxiliary camshaft . In order to ensure 
rapid stoppage, a brake is applied to the face of pulley ( 1 4  ). 

Cam symbol 
in the kine mat-

ic scheme 

A 
B 
c 

D 
E 

F 

G 

H 

I 
J 

TABLE 3 

Cams of the S-40 automatic milling machine 

Cam function 

Worktable feed . . . . . . . . . 
Cutter-head lift . . . . . . . . .  
Ratchet wheel and the index-

plate rotation . . . . . . . . .  

Ir,dex-plate lock pin release . .  
T ailstock-spindle return for 

freeing the milled blank . .  

A uxiliary-camshaft disc on-
nection • • • • • • • • • • • •  0 

Connecting (starting) the cut-
ter spindle, main camshaft 
and pump . . . • . . . . . . . .  

Feeding the blank tray from 
the magazine to the centers 

First cutteHable set screw . .  

Second cutter-table set screw 

Cam type 

Bell 
Flat 

" 

" 

" 

" 

Bell 

Flat 
" 

" 

t-----080----t 

1... -----r-- ___ J I I I I 

Maximum 
lift, mm 

7 
10.5 

6 
6 

9.25 

1 8 .5 

23 

15 
9 
9 

Development of cam profile 080 ! 
_--.�ir 151.3 

FIGURE 11 .  Dimensions and profile of cam A 

1 7 1  

Lever arm 
ratio 

0,6-1 .8 
1 : 1 

1 : 2 .8  
1 : 1 .25 

1 : 0.8 

1 : 1 

1 : 1 . 5  
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If only one or two milling cutters are us ed, the switch- over takes place 
after one or two dividing-head revolutions , respectively. The s egment 
meshes a corresponding number of times with the dog. The positioning of 
each cutter with respect to the center and milling depth is realized by m eans 
of s etting s crews , which are p rovided with dial s cales with divisions of  
0 .01  mm. The main camshaft has three speeds : 9 ,  1 9 . 2  and 3 0  rpm .  The 
cam A being fixed, the table-feed rates are changed by changing the main­
camshaft speed and the ratio of the lever arms ( 5 )  (between 0 . 6  and 1 . 8 ) . 
The range of feeds is 6 4 . 8  to 648 mm/ min. 

//!) j/.1 / 'II I l ·  .?; l' ' ..11 1/ . �  Section AA 

9 

It 

tO 

3 

FIGURE 12. Loading device for the S-40 machine 
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According to the cam cycle diagrams, 9 3 . 5  o/o of the movements are 
machining movements , and 6 .  5 o/o are idle movements (Figure 1 1  ) . The 
idle movement of the return of the cutter to its initial position and the 
s imultaneous indexing motion of the dividing head are the main shortcoming 
of the form-milling machines . 

The S-40  machine is equipped with a special device for automatically 
feeding blanks from the magazine into the machining zone (Figure 1 2  ). 

The loading mechanism consists of the bracket ( 1 ), the body (2 ),  a lever 
system , and s etting screws . 

The bracket has two bushings . The shaft ( 3 )  rotates in the lower bushing, 
and the leve rs (4 ) and ( 5 )  are mounted on its projecting ends . 

The upper bushing carries the axis (6 ), on whose projection the body ( 2 )  
pivots . The conical bushing ( 7 )  i s  us ed for adjusting the fit o f  the body on 
the axis . 

The lever (8 ) rotates freely on the axis (6 ) while the lever ( 9 )  is fixed 
to the body. Levers ( 8 )  and ( 9 )  are connected by the spring ( 1 0 )  and the 
dis tance between their free ends is fixed during the setup by the screw ( l l ) . 

The mechanism is actuated by the camshaft cam through a plunger. The 
plunger acts on the lower s crew ( 1 2 )  on lever ( 4 )  which, by rotating the 
shaft ( 3 ), rotates the lever ( 5 )  fastened to the other end of the shaft. The 
lever ( 5 ), through its forked end, the pin ( 1 3 )  and the spring ( 1 0 ), rotates 
the lever ( 9) which is rigidly fixed to the body carrying the magazine .  The 
necessary magazine slope is thereby obtained. 

Technical data, S-40 machine 

Spindle speed, rpm . . . .  , . , . , , . . . . . . . . . 
Main-camshaft speeds, rpm , , . . , . , . . . . . . . 
Maximum blank diameter when working with 

the loading device , mm . . . . . . . . . . . . . .  . 
Maximum blank diameter with manual loading, 

mm . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
M aximum milling length, mm . . . . . . . . . . .  . 
Maximum gear module, mm : 

a) brass . . . . . . . . . . . . . . . . . . . . .  . 
b) steel . . . . . . . . . . . . . . . . . . . . .  . 

Minimum number of teeth . . . . . . . . . . . . . .  . 
Milling speed, m/min . . . . . . . . . . . . . . . .  . 
Feed, mm/min . . . . . . . . . . . . . . . . . . . . .  . 
Index-plate error, angular pitch . . . . . . . . . .  . 
Cutter spindle radial run-out, mm . . . . . . . . .  . 
Dividing-head spindle radial run-out, mm . . . .  . 
Nonalignment of the axes of the headstock . . .  . 

and tailstock spindles on a length of 50 mm, 
mm . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Misalignment of the table guides, on a length of 
50 mm, mm . . . . . . . . . . . . . . . . . . . . . .  . 

1000 or 2000 
9 ;  19 .2 ; 30 

5 

20 
12 

0 .5 
0.35 
6 

From 40 to 100 
From 64.8 to 648 

o·o2· 
0.003- 0.008 
0.005 - 0.01 

Up to 0.015 

Up to 0 .01 

The S - 5 3  machine is used for milling teeth with a maximum module of 
1 . 5  mm for brass and 1 mm for steel . The maximum - diameter wheel or 
pinion which can be milled on this machine is 80  mm. The milling depth 
is 4 0  mm and the number of teeth cut can be between 6 and 1 00 .  
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The machine operates semiautomatically with blank loading and the 
starting of the machine being executed manually. 

The principles of operation of the S- 5 3  machine are the same as those 
of the S-40 machine, when it is operated s emiautomatically . 

Disk cutters. Disk cutters are used in the form - milling method .  In 
watch production a different cutter is designed for each wheel or pinion, 
depending upon its module ,  p rofile and number of teeth .  

Designing p roceeds a s  follows :  the profile o f  the cutter tooth i s  drawn as 
the nominal profile of the tooth space of the wheel or pinion, usually to a 
scale of 50 : 1 ,  1 00 : 1 or 2 00: 1 (Figure 1 3 ) . 

FIGURE 13 .  Tooth profile of a disk cutter 

The values of C0 and h0 are calculated from the formulas :  

. 180° C0 = D0 • Sm -z- , 

1800 D0 cos -z- - D ,  
ho= 2 

where C0 = the circular pitch of the wheel o r  pinion; 
h0 = the total tooth depth; 
z = the number of teeth; 

Do = the outside diameter; 
D = the pitch diameter; 

D r = the root diameter. 
The cutter dimensions are s el ected from Table 4 ,  which gives the design 

dimensions of formed cutters as functions of C0 and h0 . 
The allowable run- out is 0 . 02 mm on the outside diameter, and 0 . 0 1  mm 

on the face .  
The tooth p rofile of formed cutters is pres erved during regrindings , as 

they are sharpened by grinding on the radial tooth faces . The teeth are 
form - relieved according to a logarithmic spiral or a similar curve . 

Form - relieving creates cutting edges on both the sides and the tip of the 
tooth. 

The following mathematical relationship exists between the lateral form­
relief angles and the back angle : 

'I' • tan y = tan (X. sin 2 , 

• Sokolov, M. A .  lnstrumental'noe delo (Tooling) . - Gosmashizdat. 1933. 
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where 1 = the side form- relief angle; 
a = the tip form - relief angle (back angle ); 
c.p = the angle  between the tooth space hypocycloids (see Figure 1 3  ) .  

The milling conditions being different for wheels and for pinions , the 
angle a , and accordingly the angle 1 ,  mus t be es tablished as a function of 
the value of the angle cp . 

We shall illustrate this by a practical example :  
for  a wheel with z = 60 ,  cp = 3 °  
for a pinion with z = 6 ,  c.p = 4 0° (see Appendix 2 ) . 

TABLE 4 

Disk cutters 

Finish quality �;here not other�;ise specified 
W 6  

Section /Ill 

I D D, d H t , 
ho c. 

nom toler- nom- toler- nom- toler- nom- toler- nom- toler-
ina! a nee ina! ance ina! a nee ina! a nee ina! a nee 

Up to 0.6 Up to0.55 8 -0.36 6 - 0.48 3.5 +0 .0 1 3  I +0. 12 2 -0.06 0.2 0.6 0.75 8 -0.36 5,5 -0.48 3.5 + 0.01 3  1 .2 +0. 1 2  2 - 0.06 
0.6 0.75 1 2  -0.43 9 -0 58 5 + 0.01 3  1 .4 +0. 1 2  2 - 0.06 

0.6-0.8 0.75 12 - 0.43 8.5 -0.58 5 +0.0 13  1 .6 +0. 12  2 -0.06 0.3 
0.6-0.8 1 .0 1 2  -0.43 8.5 - 0.58 5 + 0.0 13  1 .6 + 0. 12 2 -0.06 

-

· -
0.8- 1 .0 1 .2 12 -0.43 8 - 0.58 3.5 + 0.0 1 3  1 .9 
1 .0 - 1 .2 1 .4 1 2  - 0.43 7 -0,58 3.5 +0 .0 1 3  2.4 

Up to 0,6 Up to 0.75 1 6  -0.43 1 2.5 - 0.7 5 + 0.013 1 .4 
0.6-0.8 1 .0 1 6  - 0. 43 1 2.5 - 0.7 5 + 0.0 1 3  1 .6 
0.8-1 .2 1 .2 1 6  -0.43  I I  -0.7 5 +0.01 3  2.2 
1 .2-1 . 4  1 .2 1 6  - 0.43 I I  -0.7 5 + 0.01 3  2.4 
0.8- 1 .0 1 .2 20 -0.52 1 5  - 0.7 8 +0 .0 1 6  2.2 
1 .0 - 1 .25 1 .5 20 -0.52 1 5  -0.7 8 + 0 0 1 6  2.5 
1 .0-1 .7 2.5 24 - 0.52 1 6  -0.7 8 + 0.0 1 6  5 
1 .7-2.5 2.7 24 -0.52 1 4  - 0.7 8 +0.0 1 6  6 

1 ,25- 1 .75 2.5 30 -0.52 20 -0.8 10  + 0.0 1 6  5 

Taking a = 1 oo, we obtain by substituting into ( 1 )  
for the wheel : 

30 
tan 1 = tan 1 0° sin 2 = 0.0046 15, 

1_,= 15' ; 
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+ 0. 12  2 - 0.06 
+ 0. 1 2  2 - 0.06 0.4 

+0. 1 2  2.5 -0.06 
+0.1 2 2.5 -0.06 0.4 + 0. 12 2,5 -0.06 
+ 0. 12  2.5 -0.06 
+ 0. 1 2  2 5  -0.06 0.6 +0 . 12  2.5 -0.06 
-t 0.1 6  3 -0.08 1 +0. 1 6  3 - 0.08 
+0. 1 6  4 -0.08 



for the pinion: 
tan T =tan I 0° sin 20° = 0.06, 

T P = 3o30'. 
We see  that for a = 1 0° the milling conditions for the wheel are very 

unfavorable . If such a formed cutter were used to mill brass wheels,  its 
side edge would be rapidly blunted and brass would accumulate on it, a fact 
frequently attributed erroneously i.o the insufficient hardnes s  of the cutter .  

No  such bras s accumulation will be obs erved on  the pinion cutter.  In  
order to  improve the cutting conditions for  wheels , the angle a = 1 8° is 
selected. This will give us 1 = 0° 3 0 ' .  

The angle a = 1 8° i s  optimal for cutters with 1 6  and more teeth. With 
a further increase in the angle a the process of cutter form - relief becomes 
difficult and the manufacture of the form - relieving tool becomes complicated.  

FIGURE 1 4 .  Watch-gearing profile formed cutters 

Since brass wheels are cut in one pas s ,  the cutter must have the max­
imum possible number of teeth in order to obtain the required s urfac e ­
finish quality. 

Cutters designed for machining pinions with z � 1 6  can be made with 
a = 1 0° .  In all other cas es the value of a must be established within the 
range 1 0 - 1 8° ,  

Figure 1 4  i s  a photograph of formed cutters o f  1 2 ,  1 6  and 2 0  m m  dia­
meter, with 1 2 ,  1 6  and 20 teeth. 

CUTTING CONDITIONS IN FORM-MILLING 

Brass wheels are milled on the S -40  and S - 53 machines in one pas s .  
Pinions made o f  high - carbon steel are usually milled in two passes and, 
in particular cas es ,  in three passes .  When three pass es are required, 
three cutters are mounted in the m andrel (Figure 1 5 ) . The first cutter, 
a slotting cutter,  is called the stocking cutter .  The s econd cutter is a gear 
cutter used for rough milling, while the third tool is a gear cutter for finish 
milling. 

When working with two cutters only, the two gear cutters are used.  Two ­
pass milling is the best variant: the machine production rate is consider­
ably higher than when working with three cutters , while the surface quality 
is the same . 
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The service life of the finishing cutter is the s ame regardless whethe r 
two or three passes  are made, s ince the slotting cutter facilitates only the 
work of the roughing cutter.  The s ervice life of s lotting cutters is lower 
than that of fo rmed gear cutte rs . The s ervice life of the finishing cutter 
(between regrindings ), when milling wheels and pinions made of Ul OA s teel, 
is 7 to 8 hours machining time .  

FIGURE 1 5 .  Mandrel with cutters : 

1-slotting cutter; 2-gear cutter ( roughing); 3-gear cutter 
(finishing). 

The milling conditions - the feed and speed - are s elected as a function 
of the mechanical properties of the material , the blank dimensions and the 
cutter material . 

If we take the cutting speed of a cutter made of an alloy tool steel such 
as KhVG, Kh, etc . as being unity, then the cutting speed for cutters made 
of high-speed steels such as R 1 8  will be 1 . 5 ,  and that of cutters made of 
carbon steels such as U 1 2A will be 0 . 9 .  

I t  i s  recommended that alloy-s teel cutters b e  us ed for milling brass 
wheels and pinions and that high-speed- steel cutters ':' be us ed for milling 
wheels and pinions made from U l OA or U 7A V steel . 

The cutting edges of the cutter teeth become worn during the milling 
process and wear is most severe at the tooth point, the specific load there 
being much higher than along the lateral surfaces . 

The criterium for tooth blunting is the width of the wear land b, given 
in Table 5 .  

TABLE 5 

Acceptable value of cutter-tooth blunting 

Cutter type 

Hob 

Disk 

Material machined 

Steel 
Ilrass 

Steel 

Wear b, mm 

0.15- 0.25 
0 . 07- 0.1 0 

0 .1- 0 .2 

Feeds . The feed rate is established, as already mentioned, as a function 
of the mechanical prope rties of the material , the module and the number of 

0 The method of manufacturing cutters from the VK6 hard alloy has now been mastered. The service life of 
such a cutter is several times longer than that of earlier cutters. 
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teeth on the wheel or pinion. Higher feeds are used in milling bras s than 
in milling steel .  With an increase in the number of teeth and in the module 
the size of the blank increases together with its strength and rigidity, and 
therefore higher feeds can be used.  

In addition, for a given module the tooth space decreases in size with 
an increase in the number of teeth, and the dec reas ed volume of metal re­
moved, permits the use of highe r feed rates . 

The following formula is us ed to determine the feed: 

sz - =  C5M a . zb m m /tooth'�, 

where s. = feed per cutter tooth, mm; 
C5 = a machinability factor; 

z = number of teeth on the wheel or pinion being milled; 
M = module of the wheel or pinion teeth .  

The values o f  the factor C5 and the exponents a and b are given i n  Table 6 .  

TABLE 6 

Values of the factor C5 and the exponents a u�d b 
factor and exponents 

Cutting tool Material 111achined c. a b 
Hob cutters Steel 0 .158 0 .54 0 .265 

Brass 0 .275 0 .54 0.32 

Disk cutters Stee! Z�12 0 .008 0 .72 1 .5 
z >12 0.014 1 0 .55 

Brass z .;;: 12 0.0017 0 .72 1 .5 
z > 12 0 .03 1 0 .55 

The cutting speed is established as a function of the m echanical proper­
ties of the metal, the gear module and the feed. 

The formula used for the determination of the cutting speed is : 

C,Mx V = -- m /min y • s, 

The values of the factor Cf) and of the exponents x and y are given in 
Table 7 .  

A s  a time - saving device,  the recommended cutting conditions o f  the milling 
of wheels and pinions by disk cutters are given in Tables 8, 9 ,  and 1 0 .  

The milling time T m for a wheel or  a pinion is determined from the for­
mula 

T = m 

where Zg = number of teeth on the wheel; 
zf = number of teeth on the form cutter; 
k = number of parts machined simultaneously; 

s, = feed per tooth, mm; 

• Standards of the "Orgmashpribor" Institute for gear manufacture . 1954. 
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n cutter speed,  rpm; 
L l + l1 + 12 , = total travel , whe re l is the length of the wheel or 

pinion milled (or of several wheels ) ,  It  is the approach distance 
(see table in Appendix 3 ) ,  and /2 is the cutter overtravel 
( 1 - 1 . 5  mm ) .  

The value of l1 can be determined from the formula 

where h0 is the depth of cut and d is the cutter diameter.  

TABLE 7 

Values of the factor Cv and the exponents x and y 

r----- Factor and exponents 
Cutting tool Material machined c"' X y 

Hob cutters U7AV steel 13.4 0 .42 0.43 

U10A steel 12 .2 0 .42 0 .42 

Brass 141 .5  0 0 .16  

Disk cutters U7A V steel 385 1 .8 0 .38 

M = 0.1- 0 .2 

M > o .2 47.6  0 .5  0 .38  

U10A steel 350 1 .8 0 .38 

M = 0.1- 0.2  

M > 0 .2 43.2 0.5 0.38 

TABLE 8 

Feed, Sz , in mm/tooth for milling teeth on wheels and pinions made from U7AV, 
or U1 OA steel using disk cutters 

Number of teeth Module, mm 
on the wheel or 

pinion 0 .1 0 .12 0.14 0 .16 0 .18  0 .20  0 .25 

8 0 .0034 0 . 0039 0 .0043 0 .0048 0 .0052 0 .0056 0 . 0066 

1 0  0 .0048 0 . 0055 0 .0061 0 . 0068 0 . 0073 0 .008 0 .0094 

1 5  0 .0062 0 . 0074 0 .0087 0 .010  0 .011 0 .012 0 . 015  

2 0  0 .0073 0 . 0088 0 .010  0 .012 0 . 013  0 .015  0 . 018  

30 0 .0091 0 . 011 0 .013 0 . 014 0 . 016  0 .018 0 . 02 3  

40 0 .011 0 . 01 3  0 .015 0 . 01 7  0 . 0 1 9  0 .021  0 .026 

5 0  0 .012 0 . 014 0.017 0 . 01 9  0 . 022 0 . 024 0 . 030 

60 0.013 0 . 01 6  0 .018 0 . 021 0 . 024 0 . 026 0 . 033 

70 0 .014 0 .017 0 .020 0 . 02 3  0 . 026 0 .029 0 . 036 

80 0 .01 6 0 .019 0 . 022 0 .026 0 . 02 9  0 .032 0 . 04 0  

1 79 
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0 .30 

0 .0075 

0 . 01 1  

0 . 01 9  

0 . 022 

0 . 027  

0 . 032 

0 . 036 

0 . 040 

0 . 043 

0 . 048 



TABLE 9 

Cutting speed , v ,  in m/min, for milling teeth on wheels and pinions made from 
U7A V steel using disk cutters 

Feed, '• Module, mm 

mm/tooth 0.1 0.12 0.14 0.16 0.18 0.20 0.2S 0.30 

0.002 59 9 1  1 19 - - - - -

0.003 50.3 77.3 1 0 1  1 25 159 - - -

0 ,004 45.1 69.3 91 1 1 5 1 43 173 - -

0.005 4 1 .4 63.5 83.7 1 06 131  160 m 195 

0.006 38.7 58 76 96 1 1 9 145 162 1 78 

0,008 35 53.8 70,5 89 1 1 0 1 34 150 1 64 

0,010 31 ,9 49.2 64,4 8 1 .5 1 00 1 22 1 36 1 50 

0.015 27.2 42 55 70 86,6 106 1 1 8 129 

0,020 24.5 36,6 49.7 63.5 78 94.7 1 05 1 1 6 

0.025 22,5 34,7 45.6 57,7 7 1 .5 86.5 96.6 1 06  

0.030 2 1 . 0  32.3 42.3 53.8 66,5 81 90.2 99 
0.040 - - - 48.3 60 72.5 80.8 89 

0.050 - - - - - 66.7 74,2 8 1 .4 

TABLE 1 0  

Cutting speed , v ,  i n  m/min, for milling teeth on  wheels and pinions made from 
Ul OA steel using disk cutters 

Feed, •: Module, mm 

mm/tooth 0.1 0.12 0.14 0.15 0.18 0.20 0.25 0.30 

0.002 53.6 82.5 1 08 - - - - -

0.003 45.8 70.3 92 1 1 7 1 45 - - -

0.004 4 1 ,0 63.0 82.5 1 05 1 30 1 57 - -

0.005 37,6 57.7 76 96 1 1 9 1 45 1 61 177 

0.006 35.2 52,7 69 87.5 I C8 1 32 1 47 1 62 

0.008 3 1 .7 48,7 64 8 1  100 1 22 1 35 1 49 

0,010 29 44.5 58.4 74 92 I l l  1 24 1 36 

0,0 1 5  24.8 38.2 50 63,5 78.7 96 107 1 1 7 

0.020 22.3 34.3 45 57.1 7 1  86 95.5 1 05 

0,025 20.5 31 .5 4 1 ,2 52.4 65 78.5 87.6 96.5 

0.030 19.1  29.4 38,5 48,8 60.5 73.4 82 90 

0.040 - - - 43,8 54.5 66 73.4 80.8 

0,050 - - - - - 60,6 67.5 74 
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The idle-cycle time and the machine-s etup time must be added to the 
milling time calculated according to (2 ) . The idle-cycle time is determined 
from the technical data of the machine.  For the S - 4 0  machine the idle 
movements take roughly 7 %  of T m . 

Having calculated the machine-cycle tim e Tmach= T m + T i for machin-
ing one part, it is compared with the technical data of the machine, and the 
camshaft speed closest to that which would give one camshaft rotation during 
Tmach is s elected. The calculated cutting speed is also compared with the 
machine capabilities and the closest available fo rm - cutter spindle speed is 
s elected. The method of calculation of the cutting conditions and the ma­
chine production rate will be illus trated in the following example . 

It is required to mill the teeth of a third-wheel pinion of module 0.103 mm, z = 8 .  The length of cut 
is I =  0.80 mm, the material U7A V steel. 

The data necessary for the calculation are first written down. 
The feed per tooth of the form cutter is Sz = 0 .0034 mm (Table 8). 
The cutting speed is fl = 50.3 m/min (Table 9). 
The form-cutter dimensions are taken from Table 4 :  

diameter 8 mm, 1 6  cutter teeth. 
The cutter-spindle speed chosen is n = 2000 rpm. 
The length of cut is , from the drawing, I =  0 .8 mm. 
The cutter approach is /1 = 1 .5 mm (Appendix 3), 
The overtravel is selected as /2 = 1 .2 mm. 
The total travel is therefore L = 3.5 mm. 
The time required for milling the pinion in one pass is according to (2) 

T. 
= 

__ L_·...,.z .... g_ 
m n ·Sz · k · z f 

3.5 · 8  . 
2000·0.0034· 1.16 

= 0'25 mm. 

The idle movements taking, according to the machine data, 7 o/o of the milling time, we have 

0.25 .7 
0 2 

. Ti = IOO _ 1 
= .0 mm. 

The machine-cycle time required for machining the pinion in one pass will therefore be 

Tmach= T m + T i = 0.25 + 0.02 � 0.27 min. 

If two passes are to be made, we must add the time taken by the form-cutter shifting which requires one 
camshaft revolution. At naux = 20 rpm this takes 1/20 = 0.05 min. 

The piece time, T p• for one cycle of the S-40 machine will therefore be 

T 0 = Tm + Ti + Taux = 0.25 + 0.02 + 0.05 = 0.32 min. 

For two passes, this time is doubled, and is 0 .64 min. 
The calculated production rate of the machine will be A =  ..i§.Q. = 750 pieces per working shift. 
The data obtained are then compared with the machine datg :64 

The camshaft speeds available are n = 9, 19 .2 or 3 0 rpm ; the time per camshaft revolution will accord­
ingly be : 0.11, 0 .052 , or 0 .033 min. The calculated time T mach required for milling one tooth is 0.27/8 = 
= 0 .034 min. 

According to the specifications of the machine, the value closest to this is 0 .033 min, corresponding to 
n= 30 rpm. 480 

The actual machine production rate will therefore be A = 
2 ( 0 .0033 .8 + 0 .05) = 764 pieces per shift. 
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The pinion blanks obtained from Swiss - type automatic screw machines ,  
and the wheel blanks obtained from high- quality s tamping dies ,  have min­
imum milling allowances . The diameter allowances for s teel pinions are 
s et at 0 . 05 to 0 . 1 5 mm,  for brass wheels at 0 . 07  to 0 . 2 0 mm ,  and for steel 
wheels at 0 . 1 5  to 0 . 3 0 mm. 

The surface -finish quality of  form -milled bras s and ste el pinions and 
wheels of 0 . 05 to 0 . 3 mm module is class 8 or 9, and that of whe els of 
0 . 3  to 0 . 5  mm module is class 7 or 8 .  

MILLING FACE (CONTRA TE) TEETH 

The milling of face teeth on the crown wheels , winding pinions and claw 
clutches of watch mechanisms, and on other s imilar parts , is performed 
on S- 51  and S- 1 8 6  copy-milling and indexing machines . 

FIGURE 16 . S-186-type face-gear milling machine 

The S - 1 86 is the most versatile model (Figure 1 6 ) . 
The S - 5 1  machine is s emiautomatic; 8 mm is the maximum wheel dia­

meter and 0 . 3  mm is the maximum module which can be milled on this 
machine . 

The S- 1 86 machine is s emiautomatic but can also  operate automatically 
with one disk cutter .  Milling can be carried out in two passes . The s emi­
automatic machine has horizontal and vertical feeds for infeed face milling 
and cross -feed milling, respectively. 

Infeed milling is used when cutting teeth of negligible l ength and open 
profil e .  
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C ross - feed milling is used when cutting teeth of considerable length or 
teeth with an undercut profile (ratchet teeth ). In the latter case the head ­
s tock with the form cutter swivels up to 5° .  

Cros s - feed milling gives a better surface-finish  quality and a m ore ac ­
curate p rofile  than does infeed milling. The machine operates automati­
cally when milling parts of a diameter smaller than 9 mm, and s emiauto ­
m atically when milling larger parts of diameters up to 2 5  m m .  The manual 
loading of blanks is performed by a special loading carriage which feeds 
them to the collet .  The ej ection of the parts is performed automatically. 

a 
D-$ 

b 

FIGURE 1 7 .  Position of the form cutter in milling : 

a-cross-feed milling; b-infeed milling. 

The kinematic diagram of the S - 1 86 machine is given in Figure 1 8 .  The 
m achine is driven by an electric motor placed inside the machine bas e .  

The cutter-spindle pulley ( 5 )  i s  powered b y  a round belt from the first 
s tep of the electric - motor  pulley (1 ), through the counters haft pulleys ( 3 )  
and (4 ) .  

The speed of rotation can be increas ed by changing pulley (4 ) .  

Electric motor 

Worm-wheel 
shaft 

Work spindle 
Gear-pump shaft 

FIGURE 18 .  Kinematic diagram of the S-186 machine 
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The worm-shaft pulley (2 ) is powered from the s econd s tep of the electric ­
motor (pulley ( 1  ). The worm and wheel ( 1 1 - 1 2 )  trans mit power to the 
worm - wheel shaft . 

The worm - wheel shaft powers : 
a )  the camshaft through the change gears ( 7 )  and ( 9 )  and claw clutches ;  
b )  the auxiliary s haft through the fixed gears ( 1 3 )  and ( 1 0 )  and claw 

clutches .  
The camshaft and the auxiliary s haft operate successively . The cam­

shaft has six speeds while the auxiliary shaft rotates at a fixed speed.  
The camshaft powers the gear pump through a gear s et,  and is s tarted 

and stopped automatically by m eans of claw clutches controlled by the cam J 
on the auxiliary shaft. The auxiliary shaft is s tarted by the catch on the 
dividing-head gear ( 8 ), and stopped by cam I, which is integral with the 
one -turn claw clutch on the auxiliary shaft . 

Auxiliary shaft 

FIGURE 19.  Work spindle 

The fixed cams A ,  B ,  and C ,  which control the working process es of 
the machine are mounted on the camshaft. 

Cam A ,  a bell cam , controls the cutter feed in the horizontal direction 
for infeed milling and in the vertical direction for c ross -feed milling. 

Cam B, a flat cam , locks the index plate in position.  
Cam C,  also a flat cam , indexes the index plate .  
One tooth is milled per camshaft revolution, and the whole gear wheel 

is milled during one rotation of the index plate .  When the milling is done 
in two stages (roughing and finish ) the index plate executes a second rota ­
tion, and the milling cycle is repeated .  

When the milling has been completed, the camshaft is  s topped,  and the 
auxiliary shaft s tarted. The auxiliary shaft mounts the cams D,  E ,  F, G, 
H,  I ,  J and K which control the auxiliary machine functions . 
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Cam D, a bell cam , returns the cutter spindle to neutral position (Fig­
ure 1 7 ). 

Cam E ,  a bell cam, opens the collet, this being followed by ejection of  
the gear (Figure 1 9 ). 

Cam F ,  a flat cam ,  s tops the machine in s emiautomatic operation and 
is not active in automatic ope ration . 

Cam G, a flat cam ,  controls the feeding m echanism in automatic oper­
ation. 

Cam H, a bell cam, feeds the blank into the collet from the loading 
s tation.  

Cam I ,  a bell cam, controls the disengagement of the auxiliary-shaft 
clutch. This cam is integral with the one- turn claw clutch.  

Cam J ,  a bell cam , controls the engagement and disengagement of the 
camshaft clutch. 

Cam K, a flat cam, locks the auxiliary shaft in a definite position .  
The m achine operates as follows : the cam A , . through a lever sys tem , 

moves the cutter slide in the horizontal plane . The cutter feed is spring ­
powered and controlled by a drop on the cam (see cycle diagram in Figure 2 0 ) . 
The retraction of the cutter from the work is cam -actuated (rise curve ) .  

The same cam A ,  through a lever system, can move the cutte:r head also  
in  the vertical plane, the cutter slide being lowered by spring action .  

Cam A can control either cros s - feed or  infeed milling, but not  both si­
multaneously. 

The cutter is lowered in order to permit the indexing of the blank to the 
next tooth. Cam B frees the index plate from the lockpin when the milling 
of one tooth is ended and the retraction of the cutter has been accomplished. 
C am C rotates the ratchet wheel by one tooth (through a lever s ystem ), the 
lockpin enters the next slot on the index plate under the influence of a spring, 
and the milling cycle is repeated.  

When the wheel has been completely milled the index-plate gear (6 ) 
( z  = 3 0 )  (Figure 1 8 )  has made a full revolution .  

The gear (8 )  ( z  = 6 0 )  meshed with gear ( 6 )  has completed only half a re­
volution and if  the milling of the wheel is to be performed in one pas s ,  the 
catch on gear ( 8 )  has two pins located diametrically opposite one another .  

The catch disconnects the lever from cam I ,  which is a part of the one ­
turn clutch on the auxiliary s haft . The clutch is moved rapidly to the left 
by springs located inside the body, and meshes with the claw clutch on 
gear ( 1 0 ) . The auxiliary shaft begins to rotate .  If the milling is to be car­
ried out in two passes ,  the catch on gear (8 ) has only one pin, and the 
auxiliary shaft is s tarted after a complete revolution of gear (8 ) .  

Cam D, through a leve r  system , lowers the cutter spindle to  neutral 
position. 

C am E ,  through the lever P ,  depresses the plunger passing inside the 
working spindle (see Figure 1 9  ). The collet is opened by springs , and the 
part is ejected by the plunger .  

Cams G and H control the feed  of the blank from the magazine to  the 
feeding carriage, and from there to the collet. In the m9st recent model 
the blanks are fed directly from the magazine into the collet. 

A spring-loaded lever with its left arm in the slot in cam I is caused 
by the ris e curve to draw the claw clutch to the right, thus disengaging the 
clutch and stopping the auxiliary camshaft. 
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TABLE 11 

Feeds for milling face teeth (module and oblique) in gears and clutches 

Tooth depth, mm 0.2 0.25 0.3 0.4 0.5 0,6 0.8 1 .0 

Feed per cutter tooth, mm 0,01 0.009 0.008 0.007 0.006 0.0055 0.0045 0.004 

TABLE 12 

Cutting speeds for milling face teeth (module and oblique) in gears and clutches 

"0 - "  
Tool "' c  "5 ;_; material � u "' "' 

� E 

U7AV 

R9 and Rl8 
high-speed 

steels 

UlOA 

Kh, KhVG, 
9KhS alloy U7AV 

steels 

Kh, KhVG, 
9KhS alloy Ul OA 

steels 

Ul2A carbon U7AV 
steel 

Ul2A carbon UlOA 
steel 

� 8 
:O E  

� -
" � t: � => " u E 

8 
1 0  
1 2  
1 6  
20 

8 
1 0  
1 2  
1 6  
20 

8 
1 0  
1 2  
1 6  
20 

8 
1 0  
1 2  
1 6  
20 

8 
1 0  
1 2  
1 6  
20 

8 
1 0  
1 2  
1 6  
20 

0.004 

97.5 
1 07 
1 1 6 
1 34 
1 47 

87.7 
97 

1 04 
1 20 
1 32 

7 1 .5 
78.5 
85. 1 
98.5 

1 08 

64.8 
7 1 .6 
77.5 
89 
98 

64.8 
7 1 .6 
77.5 
89 
98 
59.0 
65.1 
70.5 
81 
89 

Feed per cutter tooth, mm 

o.oo; 0.006 0.007 0.00! 0.009 0.010 0.012 

81 .6  68.8 60.2 53.7 48,7 43,5 37.4 
90 76 66.5 59.5 54. 1 48.2 4 1 .2 
97.5 82.5 72 64.4 58.5 52 44.5 

1 1 2 94.5 82.5 74 67 59.4 5 1  
1 23 104 9 1 .4 8 1 .3 74 66 56.5 

73.4 62 54.2 48.2 43.7 39.2 33.6 
8 1  68.4 59.8 53.5 48,7 43.4 37 
87.8 74.2 64.7 58 52.6 46.7 40 

1 00 85 74.2 56.5 60.3 53.4 45.8 
1 1 1  94 82.3 73.4 66.5 59,5 50.8 

60 50.5 44.2 39.4 35.8 32 27.4 
66,1 55.8 48.7 43.6 39.7 35.3 30.2 
72 60.6 53 47,3 43 38.2 32.7 
82.2 66.6 60.6 54,4 49.2 43.6 37.5 
90.5 76.5 67.2 60 54.4 48.5 4 1 .5 

54.3 45,8 40.1 35.8 32.5 29.0 24.9 
60.0 50.7 44.4 39.6 36. 1 32,1 27.4 
64.9 55 48 42.9 39 34.7 29.7 
74.5 63 55 49.2 44.6 39.8 34.0 
82.2 69.5 60.8 54.2 49.4 44.0 37.6 

54.4 45.8 40.1 35.8 32,5 29.0 24.0 
60.0 50.7 44.4 39.6 36.1 32.1 27.4 
64.9 55 48 42.9 39 37.4 29.7 
74.5 63 55 49.2 44.6 39,8 34.0 
82.2 69.5 60.8 54.2 49,4 44.0 37.6 

49.5 4 1 .7 36.5 32.6 29.6 26.4 22.6 
54.7 46.2 40,3 36 32.8 29.2 24.9 
59 50 43.6 39 35.5 31 .6  27,0 
67.8 57.4 50 44.7 40.7 36.2 30.6 
74.8 63.3 55.3 49.3 44.9 40 34,1 
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The auxiliary shaft must occupy a specified pos ition at the end of the one 
revolution.  A special device controlled by cam K controls this positioning 
function. 

The machine cycle is shown in Figure 2 0 .  The actual cutting, together 
with the dwell, occupy 1 95° on the curve of cam A ,  which is 54 o/o of the 
total . Idle movements , retraction of the cutter and indexing, occupy the 
remaining 1 6 5° (46  o/o ) .  As a time-saving measure, the idle movements 
controlled by cams B and C start somewhat before the termination of the 
milling and cutter retraction. The engagement of the ratchet-wheel teeth 
by cam C, for example ,  takes place in the interval 1 5 0° - 2 1 0° .  The auxil­
iary-shaft cams perform auxiliary operations connected with the replace­
m ent of blanks in the dividing-head collet. 

The recomm ended feeds and cutting speeds for face teeth (module and 
oblique ) are given in Tables 1 1 - 1 2 .  

Technical data on the S-186 gear miller 

Maximum diameter of the I� heel milled, mm . . . . . . . . .  . 

Maximum milling depth, mm . . . . . . . • . . . . . . . . . . . .  

Maximum module, mm . . . . . . . . . . . . . . . . . . . . • . . .  

Number of teeth milled . . . . . . . . . . . . . . . . . . . . . . .  . 

Maximum cutter diameter, mm . . . . . . . . . . . . . . . . .  . 
Cutter-spindle speed, rpm . . . . . . . . . . . . . . . . . . . . .  . 

Vertical cutter-table travel, mm . . . . . . . . . . . . . . . . . 

Camshaft speeds, rpm . . . . . . . . . . . . . . . . . . . . . . . .  . 

Auxiliary-shaft speed, rpm . . . . . . . . . . . . . . . . . . . . .  . 

Electric-motor power at 1400rpm, kw • . . • • • . . . • • • • .  

Limit of adjustment of the vertical table travel, mm 
Maximum angle of swivel of the cutter-spindle head, degrees 
Feed per cutter revolution . . . . . . . . . . . . . . . . . . . . . . 

Milling speed, m/min . . . . . . . . . . . . . . . . . . . . . . . . .  . 

25 
3 

From 4 to 36 
12 

1150 
3-6 

15, 20 ,  25.7 .  35.4 , 45.8, 60 
15 
0.4 

13 
5 

0.047-0.6 
45 

The establishment of the cutting conditions and the calculation of the 
machine production rate are done in the same way as for the S -40  miller .  
The maximum cutting speed f o r  the machine i s  4 5  m / min. The milling 
allowances are between 0 . 05 and 0 . 1 5 mm ,  depending on the module and 
the number of teeth .  The quality of the surface finish is class 7 or 8 .  

MILLING TEETH BY THE GENERATION METHOD 

Milling by generation is a more advanc ed and more productive method 
of gear manufacture than is form milling. The generation methods in us e ,  
i n  dependence o n  the design of  the cutting tool, are: generation by rack 
tool, gear shaping, and gear hobbing. 

The basis of the hobbing method lies in the simultaneous rotation of the 
hob spindle and the work spindle ,  coordinated in s uch a way that each rota-

tion of the hob spindle corresponds to the _!_ part of a work-spindle rotation, z 
where z is the number of teeth on the wheel being milled (Figure 2 1  ) .  
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The required relationship between the speeds of rotation of the hob and 
part is obtained by means of change gears in the hobbing- machine gear 
train. 

In addition to the rotary motions of the hob and part, the machine table 
(or the hob slide )  is fed axially along the work in order to mill the length 
of the tooth .  

I n  the time that the wheel rotates b y  one circular pitch (tooth plus space ) 
a s ingle-thread hob accomplishes one rotation. Obviously, the axial lead 
of the hob thread ( the distance between two threads in the axial cross sec­
tion ) must  be equal to the circular pitch of the whe el .  This i s  the basic 
condition for the relationship between the hob and the gear to be mille d ­
t h e  l i n e a r  e q u a l i t y  o f  t h e  h o b  l e a d  a n d  t h e  g e a r  p i t c h . 

In the case of a multi- thread hob, one revolution of the hob will corre-

spond to.i._ revolutions of the gear, where i is the number of threads on the z 
hob . 

The hobbing m ethod is us ed in watch production for milling wheels and 
pinions with more than 12 teeth. 

Involute wheels of the s ame module but with different numbers of teeth 
are all milled by the same hob. The involute profile thus makes it possible 
to s tandardize the cutting tool . Watch- gearing profile wheels and pinions 
are each milled by a special hob . 

The hobbing method is not universal, as not all gears can be hobbed .  
When involute gears with a small number o f  teeth are hobbed, undercutting 
occurs (Figure 22 ) .  Undercutting is  p res ent when the point A on the profile 
of the hob tooth is nearer to the gear center than point B (the point at which 
the line of action BP is tangent to the bas e circle of the gear, of radius r0 ) .  
Considerable undercutting reduces the working length of the involute and 
thus disturbs the smoothness of operation of the gearing. In particular 
cases ,  undercutting reduces the tooth s trength . 

Feed 

FIGURE 21.  Diagram of 
hobbing 

FIGURE 22 .  Undercutting of an involute tooth for 
z <  14 

In the case of s tandard 2 0° involute gearing, undercutting will occur when 
gears with fewer than 1 7  teeth are hobbed.  However, hobbing is considered 
as acceptable for gears with as few as 14 teeth , since the undercutting is 
negligible in that case and the tooth face of the mating gear can be made 
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with a circular arc or s ome other curve instead of an involute .  The trans ­
mission will not be correct in the modified s ector, but another pair of teeth 
can be meshe d  s imultaneously to negate the error. 

P r o f  i 1 e c o r r e c t i o n  is used to reduce the undercutting at the tooth root 
in hobbing. The correction consists in increasing the c enter distance of 

the m eshing pair by �A = 
1� � z m (this is acceptable on the basis of design 

consideration) .  The hob is withdrawn from the blank center by this same 
distance, thus increasing the blank radius . In this way the point A on the 
hob is withdrawn beyond the point B or to a point near B .  When the hob is 
thus withdrawn its pitch line XX will no longer be tangent with the wheel 
design pitch circle rp . The hob pitch line will be tangent with a circle of 
radius rp + �A .  The form of the involute is not altered when the c enter 
distance is increas ed as it depends on the base circle . The active s ector 
of the involute becomes less steep, a fact which improves the properties 
of the gear pair and leads to more uniform wear on the p rofiles . The in­
volute gearing in accurate instruments which require high gear efficiency 
is corrected according to this method .  I f  a correction i s  impos sible ,  wheels 
with fewer than 1 7  teeth should be form - milled .  The design drawing must 
take into account the neces sity of correction. 

When hobbing watch- gearing profile pinions with between 6 and 12 teeth, 
the acute tip of the hob tooth (at an unfavorable depth-to-width ratio ) is rapid­
ly worn, and the tooth space obtained has an incomplete depth (Figure 2 3 ) . 

The 530 semiautomatic gear-hobbing machine was designed for hobbing 
s mall- module spur gears and pinions and is locally produced .  The machine 
is available in several versions and can ope rate automatically. 

The kinematic s cheme of the machine is given in Figure 2 4 .  
Power from the electric motor i s  transmitted through a V-belt from 

the three-step pulley ( 1 )  to the three-step pulley (2 ) on the driveshaft I .  
One end o f  the driveshaft is connected through a telescoping shaft t o  the hob 
spindle .  The work-spindle change gears are connected to the s econd end 
of the drive shaft. The change gears (a , b ,  c ,  d )  drive the worm shaft II , 
which carries a single-thread (or five-thread ) worm ( 3 ) , and which in turn 
drives the work-spindle worm gear ( z = 5 0 ). The use of a single- thread 
worm makes it possible to obtain gears of high angular-pitch accuracy, 
while the use of a five -thread worm makes it possible to mill pinions with 
6 teeth,  thus considerably increasing the range of this machine (most watch ­
mechanism pinions have between 6 and 1 2  teeth) .  

The work spindle carries ,  in  addition to  the worm wheel , an  1 8-tooth 
helical gear which m eshes with a 6 0-tooth helical gear on shaft III . The 
feed change gears z1 , Zz are located on the shaft III and the worm shaft IV .  

The worm shaft IV carries a single-thread worm which drives the worm 
wheel H fastened to the feed shaft V .  A 1 4-tooth helical gear, permanently 
meshed with a rack, is fitted to the right end of shaft V .  

The rack  is fastened to the machine slide . The 14-tooth helical gear 
can grip the shaft V by m eans of a conical bushing and rotate together with 
it, fo rcing the slide to advance . When the link between the conical bushing 
and the gear is released (by manual action)  the latter sits freely on the shaft, 
and the s lide does not move. 

The slide is returned after hobbing by m eans of two springs located inside 
the bed.  
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FIGURE 23. Insufficient tooth space as a result of the blunting of the hob tooth 

W ork-spindle change gears 

Feed 

FIGURE 24. Kinematic scheme of the 530-machine model 
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The work-spindle change gears are s elected according to the following 
formula: 

a c 5'0 

T �t = -z ·  

where z = the number o f  teeth on the wheel to b e  hobbed. 
The following equality exists for a constant center distance for gears a 

and b :  

z., + z0 = 125, 

(the sum of the numbers of teeth on gears a and b is 1 2  5 ) .  
Three or four gears can be used: 
When working with three gears a- b- d: 

z z 
a = 50  25; 
b = 75 100; 

d= Zcut Z cut 
2 

When working with four gears a - b - c - d: 

z z 
a = 50  25; 
b = 75 100; 
c = 25 50; 

Zcut Zcut d = a 4 
The gears available for the machine are: 
1 )  a set  of 93 change gears d ,  beginning with z = 24, 36, 40 and up to 

z = 1 3  0; 
2 )  two step gears b/c = 7 5 / 2 5  and 1 00/50 ;  
3 )  two gears for  a and c ,  z = 5 0 and z = 25 .  
When working with three gears a - b - d the gear b serves as an idler 

only, revers ing the direction of rotation of gear d .  
The feed gearing consists of two change gears Z1 , Zz • Six pairs of 

change gears provide six feed s teps between 0 . 1  and 1 . 3 5  mm per blank 
revolution. 

The feeds corresponding to different combinations of the change gears 
are given in Table 1 3 .  

The number o f  feed s teps can b e  increas ed by the us e o f  additional gears 
z1 , z2 . 

The three- step belt transmission from the motor to the driveshaft pro ­
vides three hob speeds . Since the electric motor itself has two speeds , the 
total number of hob-spindle speeds is 6 .  

The motor pulley has a fourth step for powering the coolant vane pump. 
The teles coping shaft makes it possible to feed the hob slide in the ver­

tical and in  two horizontal directions . 
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Feed, mm 
per blank 

revolution 

0 ,1 0  
0 .20  
0 .30 
0 .45 
0 .75 
1 .35 

TABLE 13 TABLE 14 

Feed gearing Hob-spindle speeds and cutting speeds 

Gears 
Hob-spindle 

ZJ z2 speed, rpm 

24 84 500 
36 72 700 
48 60 1000 
60  48 1400 
72 36 2000 
84 24 

Technical data, model 530 machine 

Maximum work diameter, mm 
automatic operation 
semiautomatic operation · . . . .  

Maximum hobbing length, mm . • • • . . . . . • . .  

Number of teeth hobbed 
semiautomatic operation . . . . .  

Maximum module, mm . . . • • . . . . . . . . . . . .  

Minimum module, mm . . . . . . • . . . . . • . • • •  

Hob diameter, mm . . • . . • . . . . . • . • . . . . . .  

Hob spindle tilt, degrees . . . . . . . . • . . . . . . .  

Electric motor pmver, kw . . . . . . . . . • • . . . . •  

Cutting speed, 
m/min, for 

cutter diameter 
V =  24 mm 

37 .8 
52.8 
75 .5 

1 05.5 
150.8 

25 
50 
40 
6-100 
6-300 

0 .05 
25-30 
Up to 3' 

0.65 

Speed of 
electric 

motor, rpm 

1400 
1400 
1400 
2800 
2800 

Hob cutters. Involute gears are cut by bobs having straight- sided rack 
teeth according to GOST 3058 -45 .  This tooth profile is called the b a s i c  
r a c k  (Figure 2 5 ) .  Watch- gearing p rofiles are bobbed, as previously m en­
tioned ,  by special bobs designed for each wheel . Since this method is us ed 
in one of the most advanced branches of precision- instrument manufacture , 
the design of bobs is a practical necessity, and we shall therefore dwell on 
the subj ect in greater length. 

FIGURE 25. Basic rack 
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According to the general theory of  gearing, the active portions of the 
profiles of a meshed pair must be conjugate in their relative motion. If 
we imagine the gear z1 in contact with gear z2 , so  that their pitch circles 
roll without sliding (Figure 2 6 ,  a ), then the successive positions of the gear­
tooth p rofile generate a family of plane curves on the fixed plane fixed to 
gear z2 , (Figure 2 6 ,  b ) .  According t o  the general theory of  gearing, the 
envelope of this family of curves is the mating gear-tooth profile ,  desired 
s ince :  1 )  each point on the envelope is  a point on  one of the curves of the 
family of curves , and , 

2 )  each point on the envelope is the limiting position of the intersection 
of two adjacent curves of the family when they are drawn infinitely near to 
one another.  

A s  the hob revolves (see Figure 2 1 )  its tooth p rofile generates a family 
of plane curves on the fixed plane connected with the gear being milled.  
The envelope of this family is the mating gear-tooth profile and the envelope 
of the family of curves generated by the gear-tooth p rofile is the hob p rofile .  
Therefore, the determination of the p rofile of  the hob tooth reduces to find­
ing the envelope of the family of curves of the gear tooth when the pitch 
circle of the gear rolls without sliding on the pitch curve of the rack. 

Several plotting methods exist for obtaining the mating tooth p rofile of 
the hob . The most widely used among them are the m ethod of graphical 
generation and the graphical-analytical method .  

The m ethod of graphical generation is the simplest and most easily vis ­
ualized of all the graphical methods . It not only makes it possible to plot 
easily and rapidly the desired profile ,  but is suitable for checking the re­
s·ults against the initial profile .  

FIGURE 27 .  Gear-tooth profile 

The procedure is as follows : the tooth-space profile of the gear is drawn 
to a large s cale on a sheet of pap er .  The pitch circle is divided into several 
equal parts , and the points of division are numbered as shown in F igure 2 7 .  
Radial straight lines are drawn through the division points . A s traight line 
is drawn on tracing paper (Figure 2 8 )  and taken as the hob pitch line . This 
straight line is divided into parts o f  length equal to that o f  the arcs of the 
pitch circle between the division points and the points obtained are numbered 
in the same way as on the pitch circle .  Perpendiculars to  the s traight line 
are drawn at the points of division . The tracing paper is then s uperimposed 
on the sheet in s uch a way that the zero point and the perpendicular on the 
tracing paper coincide with the zero point and the radial straight line on the 
sheet. The tooth - space profile is then drawn on the tracing paper.  Next, 
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the corresponding points to the right and left on the two sheets are cons e ­
cutively brought into coincidence, and the tooth space profile i s  drawn each 
time on the tracing paper.  

I i 
Hob-tooth profile 

li 

I 

Basic profile of cutter 

FIGURE 28. Hob-tooth profile 

The envelope of the family of curves obtained is the required hob-tooth 
p rofile . The plotting of the required p rofile reduces to s electing the arc 
radii for each portion of the envelope .  The correctness of the profile ob­
tained is checked by a revers e generation. The pitch circle of the gear is 
dr.awn on the tracing paper, divided into the s ame number of parts as in the 
preceding cas e ,  and the tracing paper is then superimposed on the sheet.  
By drawing the profile of the hob tooth in every pos ition one obtains a family 
of curves whos e envelope must correspond to the original gear tooth-space 
p rofile .  The results are checked by s uperimpos ing the tracing paper on 
the initial p rofile drawn on the sheet .  The method of graphical generation 
has a shortcoming in that it  is difficult to draw the pitch circle on the sheet 
to a large scale. Figure 29 shows the profile of a hob tooth, designed by 
the m ethod of graphical generation, for hobbing a pinion with z = 8 and 
m = 0 . 09 9 m m .  

T h e  g r a p h i c a l - a n a l y t i c a l  m e t h o d  i s  us ed in cas es where it 
is necessary to plot the p rofiles to a large s cale .  I t  consists basically in 
plotting the pitch circle of the gear as points whose coordinates are cal­
culated analytically, and drawing the p rofile graphically from the given 
radius . The mating hob-tooth profile is plotted by the method of graphical 
generation.  

A typical hob design for hob bing wheels of module 0 .  05 to 0 .  3 mm is 
given in Figure 30.  It s hould be noted that the lead angle is 0° 1 5 '  to 0°30 ' .  
The p rofile o f  the tooth in the normal plane can therefore be considered 
identical to its profile in the axial plane . This s ubs titution will be unaccept­
able for lead angles above 0°3 0 ' '  as the differenc e in profiles will then be 
considerable .  
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FIGURE 29. Hob-tooth profile for hobbing pinions with 
z = 8, m =  0.099 mm 

FIGURE 30. Dimensions of a watch-gearing­
profile hob 

The following maximum manufacturing e rrors are allowed according to 
the specifications for hobs of module 0 . 0 5  to 0 . 3  mm (Table 1 5 ) . 

TABLE 1 5  

Tolerances and deviations i n  hob manufacture 

Cutter errors 

Outside-diameter run-out . • • . • • • • • . . . •  

Tooth-face run-out • • • •  0 • • • • •  0 0 • • • •  

Lead variation per turn • 0 • • • • • • • • • • • •  

Total lead variation for five turns . . • . . • . • 

Profile deviations: 
a) module smaller than 0.15 mm . . . . . . 
b) module between 0.15 and 0 .3mm . . . . 

Tooth-space bottom blunting radius r . . . . . 

Permissible errors, mm 

Class A Class B 

0.01 0 .02 
0.005 0.010 

±0 .002 ± 0 .003 
±0.005 ± 0,008 

0.003 0.005 
0.004 0.007 
0.01 0.015 

Hobs are form -relieved in special machines . Since watch- gearing mo­
dules have calculated values with three decimal figures (thus , the module 
of the fourth wheel of the "Pobeda" brand watches is m = 0 . 0 9 9 mm ) ,  the 
pitch adjustment of the machine is realized by means of a special device 
with a reading accuracy of 0 . 0 0 1  mm . The form- relieving is performed 
in three operations : initial roughing, final roughing, and finishing. The 
allowance for finish form -relieving is 0 . 01 mm per side . 

The time norm for the m anufacture of a hob is 6 to 7 hours , with 3 . 5  to 
4 hours of this time taken by form -relieving.  

The life of a hob before regrinding is , when milling brass gears , 8 to 
1 0 milling hours . 
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CUTTING CONDITIONS FOR HOBBING 

Hobbing is used, as mentioned earlier, for milling wheels and, some ­
times,  pinions . 

The mounting and positioning of pinion and wheel blanks in the model 530 ,  
and T - 84 machines is  similar to the mounting and pos itioning in  the S -40  
and S -53  machines (see Figure 7 ) . 

The cutting speeds and feed rates are es tablished as a function of the 
mechanical p roperties of the material, the dimens ions of the blank and the 
hob material . The feed rate in hobbing is expressed in millimeters per 
revolution of the part being hobbed and is determined by the following for­
mula: 

S0 == Cs · M"zb mm/ rev. 

where s0 = the feed in mm per blank revolution; 
c& = a factor depending on the mechanical prope rties of the material; 
M = the module; 

z = the number of teeth on the wheel or pinion being hobbed. 
The values of the factor C& and the exponents a and b are given in Table 6 .  
The cutting speed is determined by the formula 

The values of the factor Cf} and the exponents x and y are given in Table 7 .  
A s  a time-saving measure, the cutting speeds and feed rates recommend­

ed for hobbing watch- gearing wheels and pinions are given in Tables 1 6 - 2 0 . 
The hobbing (basic ) time Th is determined by the formula 

T = L·z:p_ h n · S0 ·k ' 
where Zp = the number of teeth on the hobbed part; 

n = the speed (rp m )  of the single- thread hob; 
k = the number of parts machined simultaneously; 
S0 = the feed per blank revolutions ; 
L = l + [1 + [2 , = the travel , where l = the length of the hobbed part 

(or of the several simultaneously machined parts ), [1 = the cutter 
approach (according to the table in Appendix 3 ) ,  [2 = the over­
travel ( 1 - 1 . 5  mm) .  

The value of [ 1  can be determined from the formula 

[1 = cos � V h0 (d - h0) + l ,Stan�(m Vz + h0) , 
where � = the hob lead angle.  

In the case of hobs , the value of the angle � does not exceed 0°3 0 ' ,  as 
s een in Figure 30 ,  and therefore cos � � 1 ,  tan � :::: 0 .  

This reduces the formula to  

1 1  = V h0 (d - h0) (see formula ( 3  )] 

The time Th , calculated as necessary for the manufacture of one part, 
is compared with the available work-spindle speeds and the time per revolu­
tion closest to Th is selected. 
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TABLE 16 

Feed s0 , mm/blank revolution, for hobbing wheels and pinions made of U7AV and U10A steels 

Number of Module, mm 
wheel- or 

pinion teeth 
0.10 0.12 0.15 0,20 0.25 0.30 

8 0.08 0.085 0.10 0.11 0.13 0.14 
1 0  0.085 0.09 0.11 0.12 0.14 0.15 
15 0.09 0.10 0.12 0.13 0.15 0.17 
20 0 .10 0 .11 0.13 0.14 0.17 0.18 
30 0 .11 0.12 · 0.14 0.16 0 .19  0.20 
40 0 .12 0.13 0.15 0.17 0.20 0.22 
50 0 .13 0.14 0.16 0 .19 0,21 0 .23 
60 0.14 0.15 0 .17 0 .20 0 .22 0.24 
70 0.145 0.16 0.18 0 .21 0.23 0 .25 
80  0 .15 0.17 0.19 0.22 0.24 0.26 

TABLE 17 

Cutting speeds v ,  m/min, for hobbing wheels and pinions made of U7A V steel 

Feed •· , Module, mm 
mm/blank 

0.10 0.12 
revolution 

0.15 0,20 0.25 0,30 

0 . 05 128 118.6 108 96 86.7 80.6 
0 . 08 106 97 .5 89  78 .4 71.4 66 
0 .10 95 88 .4 80.3 71 .2 64.7  60  
0.12 88 81 74.1 65.7 59.6 55.2 
0.15 81 75 68.5 60.5 55 51 
0 .20 71 65 59 .4 52.7 47.8 44.3 
0 .25 63.8 59 54.2 48 43.4 40.4 
0 .30 58 .7 54.3 49.7 43.8 40 37 
0 .40 52.2 48 44.1 39.1 35.3 32.8 

TABLE 18 

Cutting speeds v ,  m/min, for hobbing wheels and pinions made of Ul.OA steel 

Feed sJ . Module, mm 

mm/blank 0 .10 0.12 0.15 0.20 0.25 0.30 
revolution 

Cutting speed tl, m/min 

0 .05 117 1 08 98 .5 87 .3 79 73.5 
0 .08 96 88.6 81 71 .4 65 60.2 
0.10 87 80.5 73.2 64.2 59 54.6 
0 .12 80  73.8 67 .5 59.8 54.4 50.3 
0.15 74 68.3 62.3 55.1 50.1 46.4 
0 .20 64.2 59.2 54.1 48 43.6 40.4 
0.25 58 .2 53.8 49 .3 43.6 39.6 36.8 
0 .30 53.5 49.4 45.2 40 36 .4 33.7 
0 .40 47.5 43.8 40.2 35.6 32.2 29 .9 
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TABLE 19 

Feed s0,  mm/rev, for hobbing wheels and pinions made of LS63-3-0T brass 

Number Module , mm 
of wheel-

0.1 0  
o r  pinion 

0.12 0.15 0.20 0 .25 0.25 0.40 0.50 

teeth 

8 0.15 0.17 0.19 0.22 0.26 0.28 0.33 0.36 
10 0.17 0.19 0 .21 0.24 0.28 0.30 0.36 0.40 
15 0.1 9 0.21 0.23 0.26 0.30 0.33 0.40 0.45 
20  0.21 0.23 0.26 0.28 0.33 0.36 0.45 0.50 
30 0.23 0.26 0.28 0.30 0.36 0.40 0.50 0.55 
40 0.26 0.28 0.30 0.33 0 .40 0.45 0.55 0.60 
50 0.28 0.30 0.33 0.36 0.45 0.50 0.60 0.65 
60 0.30 0.33 0.36 0.40 0.50 0.55 0.65 0.70 
70 0.33 0.36 0.40 0.45 0 .55 0.60 0.70 0.80 

TABLE 20 

Cutting speeds t1 for hobbing wheels and pinions made of LS63-3-0T brass 

Feed So , mm/blank revolution 0 .1  0 .15  0 .2 0 . 3  0 .4 0 .5 0 .6  

v .  m/min • • •  ' 0  • •  0 0 • •  0 .  205 1 91 181 172 164 158 153 

As an example ,  we will calculate the cutting conditions and the p roduction 
rate for a specific case on the model 5 3 0  s emiautomatic machine . 

It is required to hob the teeth of a barrel with z= 80 ,  module 0.105 mm and material - LS63-3 brass 
(Figure 31). 

FIGURE 31. Wristwatch barrel 

The number of parts machined simultaneously is k = 6 .  
We begin by  writing down the data 1vhich are to be  used in  the calculation. We select from Table 19  

the feed s0 = 0.33 mm/rev. , and from Table 20 ,  the cutting speed t1 = 172 m/min. On the basis of  the 
machine data we select the hob speed n = 2300 rpm. The length of theo machined parts is (from Figure 31) 
L = 1 .8 X 6 = 10.8 mm. The cutter approach is, from Appendix 3 :  /1 = 2.3 mm. We fix the overtravel as 
Lz = 0, since the overtravel is automatically provided by the turned-down diameter on the last part. 

The total travel is L = 1 0 .8 + 2.3 = 13.1 mm. 
The hobbing time corresponding to the selected conditions will be 

T _ L · t p = 1 3. 1 · 80 . 
h - n · So · k 2300 · 0.33·6 

= 0·23 mm .  

The additional time necessary for changing the mandrel, starting the machine, and other similar opera­
tions is, according to the standards, 0.42 min, or 0.07 min per piece. 

The calculated production rate for the machine per shift will be 

A 480 min. 600 . 
= 0.23 + 0.07 = I pleces . 
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We next compare the calculated data with the machine capabilities. The nearest value for s0 is 
(from Table 13) 0.30 mm/rev. , the nearest value of 11 is (from Table 14) 150.8 m/min at n = 2000 rpm. 

13.1· 80 
The actual value ofT h will then be T h = 2000. 0 30•6 = 0.30 min, instead of the calculated value of Th = 

• 

480 
= 0.23 min. The actual production rate will be A = 

0.30 + 0.07 
= 1300 pieces per shift. 

Comparison of the Form - milling and Generation 
(Robbing) Methods 

The following conclus ions were drawn on the basis of investigations , 
conducted in watch production, of the accuracy and productivity of the two 
methods of milling teeth on wheels and pinions : 

1 .  The p roductivity of the generation m ethod is 1 . 5  to 2 times higher 
than that of the form -milling m ethod, The generation method is inherently 
free of idle movements and no loss of time is incurred in indexing, so that 
the milling process is continuous . The basic milling time for milling the 
teeth on the center wheel of the "Pobeda" brand wristwatches is 0 . 1 2 3  min 
using the generation m ethod and 0 . 2 7 8  min using the form - milling method 
(in two passes ). The piece times are 0 . 1 9  min and 0 . 38 min, respectively. 

The following are the time rates fo r the manufacture of formed cutters 
and hob cutters , and their respective service lives ,  according to  data s up­
plied by s everal watch plants : 

1 .  Formed cutter 
2. Hob cutter 

Time rate 

1 hour 
6- 7 hours, 50"7o taken by 

form-relieving 

Life (total) 

10-12 shifts 
20-25 shifts 

The higher cost of hob cutters is compensated for by their longer life 
and the highe r productivity of the generation method its elf . 

The manufacturing time rates for involute hob cutters are about 2 0  o/o less 
than those for watch- gearing p rofile hobs . 

The diffulty in manufacturing watch- gearing profile bobs lies both in the 
need to attain the specified accuracy of lead, profile and face run- out, and 
in the need to obtain a tooth space with minimum blunting radius . The teeth 
of hobbed wheels present a characteristic blunting of the tooth tip (Figure 32 ) .  

2 .  The surface quality obtained using the generation method is class 8 
or  9 and is better by 1 or 2 classes than that obtained by the form -milling 
method. 

Every roughness on the cutting edge of a formed cutter tooth is repro­
duced (in the negative ) on the wheel - tooth profile .  In the generation method, 
only thos e  roughnes s es are reproduced which appear on the line of action 
during generation. The surface quality, in both methods , may vary within 
the limits of one class , depending on the quality of sharpening. 

3 .  Among the original machine errors the facto r which has the largest  
influence on the accuracy of  the completed gear wheel is the error in the 
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angular pitch of the index plate or in the work-spindle change-gear train in 
hobbing machines . 

The angular -pitch accuracy of index plates is ± 0°2 ' . This error increases 
to ± 0°3 1  during the life of the plate due to the nonuniform wear on its work­
ing surfaces . 

FIGURE 32 . Blunting of the tooth tip in wheel hobbing 

The accuracy of the work-spindle change-gear train of the model T-84 ,  
5 30 ,  and similar machines is also ±0°3 1 •  It is thus seen that, from this 
point of view, both methods give identical results . 

The two methods are equivalent with respect to the other accuracy para­
mete rs as well : profile,  tooth thicknes s ,  outside diameter, and run- out. 
The run- out depends to a small extent on the method us ed.  When using the 
form- milling method, the cutter must be accurately set relative to the part 
center - the center plane of  the cutter must pas s through the axis of revolu­
tion of the blank. No s uch positioning is required when using the generation 
method. 

R o u n d i n g - u p  is a fitting operation. It is used in those  cases where it is 
required to reduce the wheel run- out, or its outs ide diameter. The S- 6 1  

FIGURE 33. Rounding-up cutter 

machine is used to perform this oper­
ation using a special cutter (Figures 
3 3 - 34 ) .  One third of the cutter cir­
cumference is s mooth and bent out of 
the general plane by the value of the 
tooth pitch o f  the wheel being worked.  
When the cutter revolves ,  the end of 
the deflected s egment engages a tooth 
space on the wheel being worked and 
indexes it by one pitch.  The remainder 
of the cutter circumference has very 
fine teeth with a profile identical with 
that of the wheel-tooth space. No hori­
zontal or vertical feeds are imposed.  
The wheel, together with its shaft, 

revolves freely between the machine centers (Figure 35 ) .  
The necessity for rounding-up decreas es with an  increas e in  the accuracy 

with which wheels and pinions are machined,  and with an increase in the ac­
curacy of the assembly elements (interaxial distances in the plates ) . The 
sizing of holes in wheels , based on the outs ide diameter of the wheel ,  has 
made it possible to reduce the run- out of wheels to 0 . 0 1 - 0 . 0 1 5  mm, an 
accuracy sufficient for the normal operation of watch gearing.  
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FIGURE 34. S-61 machine for rounding-up wheels 

Female 
centers 

FIGURE 35. Position diagram of rounding-up cutter 
and wheel 

INSPECTION OF GEARING ELEMENTS 

Several methods exist for the inspection of the various gearing- elements , 
each with its specific advantages and shortcomings . 

The inspection methods and means are as important in production as are 
the machining methods and means . Inspection- operation s heets are accord­
ingly included in the technical documentation along with the machining-oper­
ation sheets by many plants . The inspection methods must obviously be 
quick, and the inspection means accurate and easily handled .  
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The various gearing elements are inspected in watch plants by m eans of 
contact and optical measuring methods . The measured errors being small 
in absolute value, the inaccuracy of the measuring method itself cons titutes 
a considerable percentage of the tolerance .  Thus, the accuracy of profile 
inspection by means of a profile projector at a m agnification of 1 00 X is not 
better than 3 1, , which is 30 o/o of the tolerance on the tooth p rofile of an ac­
curacy class 2 wheel with module between 0 . 1  and 0 . 1 5  m m .  

The gearing elements listed i n  Table 2 are inspected b y  the inspection 
methods and means described below. 

Inspection of the external diameter. The inspection of the external dia­
meter is the first operation in the s equence of inspection operations for 
toothed-wheel elem ents . A ny variation in this diameter leads , as was ex­
plained above, to a corresponding shift in the basic rack. 

The external diameter is inspected, under plant conditions , by m eans 
of ring limit gages (Figure 36 ), and in individual cases by watch micro­
meters . The advantage of the gage - inspection method lies in the fact that 
it eliminates the possibility of pass ing wheels or pinions of diameters larger 
or  s maller than required, and in that the number of  teeth on the wheel or 
pinion plays no part in the inspection. This method is als o  very quick. 

Measurement by a watch micrometer gives the actual wheel dimension, 
but difficulties are encountered when using this method for measuring 
wheels with an odd number of teeth. This method is also slower than the 
ring- gage method. 

FIGURE 36. Ring gage 

Samples of three wheels are inspected from each mandrel (one from 
each end and one from the middle ) .  

In  the case of pinions , one pinion is  taken at random and inspected from 
among 1 0- 1 5  produced.  

The inspection of the external diameter under laboratory conditions is 
carried out using a tool microscope. 

Measurement of the tooth thicknes s .  The tooth thickness is measured 
using a watch micrometer with special inserts or using a tool microscope. 
In addition, the thickness is inspected by the profile projecto r s imulta­
neously with the profile inspection. To that end, the projected tooth p rofile 
is superimposed on the p roperly s caled design drawing. The tolerance on 
the outside diameter J::eing small, its influence on the accuracy of the mea­
surements when using the superposition method is negligible .  The method 
of profile projector inspection is also rapid . 
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In the case of wheels ,  the thickness of three teeth is measured while all 
the teeth are inspected with pinions . The inspection in both cas es is a ran­
dom inspection.  

Inspection of the tooth profile. The third element subjected to inspection 
is the tooth p rofile .  Profile inspection is always carried out using a profile 
projector with a magnification of 5 0X or l OOX, and sometimes of 200X. The 

FIGURE 37. Profile projector with a 

profile projector has become the accepted 
plant inspection means (Figure 3 7 ). The 
measurements are made more convenient 
and accurate by drawing the design profiles 
on glass .  

The tooth thickness i s  inspected s imulta­
neously with the profile inspection .  The 
profile inspection is of the random type .  
More accurate measurements are conducted 
using a profile projector with 2 00X magnifi­
cation and an oversized screen. 

Measurement of radial run-out. The 
measurement is conducted either by the con­
tact method with the aid of a special indi­
cator, or by the optical method, in which 
case the part is positioned on a coordinate­
marking machine in a special device .  

The inspection i s  performed under plant 
conditions using indicators with special in­
serts . Low-pressure indicators (up to 30  g)  
o f  this type are manufactured by the watch 
industry with divisions of 0 . 0 0 1  mm and a 
measuring range of ± 0 . 03 mm (F igure 20 ,  
Chapter X) .  magnification of l O X , 25  x ,  50 x ,  and 

l O O X  The method of inspection by a coordinate­
marking machine, used in laboratories ,  is time-consuming. The achievable 
accuracy, according to the technical data of the m achine, is 0 . 003  mm.  This 
inspection operation can also  be conducted by means of a profile projector .  
Wheels and pinions are random - inspected.  

Measurement of the circular pitch. This element has only recently be­
gun to  be inspected. A s  long as the form - milling method was the prevalent 
manufacturing method in use, the measurement of the c ircular pitch was 
unnecessary because the tooth spaces were necessarily equal . 

This system is inapplicable to bobbed wheels ,  since errors in the many 
gear trains of the machine influence both the tooth thicknes s  and the tooth­
space width . Therefore, with the wide adoption of the generation method, 
it became necessary to measure the circular pitch and to determine the 
difference between successive circular pitches ( 8 t ) .  The measurement of 
circular pitches is conducted on a coordinate - marking m achine with the aid 
of a circular table .  The difference (8 t) is obtained by passing from angular 
to linear dim ensions by the formula 

&,· ot = 57°18' . , pitch 

The inspection is of the random type .  
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C h a p t e r  VI 

BASIC MA CHINING OPERA TIONS FOR PLA TES, 
BRIDGES AND COCKS 

The pillar plate is the foundation on which pocket- and wristwatches 
movements are mounted. The pillar plate is 2 . 30 to 2 .  7 5  mm thick, with 
recesses and p rojections of various shapes and heights , and with a large 
numbe r  of through and blind holes , s ome of them threaded.  

Plates have various shapes , depending on the general arrangement of 
the movement parts . A circular plate is us ed in pocket watches and in the 
majority of wristwatches . Certain brands of wris twatches ,  both men ' s  
and ladies ' ,  have plates o f  noncircular shapes :  square ,  rectangular, be­
veled rectangular (Figure 1 ) ,  barrel - shaped or  oval . 

The size o f  a watch is defined as the s ize o f  the mounting shoulder on 
the plate.  A 2 6 - mm size (K- 2 6 )  watch has a mounting-shoulder diameter 
of 26 mm.  In a 1 8 -mm size watch (K- 1 8 )  the mounting shoulder on the 
small s ide of the rectangle is 1 8  mm.  

Figure 2 ,  a is a photograph of the plate of a 2 6 -mm size "Pobeda" brand 
wristwatch, and Figure 2, b is a photograph of the plate of an 1 8  mm size 
"Zvezda" brand wris twatch . 

a b 

FIGURE 1. Plate shapes : 

a -circular; b-beveled rectangular . 

The dial side of the plate carries the motion work and the dial . The op­
posite s ide of the plate, called the cock side, carries the basic ass emblies 
of the watch movement: the barrel, the train, the es capem ent and the 
balance .  The movement assemblies are supported on the plate by m eans 
of cocks and bridges , which are plates 0 . 4  to 4 . 2  mm thick and with various 
configurations and having holes ,  reces s es and projections of various shapes 
and heights for mounting the watch parts . 
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Wrist- and pocket watches usually have four main cocks and bridges :  
the barrel bridge which supports the barrel , the center wheel and the 
keyless (winding) wheels ;  the train bridge which supports the third, fourth 
and es cape wheels ;  the pallet cock which supports the pallet fork; and the 
balance cock which supports the balance with the hairspring and regulator .  

The large number of recesses in  the plate, which overlap to  a cons ider­
able extent, considerably weaken the plate cross section in certain opera­
tions and reduce its rigidity. A drawing of a wristwatch plate is given in 
Figure 3, a,  while Figures 3, b ,  c, d show various sections . The wall 
thickness in section AA (drawing b )  is 0 . 3  mm, while the total plate thick­
ness is 2 . 3 5  mm . In s ection BB (drawing c )  there is a s tepped cylindrical 
counterbore with run- out tolerance 0 . 0 3  mm relative to hole III . In section 
CC there is a contoured through hole with recesses on both sides .  

c d 

e 

FIGURE 2. Wristwatch plates, cocks and bridges 

a-dial and cock sides of the plate of " Pobeda" brand lvatches; b-dial and cock sides of the plate of 
" Zvezda" brand watches; c-pallet cock ; d-balance cock; e-train bridge ; f-barrel bridge. 

The various contoured recesses must be very accurately made. The 
width between the restricting projections for the pallet fork must be 1 . 3 8 1  ± 
± 0 . 005 mm (drawing e ) .  The tolerance for the holes for the journals ,  pin­
ions, and cock pins must not exceed 0 . 005  mm.  The tolerances for the 
center distances of gear pairs , and es capement and balance ass emblies 
must not exceed 0 . 0 0 7 5  to 0 . 0 1  mm . Corresponding holes in plates and 
cocks ass embled in s tacks must be true (concentric ), and the location de­
viations mus t  not exceed the center- distance tolerances . 

The surface-finish quality of the holes for axes , arbors and pins must 
correspond to class 9 - 10 and the finish quality of the cock s ide of the plate 
and of the cocks thems elves must be class 8 .  The surface quality of the 
remaining, less critical , parts must be no poorer than class 7 .  
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A 

a 

Section AA 

c 

d 
e 

FIGURE 3. Wristwatch plate (cock side): 

a-general viev1; b-section AA; c-section BB; d-section CC; e-banking projections 
for the pallet fork . 
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The plate and bridges are made of a special bras s ,  type LS6 3 - 3 .  
The rigid and diverse requirements relative to watch plates and cocks 

(bridges ) have led to the development of suitable machining p roces s es . 
Sixty operations are involved in the p rocess of machining the plate: blank­
ing, contour shaving, center punching (pointing), drilling holes according 
to the center-punch marks and tapping them, turning and counterbo ring, 
milling recesses and shoulders , and shaving the holes . 

The machining of bridges is simpler, but includes the additional opera­
tions of ma rking and texturing . 

The plate-machining operations are divided up as follows : 2 0 "/o s tamping 
operations , 3 5 "/o drilling operations , 3 0 "/o  turning and milling operations , 
1 5 %  shaving and cleaning operations , and aging. 

The stamping operations : blanking, shaving and center punching, were 
described in Chapter III (s tamping operations ) .  The other operations are 
described below. 

FIGURE 4. Base holes P 1 o  P z, P 3 on the " Pobeda" brand 
wristwatch pillar plate 

The machining of the plates is carried out with reference to three bas e 
holes P� o P2 , P8 (Figure 4 ). Before thes e holes are s haved the plate is 
blanked and contour-shaved. The winding-pinion window is pierced and 
center-punch marks for the three bas e holes are made. A fter s tress-re­
lieving, the three bas e holes are drilled and countersunk and the plate is  
turned on both the cock and the dial s ides . The plate of "Pobeda " brand 
wristwatches , shown in Figure 4, is s ubjected to further machining after 
thes e  preparatory operations . 

The s tepped holes for the fitting pins , situated on the dial side of the 
plate, are machined first .  The largest diameter is drilled first  (Figure 
5, a ) ,  in order to decreas e the thickness which remains to be pierced by 
the s mall- diameter punches .  The smaller holes are then pierced, and the 
next group of holes are simultaneously center-punched (Figure 5, b ) .  An 
allowance of 0 . 1 0 - 0 . 1 5  mm is left for subs equent shaving of the holes . Now 
the plate is machined. Center-punched holes , designated in the drawing by 
the symbols S,  B, 7, etc . , are then drilled, counterbored, counters unk and 
bored (Figure 5,  c ) .  

The drilling i s  followed by  preliminary counterboring of the barrel re­
cesses and the milling of recesses for the train�'. escapement and balance .  

• Train- the toothed-wheel transmission connecting the barrel with the escapement. 
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The plate deforms (buckles )  as a result of the considerable local removal 
of metal and it accordingly undergoes a stress relief operation after which 
the dial side of  the plate is either turned or shaped.  Plates and cocks 
(bridges ) are s tress relieved in the PN- 3 1 6  electric pit furnace at 2 3 0 -
2 5 0°C for 2 hours . 

Piercing 

Center punching 

a 

7 • 
c 

FIGURE 5. Pin holes in the plate 

a-preliminary drilling; b-punch-piercing of holes with simultaneous center punching of a group of other holes; 
c-machining the center-punched holes. 

Finish milling of the recesses for the train, escapement and balance, and 
the boring of the s tepped barrel recess follow. These operations bring the 
plate to the shape shown in Figure 6 .  

Next, 1 4  holes are rough-shaved leaving a n  allowance for the finish 
shaving and the remaining 1 5  holes are pierced (Figure 7 ) . 

The holes for the winding s tem and the fas tening screws of the dial feet 
(Figure 8) are then machined. Finally, 24 holes for the cock and bridge 
fitting pins and for the train, escapement and balance arbors are s haved 
(Figure 9 ) . 
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The machining of the recess es and projections on the dial side of the plate 
for the winding gear and the motion work is now performed (Figure 1 0  ) . The 
windows for the winding pinion and the claw clutch are shaved .  

Section AA 

FIGURE 6. View of the " Pobeda" 
brand watch plate after machining 
the recesses from the cock side 

B 

Section BB 

FIGURE 7 .  Disposition of the holes 
in the plate ( view from the cock side) 

FIGURE 8. Lateral holes in the plate 

The holes are countersunk from the dial and cock sides ,  and threads 
are tapped in holes from both sides . A s houlder is turned for mounting the 
case (Figure 1 1  ); and finally, the cleaning operations are performed. 
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t. s,-s�: 

i 
FIGURE 9. Plate holes after shaving. The hole diameters are : 

1- o.o56+ 0 ·012
; S

1- s
6-1 .282+ 0 ·005; S

7- S
8- o.505+ 0 ·005 ; S9- S10-o .95 

+ 0 "02
; 

S 15-0.49+0.005
; I -1. 01+ 0.005; II -0.655+ 0.005; Ill , IV, V , VI -0 . 982+ 0.005; 

+ 0 . 005 
5-0.54 

S + 0.005 
· n-S14 -0.535 ; 

VII-1 .182 
+ 0 "005

; 

FIGURE 10 .  Plate recesses (view from 
the dial side) 

FIGURE 11 .  View of the plate from 
the cock side after the completion of 
all machining operations 

TURNING AND SHAPING OF FACE PLANES AND BORING OF RECESSES 

The face planes of plates ,  cocks and bridges are faced in order to provide 
a more accurate mounting and positioning base for the subsequent m echan­
ical operations . The surfaces are faced either by turning on the S - 8 1A 
s emiautomatic lathe,  or by shaping on the S - 1 8 8  rotary shaping machine . 

The S- 8 1A two- spindle s emiautomatic lathe (Figure 1 2 )  consists of the 
bas e ( 1 ) , housing the drive, the camshaft housings (2 ) ,  the headstocks ( 3 )  
and the slides ( 4 ) . 

T h e  b a s e  ( 1 ) of the machine is a light cast- iron block of rectangular 
form . The electric motor is mounted on a plate inside the bas e (at its cen­
ter) .  A flange mounting the cam shaft drive is m ounted on the back wall in 
the lower part of the bas e .  

T h e  c a m  s h a f t  h o u s i n g  (2 ) i s  a complex iron casting, inside which 
are mounted the countershaft, the transmission shaft, and the shaft for the 
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right- hand and left- hand slides . The housing is fastened to the base by 
means of screws and serves as base for the two headstocks and the two slides . 

T h e  h e a d s t o c k  ( 3 )  is the main assembly of the machine and is housed 
in a cast-iron body ( 1 ) (Figure 13 ) .  The hollow spindle (2 ) is mounted in 
two bronze bearings . The spindle pulley revolves freely on ball bearings 
and powers the spindle through the cone of the friction clutch (4 ) which is 
p ressed against the pulley cone by four sp rings ( 5 )  and connected with the 
spindle through the keyed sleeve ( 6  ) .  

When the machining cycle is ended, the frictional clutch is dis engaged 
by the cone being moved to the right, along the key, by the lever ( 7 ) which 
is controlled by cam ( 1 9 )  on the camshaft (see Figure 1 5 ) . When the ma­
chining cycle begins again, the friction clutch is freed and engages the pulley 
again, under the action of springs (5 ) ,  thus s tarting the spindle .  

FIGURE 12 . General view of the S-81A two-spindle semiautomatic lathe : 

1-base; 2-camshaft housing; 3-headstock ; 4-slides. 

The plate is gripped in the collet chuck (8 ). Contour plates ( 1 0 )  are 
fastened to the collet face ( 9 )  in order to hold the shaped parts on their con­
tour.  When the foot p edal is pressed, the sleeve ( 1 1 )  is moved to the right 
by a fork. The s top levers ( 1 2 )  are thereby freed to open under the action 
of  the bar spring ( 1 3 ) .  The bar ( 1 4 )  advances to the right together with the 
collet ( 9 ), thus opening the collet and freeing the part . A fter the machined 
part has been unloaded and the next part to be machined has been positioned, 
the foot pedal is released, the sleeve is returned to the l eft by the springs 
( 1 5 )  and presses on the right-hand ends of the s top levers . The s top l evers 
forc e the bar back (by pressing on its shoulder) and the collet grips the part. 

The collet is threaded to the bar and is positioned in the chuck by means 
of the pin ( 1 6  ) .  
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The camshaft housing carries guides along which the right-and left-hand 
slides can move longitudinally (Figure 14 ). The tool slides in turn have 
guides for the cross slides . The cross slides carry the tool holders which 
can move longitudinally during tool adjustment, and are afterward fastened 
rigidly to the slide by s crews . 

The design of the tool holders and slides makes it possible to position 
the tools accurately with respect to diameter, turning depth and center .  

Technical data, S -81A semiautomatic lathe• 

N umber of spindles 
Maximum turning diameter, mm . . . . . . . . .  . 

Maximum thickness of the part machined , mm . 
Number of spindle speeds . . . . . . . . . . . . . .  . 

Range of spindle speeds, rpm . . . . . . . . . . . .  . 

N umber of camshaft speeds . . . . . . . . . . . . .  . 

Range of camshaft speeds, rpm . . . . . . . . • . . .  

Longitudinal slide travel, mm . . . . . . . . . • . .  

Transverse slide travel, mm . . . . . . . . . . . .  . 
Number of slides . . . . . . . . . . . . . . . . . . . .  . 

Number of tools per toolholder . . . . . . . . . . .  . 

Movement per division of the slide dial, mm . .  . 

Number of cams . . . . . . . . . . . . . . . . . . . .  . 

Electric motor . . . . • . . . . . . . . . . . . . . . . . .  

2 
50 
5 
6 

500-2820 
30 

0.5-7 .8 
30 
32 
2 
2 
0.01 
4+4 
0.75 kw, 
l OOO rpm 

The production rate per spindle  is an average of 2000  operations per shift . 
The kinematic diagram of the machine is given in Figure 1 5 .  The 

electric -motor pulley ( 1 )  powers the drive pulley (2 ) and the spindle 
pulleys ( 3 )  and (4 ) through a flat belt. Pulley ( 5 ), fitted on the driveshaft 
together with pulley (2 ), drives the counter shaft pulley (6 ) by a round belt. 
The countershaft, in turn, drives gears ( 1 0) and ( 1 1 )  on the worm shafts 
through gears ( 7 ), ( 8 )  and ( 9 ) .  

Gear ( 1 0 )  i s  mounted o n  the right-hand worm s haft together with a claw 
clutch. The worm wheel ( 1 3 ), in m esh with the s ingle- thread worm ( 1 2 ), is 
mounted on the camshaft as are the cams ( 1 6 ), ( 1 7 ), ( 1 8 ), and ( 1 9 ) . The 
bell cam ( 1 6 ) controls the slide cross feed. Cam ( 1  7 ), a flat cam ,  feeds 
the slide longitudinally. Flat cam ( 1 8 )  shifts the s tops for different machin­
ing depths . C am ( 1 9 ), a flat cam , automatically disconnects the machine 
spindle when the machining cycle is completed. Gear ( 1 3 )  has a pin ( 20 )  
on its face which automatically disconnects the camshaft through a sys tem 
of levers connected with the claw clutch when the machining cycle is com ­
pleted . 

The lever arm ratio is 1 : 1  for cams ( 1 6 )  and ( 1 7 ), and 2 : 1 for c am ( 1 8 ) . 
The design and kinematics of the left-hand worm s haft and camshaft are 

identical with those  on the right- hand s ide. The electric - motor pulley is 
a change pulley which is one of a set of 6 pulleys . The spindles therefore 
have 6 speeds . The change gears ( 7 ) and ( 8 )  give 5 speeds, and the cam ­
shafts accordingly have 30  rotation speeds (see Table 1 ) .  

• An improved version of the machine , which is in the planning stage, features a directionally adjustable 
spindle stop, a higher motor speed, and relief of the spindle of the radial stresses produced by the belt. 
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The S - 8 1A semiautomatic lathe is used for facing watch parts made of brass ,  
nickel silver, and other nonferrous alloys . Compressed air, taken from the 
plant supply, is used as a coolant .  The lathe is also  used for counterboring 
concentric reces ses or for turning outside shoulders . The two spindles are 
independent so that a part can be machined from both sides or two different 
parts can be simultaneously machined .  If it is required to machine only 
one side of one part, the s econd spindle can duplicate the operation of the 
first spindle .  The mechanisms giving the longitudinal and cross slide mo­
tions for the approach and retraction of the tools are combined for both 
slides . 

FIGURE 14. Slides of the S-81A machine 

4 3 

FIGURE 15. Kinematic diagram of the S-81A machine 

Parts machined on this lathe have accurate dimensions and a good sur­
face finish, because of the accuracy with which the main as semblies of the 
machine are built and due to the use of carbide- tipped tool s .  Depth toler­
ances of 0 . 0 1 5  mm can be held as well as tolerances of 0 .03 mm.  The quality 
of the surface finish corresponds to class 7 - 8 .  

The cutting conditions for facing and counterboring recess es in plates 
and cocks (bridges ) are determined as a function of  the machining diameter, 
the depth of cut, the required surface finish, and the tool quality. 
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T h e  c u t t i n g  s p e e d  is calculated on the basis of the maximum ma­
chining diameter.  The cutting speed corresponding to the maximum spindle 
speed, n =  2 82 0  rpm,  and the maximum machining diameter, 50 mm, is :  

"D·n 
tJ 

= 1 000 
= 450 m/min . 

For the "Pobeda" wristwatch plate ,  having D = 2 6  mm, the cutting speed 
will be 

_ 3 . 1 4 ·  2 6 · 2 8 2 o  
2 2 5  I . 

0 - 1 0 00 ::;:::: 
m mm .  

It is recommended that the maximum cutting speeds (i . e .  those corre­
sponding to n = 2 8 2 0  rpm ) be us ed in machining plates and cocks , as the 
material from which they are made, LS6 3 - 3  leaded bras s ,  has good mach in-· 
ability. 

TABLE 1 

Camshaft speeds, rpm, of the S-81A machine 

Spindle rpm 
Steps of Change gears 

camshafts 500 705 1000 1410 2()00 2820 

7 8 Camshaft rpm 

I 48 36 0.51 0.73 1 .03 1 .46 2.06 2.92 
2 44 40 0.76 1 . 1 0  1 ,55 2.20 3 . 1 0  4.40 
3 40 44 0.945 1 .32 1 .89 2.64 3.78 5.28 
4 36 48 1 . 1 4  1 .61  2.28 3.22 4.56 6.44 
5 28 56 1 .38 1.95 2.76 3.90 5.52 7.80 

The feed rates are established as a function of the required s urface­
finish quality and the radius o f  the tool point . The s urface- finish quality 
increases with the increase in the tool-point radius,  but this is accompanied 
by an increase in the cutting forces which can lead to the deformation of 
the part . 

The surface- finish quality of the tool cutting s urfaces must be better by 
one or  two classes  than that required of the machined surface .  

The feed rates for  machining LS6 3 - 3  brass are given in  Table 2 as  a 
function of the required surface - finish quality and the cutting speed. 

The machining time Tm is determined from the formula 

whe re Tm = machining (basic ) time ,  min; 
l = length of the machine surface, mm; 

l1  = tool approach, mm; 
l2  = tool overtravel, mm; 
n = speed, rpm ;  
s = feed p e r  revolution, mm . 
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The idle time (corresponding to the idle movements of the machine ), 
calculated acco rding to the following fo rmula, must be added to the basic 
machining time :  

where n i = the number of degrees o f  idle- movement cam angle,  according 
to the operation sheet.  

TABLE 2 

Feed rates as a function of the required surface- finish quality for facing parts made of 
LS63-3 brass 

Tools R9; RIB  I Tools VK8 ; Tl5K6 

'point 
Surface-finish class required 

" m/min 
mm 'il\76 I 'V'V\}1 I \l\7"76 I 'V\76 I 'il\7\71 I 'VWB 

Feed rates So , mm/part rev. 

0 0 .020 0.0 1 4  0.009 0.022 0.017 0.012 
0.3 0.021 0.0 1 5  0.0 1 0  0.023 O.D J 8  0.0 1 3  

5 -30 0.5 0.023 0.0 1 7  0.0 1 2  0.025 0,020 0.0 1 4  
0.8 0.025 0.0 1 9  0.0 1 4  0.026 0.021 0.0 1 6  
1 .0 0.027 0.021 0.021 0.028 0.028 0.018 

0 0.022 0.0 1 6  0.0 1 1 0.024 0.0 1 9  0.0 1 4  
0.3 0.023 0.0 1 7  0.0 1 2  O.D25 0 .020 0.0 1 5  

30-70 0.5 0.025 0.0 1 9  0.0 1 4  0.026 0.021 0.0 1 6  
0.8 0.027 0.021 0.0 1 6  0.028 0.023 0,018 
1 .0 0.028 0.023 O.Dl 8 0.030 0.025 0.020 

0 0.023 0,0 1 7  0.0 1 2  0.029 0.023 0.0 1 8  
Above 0.3 0.024 0.0 1 8  0.0 1 4  0.030 0.024 0.019 

70 0.5 0.027 0.021 0.0 1 6  0.031 0.025 0.020 
0.8 0.029 0.024 0.0 1 8  0,032 0.027 0.022 

The piece time is the sum T m + Ti + T aux 
The auxiliary time is calculated with the aid of  special s tandards •:' . 

Setup Calculation for the S - 8 1A Semiautomatic Lathe 

The setup is s o  calculated as to complete during one camshaft revolution 
the entire cycle of machining operations for the one s tation . The cam cir­
cumference is divided into 3 6 0° ,  as was the case with the cams for the auto­
matic screw machines . 

The cams are mounted on the camshaft in ·such a way that at the initial 
m oment the rollers ,  cam toes ,  and lever pins are positioned at the zero 
points of the cam s .  

• Standards of the Orgmashpribor Institute , 1954. 
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In the S- 8 1A machine, cams 1 6 ,  1 7 ,  1 8 ,  2 1 ,  22 ,  and 2 3  are exchangeable 
and the profiles are drawn according to the s etup calculation for the part 
to be worked, while cams 1 9 ,  2 0, 24 and 2 5  are fixed (see Figure 1 5 ) . 

The idle movements are determined according to Table 3 .  

Cam type 

Bell cam (16) 

Flat cam (17) . . . . . . . . . 

Flat cam (18) . . . • . . . . .  

Flat cam (19) 
Pin (20) on gear (13) . . • • .  

TABLE 3 

Idle movements for the S-81A lathe 

Function controlled by the cam- Cam idling degrees per mm rise 
profile section or crop 

Slide advance to "'orking position 
and withdrawal therefrom . . .  . 

The same . . . . . . . . . . . . .  . 

Stop change . . . . . . . . . . . .  . 

Spindle stoppage . . . . . . . . • .  

Camshaft stoppage . . • . . . . . .  

Dwell . . . . . . • . . • • . . .  · · · 

1 .0 -1 .5' per mm, but not less than 
3' total . . . . . . . . • . . . . . . . .  

The same • . . . • . . . . . . . . . . . .  
5 -6' (total) . . . . . . . . . . . . . .  . 
12' (total) overlap . . • . . . • • . . .  

The same . . . . . . • . . . . . • • . . .  

3' (total) . . . . . . . • . . . . . . . . .  

The s etup calculation begins with the machining plan for the part, which 
indicates the s equence of all motions executed by the different parts of the 
machine during the machining cycle .  The machining and the idle cam-angles 
are calculated . This is followed by the establishment of the feed rate per 
revolution, the calculation of  the number of spindle revolutions required for 
each operation, and the total number required. The overlapping motions are 
then planned. 

Next, are calculated the number of cam degrees per spindle revolution 
(in machining) and per  operation, the number  of spindle revolutions nece s ­
sary for the manufacture of one part, the time required for manufacturing 
one part, and finally the production rate of the machine per shift . Finally, 
the cam profiles  and the cycle diagrams are drawn. 

We will take the setup calculation for the machining of the train bridge of " Pobeda" wristwatches as an 
example. The bridge is made from LS63-3 brass. The following sequence of operations ( and sequence of 
motions for the working parts of the machine) is established by the operation sheet based on the setup calcu­
lation [see operation sheet A) : 

1- 2. The spindle is stopped (12' on camshaft), the stop is changed (5') (see Table 3). 
3 .  Tool advances to working position; travel 16 mm; 2 0' on cam (17) for this idle movement (Table 3). 
4 .  Dwell of 3' before beginning of machining to prevent the tool plunging during the approach to the 

bridge. 
5. Facing. Tool advances from outer diameter to center . The travel is 12-5 .75 + 1 +  0 .25 = 7.5 mm, 

where 12 and 5 .75 are the part radii, 1 mm is the tool width, and 0.25 mm the tool overlap for the next 
operation. 

6-9. Tool retracts longitudinally 2.5 mm for the change of plunging stop, and 0.25 mm transversely 
for the cross-over .  The idle- movement cam angle is established according to Table 3. In order to make 
possible the change of stop (overlapped motion) , 1 0' are fixed for the d1"ell. 

1 0 .  After the stop is changed (operation 9), the total advances again and stops 0 .2 mm from the part. 
This safety clearance is necessary to prevent the tool from striking the part, the advance taking place during 
an idle movement. The idle- movement cam angle is established by Table 3 .  

11 .  The tool plunges into the bridge 1 .22 -0 .49 = 0 .7 3mm .  The travel i s  0.2 + 0.73 = 0 .93 mm. 
13.  After a dwell of 3' (operation 12) the counrerboring of the recess is effected, leaving a wall thick­

ness of 0.49-0 . 02 mm. The travel is 6 mm. The tool overrravel, necessary to ensure that the entire surface is 
faced, is 0 .25 mm. 

14. Dwell - 3' .  
15- 16 .  Tool retracts to  neutral position longitudinally and transversely simultaneously . The idle­

movement cam angle is established according ro Table 3 .  
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Operation sheet A 
Operation sheet for the semiautomatic S-81A lathe 

Part name Part No. Cutting speed 215 m/min 

Train bridge K-26-3 Spindle speed 2820 rpm 

LS63-3 Production rate 4.40 i'vlaterial brass per spindle pieces/min 

Section AA 

A I •if.22-o.o.? "" 

;r� � 
r S-1 � �p ��  ... $ 

-1 !!:.!! g_ 0. 0.? A I  

r !f 
- .-- -

j ...... 1'<�--

1.2Lo.ol _ _J--=-::::- - -16 - ' '- - -· 

��-'t �-�o_! _____ � .� ----t_ 
---l I t.22-o.oz 

Sequence of operations 
� .n E ::l z 

1 Spindle stoppage . . .  
2 Stop change . . . . . .  
3 Tool approach, longi-

tudinal . . . . . . .  
4 Dwell . . . . . . . . . .  
5 Finish face dimension 

1 .22 -0 .02 . . . . . .  
6 Tool retraction, longi-

tudinal . . . . . . .  
7 Dwell . . . . . . . . . .  
8 Tool retraction, trans-

verse . . . . . . . . .  
9 Stop change . . . . . .  

1 0  

1 1  
12 
1 3  

2 9  
1 5  

16  

Tool approach, longi-
tudinal • • • • •  0 .  

Tool plunge . . . . . .  
Dwell . . . . . . . . . .  
Face dimension 

0.49- 0 . 02 . . . . . .  
Dwell . . . . . . . . . .  
Tool retraction, longi-

tudinal • • • • • •  0 

Tool retraction, trans-
versa!. . . . . . . . .  

E E 
" > "' 
0 0 f-< 

-
-

16  
-

7 .5  

2 .5  
-

0.25 -
2 .3  
0 .93 

-

6 
-

16 .73 

1 3 .25 

c: "" 
.g .:: Number of cam Sum of cam .g -"' 8. �  0 degrees degrees 

" � "' � .n § � > .... "' "" <l) E c: <l) � .3 c F' � :> 
::l "' :5 0 " - <l) <l) � E � -o� � .n ::l 1.3 c: E �= - <l) F' > � -� ; g "' 0) 0 "' 0) :§ u -l u.. � z � E E .::: 8 

19  - - - - 12 0 12 
18 2 : 1 - - - (5) 5 1 0  

1 7  1 : 1 - - - 20  12  32 
- - - - - 3 32 35 

1 6  1 : 1 0 .025 290 145 - 35 1 80  

17 1 : 1 - - - 5 180  185  
1 7  1 : 1 - - - 1 0  185 195 

16  1 : 1 - - - ( 5) 186 191 
18 2 : 1 - - - (5)  187 192 

1 7  - - - - 5 195 200 
17 1 : 1 0 . 013 70  33  - 200 233 
1 7  - - - - 3 233 2 36 

1 6  1 : 1 0 .03 190 97 - 236 333 - - - - - 3 333 336 

1 7  1 : 1 - - - 24 336 360 

16  1 : 1 - - - (15) 345 360 

550 2 75° 85° - 360° 



After the operations and idle movements, the tool travels and the cam angles corresponding to them, 
have been calculated, the feed rates for operations 5 and 13 are established. Accordin� to Table 2 ,  the 
feed rate per spindle revolution will be 0.025 Jmn for producing the dimension 1 .22-o.o· mrn, and 0.03 mm 
for the dimension 0.49-0 . 02 mm. The 1 .22 mm face is a mounting surface for the watch bridge, and its sur­
face-finish quality must therefore be better than that of the 0.49 mm surface . The feed selected for the first 
face is accordingly lower. 

A minimum feed rate of 0.013 mm is selected for plunging in operation 11 . 
The number of spindle revolutions per operation is calculated by dividi�g the travel by the feed rate. 

A rounding-off of the values obtained is all01� able in both directions. 
A summation of the number of machining spindle revolutions, and of the number of idle-movement cam 

degrees is now carried out. According to the operation sheet, there are 85• of idle movements, which constitute 
24 "7o of the total cam angle, and 36o•-85· = 275• of machining cam angle, which are 76 °/o of the cycle total. 

The total number of machining spindle revolutions is 550, and therefore the cam angle corresponding 
to one spindle revolution is 275./550 = 0.5·. 

Now , the number of cam degrees corresponding to each operation is introduced into the operation sheet 
next to the number of revolutions. The number of degrees is calculated by multiplying the number of re­
volutions by 0,5 .  

The sum of the cam degrees for the three machining operations must be 275'. 
The number of spindle revolutions necessary for the manufacture of one part is determined from the 

relation 
360·550 x : 550 = 360 : 275; x = 275 = 720 revolutions. 

The production rate of the machine is calculated by dividing the selected spindle speed by the number 
of revolutions necessary for the manufacture of one piece. 

Bridges are machined using the maximum spindle speed of 2820 rpm. 
The production rate will therefore be 

A 2820 4 . I . = 720 = pteces 1mn. 

60 3 · 14 ·2820 ·24 
The machining time will be Tm = 4 = 15 sec, and the cutting speed fl = 

100 
= 21 5 m/min. 

The nearest camshaft speed is selected from Table 1 :  n cam = 4.4 rpm. The actual production rate will 
then be 4.4 pieces/minute, and 480 · 4 .4 = 2110 pieces/shift. 

60 
Tm = 4.4 = 13.6 sec. 

The cycle diagrams for cams (16) ,  ( 17) ,  and (18) are given in Figure 1 6 .  The cam rise and drop profiles 
are drawn by the same methods as were used for cams of automatic scre1� machines. 

0 

ht 
u 0 5 10 • II 

187 192 
FIGURE 16 .  Cycle diagrams for cams (16) ,  (17) ,  and (18) on the S-81 machine (machin­
ing of the train bridge) 
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Concentric recess es are als o  bored on the S - 57M machine whos e design 
is similar to that of the S - 8 1A machine .  The two machines differ in  the 
method of chucking the work. In the S- 8 1A machine the part is gripped on 
its periphery by a collet chuck, while in the S - 5 7 M  machine it is gripped 
by fingers of a jaw chuck from the machined side . Therefo re,  only on the 
S - 8 1A machine can the whole face surface of a part be machined. 

The S- 57M machine gives a more accurate boring depth, the part fitting 
more clos ely against  the bearing surface.  

Both types of semiautomatic machines have a high production rate and 
are characterized by easy servicing and simple adjustm ent . 

���--- � --����� 
0&�3��� 

FIGURE 17 .  General view of the S- 188 rotary shaping machine 

The S- 188 rotary shaping machine (Figure 1 7 )  cons ists of the bas e ( 1 ) , 
the bed (2 ) ,  the rotary tool head ( 3 ), and a chucking fixture .  The base has 
a s tarting pedal on its front face .  The working parts of the machine are 
mounted inside the bed (2 ) :  the drive, the cams controlling the chucking and 
ejection of the part, the chucking fixture , and the lower end of the spindle . 
The upper end of the spindle is fastened in housing (4 ) . 

The rotary tool head (2 ) (Figure 1 8  ), on whose circumference are mount­
ed five tools ( 3 ) , is fastened on the machine spindle ( 1 ) . Cams (4 ) and ( 5 )  
control the chucking and ejection o f  the part. The spindle revolves a t  
7 0 rpm ,  corresponding to a cutting speed o f  30 m / min a t  the mean diam eter 
of the rotary head . One part is machined per head revolution, and the 
machining (basic ) tim e is therefore about 1 s ec;  the auxiliary time is 1 to 
2 sec .  
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The part is pos itioned manually in a fixture on table  (6 ) , and ejected 
automatically by rotating l e ve r  ( 7 ) . The part is held fixed during m achining. 

The head is  s topped by cam ( 8 ) .  The chips a r e  blown away b y  air,  fed 
through a cam - controlled valve . 

FIGURE 1 8 .  Kinematic diagram of  
the  S-188 rotary shaping machine 

The part to be machined is  pressed  by two jaws ( 1 )  (Figure 1 9 )  a gains t 
stop (2 ) a nd platen (3 ) .  The chucking j aws are fastened to l evers (4 ), which 
a re actuated by cam ( 5 )  when l ever ( 7 )  is  rotated .  

Ejection is  controlled b y  c am ( 5 )  (Figure 1 8 )  through plunger ( 6 ) .  
A sloped c hute for removing the parts i s  attached t o  the chucking fixture . 
The cycle diagrams for the machine cams are given in Figure 2 0 .  Idle 

movements constitute 1 3  o/o of the part time . 
The m ate rial allowance ,  0 . 2  mm per s i d e ,  is uniformly distributed am ong 

the five tool s .  The m achine p roduc es a class 9 o r  1 0  surfa c e - finis h quality, 
while the parallelness and flatness are between 0. 005 and 0. 0 1 0  mm and 
depend to a considerable extent on the pos itioning and sharpening of the tool s .  
The head was so  designed that the tool position can b e  adjusted both i n  the 
vertical direction and in the plane, the width of the tool bit being 35 m m .  

Rotary s haping i s  m o re p coductive than facing, and the S- 188  m achines 
are accordingl y being used to an increasing extent in watch p roduction of 
late.  
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FIGURE 1 9 .  Chucking fixture for the S-188 rotary shaping machine 

Cam name 

C�uck
1 I I I I I I Chucking closing Part gripped Releasing 

and releas- ,1, 
ing ..., ,.., 1-

I 
Ejection " !'-' 

Air feed �lr-r,l -I I 
' 

Head stop- I 
page 0') / I 

0 30 60 90 120 150 180 210 ZM 270 Joo JJo Joo• 

FIGURE 20. Cycle diagram of the S-188 machine 

2 2 3  



Technical data of the S - 1 8 8  rnachine 

�lax iJl lUJl l  diameter of the machined part, mm . . . . . . . . 2 8  

Thickness of  the machined part, mm : 
lllaX illlUill . . . . . . . . , . , , . . .  , • . .  , , • . . . . • •  , 6 
minimum 

Max i m um material allow ance per side, mm . . . . . . . . . 0 .2 

Tool-head speed ,  rpm . . . . . . . . . . . . . . . . . . . . . . . . 70 
Cutting speed on the mean circumference, m/min . . . . . . 30 
Electric motor . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.6 k1• , 

1 500  rpm 

Production rate , parts per shift . • . . • . • . • • • . . . • . . .  9,000- 1 0, 000 

THE MILLING OF RECESSES A N D  PROJECTIONS 

In s m all-s eries p roduction trace r - cont rolled universal milling machines 
of the 6 7 8 - lVI  typ e ,  and duplicating machines with pantograph mechanis ms 

of the 646 1 and 6 4 6 3  types , are us ed 
for reproducing complex contours . 
Both types  of m achine use an accurate­
ly contoured templat e .  The s cale is 
1 : 1  fo r the unive rsal machine,  and 
1 0 : 1 for p antograph m achines . The s e  
machines are not, howeve r ,  very 
p roductive . In m ass  production more 
p roductive machines , s uch as the S- 50 
s emiautomatic milling m achine and the 
S- 1 8 7  two - spindle s emiautom atic mill ­
ing machine , are use d .  

The S- 5 0  semiautomatic milling 
machine (Figure 2 1 )  s e rves for milling 
complex recesses and p roj ec tions of 
various depths in plates and cocks , 
and for engraving insc riptions and 
drawings on flat parts . The m achine 
p e rmits both continuous and inter ­
mittent milling. In the latter c a s e  
s everal recesses of diffe rent contour 
and depth can be  milled in one s tation .  

Recess es of complex configuration 
are milled by the s imul taneous m otion 
of  the cutter spindle and the work table 
in the horizontal plane .  A ny required 
configuration can be obtained by the 
combination of s uitable angular dis ­
placem ents of the spindle and the table 
in the horizontal plane . The table  is 

r!G URE 2 1 .  3-50 semiautomatic milling machine lifted and lowered by a cam , thus 
producing recesses of nonuniform depth.  The machine consists of four main 
units : the bas e ,  the camshaft housing, the spindle head, and the work tab l e .  

T h e  b a s e  ( 1 ) is  of  c a s t  i ron a n d  in it are mounted the electric motor ( 2 )  
powe ring the camshaft, the planetary reduction gear ( 3 ) , and the starting 
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pedal (4 ). The camshaft housing ( 5 )  is m ounted on the b as e .  The following 
working assemblies of  the machine are m ounted on and inside the camshaft 
housing body:  the worm s haft, the camshaft , the cutter and table l evers , 
and the tab l e - lifting leve r . The spindle head ( 6 )  is a cylindrical body inside 
which the cutte r spindle revolves in four bearings (se e  technical data ) .  

The m achine is e quipped with two elect ric motors . One m otor (Figure 22 ) 
drives the cam shaft and is mounted inside the bed .  The s econd motor 
d rives the cutt e r  spindle and is mounted in the body of the head on a special 
b racket .  Pulley ( 1 ,  2 ,  3 )  on the first  motor  drives the reduction- gear pul ­
ley (4 ,  5 ,  6 )  through a round belt .  A planetary transm is s ion,  consis ting of 
the four gears ( 1 3 ,  1 4 ,  1 5 ,  1 6 ) , with a transmission ratio 1 : 3 . 8 7 ,  is m ount­
ed inside pulley (4,  5, 6 ) . Two brake pulleys ( 1 9 , 2 0 )  are m ounted on the 
reduction- gear s hafts . 

21 
22 
23 

0 Reduction-gear shaft 
0 

FIGURE 22 . K i nematic diagram of the S - 5 0  machine 

The planetary gear ,  intended to reduce the speed of rotation of the r e ­
duction - gear s haft, consists of t h e  two s u n  gear s ,  ( 1 3 )  with 3 1  teeth and 
( 1 6 )  with 36 teeth, a pinion and two b rake pulleys . 

The sun gear ( 1 3 )  and the b rake pulley ( 1 9 )  are rigidly connected to each 
oth e r ,  but revolve fre ely on the reduction-gear shaft .  A two - s tep sp rocket 
wheel ( 7 - 8 )  is rigidly connected with the s un gear ( 1 6 )  and the b rake ( 2 0 ) .  

The thr e e - s tep pulley ( 4 ,  5 ,  6 )  i s  the planet-pinion c a r d e r .  T h e  pinion 
in turn cons ists of two gea rs , ( 1 4 )  with 36  teeth and ( 1 5 )  with 3 1  teeth.  

The reduction- gear s haft drives the worm shaft through the sprocket 
wheels ( 7 ) , ( 8 ) , ( 9 ) , (1 0 )  and a rol l e r  chain . The worm s haft d rives the 
camshaft through the worm ( 1 7 )  (1 tooth ) and wheel ( 1 8 )  (45 teeth ) .  Six dif­
ferent c am shaft speeds can be  achieved using the thre e - s tep pulley (4 , 5 ,  6 )  
and the two - step sprocket ( 7 - 8 ) . Three cams are fitted on the ve rtical 
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camshaft . The uppe r  flat cam (2 1 ) controls the angul a r  displacement of 
the cutter spindle .  The m iddle cam (2 2 ) , also a flat cam , c ontrols the 
angular displacement of the table .  The l ower cam (2  3 ) , a bell  cam , c ontrols 
the vertical displacem ent of the table when milling to various depths . 

The lower cam (2 3 )  and cam (22 ) are one unit .  The table l ever ( 2 4 ) is  
fas tened to the f ront part  of the m achine hea d .  Its long a rm has a prism atic 
follower at its e xtremity, which i s  pressed  again s t  cam (22 ) by a s p ring. 
The s hort arm s upports the work tabl e .  The work is mounted on a special 
pin plate on the table  and is pressed  against it by a cleat by m eans of a 
special handle .  

Lever ( 2  5 ) , which s upports the cutter spindle ,  is  m ounted on the body 
of the m achine head . Its long arm is equal in length to the long arm of the 
table l eve r ( 2 4 ) and on its s hort  arm are mounted the cutte r spindle and the 
bracket with the electric moto r .  The m otor drives the spindle through pul ­
leys ( 1 1 )  and ( 1 2 ) and a round belt .  Pulley ( 1 1 )  d rives the spindle through 
a clutch in order to relieve the spindle of the b e nding moment f rom the belt .  

Belt position 

TABLE 4 

Duration of cycles of the S-50 machine 

Pulleys antl sprocket IV heels 

A 

A 

2 

3 

2 

B 

B 

2 

1 

2 

8 

c 

c 

2 

2 

2 

D 

D 

2 

2 

Camshaft 
period Ca11 1shaft 

( tillle/cycle), rp1 1 1  
sec 

95.G 0 .63 

52 1 .1 5  

4 0  1 .5 

33.5  1 .S 

22 2 .76 

14 4 .:! 

Nu111bcr of 
spintl le re­
volutions 
per calll­
shaft re­
volution 

8100 

4500 

3-<00 

2 900 

H !OO 

1 1 7 0 

Leve r ( 2 6 ) is m ounted inside the body of the hea d .  One of its arms has 
at its extremity a rolle r  follower in contact with the bell  cam ( 2 3 ) .  The 
othe r arm is in contact with a disk on the table spindle .  The machine has 
a djusting fixtures for the correct  pos itioning of work and cutte r .  Data on 
the machine-cycle duration as a function of the pos ition of  the b el t  and chain 
on the pulleys and sp rocket wheels are given in Tabl e  4 .  

The camshaft speed remains constant throughout the cycl e .  
The machine is  s ta rted b y  a rotary s witch,  which s tarts both motors 

s imultaneously but does not s tart  the camshaft . The parts a r e  positioned 
and removed manually.  

The camshaft is s tarted by p res sing the right - hand pedal; this frees pul ­
l ey (2 0 )  and brakes pulley ( 1 9 ) . 

The m achine i s  switched off automatically after one cam shaft revolution .  
The camshaft can be  rotated m anually for  machine adjus tment .  
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Technic�l d ata, S -50 se miautomatic milli ng m.1chinc 

Max imum m i l l ing di ameter or fit? ld ,  mm . . . . . .  . 

Maximum m i l l ing depth, 1 1 1 1 1 1  . . . • • • • • • . • • . .  

Ann ratio of l�vers (24) and (25) . . . . . . . . . . . • .  

A r m  ratio of lever ( 2G) . . . . . . . . • . . . . . . . . . .  

Angular rotation of cuttt.� r - spindlc lever (25) ,  Uegrees 

Angular rotation of rabk lever (24), degre<'S . . . .  . 

Design Jiamctcr  of the cams,  Illm . . . . . . . . . . . . 

Maximum cam diameter, mm . . . . . . . . . . . . . .  . 

Minimum cam Jiamcter,  Jlllll . . . . . . • • . . . . . . •  

Height accuracy. nuu . . . . . . . . . . . . . . . . . . .  . 
Conrour accuracy, mm . . . . . . . . . . . . . . . . . . . 

Surface-finish-quality class,  GOST 2789-51 . . . . . •  

Production rate , operations per shifr . . . . . . . . . . •  

Cutter-spindle motor 

Camshaft motor . . • . . . .  , . . . . . . . . . .  . 

40 
3 

9 0 : 27 6  

1 : 4 
l'rom -6.5  to + 1'1 .5 

From - 6 . 5 to + 1 4 .5 

2 02 

320 

l :iO 
0 . 01 

0 . 02 

s 
400-2000 

0 .35 1<w , 

3000 rpm 

0 .25 1M ,  

1 5 0 0  rpm 

Setup Calculation for the S- 50 Semiautomatic Machine 

The cams for the S - 5 0  semiautomatic machine are calculated in the 
following way. 

1 .  The part to be machine (Figure 2 3 )  is drawn to a scale of 20 : 1 .  The 
sequence of contour-machining operations is marked on the drawing, and 
the cutter center pitch is drawn at a distance from the contour equal to half 
the cutter diameter.  The length of the cutter path in machining and the 
length of the idle movem ents are calculated s eparately . For large idle 
movem ents it is suggested to as sign 4 - 5 mm rise and 6 - 7 mm drop per 
cam degree . The total cam angle required for machining and that required 
for idle movements are then determined.  

The length of path per  degree of camshaft rotation is then calculated for 
the machining and idle portions , and secto rs corresponding to 1 camshaft 
degree are marked and numbered from 0 to 3 6 0 .  Sectors of the same depths 
are milled consecutively and continuously .  

2 .  A sheet of tracing paper with a degree network (Figure 24)  drawn to 
the s ame s cale as the part drawing (20 :  1 )  is superpos ed over the part draw ­
ing. The network must  be so  superposed that the contour to be m illed is 
near the maximum radius,  as this will make the cam curves less steep . 
The initial pos ition of the cutter must be outs ide the zone whe re the part is 
located in order to facilitate positioning and removal ,  but near the firs t 
plunge point and the exit point so as not to require too much rise and drop 
on the cam s .  

3 .  After the tracing paper has been fastened on the drawing, the <:>.ngles 
of rotation of both leve rs for each point on the cutte r path are visually de­
termined.  The values of the angles of rotation t.� and t.r (Figure 2 5 )  are 
translated by means of a special table (A ppendix 4 )  into increments t. R 
of the cam radii, which are written into the cam - figuring sheet.  

The radial increm ent t.R is measured from the design diameter, 2 02 mm,  
( R  = 101  mm ), with positive sign when the lever is  lifted, and with negative 
sign when it is lowered.  
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4 .  The maximum mill i ng depth is determined from the pa rt d rawing. The 
maximum depth co rresponds to the maximum height of the cyl indrical cam 
to a s c a l e  of 4: 1 .  The m aximum height on the cam acco rding to the design 
data for the machine m us t  not exce.ed 1 8  m m ,  and therefore the m illing depth 

I B 
cannot exceed 4 = 4 . 5 m m .  The cam angle of rise ( relative to the hori -

zontal l in e )  must not b e  greater than 5 0° ,  and the angl e of drop must  not 
exceed 7 5° .  The angles are m ea s u red from the z e ro line of the tabl e cam . 

. / / 

l'lC URE 23 .  Curter  parh f,, n racll in ing rece�)es in l i lt' plate of "' Mo l n iya .. poci<�t " arches 

The zero l ine of  cam (2 3 )  is  s hifted by 1 7 7" relative to  the z e ro line of 
cam (22 ) .  

Plotting the degree network. The degree  netwo rk s hould be d rawn as  
accurately as possib l e . The  working angle of rotation for table and cutter 
leve rs lies within the l imits of between + 1 4 ° 3 0 '  and 6 ° 3 0 ' .  The o rigi n of 
coordinates on the netwo rk c o rresponds to the zero position of  the l evers 
when the cutter c ente r coincides with the tab l e  c enter,  and the cam followe rs 
lie on the circ umference of the cams at  the des ign diame te r  of 2 0 2  mm . The 
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origin of coordinates on the network lies at the inters ection of the two arcs 
R = 90, which correspond to the paths of the cutte r and table c enters . A d ­
ditional a rc s ,  o r  radii R = 7 0 ,  7 5 ,  80 ,  8 5 ,  9 0 , 9 5 ,  1 00 from the c ente r of 
rotation of the tabl e  l ever have been d raytn for convenienc e .  

Determination o f  the number o f  idle-movement cam degrees . A s  a rule ,  
the l argest idl e movem ent i s  the advance o f  the cutter from its initial posi­
tion to the beginning of m achining, o r  the withdrawal of  the cutter to the 
initial posi tion after the termination of  m achining . 

. -.. 
R so t...t!l1:ttt:tt-rnff-f.:t+:j_}�ffd 

+ 

R 70 

0 ..., + 

F IG UI<E 24. Degree net1vork for figuring the cams of the S-50  machine 
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The o rder of determination of the cam - rotation angles  is as follows . 
First ,  the angles of the two levers in the initial position relative to the or­
igin of coordinates are determined on the network. The angles obtained 
are converted (using the table (A ppendix 4 ) ) into the radial increm ents 6.R . 
The angular pos itions of the two levers for the plunging point B are then 
determined (Figure 2 5 ) , and their values s imilarly converted into radial 
increments 6. R .  The algebraic difference between the increm ents repres ents 
the value of the ris e  for each cam . The cutter advance results from the two 
motions (cutter lever and table leve r ) ,  and the cam angle will be the same 
for both cams . 

The cam angles corresponding to the other idle movements are deter­
mined in the same way.  

Dwells of 1 to 2°  must b e  s cheduled at the  end  of each rise or  drop in  
order to  ensure a s m ooth transition .  A dwell of 3 to  6 °  is  s chedul ed after 
the cutter retracts to  i ts  initial position for the automa·iic s witching off  of  
the machin e .  

b 

tJj]f !JR =2L sin¥ or f. 
or lld' 

where L = the lever arm 

FIGURE 25. Setu!' calculation for the S-50 machine : 

a-angles of rotation of the lever; b- increment of the cam radius, t.R . 

Determination of the number of cam degrees for actual machining. The 
numbe r  of cam degrees per path point ( or the p ath length in mm per cam 
degre e )  is  determined by s ubtracting the total number of idl e - movement 
degrees from 3 6 0° and dividing the result  by the length of the actual m a ­
chining p ath of the cutter .  The points a r e  numbered in accordance with the 
corresponding cam angles . In spl itting the m achining path into s e ctors , 
the following conditions must b e  obs e rved: a whole numbe r  of degrees is 
apportioned to each s e ctor drawn according to the same law (arc , s t raight 
line ) .  Each arc - s haped s ector is divided into a number of p arts e qual to 
the number of degrees apportioned to it ,  and the points of division are num ­
bered accordingly.  For straight s ectors , only the initial and final points 
are numbered.  If arcs of small radius , corresponding to a s e gment of 1 
to 2 ° ,  are encounte red in the cutter p ath, it is necess ary to deviate from 
the accepted design values and to add to the number of c am degrees on this 
arc in order to obtain the p roper geometry for the contour to be m illed (see 
points 62  to 6 6  in F igure 2 3 ) . 
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The design number of degrees can be correspondingly reduced in straight 
secto rs (see points 8 5 - 8 7 ) . 

In plunging and lifting, the cutter does not move along the contour, while 
the camshaft continues to revolve .  Thes e  points are acco rdingly numbe red 

b b ( . 4 1 3  . . 2 ) y two num ers pomt 6 1 2  111 F1gure 3 . 

The values of the angles for each point are converted according to the 
table (Appendix 4 )  into inc rements D. R .  The tabular values are calculated 
acc ording to the formula 

ll R = 2l · sln t.! , 
where l = the lever arm . 

The curves on the cams are A rchimedean spirals . 
Analysis of the accuracy of the method of cam figuring. Errors are 

ine vitable in the graphical plotting of the network and in the part drawing .  
These errors will b e  transferred t o  the product togethe r with the errors in 
cam manufacture and the errors in the machine operation . The error in 
graphical plotting consists of: the error in graphically plotting the cutter 
path to a scale of 2 0 : 1 ( A1 = 0 . 02 mm),  the error in drawing the degree net­
work (A2  = 0 . 02 mm ), a measuring error of 0° 1 '  on the network or corre­
spondingly on the part ( A3 = 0 . 02 6  mm),  and the error resulting from the 
conve rsion of the angle to D.R according to the table in Appendix 4 ( A4 = 0 . 003 
m m ) .  

The maximum total e rror o f  the graphical method i s  EA = 0 .  0 7  m m .  The 
graphical plotting and the measurem ents must accordingly be done very 
carefully. 

Determination of the duration of the machining cycle. Duration of one 
machining cycle is determined by the formula 

360° T
sec = c;.o

T
op , 

where T
0P 

= the time during which the cutter is in ope ration; 
a" = the s um of idl e - movement cam degrees; 

with 

T - 60·S  
o p  -

m · b ·n ' 

where s = the length of the cutter machining path (according to the drawing); 
m =  the scale 20 : 1 ;  
b = the feed p e r  cutter revolution, ( 0 . 0 3 - 0 . 04 mm ); 
n = the cutter rpm ( 5200 ), and 

The production rate 

T - 360°· 60 · S  
sec - ao· m · b · n • 

6 0  
o f  the machine i s  A = -T = n 

sec 
pieces / minute . 

Cam-figuring example for the milling of plates 

The initial position of the cutter, in machining the " l dolniya" brand pocket-lv atch plate correspond; to 
points 350 - 351 ( Figure 23).  The cutter is rapidly advanced through the sector 351 -4 ,  and the angle of ro­
tation of the cam is 13' .  

T h e  cutter plunges in sector 4 - 6 to the 0 . 57 mm plane ( 0 .57 m m  is the thicl<ness ) ,  and then folloiVs the 
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anticlochtise circuit 6 - 1 2 .  From point 12 to point 13 the cutter moves to the 0.6 mnr plane (the table 
drops 0 .03 11 1 1 1 1 ) .  At tlris new depth it moves along a straight line to point 1 6 .  

The cutter then describes a circular arc t o  31 ' .  Sectors 31 - 33 - 3 5  are straight lines and serve for 
by- passing the point of contact ben•een the two arcs. The sectors 35 - 46 - 48 - 5 0 - 5 5 - 5 6 - 62 - 66 -

72 - 7:1 - 75 - 77 - 7 9 - 82 - 85 are milled at the same 0.6 n1111 depth. The intervals between the points in 
sectors 6 - 1 � .  62 - 66 and 7 3 - 75 have been reduced in order to obtain a more accurate contour. The cutter 
is rapidly advanced along a straight line for the idle movement in the sector 8 5 - 87 ,  with a simultaneous 
change in the m ill ing depth to the 0.7 mm plane. This plane is machined in sector 87 - 93 in one cutter 
pass (the cutter diameter is equal to the slot width). The milling depth changes from 0.7 ro 0.9 n1111 in sector 
93- 95. 

The 0 .9 mm plane is machined on sectors 95 - 97 - 1 03 - 106- 109- 114 - 127- 129- 140.  The cutter 
is rapidly advanced in sector 140- 141 and the depth is simultaneously changed for the J .o:; 1 1 1 1 1 1  plane . The 
rapid advances on sectors 85 - 87 and 140- 141 are easily made , as no metal is removed in these places. 
The 1 .05 mm plane is machined on sectors 141 - 146- 1 67 - 172 - 1 83 .  The milling depth is changed on 
sector 183 - 184 to 1 .4 11lm. The plate is milled at this depth on sectors 1 84 - 188 - 1 98 - 200- 204 - 2 1 0 -
212 - 21 9 - 249 - 254 - 260.  

The cutter is rapidly advanced over sectors �60- J61 - 263, passing si multaneously to the 1 .3 n 1 1 n  plane , 
after '" hich i 1 continues on sectors 263- 27 5 - 277 - 281 - 285 - 289- 291 - 302 - 309- 311 . Sector 313-
325  i s  machined on the 1 .5 n 1 1 n  plane , after which the cutter leaves the plate a n d  moves ( above the surface 
of the component) to point 333. lt plunges on sector 333- 335 to the 1 .15  mm plane and continues along 
sectors :335- 336 - 338 - 339. On sector 339- 341 of the cam the cutter again leaves the plate and returns 
on sectors 341 - 350 to irs initial position. The time taken by one cycle is 52 sec. The camshaft revolves 
at speed No. 2. The rotation angles for the table lever and the cutter lever are determined from the path 
diagram by superposing over the component' s  drawing the degree grid, and the values obtained are introduced 
into the setup sheet for each cam. The profiles of cams (21) ,  (22), and (23) are shm•n in Figures 26 and 27 , 
and the calculation tables are given. 

Calculation of the bell cam (23). The maximum milling depth ( 0 .57 mm in Figure 23) corresponds to 
16 mm cam height. The rise or drop on the cam corresponds to a rise or drop of the work table to a scale 
4 : 1 .  A change in the milling depth from 0 .57 to 0.6 mm thus corresponds to a drop of ( 0 .6 - 0.57) X 4  = 0 .12  
on the cam. The zero point of  the bel l  cam (23)  is shifted by 360 - 177"  = 183"  relative to the zero point 
of cam (22). 

Let us examine the transition from depth 0.57 mm to depth 0.6 mm. This corresponds to points 12"- 13" 
on the cutter path. The transition must begin not earlier than 12" and end not later than 13". The correspond­
ing angle on the bell cam is 1 96' according to the following calculation : the beginning of the transition is 
taken as 1 3  + 1 81" = 1 96 " ,  i . e .  w ith a delay of 1 " ,  taken as allowance for cam adjustment. 

FIGURE 26. Profi le of earn (21) 
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Calculation table A :  cutter cam 

No. oR N o .  oR N o .  oR N o .  •R No. oR 

4 + 1 8.63 55 - 4.74 !54 +2 1 .68 221 +45.3 1 273 - 17.27 
6 + 1 8.63 56 - 3.86 1 55 + 22.96 222 + 44.35 274 - 15.34 
7 + 19. 1 1  62 - 7.87 ! 56 -}-24.56 223 +43.23 275 - 1 4.94 
8 + 1 9.5 1 63 - 7.95 ! 57 +26. 1 7  224 +42.03 277 - 14.46 
9 + 20.07 64 - 7.63 !58 +27.69 225 +40.67 28 1 - 17.27 

1 0  + 1 9.9 1 65 - 7. 15 ! 59 +29.37 226 + 39.47 285 - 1 1 .25 
I I  + 1 9.1 1 66 - 6.83 1 60 + 3 1 . 1 4  227 +37.95 289 - 8.27 
1 2  + 18.63 72 - 2.57 1 6 1  +32.82 228 +36.51 29 1 - 5.78 
1 3  + 1 8.63 73 - 0.64 1 62 + 34.42 229 + 34.91 292 - 4 . 10  
1 6  + 1 3.66 74 0.00 1 63 -t-36. 1 1 230 + 33.46 293 - 2.57 

1 7  + 1 4 .22 75 + 0.64 1 64 + 37.39 231 + 31 .70 294 - 1 .2 1  
18  + 1 5. 1 0  77 + 3.62 1 65 + 38.67 232 + 30 . 10  295 + 0.08 
1 9  + 1 6.47 79 + 6.83 1 66 +39.71 233 + 28.33 296 + 1 . 1 2  
20 + 1 7.9 1 80 + 7.79 1 67 + 40.59 234 +26.89 297 + 1 .93 
2 1  + 1 9.51 8 1  + 8.92 1 72 + 4 1 .39 235 + 25.20 298 + 2.49 

22 + 2 1 . 1 2  82 + 1 0.04 1 73 +40.91 236 +23.60 299 + 2.73 
23 +22.64 85 + 1 2.53 1 74 -t-40.5 1 237 + 22.24 300 + 2.73 
24 + 23.76 87 + 23 . 1 2  1 75 + 39.71 238 +20.72 301 + 2.49 
25 +24.64 93 + 29 37 1 76 + 38.75 239 + 1 9.43 302 + 1 .77 
26 + 25.04 96 + 29.37 1 77 + 37.63 240 + 1 8.07 309 - 8.68 

27 +25.04 97 + 25.77 1 78 +36.27 241 + 1 6 87 3 1 1 - 8.92 
28 + 24.64 98 + 25.85 1 79 +34.91 242 + 15.83 3 1 3  - 1 0.68 
29 +23.84 99 + 26.65 1 80 +33.38 243 + 1 4.70 3 1 4  - 1 0.76 
30 + 22.64 1 00 +27.77 18 1  + 3 1 .78 244 + 13.82 3 1 5  - 1 0.52 
31 +21 . 1 2  1 01 + 29.2 1 1 82 -J-30 . 1 3  245 + 13. 1 7  3 1 6  - 1 0.04 

33 + 1 8.31 1 02 + 30.74 1 83 +28.57 246 + 1 2.45 3 1 7  - 9.24 
35 + 1 7.9 1 1 03 + 32.02 1 84 +28.57 247 + 1 1 .97 3 1 8  - 8.27 
36 + 17.43 1 06 + 32.50 ! 88 + 24.00 248 + 1 1 .49 3 1 9  - 7.07 
37 + 1 6.7 1 1 07 +3 1 .70 1 89 +25.61 249 + 1 1 .25 320 - 5.62 
38 + 1 5.67 108 + 30.58 1 90 +27.21 251 + 10.68 321 - 4 . 1 8  

39 + 1 4.38 1 09 +29.29 1 9 1  +28.89 254 + 5.70 322 - 2.57 
40 + 1 2.85 1 1 4  + 35.87 1 92 +30.58 260 + 9.00 323 - 0.096 
4 1  + 1 1 .33 1 27 +57.70 1 93 -+ 32.26 26 1 + 5.30 324 + 0.64 
42 + 9.80 1 29 + 54.66 194 + 33.86 263 - 9.00 325 + 2.17 
43 + 8.1 9  140 +35.95 1 95 + 35.47 264 -10 .60 333 - 3.70 

44 + 6.91 1 4 1  +26.33 1 96 +37.07 265 - 12 . 1 3  S35 - 3.70 
45 -t 5.78 1 46 + 17.35 1 97 +38.67 266 - 1 3.58 336 - 1 . 1 2  
46 + 4.98 1 47 + 1 7.03 1 98 -t- 40. 1 1 267 - 14 .78 337 0.00 
48 + 3.37 1 48 + 17. 1 1  200 +42.85 268 - 1 5.9 1 338 - 0.64 
50 - 0.72 1 49 + 1 7.43 204 +48.51 269 - 16.63 339 - 3.05 

51 - 2.25 !50 + 1 7.91 2 1 0  +48.03 270 - 1 7.27 341 - 3.05 
52 - 3.78 ! 5 1  + 1 8.55 2 1 2  +5 1 , 1 4  271 - 1 7.43 350 + 5 1 .30 
53 - 4.82 !52 + 1 9.43 2 1 9  + 46.91 272 - 1 7.51 35 1 +5 1 .30 
54 - 5.22 !53 +20.48 220 +46.91 
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Calculation table n :  table cam 

No. AR I No ,  AR No . AR No. I>R No . AR 

4 + 25.61  55 + 29.2 1 !54  + 3.05 221 + 5.86 273 + 1 5.50 
6 +25.61 56 4 27.37 ! 55 + 2.09 222 + 4.02 274 + 1 3.98 
7 +26.4 1 62 + 1 7.75 1 56 + 1 .37 223 + 2.25 275 + 1 2.61 
8 + 26.65 63 + 1 7. 27 ! 57 + 0.80 224 + 0.64 277 +1 0.52 
9 + 26.17 64 + 1 6.87 ! 58 + 0.56 225 + 0.64 281 + 5. 1 4  

1 0  + 25.37 65 + 1 6.87 ! 59 + 0.64 226 + 2.01 285 + 2.01 
I I  +25.04 66 + 1 7. 1 9  1 60 + 0.88 227 + 3.05 289 + 7.39 
1 2  + 25.61 72 + 27.05 161  + 1 . 37 228 + 4. 1 0  291 + 7.63 
1 3  + 25.61  73 + 27.69 1 62 + 2.25 229 - 4,98 292 + 7.95 
1 6  +24.00 74 +28.09 1 63 + 3.37 230 - 5 .46 293 + 8.52 

1 7  +22.48 75 + 28.49 1 64 + 4.66 231 - 6.03 294 + 9.08 
1 8  + 2 1 .20 77 + 3 1 . 62 1 65 + 6.19 232 - 6,27 295 + 1 0.60 
1 9  +20.23 79 +28.73 1 66 + 7.87 233 - 6.27 296 + 1 1 .89 
20 + 1 9.67 80 +28. 1 7  1 67 -+ 9.72 234 - 6, 1 9  297 + 1 3.34 
2 1  · t  1 9.57 8 1  +27.61 1 72 + 1 8.71 235 - 5.94 298 + 1 4.34 

22 + 20.07 82 +27.29 1 73 +20.39 236 - 5,54 299 + 1 6.63 
23 + 20.88 85 +33. 1 4  174 + 22.00 237 - 5.06 300 + 1 8.3 1 
24 + 22.24 87 -t 2 1 .68 1 75 +23.44 238 - 4.42 301 + 1 9.99 
25 + 23.84 93 + 1 4.30 1 76 + 24.72 239 - 3.45 302 + 21 .60 
26 + 25.61 95 + 1 4.30 1 77 + 25.93 240 - 2.49 309 + 15 .34 

27 +27.29 97 +1 4.62 1 78 +26.81 24 1 - 1 .45 3 1 1  + 1 7.91  
28 + 28.97 98 + 1 3,0 1  1 79 + 27.45 242 - 0.24 3 1 3  +30. 1 0 
29 + 30.42 99 + 1 1 .65 1 80 + 27.85 243 + 1 .04 3 1 4  +31 .62 
30 + 3 1 .38 1 00 + 1 0.60 1 8 1  + 28.09 244 + 2,4 1 3 1 5  + 33.14 
3 1  +32.02 1 0 1 + 1 0.28 1 82 +28.09 245 + 3.86 3 1 6  +34.58 

33 + 32.74 1 02 + 1 0.68 1 83 +27.85 246 + 5.38 3 1 1  +38.27 
35 + 35. 71  1 03 + 1 1.73 1 84 +27.85 247 + 6.91 3 1 8  -t 37.07 
36 + 37.31 1 06 + 1 6.87 1 88 + 33.1 4 248 + 8.60 3 1 9  + 37.95 
37 + 38.67 1 07 + 1 7.83 1 89 +34.34 249 + 1 0.28 320 + 38.67 
38 +39.79 1 08 + 1 8.39 1 90 -t 34.34 251 + 13.82 321 +39.15  

39 + 40.61 1 09 + 1 8.39 1 9 1  + 34.74 254 + 1 4,22 322 +39 .55 
40 + 4 1 .07 1 1 4 + 1 3.50 192 +34.66 260 +23.60 323 +39.55 
4 1  + 4 1 .23 1 27 + 1 4.46 1 93 +35. 1 5  261 +28.33 324 + 39.23 
42 + 40.83 1 29 + 1 5.67 1 94 + 35.07 263 +27.21 325 + 38.75 
43 + 40.27 1 40 + 1 4.86 195 +34.91 264 + 26.89 333 - 21 .44 

44 + 39.31 1 4 1  + 15.34 196 +34.42 265 + 26.25 335 -21 .44 
45 +38.03 1 46 + 15.99 1 97 +33.94 266 +25.45 336 - 22.24 
46 + 36.59 1 47 + 1 4 . 1 4  ! 98 + 33. 1 4  267 + 24.40 337 -21 .68 
48 + 32.66 1 48 + 12.29 200 + 3 1.54 268 + 23. 1 2 338 - 20.48 
50 +33.94 1 49 + 1 0.60 204 +37.87 269 + 2 1 .76 339 - 1 9.67 

5 1  +34. 1 0  ! 50 1:, 8.76 2 1 0 + 25.29 270 + 20.31 341 - 19.67 
52 + 33.54 ! 5 1  -V 7.07 2 1 2  +23.52 271 + 1 8.7! 350 - 3! .30 
53 + 32.34 ! 52 + 5.46 2 1 9  + 9.48 272 + 1 7 . 1 1 351 - 3 1 .30 
54 + 30.74 ! 53 + 4 .1 8  220 -t 7.63 
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In addition to the above - described method of calculating and plotting cams , 
direct layout and finishing of cams for the S- 50  machine can be carried out 
on the special F - 1 2 1  machine (Figure 2 8 ) .  

The machine reproduces the operation o f  levers (24 ) and ( 2  5 )  o f  the S- 5 0  
machine with the sole difference that the arms o f  the F - 12 1  machine leve rs 
which carry the tool and the master are ten times longer than the short 
arms of levers (24 ) and (2 5 )  which carry the cutter and the work table .  

FIGURE 2 8 .  Pian view of the F-121 machine for marking, milling and finishing cams 
for the s- 50 machine 

The F - 1 2 1  machine automatically splits the motion of the pin, moving 
along the master path, into the motions of two tools which form the cam 
profiles .  Its design and operation are as follows . Two arms are articulated 
on the brackets (3 ): a cutter arm ( 1 ) and a table arm (2 ), terminated in a 
pin and a round table (5 ), respectively. A metallic mas ter ( 4 )  with the cutter 
path to a scale of 1 0 : 1 engraved on its surface is fastened to the table .  
The slides (6 ) with milling- grinding spindles ,  having rotary and reciprocat­
ing motions , are suspended from the two arms at a distance of 300 mm from 
the hinge axes . 

The index plates ( 7 ), capable of rotating about their axes , are located 
on the machine fram e in front of the articulated supports . 

The rods ( 8 )  have an articulated end placed in an annular T-slot in the 
upper face of the plates . The other rod end fits in an arc-shaped slot in 
levers (9 ), fastened to the arm s .  The two plates are connected by m eans 
of rod ( 1 0 ), whos e  articulated ends are fixed in the T- slots of the plates ,  
thus ensuring equal angular displacements for them.  On the plate circum ­
ference 36 0 equally spaced teeth are cut and mesh with a small gear ( 1 1  ) .  
The gear is  fitted on the same axis with the handwheel ( 12  ) .  The cam 
blank is mounted on the upper flange of the index plate . The cam -manufac ­
turing p rocedure is as follows : the cams are first marked in the F - 1 2 1  
machine and then subjected to rough machining using general-purpos e  equip­
m ent. After this the cams return to the F - 1 2 1  machine for finish milling 
and contour grinding.  
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FIGURE 30. Cutter path for marking the cams for the S-50 machine 

2 3 7  



For marking the cams ,  center punches are mounted in the spindle collets . 
The pin at the end of arm ( 1 )  enters the slot on the master ( 4 )  and moves 
along the path . The right-hand index plate is  rotated to the required angle 
(equal to the path s ector )  by means of the handwheel ( 1 2 ) . The plate ro­
tates arm (2 ) and table (5 ) by means of rod ( 8 )  and lever 9 .  Simultaneously, 
it rotates the left- hand plate through the same angle by means of rod ( 1 0  ). 
Rod ( 8 )  on the left plate is in this case disconnected from arm ( 1  ) ,  and the 
pin on the end of the latter is free to move in the master slot .  

The spindle c enter punches copy the pin paths on the blanks to a s cale 
of 1 : 3 .  Depending o n  the path profile ,  the index plates are connected by 
rod (8 ) either with arm ( 1 )  or with arm (2 ). After the marking the cams 
are rough-machined using general - purpose equipment, and are then posi ­
tioned anew in  the F - 12 1  m achine . The center punches in  the spindles are 
replaced successively by an end-milling cutter and a mandrel with a grind­
ing disk.  

The master for the F - 1 2 1  machine along with the form to be marked is 
shown in Figure 29,  while Figure 3 0  gives the cutter path for markin g the 
profile of the cams for the S- 50 machine . 

The F - 1 2 1  m achine reduces to a half or a third the work entailed in the 
manufacture of the cams and eliminates the rotation -angle errc r in the cam 
p rofile . 

Figure 3 1  shows the tool used in the S - 5 0  machine: a) s ingle -lip cutter, 
b) collet for gripping the cutter.  

Tl'le S- 1 8 7  s emiautomatic two - spindle contour-milling machine (Figure 3 2 ), 
functions in a manner s imilar to that of the S - 5 0  machine and is produced 
by the Soviet industry. Its p roduction rate is almost twice that of the S- 50 
machine, because of its twin spindles; but on the other hand it requires a 
much fine r adjustment to ensure identical contours on the two s imultaneous ­
ly machined parts . In contrast with the S - 5 0  machine ,  part and tool move 
along Cartesian coordinates in this m achine .  The machine s lide ( 1 ) (Figure 
33 ) ,  together with the two parts fastened to it, is moved vertically by means 
of a rack and a gear segment . The bed (2 ) carrying the tool spindles 
moves in a horizontal plane: longitudinally for milling- depth control (by 
stops ), and laterally for p rofile cutting. The method of cam calculation is 
based on the cutter path and on the analytical or graphical - analytical meas ­
urem ent of the point coordinates . 

a 

FIGURE 31 . Tools for the S-50 machine : 

a-cutter; b-cutter collet. 
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FIGURE 32. S-187 semiautomatic two­
spindle milling machine 

FIGURE 33. Kinematic diagram of the S-187 semiautomatic two-spindle milling 
machine 



Technical data, S-187 machine 

Number of parts machined simultaneously . .  . 

Maximum machining surface , mm . . . .  , . .  . 

Maximum thickness of parts, mm . . . . • . . .  

Maximum cutter diameter, mm . . . . . • . . .  

Spindle speed ,  rpm . . . . . . . . . . . . . • . . .  

Time for one working cycle, sec . . . . . . .  . 

Electric motors : 
tool . . . . . . • . . . . . . . . . . . • . . . . .  

camshaft 

2 
45 X 45 

14 
6 

7400 
From 10 to 125 

0.65 kw , 
2895 rpm 

0.4 kw, 
1400 rpm 

Inspection of Milling and Turning Ope rations 

The facing, boring, and milling of recesses in plates and cocks are fol ­
lowed by inspection of the depth of the reces s es and of the contour pos ition 
relative to the working holes . This inspection is carried out us ing either 
a comparator or a special gage . 

The depth of counterbores is measured using a vertical dial gage o r  a 
vertical micrometer (Figure 34 ) .  The use of a dial gage,  with s cale divi­
sions of 0 . 0 1  mm,  is less tim e - consuming. The quality of the surfaces 
machined on the S- 8 1A and S - 5 0A machines is inspected with the help of 
magnifying glasses with a magnification of 5X, 1 6X, or, rarely, 32X. 

FIGURE 34. Vertical micrometer 
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THE MACHIN ING OF HOLES 

The machining of holes in plates and cocks is a complex and crucial 
operation.  The diameter tolerance in most cases is 0 . 005 mm; the surface­
finish quality corresponds to class 9 - 1 0  at least; and the interaxial- distance 
tole rance is 0 . 0075 - 0 . 0 1 0  m m .  

These  s evere requirements are satisfied by subj ecting the holes t o  pre­
liminary and final machining stages . 

The preliminary machining consists either in center marking followed 
by punch piercing, cente r marking followed by drilling, or punch piercing 
without cente r marking. 

The final machining consists in shaving the holes in special dies . Ream ­
ing has found no application in the final machining of holes ,  as it is both a 
less accurate and a less productive process than s having .  Some holes are 
threaded .  

Drilling 

The watch indus try and many other branches of the precision- ins trum ent 
industry make extensive use of the method of drilling holes according to 
center-punch marks , this method being superior to the method of drilling 
in jigs . The part to be drilled lies freely on the drilling-machine table o r  
o n  a n  open support, and i s  easily placed manually under the drill (Figure 
35 ,  a ) .  The drill is guided by the center-punch mark. The use of jigs , on 
the other hand , requires considerable time for the positioning and fastening 
of the part in the jig, and removal of the part after  drilling. 

�) b) 

FIGURE 35 . Drilling holes : 

a-according to center-punch marks; b-jig bushing for drilling 
closely spaced holes . 
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If only two or three holes are drilled using a jig, the auxiliary time may 
turn out to be longer than the drilling (basic ) time . When a large number 
of holes are drilled in the same part ,  it may happen that not all the holes 
can be drilled through in one setting, and the part has to be repositioned in 
the jig. An especially complex bushing is necessary for drilling clos ely 
spaced holes (Figure 3 5 ,  b ) . Jig drilling is less accurate s ince a drilling 
error, in addition to the jig inaccuracy, results from the clearance between 
the drill and the jig-bushing hole .  

The accuracy o f  the distance between centers i s  improved by  drilling 
according to center-punch marks . 

If the number of holes is small, they are drilled on the S- 3M (Figure 36 ) 
or S- 1 2 M  (Figure 3 7 )  bench- type vertical drilling machines . 

FIGURE 36 . S -3M single-spindle drilling machine 

FIGURE 37 . S-12M double-spindle drilling machine 

242 



For a large number  of holes the S- 44A semiautomatic machine is us ed .  
The s econd spindle in the S- 1 2 M  machine is frequently used for countersink­
ing the holes drilled by the first spindle .  

Holes in brass ,  o f  diameters from 0 . 2  to  2 . 0 mm ,  can be drilled on the 
S - 3 M  and S- 1 2 M  machine s .  The spindle speeds of these machines are 
6 000 and 7 5 00 rpm ,  respectively. 

The production rate of the drilling machine depends on the mechanical 
properties of the metal , the hole diam eter, and the spindle rpm . 

The mechanical strength of drills 0 . 2  to 0 .  7 mm in diameter is poor and 
therefore the drill must be withdrawn from the work from tim e to time dur­
ing drilling for chip removal (Table 5 ) .  

The cutting conditions for  drilling LS6 3 - 3  bras s at  n = 6 0 00 rpm are 
given in Table 6 .  

TABLE 5 

Number of drill withdrawals as a function of the diameter and depth, mm 

Drill dia-
Drilling depth 

meter 0 .8 1 .1 1 .4 1 .7 2 2 .3 2 .5 

Number of drill withdrawals 

0 .2 1 1 1 2 2 
0 .3 - 1 1 1 2 
0 .5 - - - 1 1 
0 .7  - - - - -

The drilling (basic ) time is determined by: 

where 11 = the drilling depth , mm; 
/2 = the drill approach, mm; 
sm = feed ,  mm/ min, from Table 6 ;  

with l2  being taken from 

where q> = half the drill-point angle ;  

3 3 
2 2 
1 2 
1 1 

2 . 9  3 .2 

3 4 
3 3 
2 2 
1 2 

The holes are als o  countersunk on the S- 3M and S- 1 2 M  machines . 

TABLE 6 

Speeds u m/min. and feeds s .  mm/min. as a function of the diameter D. mm, 
for drill ing LS-63-3 brass 

D • m  " D • m  tl D •m " D s m " 

0 .2 36 3 .75 0 .6 1 50 11 .30 1 . 0 280 18 .84 1 .3 350 24.50 
0.3 48 5 .65 0 .7 186 13.20 1 .1 31 0 20 .70 1 .4 383 26 .40 
0 .4 78 7 .54 0.8 227 15 .1 1 .2 330 22.60 1 .5 395 28 .40 
0 .5 114 9 .40 0.9 250 17 . 10  
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The S-44A ten-spindle semiautomatic drilling machine is us ed in watch 
p roduction for drilling and countersinking holes in plates and bridges . The 
machine cons ecutively pos itions the axes of the holes to be machined op ­
posite the drilling- spindle axes (Figure 3 8 ) . 

The machine can drill consecutively, in one chucking, from 2 0  to 5 0  
holes o f  ten different diameters with any location of the holes on the part 

FIGURE 38 . S-44A semiautomatic drilling 

within the limits of a circle of 46 mm dia­
meter.  The cutting tools use d  are twist 
drill s ,  pointed drills and countersinks , 
held in the spindle collets . The center­
punched part is positioned on a pin plate 
on the carriage. The carriage moves in 
a vertical plane and positions the center­
punched holes  in  front of the drills .  

A fter all the holes having the same 
diameter have been drilled, the spindle 
barrel is indexed 1 / 1 0  revolution, and 
the next spindle ,  with a drill of different 
diameter, is fed into working position. 
The machine is automatically s witched­
off after all the holes have been drilled ,  
and the work carriage is lifted to  the 
loading position for reloading. The part 
is loaded and removed manually. 

The kinematic diagram of the machine 
is s hown in Figure 3 9 .  The electric mo­
tor powers the reduction- gear s haft, which, 
in turn, drives the spindle s haft through 
a claw clutch. The spindle shaft powers , 
through a friction clutch, the drilling 
spindle which is in working position.  

Power is transmitted to the reduction-
machine gear output shaft through two worm- and­

wheel s ets and a pair of spur change gears . The output shaft powers the 
camshaft through a pair of fixed gears . Six camshaft speeds are achieved 
by changing the change gears . 

The camshaft carries the following cam s :  s tud -disk indexing (A ), barrel 
indexing and locking (B and C ), spindle feed (D) and carriage lift (E ) .  

The s tud- disk indexing cam A is set  on the front end of the camshaft 
(Figure 40 ). By acting on lever ( 1 ) and s lide (2 ) the cam displaces the 
pawl ( 3 )  to the right and thus indexes the s tud disk by one tooth on the rat­
chet wheel . The s lide and pawl are returned to their initial pos ition by the 
spring (4 ) .  

The barrel -indexing cam B and the barrel -locking cam C are fastened 
on a common bushing freely mounted on the camshaft ( Figure 41 ) .  They 
are controlled by the s top screws ( 1 ) on the s tud disk (Figure 42 ) .  

When the s tud dis k is indexed by  one tooth ,  s top s crew ( 1 ) engages the 
toe (2 ) and lifts lever ( 3 ) . The right-hand arm of the l ever drops and frees 
the pawl (4), which engages ,  under the influence of the spring ( 5 ) , a groove 
in ring ( 6  ) , fastened rigidly to the camshaft. Both cams B and C begin to 
rotate . The locking cam C pulls the lockpin ( 1 ) (Figure 4 1 )  out of the 
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barrel slot and the indexing cam B indexes the barrel by 1 / 1 0  revolution 
through levers ( 2 ) and (3 ). The lockpin engages the next slot on the barrel . 
Both levers are returned to their initial positions by springs . 

Part positioning and ejecting 

FIGURE 39. Kinematic diagram of the S-44A machine 

At the end of a complete cam revolution lever ( 3 )  (Figure 42 ) re- engages 
the pawl (4 ) and pulls it out of the groove in ring (6 ) .  This interrupts the 
cam rotation until the next indexing of the spindle barrel . The handle ( 4 )  
(Figure 4 1 )  serves for manual rotation o f  the spindle barrel . 

The spindle-feed cam D (Figure 4 3 )  and the carriage-lift cam E (Figure 44 ) , 

operating through lever systems ,feed the drilling spindle and lift the car­
riage when the stud disk indexes . The lever systems are equipped with 
devices for feed and lift adjustm ent. 
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At  the end of the machining cycle the lever ( 1 )  (Figure 4 4 )  rotates shaft 
(2 ) under the action of a plunger ,  and lifts the carriage into loading position .  

The device fo r automatically s topping the camshaft a t  the end of the ma­
chining cycle is  shown in  Figure 4 5 .  The driving gear ( 1 )  powers the cam ­
s haft (2 ) through the key ( 3  ) . The camshaft is switched off automatically 
at the end of the machining cycle by the s top (4 ) on the s tud disk engaging 
the catch ( 5 ) .  

4 J 
FIGURE 40.  Stud-disk indexing mechanism 

FIGURE 42. Actuation mechanism for cams B and C 
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FIGURE 41 . Spindle-barrel indexing 
mechanism 

D 

FIGURE 43,  Drilling spindle feed 
mechanism 



The s tud dis k (see Figure 4 0 )  positions the part definitely relative to 
the drilling-axis spindl e . The disk has threaded holes located along two 
concentric circles into which are sc rewed hardened s tuds . The number of 
holes on each circle is equal to the number of holes to be machined .  The 
s tuds support the carriage posts . The height of each pair of diam etrically 
opposed s tuds determines the pos ition of the carriage relative to the spindle 
axis . Stops for automatically s topping the cams haft at the end of the ma­
chining cycle are mounted on two studs . The disk makes one revolution 
during the machining cycl e .  

FIGURE 44. Carriage-lifting mechanism i n  loading position 

FIGURE 45 . Automatic camshaft-stopping device 
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Ten identical drilling spindles are mounted in the spindle barrel.  At 
the back end of each spindle ( 3 )  (Figure 4 6 ) is mounted a bushing ( 1 ) with 
a graduated threaded ring (2 ), which transmits rotation to the spindl e from 
the driveshaft friction clutclo and permits the drilling depth to be adjusted 
to an accuracy of 0 . 0 1  mm.  

FIGURE 4 6 .  Drilling spindle 

The ca rriage -motion mechanism is s hown in Figure 4 7 .  The carriage ( 1 )  
is rigidly fixed to the right- hand lever (2 ) and articulatedly hinged to the 
left- hand lever ( 3 ) .  The other ends o f  the two levers have articulated c on­
nections with slides (4 ) and ( 5  ) .  The slides move on columns . C arriage 
posts (6 ) are mounted in the slides and they engage the s tuds on the s tud 
disk under the weight of the whole carriage system and the tension of spring 
(7 ) .  The left- hand post rests on the outer s tud , and the right- hand post 
engages the inner s tud. By varying the height of the studs the motion of the 
carriage in the xy plane is controlled.  

I I I I 
FIGURE 47. Carriage-motion me­
chanism 

FIGURE 48 . Device for clamping and ejecting the part 

The device for ejecting the machined part and mounting the next part on 
the holding plate is s hown in Figure 4 8 .  If the handle i s  rotated i n  the direc­
tion o f  arrow A ,  the rack s haft ( 1 ) , the rack (2 ) and the pusher ( 3 ) are fas ten ­
ed to the right.  The rack shaft, in moving to the right, is s imultaneously 
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rotated by guide pin (4 ) and a helical flute and assumes pos ition ll . Pushe r ( 3 ) , 
p ressing on the pins ( 5 ) , forces plate ( 6 )  to the right and removes the 
part from the s etting pins . A fter the next part has been placed on the pins 
by the operator ,  the clamping pad ( 7 )  is returned from position II to posi­
tion I by rotating the handle in the direction of arrow B. The part is thus 
pressed onto the setting plate . The rack shaft and the clamping pad are 
moved somewhat to the right by a spring, and so  allow the carriage to be 
lowered into working position.  

Cam 

Spindle-
feed cam 

Carriage- If lift cam 

Stud-disk If' indexing 
cam 

Barrel- ��� indexing 
cam 

Barrel - II 
lock pin <>::) 
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Safety II� 
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FIGURE 49. Cycle diagram for the S-44A machine-camshaft cams 
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Figure 49 is the cycle diagram for the camshaft cam s .  It s hould be 
pointed out that the idle movements constitute 4 7  o/o of the cycle tim e in this 
machine ,  and that in spite of this fact the machine is very p roductive: 
56 holes can be d rilled in 1 minute . One operator can service from 4 to 
5 such machines . 

S-2 1 2  semiautomatic drilling machine. This machine (Figure 50 )  se rves 
for drilling lateral holes in plates . 

The S - 2 1 2  m achine has a two -position plate in which a part is manually 
set on the locating pins while anothe r  part is being m achined.  The holes for 
the winding stem in the watch plate are successively center-marked, d rilled 
and bored by three tools on this m achine . 

The machined part is automatically removed from the locating pins . The 
machine motions are controlled by cams mounted on the camshaft, which 
can rotate at 5 . 1 ,  6 . 4 ,  or 8 rpm . One part is machined per  camshaft re­
volution. The maximum dim ension of the machined part is 45 mm,  the 
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maximum thickness 5 mm,  and the maximum hole diameter is 2 m m .  The 
time taken to machine one part varies between 8 and 12 sec . The drilling 
spindles revolve at 1 0 , 3 00 revolutions per minute and a 0 . 6  kw, 3000 rpm , 
electric motor is used .  

Technical data, S-44A machine 

Maximum drilling diameter, mm 
Minimum drilling diameter, mm . . . . . . . . . . .  . 

Maximum drilling depth, mm : 
brass . . . . . . . . . . . . . . . . . . . . . . . • • . .  

steel . . . . . . . . . . . . . . . . . . . . . . . • • . .  

Accuracy of hole diameter, mm . . . . . . . . . . • . .  

Accuracy of distance between centers, mm . . • • . . 

Drilling-spindle speed, rpm . . . . . . . . . . . . • • . .  

Number of camshaft speeds . . . . . . . . . . . . • • . .  

Time for one camshaft revolution, sec . . .  , . . . . .  
Dril ling-spindle feed rates, mm/rev . , , . , , . • . .  

Electric motor . . . . . . . . . . . . . . . . . . . . . . • . .  

3 
0.3 

5 
3 
0 .01 
0 .02- 0.03 

1 0 ,500 
6 
2 .85- 0.92 
0 .015- 0.090 
0 .65 kw , 
2800 rpm 

The A - 224  semiautomatic machine, s imilar in design to the S- 2 1 2  ma­
chine, is used fo r center-m arking, drilling and threading two lateral holes 
on the plate to take the dial leg screws . The two holes are machined con­
secutively and the loading plate is rotated 1 8 0° about its axis to machine the 
second hole .  Holes of 0. 3 to 1 . 2  mm diameter are threaded . The threading 
spindle revolves at 3260  rpm for threading, and at 5450  rpm for tap with­
drawing. 

Hole Shaving in Dies 

The high accuracy required of  the holes in  plates and bridges is now 
achieved by shaving them in dies .  The drilled (or pierced )  holes have an 
allowance for shaving (Table 7 ) , which must compensate for the deviations 
in the diam ete rs and inte raxial distances which resulted from earlier oper­
ations . 

TABLE 7 

Shaving allowance for holes in plates and bridges 

A II ow ance on the diameter for : 
Diameter of hole 

brass 
to be shaved , 

steel 

ITilll ab > 80 l<g/mm2 "b .;so kg/mm2 

0.25- 0.50 0 .08 0.05 
0 .50-1 0 .12 0 .08 

1-1.5 0 .18 0.12 
1 .5-2 .5 0.25 0 .20 
2 .5-3 .5 0 .40 0 .30 

1 1 71 2 50  



Work spindle 

I I 
Electric-motor shaft,� 

FIGURE 50 .  General view and kinematic diagram of the S-212 semiautomatic 
drilling machine 
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For blind holes , the allowance is reduced by 2 5 - 30 % . 
Shaving is the final hole-machining operation, and all other operations 

must therefore be concluded before shaving. 
The dimensions of the holes obtained by shaving are very accurate and 

the process its elf is very productive . All the holes in a part, both through 
holes and blind hol es ,  can be shaved in one s troke of the press . Up to 24 

holes are shaved in the plates of pocket 
and wristwatches by one die. 

The process of hole shaving consists 
in the removal of chips by means of a 
punch (Figure 5 1 ) . The punch mus t 
have a well -finished face surface.  Any 
burrs on its edges would lead to metal 
build-up at the burr and to the appear­
ance of deep longitudinal scratches on 
the hole surface . Metal build-up on 

Die the punch is likely to occur even with 
a good surface finish and, in order to 
p revent it, forced lubrication of the 
punches (see below ) is used in some 

FIGURE 51 . Scher>�atic representation of hole s having dies . 
shaving The punch diameter mus ·. be larger 

than the diameter of the s hav2d hole 
by the value of the hole contraction . Hole contraction occurs as a result of 
the blunting of the punch end which then not only cuts ,  but also deforms the 
metal fibers . If the hole is pierced by the punch, the metal fibers a re bent 
to a considerable depth, and an elastic deformation occurs . The hole con­
t raction also depends on the extent to which the shaving punch removes a 
uniform chip around the circumference .  

Hole contraction is dete rmined by  the fo rmula 

D 1= D t A. punc 1 hole -

For brass A is 0 . 005 to 0 . 0 1 5  mm . 
Design of shaving dies . In the shaving die sl�own in Figure 52 the punch 

and the locating pins are placed in the uppe r  die shoe together with the s trip ­
per,  and the plate o r  b ridge to be shaved is set  in the lower shoe, and is 
positioned by the guide pin (2 ) .  When the ram ( 1 )  is lowered the pins ( 3 )  
take over the positioning function from the guide pin ( 2  ) .  

The advantage o f  this design lies i n  the fact that both the punches (4 ) and 
the locating pins ( 3 )  are located in the s tripper ( 5 )  and the punch holder (6 ) ,  
thus ensuring a fixed relationship between the locating and the s having ele­
m ents . This design gives both highly accurate distances between cente rs 
and a uniform removal of the allowance around the circumferenc e .  

I n  some dies the locating pins ( 3 )  are i n  the lower shoe. The holding 
and locating system is s eparated, in this case,  from the punches,  and this 
can lead to the s hi.fting of the whole punch s ys tern relative to the drilled 
holes . In many cases this leads to imperfect shaving due to the small al ­
lowanc es .  

The die (8 ) with the punch guide bushings ( 9 )  which guide the punches and 
permit the passage of chips is fastened in the lower s hoe of the die s et .  The 
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bushing ( 9 )  som etimes protrudes from the die by a height equal to the depth 
of the recess in the part in order to prevent the buckling of thin parts (Fig­
ure 5 3 ) . Dies having recesses instead of bushings are us ed when the hole 
to be s haved has a deep countersink at the exit .  The pres ence of chips in 

the recess is evidence of the correct 
functioning of the punch. The chips are 
removed from the reces ses by a jet of 
compressed air .  The hol e entrance 
mus t not hav e a counters ink if it is to 
be s haved. The ram ( 1 )  (Figure 52 ) is 
guided in the fixed stripper ( 5 )  by the 
guidepos ts ( 7 ) . The bushings ( l l ) which 
guide the punches are fastened in the 
s tripper . The use of bushings reduces 
the wear on the s tripper and inc reases 
the manufacturing accuracy. 

When the hole diameters are small,  
the accuracy with which they can be ma­
chined in a jig-boring machine at  con­
siderable depth is poorer than the ac ­
curacy with which bushing holes can be 
machined . If the bushings are accurate 
with respect to run- out and diameter, 
it is m ore convenient to replace worn­
out bushings (by new ones ] than it is to 
replace the s tripper, s ince the s tripper 
is the m ost  critical part in the die set .  

The part to be shaved is manually 
put on the guide pin (2 ). The upper shoe 
is forced to descend with ram ( 1 )  by 

FIGURE 52 . Shaving d ie the spring ( 1 2 )  and transfers the part 
from the guide pin (2 ) to the pins (3 ) . 

When the stripper engages the work the ram advances along the guide bush­
ing ( 1  0 ) .  The punches em erge and penetrate the holes to  be shaved.  The 
s tripper ( 5 )  continues to press the part agains t the die.  

The design of a shaving die with forced punch lubrication, which reduces 
punch wear and prevents chip adherence,  is s hown in Figure 54 .  This de­
sign also provides a fixed relationship between the locating and s having 
elements . 

The design of this die is somewhat more complex than that of the die 
desc ribed above, but this is compensated for by a greater s tability in oper­
ation. 

The requirem ents for the shaved holes in the plates and bridges of pocket­
and wristwatches are 0 . 007 mm maximum deviation of the dis tances between 
centers , 0 . 005 mm maximum deviation of hole diameters . Accordingly, the 
punch must be so well fitted in the stripper bushing that oil can flow between 
them only under the very high pressure' created by the s tripper upon im -
pact of the upper shoe .  The spring-loaded plungers in the oil pas sages in 
the die-set  posts serve to control the oil pressure .  

In  order to  inc reas e the shaving accuracy and to  lengthen the die  life, 
plates and cocks are now shaved twice,  and s om etimes even three times . 
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The allowance for the last operation is 0 . 0 1 - 0 . 0 1 5 mm on the diameter .  
The service life of such a die  (between regrindings ) can be as much as 
80 , 000 strokes . The punches and dies of shaving- die s ets are sharpened 
directly in the shoes , without dis mantling them . 

Stripper 

Workpiece 

Die 

FIGURE 53 . Shaving-die guide bushing FIGURE 54. Shaving die with forced punch lubrication : 

1 -die ; 2-punch; 3-punch holder; 4-srripper; 5-ring. 

Shaving dies are expensive tools , and the following operational rules 
have accordingly been established: 

1 .  Parts to be shaved must be inspected before shaving in order to as ­
certain the existence of all the holes which are to be shaved.  The holes 
are inspected by a gage cons isting of a plate and pins on which the part is 
freely fitted .  If any of  the holes is missing, the part will obviously not fit 
on the pins . The inspection can also  be conducted using a projection device .  

2 .  The parts are positioned according to base hol es or  along the con­
tour, but in such a way as to ensure positive location . 

3 .  The part must b e  carefully cleaned and washed t o  remove chips and 
dirt, and mus t fit tightly in the die or stripper .  

4 .  It is  not  recommended that holes whos e depth is  larger than three 
diam eters be shaved .  A higher ratio might lead to deflection of the punch . 

Measurement of Hole Center Coordinates 

The pos ition of the hole centers in plates and cocks is given in Cartesian 
coordinates which are also used to define the centers of the recesses ,  so 
as to provide uniform system of designations in the drawings . The values 
of the coordinates and the radii of the reces s es are listed in a table .  The 
centers of holes and radii are projected on a horizontal plane and are de­
s ignated by numbe rs with subscripts . 
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The coordinates x = 1 00 mm, y = 1 00 mm are assigned to the center­
wheel center or  to the centers of the minute and hour hands in watches . 
This ensures that the coordinates of all points on the part will always be 
positive , that is , the part will always be situated in the first quadrant of 
the coordinate system . 

Figure 55 shows the position of the train bridge with the table of coor­
dinates for the basic points . The diam eters of the holes in cocks and plates 

FIGURE 55 . Coordinates of the 
holes in the train bridge of 
" Pobeda" watches 

Point No. 

II 
Ill 
IV 
v 

Point coordinates 
X y 
100 1 00 

96.565 1 01 .394 
93.500 
92.825 
90.640 
90.750 
87 .845 

100 
96.804 

106 .5 
93.400 

101 .500 

are measured us ing plug gages or toolmakers 1 
microscopes . The coordinates of the hole cen­
ters may be measured using the UIM- 1 universal 
meas uring microscope (Figure 56 ) ,  the Haus er 
(Switzerland ) jig-boring machine (models 1 and 
2A ) ,  and the Hauser  coordinate -measuring ma­
chine (model R - 324 ) .  

The unit of division on the s cales of the 
above - listed machines is 0 . 0 0 1  mm . 

The UIM- 1 universal m easuring micros cope 
is little used for coordinate measuring because 
it has neither a circular rotary table nor a 
s upe rimposed- image head . 

The machine mostly used for measuring the 
coordinates of watch parts is the model- 1 Hauser 
coordinate- marking machine (Figure 5 7 ) .  

The limit o f  displacement o f  this machine is 
1 0 0 mm X 1 00 mm .  

A 1 2 0  mm diameter three-jaw chuck i s  mount­
ed at the upper end of the lower vertical spindle 
of the machine , the lower end of which spindle 
carries a dis k with angular divisions and a 
vernier of 0°02 1 accuracy. Parts are positioned 
in this machine with an accuracy of 0 . 002 m m .  
The reading accuracy has been increas ed to 
0°00 1 05 1 1  in the latest models . 

The R-324  coordinate- measuring insturment 
(Figure 5 8 )  uses a gear- and-rack mechanism 

for moving the slides . There are no microm etric s crews . The coo rdinates 
are m easured by two lateral microscopes with reticules (Figure 5 9 ) .  The 
central microscope is exchangeable and the magnifications available are 
3 5 X  and 4 5X.  

The part is positioned either on a flat table with independent coordinate 
displacements ,  or on a rotary table with scale divisions of 0°00 1 05"  on the 
vernier (Figure 6 0 ). The linear positioning accuracy is 0. 002 mm.  

The point coordinates are  measured in  the  No . 1 machines and the R-324  
instrument by positioning the part on  the machine table ,  aiming at the center 
of the hole to be measured, recording the m easured coordinates and calcu­
lating the deviations, if  any.  

For  measuring, the part is  positioned on the table either by centering and 
then locking, or by s etting according to two holes . 

When using the first method, the cente r of hole 1 (the centering hol e )  
(Figure 6 1 )  i s  made to coincide with the center of the microscope reticule 
and the part is then fastened to the work table .  The center o f  the table mus t 
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coincide with the center microscop e - grid cross hairs and the machine slides 
be s et in the middle position. 

The center of hole (2 ) (the locking hol e )  is made to coincide with the 
cross hairs of the microscope reticule by displacing the s lides according 
to the coordinates x2y2 of the locking point and rotating the part table from 
position 1 '  into position 2 .  The table is locked in this position. 

FIGURE 56 . Ullv! -1 uni versa! microscope 

FIGURE 57 . Model-l Hauser coordinate-marking 
machine 
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FIGURE 59. Reticules of the side microscopes of the R-324 instrument 

FIGURE 60 .  Circular ,.ark table of the R-324 instrument 
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[he aiming at the center of the hole whos e  position is to be measured 
call oe realized by a number of methods , depending upon the micros cope 
des ign. The quickest and most accurate is the method of superimposed 
images ,  as provided by a superimposed- image head; the noncoincidence of 
the optical axis of the micros cope and the hole axis leads to the appearanc e 
of two identical hol es in the field of vis ion of the microscope (Figure 6 2 ,  a ) .  
The machine slides are  then displaced till the round holes coincide and the 
triangular images becomE s tar-shape d  ( Figure 62 ,  b ) .  In this position the 
optical axis of the microscope and the hole axis are coincident. The highe r 
accuracy of this method i s  due to the elimination of the influence of the thick­
nes s of the reticule marks n : .d to the fact that a shift x of the hole axis re­
lative to the optical axis of the micros cope p roduces a shift 2x between cor­
responding points on the images . 

FIGURE 61 . Fixing a point on the cir­
cular table of the R-324 instrument 
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FIGURE 62 . Aiming the microscope : 

a- noncoincidence of the optical axis 
of the micro>cope lvith the hole axis; 
b-coincidence of the optical axis of 
the microscope with the hole axis. 

If the microscope is not p rovided with a superimposed-image head, the 
measurem ent is carried out by aiming the c ross hairs at the intersections 
of two mutually perpendicular lines with the hole periphery, and then cal ­
culating the coordinates o f  the hole center  (assuming that each coordinate 
of the center is equal to half the sum of the coordinates of the correspond­
ing intersections of the line with the hole ) .  This method is  frequently us ed,  
in spite of the larger amount of work involved .  

The determination of the actual values of the coordinates is followed by 
the calculation of the deviations (Llx; Lly) 

.1x = x  - x  nom act 

whe re X 110m Ynom and Xact Y act are, respectively, the nominal and actual 
values of the point coordinates . 

The accuracy of the coordinate measurements depends on the accuracy 
of the machine, the pos itioning and the reading. When a doubl e-image 
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method is used with one of the above - m entioned machines ,  the meas urement 
error does not exceed 2 [! .  

Thread Tapping 

Watch plates have s everal threaded holes , us ed for s crewing the watch 
movem ent to the cas e ,  the dial to the plate and , in some m odels ,  the bridges 
to the plate . 

Threads are usually tapped at the last machining operations in order to 
prevent clogging of the threaded holes during intermediate operations . The 
machine us ed for threading is the R-64 ,  whose design is similar to that of 
the S- 31VI d rilling machine the only differenc e being that the spindle of the 
R- 54 machine is provided with a friction coupling by means of which it can 
be rotated in both the clockwis e and the anticlockwis e s ens e .  Threads of 
0 . 3 - 1 . 5 mm diameter can be tapped on this machine . The spindle rotates 
at 2 5 00 rpm during tapping and at 3 600  rpm for uns crewing the tap , the 
resulting cutting speed is between 2 . 5  and 1 2 . 5  m / min. 

A table of cutting speeds for tapping threads in LS6 3 - 3  bras s and for 
chasing threads in U7A V s teel is given in Appendix 5 .  

The threading (basic ) tim e i s  determined from the formula 

T _ _  L_ 
thr

- S •fl-p ' 

where L = tap travel, mm; 
s = thread pitch, mm; 

n P = spindle rpm .  
The idle (or the uns crewing) tim e is 

where nP and n i a re taken from the technical data on the machine . 

Example, Let it be required to calculate the machining time on an R-54 machine for threading a hole 
of 0.7 mm diameter in a plate. 

The tap travel is L = 3 .2 mm; s = 0 .175  mm according to the thread standard ; np = 2500 rpm, 
n i = 3600 rpm, according to the technical data on the machine; whence 

3 · 2  Tthr= 2500 ·0,1 75 = 0,007 min 

2500 . T. = T 
3600 

= 0,005 mm; 1 tlu 

T,nach= �hr + Ti = 0,007 + 0,005 = 0,0) 2 min. 

The threading allowance in the plate is 2 0  to 30 o/o of the nominal thread 
diameter:  the tap drill diameter is 0 . 4  mm for an lVI 0 . 5  thread, 0 . 5 5  mm 
for an lVI 0. 7 thread ,  and 0. 70 mm for an M 1 . 0  threa d .  
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MARKING AND DECORATIVE TEXTURING (CHASING) 

Figures , ins criptions and trademarks are applied on watch bridges (Fig­
ure 6 3 )  either by engraving by means of a pantograph or another machine , 

FIGURE 63. Engraved symbols 
on the train bridge of " Pobeda" 
watches 

or by embossing by means of a die .  Embossing 
is the more rapid method but the edges of em­
bos sed s igns or figures are blurred, and in 
addition, parts of weak cross s ection are de­
formed during embossing. A simple pantograph 
is used for making ins criptions in small-series 
production, while in mass production the s- 50 
machine desc ribed earlier and the S- 2 1 0  rna­
chine are us ed.  Fixed inscriptions and s igns 
are automatically engraved in the S- 5 0  machine. 
The S - 2 1  0 machine (Figure 6 4 )  is more versatile ,  
and is capable of engraving both fixed and vary­

ing symbols on flat and cylindrical surfaces . 
The machine has five high- speed spindles with engraving tools m ounted 

at the lower end. The spindles are in the front part of the machine .  The 
spindle block is fastened to the machine base and the work table is fed in 
the horizontal plane.  

The engraving tools engage the work when the spindles are lowered. A 
master and a s tylus are placed below the table .  The inscriptions engraved 
on the parts are reduced in size at a s cale of between 1 : 5  and 1 : 5 0 relative 
to those on the master. The stylus is placed manually along the master 
groove . The dimensions of the master field are fixed and the lever arms 
are varied for setting the reduction s cale .  The engraving tools plunge into 
the work automatically when the stylus has been lowered into the master 
groove and leave the parts after the stylus is lifted from the m as ter .  

Fixed signs,  figures and letters are engraved simultaneously on five 
parts , while varying symbols are engraved cons ecutively. Let it thus 
be required to engrave on five parts the s equence of numbers 2 1 2 5 3 , 2 1 2 54 ,  
2 1 2 5 5 ,  2 1 2 5 6 ,  2 1 2 5 7 .  The first four figures 2 1 2 5  are fixed and the last 
figure - 3, 4 ,  5 ,  6, 7 - is varying. The fixed figures are simultaneously 
engraved on the five parts , while the last figure is engraved cons ecutively 
using a seven-figure template changer which replaces the master. 

Technical data, S-210 engraver 

Number of spindles . • • . • . . . . . . . . . . . . . . . . . . • . . 5 
Number of parts machined simultaneously • . . . . . . • . . . 5 
Spindle rpm . . . . . . . . . . . . . . . . . . . • . . • . . . . . 15 ,000 
Maximum cutting tool diameter, mm . . • . • . . . . . . 2 .5 
Maximum cutting depth, mm . . . . . . . . . . . . . . . . . 1 
Maximum field of the master, mm . . . . . . . . . . . . . 170 x 65 
Copying scales . . . . . . • . . . . . . . . . . . . • • From 1 : 5  to 1 : 50 
Maximum dimensions of the machined part 

( diameter x height), mm . . . . . . . . . . . . . . . . . . . . 60 X60  
Approximate production rate, pieces/ shift • . . . . . . . . . 2 ,500 
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FIGURE 64. Kinematic diagram of the S-210 engraving machine 

D e c o r a t i v e  t e x t u r i n g  ( c h a s i n g )  or tracing of patterns on the 
brass parts of watches ,  is performed on special machines before or after 
electroplating. 

The S- 1 6 1A seven - spindle s emiautomatic chasing machine for engraving 
rectilinear pattern bands is shown in Figure 6 5 .  The spindles revolve at 
1 2 , 000 rpm and have cutters fastened to their lower end. The part is mount­
ed on a carriage which is displaced underneath the cutters . The part moves 
in the horizontal plane at an angle to the spindle line . The cutters operate 
cons ecutively, and each leaves a pattern band on the part. 

One electric motor powers two milling spindles through a belt transmis ­
sion. The spindle feed is 0 . 0 07 - 0 . 05 mm /rev, or  2 0 0 - 6 0 0  m m /min. 

The width of the pattern band produced is determined by the angular off­
s et of the spindles relative to the bed guides ,  while the width of each separate 
pattern element depends on the radial offset of the cutting point relative to 
the axis of revolution.  
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Becaus e of a small tilt of the spindles , the machining traces have the 
fo rm of troughs with 0 . 005 mm maximum depth. 

The parts , or sets of parts , to be machined are fastened on a block which 
is clamped in the carriage . The carriage is moved along the bed guides 
under the milling cutters by a feed screw.  The feed s c rew is rotated by 
the electric motor over a worm· reduction gear .  

FIGURE 6 5 .  General view and kinematic scheme of the S -161A semiautomatic chasing machine 

The pattern will be clear and will have a good appearance if the axial 
play of the spindle does not exceed 0 . 005  mm,  and the radial run - out does 
not exceed 0 . 0 1  m m .  

I t  i s  recomm ended t o  perform the chasing operation p rior to electroplat­
ing, with the condition that the tim e interval betwe en the chasing and plating 
operations s hall not exceed 2 hours ,  as a longer delay would lead to the 
oxidation and dulling of the surface and to the deterioration of its appearance .  

I f  the chasing i s  performed afte r  electroplating, i t  frequently leads t o  the 
breaking of the deposited coat and to the app earance of yellow bands , which 
are centers of corrosion. Corrosion follows after a certain time even if 
the breaking of the coat is invisible to the naked eye. 
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C h a p t e r VII 

MA CHINING THE ESCA PEMENT PA RTS 

The escapement consists of the lever- escapem ent assembly and the 
balance ass embly. The lever-escapement assembly includes the escape 
wheel and pinion, the pallet with pallet stones,  the guard pin and the arbor .  
The balance assembly consists o f  the balance with staff and screws,  the 
hairspring with collet and stud, and the double roller with impulse pin . 

Locally produced escapement parts for watches are at present made of 
the following material s :  e scape wheel and pinion, pallet and pallet arbor o f  
U 1  OA high-carbon steel; pallets o f  synthetic dark- red ruby; and guard pin of 
LS6 3 - 3  bras s .  The balance rim i s  made o f  MNTsS 6 3 - 1 7 - 1 8 - 2  nickel sil ver  
which deforms less  with time than would a brass rim . Such deformation 
introduces an error which impairs the watch accuracy. 

The hairspring is m ade of a special nickel alloy of ve ry low temperature 
coefficient. The temperature coefficient defines the hairspring ' s  capacity 
to maintain a constant mom ent with variation of the temperature .  The tem ­
perature coefficient of the alloy used is 0 . 3  to 0 . 5 s ec/deg.  cent. , that is , 
a variation of 1 oc in the ambient temperature produces a variation of the 
hairspring moment causing an error of 0 . 3  to 0 . 5  sec in 24 hours . 

THE ESCAPE WHEEL 

The e scape wheel (Figure 1 )  must satisfy stric requirements relative to 
the quality of the surface finish on the working faces of the tooth, accurate 
geometrical form of the tooth, and minimum run- out with respect to the 
outside diameter .  The tooth profile is obtained by a graphical plotting 
method . The outer face of the tooth ( 1 )  is called the i m p u l s e  f a c e ,  
and the inne r face (2 ) is called t h e  l o c k i n g  f a c e  (Figure 2 ) . 

The impulse face and the locking face are the working faces of the wheel,  
and they interact with the pallet faces bearing the same names .  The sur ­
face-finish quality of these faces must be clas s 1 1  or 1 2 .  In order to facil­
itate the finish grinding of face ( 1 )  and to improve the conditions of the 
interaction between the wheel and the pallets ,  a chamfer ( 3 ) ,  about 6 0 o/o  of 
the wheel thickness , is removed from the lateral side of the tooth . 

The circular pitch and the impulse-face length must be machined to a 
tolerance of 0 . 005- 0 . 0 1  mm,  and the tooth run- out on the outside diamete r 
relative to the pinion journal must not exceed 0 . 0 1  m m .  

The following operations are involved i n  the machining o f  escape wheels :  
blanking, tooth milling, piercing the central hole, hardening and tempering, 
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face grinding and polishing, and finally grinding and finishing the impulse 
and locking faces . 

The wheel is blanked out of a polished steel s trip (Figure 3 )  by a die 
(see Figure 2 1 ,  Chapter III ) .  The teeth are milled in the S- 1 09 seven­
spindle semiautomatic milling machine (Figure 4 ) .  

025!0.01 

FIGURE 1. Escape wheel FIGURE 2 .  Escape-wltcel tooth: 

1 -impulse face ; 2-loci<ing face 
3-chamfer. FIGURE 3. Escape-wheel blank 

The wheel blanks are copper- plated before the teeth are milled .  The copper 
layer on the two surfaces acts as a cushion between the wheels and improves 
the cutting c onditions.  It  has been established in practice that the copper 
plating improves the surface-finish quality of the milled wheels by one class 

FIGURE 4.  S -109 machine for milling escape­
wheel teeth 

• The seventh spindle of the machine is  free .  

(to class 7 )  and increases the life 
of the milling cutter by 50 to 1 00 o/o 
(up to 3 50  min ) .  The blanks are 
s tacked on a correspondingly shape d 
mandrel (Figure 5 )  in stacks of  
50  pieces and mounted between the 
centers of the dividing head of the 
machine . 

Each of the spindles on the S- 1 09 
machine carries a fine - tooth formed 
cutter,  whose dimensions and tooth 
form are given in Figure 6 .  Figure 7 
gives the sequence of the tooth- forming 
operations . 

The milling allowance for the es­
cape wheel of "Pobeda " watches is 
0 . 1 5  mm on the diam eter, and the tol ­
erance is 0 . 02 - 0 . 03 m m .  The tooth 
profile is rough-milled in the first 
three ope rations , and finish- milled in 
the next three':' . The sixth operation 
consists in the finish milling of the 
tooth heel and the impulse face .  

No burrs are form ed on the tooth 
heel in these milling operations . Each 
cutte r mills all the teeth, afte r which 
the spindle barrel is indexed .  
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FIGURE 5. Mandrel for milling escape-wheel teeth: 

1-mandrel; 2-sleeve ; 3-clamping piece; 4-washer; 5- inscrt: 6-holder. 

FIGURE 6. Fine-tooth formed cutter FIGURE 7. Sequence of operations in milling 
escape-lvheel teeth 

The kinematic s cheme of the S- 1 09 machine is given in Figure 8 .  
The electric motor rotates the driveshaft I (Figure 8 ) , and, via a series 

of belt transmissions, the milling spindle ( 1 ) and the cam shaft I I .  The 
cam shaft rotates the dividing head (2 ) and moves the carriage ( 3 ) . The 
machine is equipped with a device for the automatic switchover of the spindle 
barrel . Each spindle has an adjusting device for pos itioning the spindle 
relative to the mandrel carrying the blanks . 
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Technical data, S-109 machine 

Milling length, mm . . . . . . . . . . . . . . .  . 
Maximum axial spindle travel, mm . . . . .  . 
Maximum diameter of milled wheel, mm . .  
Spindle speed, rpm . . . . . . . . . . . . . . .  . 
Milling speed, m/min . . . . . . . . . . . . . .  . 
Camshaft speeds, rpm . . . . . . . . . . . . . .  . 
Feed per cutter revolution, mm . . . . . . .  . 
Electric motor . . . . . . . . . . . . . . . . . . .  . 
Production rate . . . . . . . . . . . . . . . . . .  . 

5-30 
1 0  
15 

1770 
90 

4.2; 3 ;  2.1 
0.008- 0.086 

0.5 kw, 1500 rpm 
650-750 wheels/shift 

FIGURE 9. General view of die for blank­
ing escape-1vheel teeth: 

FIGURE 8. Kinematic scheme of the S-109 machine 
1-upper shoe ; 2-punch; 3-key; 4-stripper ; 
5-srripper pin; 6-screw ;  ?-spring plate; 
S-lower shoe; 9-die; 10-key; 11-nest ; 
12-knockout. 

Some watch plants blank out the wheel teeth so that the milling becomes 
unnecessary. Although this method is  more productive , the design of such 
a die is complex (Figure 9 ) , and the service life of punch and die is short. 

The punch (2 ) is tightly fitted into the upper shoe (1 ) .  The key ( 3 )  locks 
the punch teeth in a fixed position.  The stripper (4 ) is fastened by means 
of the three stripper pins (5 )  and the screws (6 ) to the spring plate ( 7 ) .  

The die ( 9 )  i s  tightly m ounted i n  the lower shoe (8 ) .  The key ( 1 0 )  locks 
the die in a • fixed position .  The nest ( 1 1 )  positions the wheel blank relative 
to the die . The knockout ( 1 2 ) is mounted inside the die . 

The working part of the punch (2 ) (Figure 1 0 , a )  is manufactured with an 
allowance for grinding and polishing the teeth. The die ( 9 )  is broached by 

2 6 6  



the punch.  Wheel blanks for this die (Figure 3 )  are blanked to  a diameter 
of 5 . s o± 0 . 03 , while wheel blanks which are to be milled are blanked to 
5 . 57±0 . 0 3 .  

The knockout ( 1 2 )  (Figure 9 )  consists o f  a base and a ring with the work­
ing contour which is a clos e-running fit in the die (Figure 1 0 , b ) .  

Punch 

Tolerance 

FIGURE 10 .  Parts of the die for blanking the escape 1vheel : 

a-punch; b-knockout (compound). 

The central hole in the escape wheel (Figure 1 1 )  is pierced by a punch.  
The wheel is located according to  the outside diameter of the teeth. The 
tolerance on the hole diameter is 0 . 005  mm and the permissible run- out on 

FIGURE 11. Piercing the 
central hole of the escape 

the outside diameter is 0 . 0 1 5  mm.  The piercing is 
followed by hardening and tempering to Rc = 5 3 - 5 5 ,  
after which the wheel i s  fed t o  the S- 1 5  machine for 
surface grinding and polishing (see Chapter IX). The 
impulse face and locking face are finish-machined 
in the S- 1 2 5A and S- 1 2 6A machine s .  

The impulse face is ground o n  the S- 1 2 5A machine 
(Figure 1 2 )  and the wheel is located by the central 
hole .  One escape wheel is held on the mandrel . 
The wheel diameter has an allowance of 0 . 0 3  mm 
for grinding. The impulse face and the side chamfe r 
are ground in one chucking (Figure 1 3 ) . The dia­
meter tolerance is 0 . 0 1  mm, and the permissible 
run- out is 0 . 005  mm. The impulse face is ground 
by abrasive wheels of grain size 240 at a speed of 
2 - 1 2 m / se c .  

The kinematic diagram o f  the S - 1 2 5A machine 
is given in Figure 1 4 .  
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The two - s tep pulley on the electric motor shaft drives the driveshaft I 
through round belts .  Three three - s tep pulleys are mounted on the drive­
shaft; they drive the longitudinal and lateral grinding quills through round 
belts , and the camshaft II through a worm and wheel . The cam shaft carries 
the cam ( 7 )  which controls the dividing head ( 1 0 ) , the one - tooth pinion 
controlling the automatic switch- off of the machine , and the crank disk ( 1 ) 
which rocks the spindle ( 3 )  through bar (2 ). The grinding wheel ,  mounted 
on the longitudinal quill (6  ) ,  grinds the impulse face, and the wheel m ounted 
on the transversal quill ( 1 1 )  grinds the chamfers . 

FIGURE 12. General view of the S -125A machine 

FIGURE 13 .  Grinding the impulse face and chamfer on 
the escape-wheel tooth 
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The escape wheel is fed under the grinding wheels on the two spindles 
by the rocking of the dividing head ( 1  0 ), mounted on the spindle head . 

FIGURE 14. Kinematic diagram of the S-125A machine 

The dividing head is indexed one division (one wheel tooth ) upon each 
revolution of cam ( 7 )  through levers (8 )  and ( 9 ) .  At  the end of the machin­
ing cycle ,  that is, when the one - tooth pinion Zt has rotated the wheel z16 one 
revolution, the stop (4 ) fitted on shaft III moves the lever ( 5 )  to the right, 
and the microswitch switches off the electric motor .  This stops the machine . 

Technical data, S-125A machine 

Maximum diameter of the wheel machined, mm . . . . 1 5  
Number o f  teeth on  the wheel machined . . . . . . . . . . 15 
Number of camshaft speeds . . . . . . . . • . . . • . . . . . 6 
Range of camshaft speeds, rpm . . . . . . . . • . . . . . . . 24.7-32 
Range of spindle speeds, rpm . • . . . . • • . • . . . . . . . 1150-4420 
Electric motor . . • . . . • . . . . . . . • • • . . . . . . . . . 0.25 kw, 1 500 rpm 
Time per cycle, sec . . • . . . . . . . . . . . . . . . • . . • . 6 .8-36.4 

The impulse face and the locking face are accurately ground on the 
S- 1 2 6A machine (Figure 1 5 ) . The wheel is again located according to the 
central hole .  

The-surface finish quality of  the two faces must  be not poorer than 
class 1 2 .  One wheel is held on the mandrel at a tim e .  
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A n  allowance of 0 . 0 1  mm is left on the diameter fo r the finish grinding. 
The two faces are ground simultaneously by A z':' abrasive wheels . The 
wheel shape is shown in Figure 1 6 .  No burrs are formed on the tooth edges 
with this wheel arrangement. The diameter toleranc e is 0 . 0 1  mm and the 
permissible run- out is 0 . 005 rh m .  

FIGURE 1 5 .  General view o f  the S-126A machine 

Section A A  

�t-30° ....: 
CO; 

FIGURE 16 .  Finish grinding of the impulse face and the 
locking face of escape-,vheel teeth 

The kinematic diagram of the S- 1 26A m achine is given in Figure 1 7 .  
The two - step pulley on the electric m otor drives the countershaft I by 

means of round belts . Three- step pulleys are m ounted on the countershaft 
driving the quill through round belts , and the camshaft II through a worm 
and wheel . The cam shaft carries the one - tooth wheel z1 , which controls 

• [AZ is an abbreviation for the Russian A lmazoZamenitel' - diamond substitute . )  
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the automatic stoppage of the machine , and the cam ( 1  ) , which rocks the 
quill, that is ,  moves the grinding wheel toward and way from the wheel 
being machined .  

The quill which carries the A Z  grinding wheels is  periodically lowered 
under  the action of rocking levers mounted on the auxil iary shaft III ,  and 
grinds the impulse face and the locking face simultaneously (Figure 1 6  ) .  

/� ' j 

~ 
I 

e 
f:IGURE 1 7 .  Kinematic diagram of the S-126A machine 

Lever (2 ) ,  mounted on the auxiliary shaft, controls the dividing head. 
It  is indexed a given angle by the lever (4 ) and cam (1 ) .  At the end of the 
machining cycle the one- tooth wheel z 1  has rotated the gear wheel z16 one 
full revolution,  as was the case with the S- 1 2 5A machine, and the stop ( 3 )  
s tops the machine . 

Technical data, S -126A machine 

Maximum diameter of the \vheel machined, mm . . . .  
Number of teeth on the wheel machined . . • . . . • • . •  

Number of camshaft speeds . . . . . . . . . . .  , . . . . . . . 

Range of camshaft speeds, rpm • . . . . . . . . . . . . . . .  

Range of spindle speeds, rpm . . . . . . . . . . . . . . . .  . 

Electric motor 
Time per cycle, sec . . . . . . . . . . . . . . . . . . . . . .  . 
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Random inspection is carried out during each of the operations involved 
in the machining of the escape wheel . In addition, the finished product is 
inspected l O O o/o for the basic parameters . The outside diameter, the tooth 
profile and the circular pitch are inspected on a profile projector .  

The run-out is inspected on an indicator instrument in a manner similar 
to that in which modular gear wheels are inspected. The surface- finish 
quality is inspected visually under plant conditions using a magnifying glass 
with a magnification of 5X or l OX, or a microscope with a magnification 
of 1 6 - 32X. 

THE PALLET LEVER AND THE GUARD PIN 

In the movements of pocket and wristwatches the pallet lever (Figure 1 8 )  
receives impulses from the escape wheel through the interaction of the 
pallets (pallet stones ) with the wheel teeth, and transmits the impulses to 
the balance through the interaction of the pallet fork and the impulse pin 
on the double roller  (Figure 1 9 ) . 

FIGURE 18 .  Pallet lever FIGURE 19. Impulse trans­
mission 

FIGURE 20.  Strip layout for 
blanking the pallet lever 

To ensure correct escapem ent - balance interaction, the slots for the 
pallet s tones and the hole for the impulse pin must not only be of accurate 
width , but must also be correctly positioned relative to the axis of the fork 
slot .  

These slots are machined on special machines .  The blank (Figure 2 0 )  
i s  punched out from a strip by a compound die with simultaneous contour 
shaving (first operation ) .  

The pallet lever has a complex asym metric contour and the clearances 
between punch and die must  be perfectly uniform . In o rder to obtain die 
working surfaces of quality class 1 0  at least, one uses a s ectional die 
(Figure 2 1 ,  a ) .  The s till soft punch is b roached in the die set by the die, 
and finish-ground in place after heat treatment. The die is of the s ectional 
type and is made of three parts . The die entrance has a 0 . 05 mm radius 
and is ground to a class-1 0 finish .  The die is mounted in a ring (Figure 2 1 ,b ) ,  
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Profile of the 

c 

a b 

I 

�-
c 

d 

FIGURE 21. Parts of the die for blanking and shaving the pallet lever :  

a-die (sectional); b-die-mounting ring; c-upper knockout; d- contour punch. 
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and the ring is held in the upper shoe of the die set .  The knockout (Figure 
2 1 ,  c ), whose profile is a close-running fit in the die profile passes through 
the die and ring.  The design of the punch, which is mounted in the lower 
shoe ,  is shown in Figure 2 1 ,  d. The punch profile is ground according to 
the die p rofile with a clearance of 0 . 0 1  mm on each side at the expense of 
the punch. 

FIGURE 22. S-45 two-spindle horizontal milling machine 

0.2-o.oz 

FIGURE 2 3 .  Milling two steps FIGURE 24. Piercing four holes 
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The blanked pallet lever  is then transferred to the S -45  two-spindle ma­
chine (Figure 2 2 )  where the two steps are milled (second operation)  (Figure 
2 3 ). The machine is  equipped with a rotary table (4 ) (Figure 22 ) on which 
are mounted two five - place chucking fixtures with contoured plates to take 
the pallet-lever blanks . New blanks are loaded in one of the fixtures while 
those in the other are being milled.  The pallet-lever faces are milled con­
secutively by the cutters in the firs t and s econd spindles .  The worktable 
is fixed during milling, while the cutter table ( 3 )  move s .  

Technical data, S -45 machine 

Spindle speed, rpm • • . • • • • • • • • • • • • • • • • 220(}-4000 
Worktable diameter, mm • • • • • • • • • • • • • • • 160 
Production rate, pans/shift • • • • • . • • • • • • • • 4000 
Electric motor 0.75 kw, 

1440 rpm 

The milling of the lever steps is followed by the piercing of two circular 
holes for the arbor and the guard pin, and two contoured holes at the places 
where the pallet slots are to be situated (third operation )  (Figure 24 ) .  The 
piercing is performed in the Sh- 04 die .  The location o f  the contoured holes 
is so chosen that recesses of 0 . 03 - 0 . 0 5  mm depth remain on the outer side 
of each slot after the slots are milled .  The pallet stone is thus caused to 
fit closely the inner side of the slot (Figure 2 5 ,  a ) . Figure 2 5 ,  b shows the 
position of a pallet stone in a slot without a reces s .  The correct disposition 
of the four holes relative to the pallet contour is achieved by piercing them 
simultaneously. The die (Figure 2 6 ,  d) used must be accurate. 

FIGURE 25. Shape of the pallet-stone slots in the pallet lever 

The punches (Figure 2 6 ,  a ) , the punch holder, and the stripper (Figure 
2 6, b and c )  are mounted in a ring. 

The next (fourth ) operation is the countersinking of the holes , performed 
on the S- 3 m machine . The fifth and sixth operations are the milling of the 
fork and the stone slots (Figures 2 7  and 2 8 ), on the S -47  and S-48  machine s ,  
respectively. The production rate of the S-48  machine (Figure 2 9 ) , which 
uses a slotting milling cutter for milling the pallet- stone slots , is 3000  parts 
per shift . The following (seventh ) ope ration is the calibration of the coni­
cal hole (Figure 3 0) to take the conical portion of the arbor .  This opera­
tion is performed on a hand pres s .  
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a b c d 

FIGURE 26 .  Shaving die for the four holes in the pallet 

a-punch; b-punch holder; c-stripper with insert; d-die. 

0. 1 

FrGURE 27.  Milling the fork and 
the impulse pin slot 

FIGURE 28. Milling the pallet-stone 
slots 

The palle t  leve r is then hardened and tempered to Rc = 53 - 5 5 (eighth 
operation ) ,  after which the impulse  pin slot curves are polished (ninth 
operation ) (Figure 32 ) on the S- 1 3 1  machine (Figure 3 1 ) . 

An oval shape is given the slot walls in order to reduce the surface of 
contact with the impulse pin and to increase the surface-finish quality from 
class 7 to class 1 0 - 1 1 .  

The polishing operation is conducted as follows . The pallet lever is 
clamped in a fixture in the chuck ( 1 )  (Figure 3 1 ) . The spindle with the A Z  
polishing wheel is mounted on the slide ( 2  ) .  The link system ( 3 )  imparts 
an oscillating motion to the chuck carrying the palle t  lever .  The wheel 
penetrates into the slot opening and rounds off the sharp edges . The right­
hand upper edge and the left-hand lower edge are first rounded off simul ­
taneously, and i n  the next oscillation the left-hand upper edge and the right­
hand lower edge are rounded- off simultaneously. 
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FIGURE 29.  S-48 machine for milling the pallet-stone slots in the pallet lever 

T h e  g u a r d p i n  (Figure 3 5 )  has a complex configuration . The manu­
facturing process consists in turning blanks on lA l OP automatic m achines 
and contour-blanking in a bench hand press . The ring (2 ) which se rves for 
holding the blank is put on the die ( 1 ) (Figure 36  ) .  The punch ( 3 )  blanks 
the guard pin, which passes through the die and falls into the trough (4 ) .  
Chips and scrap are  removed from the press by  a je t  of air .  The guide 
cleat ( 5 )  positions the punch ( 3 ) relative to the die (1 ) . 

The pallet lever with the polished slots is face- ground and face -polished 
in the S- 1 5  machine (tenth operation) (Figure 3 3 ) .  

I n  addition t o  the above - listed ten basic operations there are deburring 
operations,  chucking for face grinding and polishing,  and subsequent un­

0 °50 ' 

FIGURE 30. Calibration of the arbor 
hole in a die 

chucking, washing, etc . The pallet lever 
is subjected to a total of about 4 0 dif­
ferent operation s .  

E ach operation is followed b y  a ran ­
dom inspection, and the basic parameters 
of every pallet lever are inspected after 
the final operation . The mutual dispos i­
tion of slots, holes  and contour is in­
spected by means of a profile projector.  
The pallet lever  is  laid on the · projector 
table ,  and the glass drawing of the pallet 
lever (greatly enlarged )  is  placed on the 
s creen. Figure 34 is a drawing of the 

pallet  lever p vmg the tolerances . The surface quality is  inspected 
visually by means of a 5X - 1 OX magnifying glass . A mic roscope with 
a magnification of 1 6X to 32X is used in dubious cases . 
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FIGURE 31.  S-131 machine for polishing the impulse pin slot in the pallet fork 

Technical data, S-131 machine 

Maximum angle of oscillation of the chuck, degrees 
Maximum polishing radius, mm . . . • . . . • . . . . . . • • . . . 

Axial travel of the work spindle , mm . . • . • . • . • . . • • . • .  

Polishing-wheel diameter, mm . . . • . . • . . . . . . . . • • . • .  

Polishing-wheel speed, rpm • . . . . • • • • . . . . . . • • • • . . .  

Cross travel of the polishing-wheel head, mm . . . . • . • . . •  

Longitudinal travel of the polishing-wheel head, mm 
Production rate, parts/shift • . . . . . • . . . . . . . • . • . • . . •  

Section AA 

,"·� � 

60 
1 
8 

40-50 
3500 
0.18 

10 
2500 

FIGURE 32. Polishing the impulse pin 
slot (fork) 

FIGURE 33. Grinding and 
polishing of the upper face 
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a 

FIGURE 34. Drawing of a wristwatch pallet lever for a profile projector 

b 

FIGURE 35.  Guard pin: 

a-blank; b-after contouring. 
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FIGURE 3 6 .  Bench press for blanking 
guard pins 



THE BALANCE 

The balance assembly (balance - hairspring, Figure 3 7 )  is the most criti­
cal part in the watch movement. 

The balance and hairspring in pocket- and wristwatches perform 1 8 , 000 
half-oscillations in an hour,  or 4 3 2 , 000  half-oscillations i n  24 hours .  A s ­
suming that the watch accuracy i s  3 0  sec p e r  day, the relative daily error 

will be 86��0 0  X 1 00 %  = 0 . 03 5 %. 

The hairspring works continuously for many years with reversing cyclic 
load, and must p reserve its elasticity under  these  conditions . 

The period of the balance oscillations is expressed by the formula 

where T = period, s ec;  
J = moment of inertia of the balance ,  g .  mm. sec2; 
k = moment of the hairspring per  1 radian of torsioning, in g. mm 

In turn, 

where m = the balance mass;  
r = the radius of gyration of the balance .  

The most advanta.::;eous arrangement i s  a small mass and a large radius 
of gyration. To achieve this ,  the dim ensions of the outer balance rim are 

made as large as possible ,  and the main met­
al mass is concentrated in this rim . The 
moment of inertia of the rim with its sc rews 
is roughly 90 "/o of the total moment of inertia 
of the balance with staff and central arm .  
Figure 3 8  is a drawing of the balance rim of 
"Pobeda " wristwatche s .  Its outer diameter 
is 9 . 52 mm, and its thickness 0 . 36 m m .  Six­
teen compensation screws are placed about 
its circumference .  The number of sc rews 
varies between 1 2  and 1 8  in other watch brands . 
A larger number  of screws increases the 

FIGURE 37 .  Balance with hairspring balance compensation, but also p roportionally 
increases the work expenditure on balance manufacture . A balance with a 
large number of screws ( 1 6 - 1 8 )  is therefore used in very accurate watches 
( 1 0- 3 0 sec error in 24 hour s ) .  

I n  alarm clocks , which have a daily error o f  1 . 5 - 2 . 5  min,  the balance 
has no screws . If the moment of inertia J, is to be constant, the radius of 
gyration r must be held within narrow limits .  The balance rim is therefore 
manufactured with 0 . 0 1 - 0 . 02 mm tolerance on the inner and outer diameters 
and the ecc entricity between the rim diameters does not exceed 0 . 02 m m .  
Good balance compensation requires a constant moment o f  inertia and the 
coincidence of the center of gravity and the geometrical center of the balance 
rim . The main factor causing noncoincidence of  the two cente rs is  the 
run-out of the rim relative to the axis of revolution. A ccordingly, the total 
run- out of the balance outside and inside diameters must not exceed 0 . 02 m m .  
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The balance of "Pobeda " watches is blanked from strip material in a 
combination die (first ope ration, Figure 39  ) .  

Blanking and shaving are followed by  stress relief (s econd operation ) .  
The purpose o f  stress - relieving heat treatment (used in watch p roduction 
for brass and nickel - silve r parts ) is to eliminate the further deformation 
of parts after mechanical treatment . The hardness of the metal is not 
impaired by this process . 

� I�  
0952-o.oz F 
08.80.002 g <:; I I ;::,.' 

I "'-�� C::l 
� __, 

� � I I  l0ag.a�m 
c:::; 

Positional tolerance for the threaded 
holes:  ± 0'30' 

FIGURE 38. Balance of the " Pobeda" wristwatch 
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Watch parts are stress-relieved in the PN- 3 1 6  shaft furnace,  whose pro­
duction rate is up to 1 00 kg/hour . The maximum furnace temperature is 
6 50°C , the power consumed 24 kw, the internal diameter 400 mm, and the 
height 500  mm . The stress-relieving conditions for nickel-silver are: heat­
ing for two hours at 340- 3 6 0° followed by air cooling. The furnace is 
charged with 5000 - 2 0, 000 parts simultaneously . 

FIGURE 39. Preparing the blank FIGURE 40. Facing 
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FIGURE 41 . Recess­
ing from the die side 



Some shaft furnaces have forced air circulation to achieve a more uni ­
form heating of the parts . 

If no shaft furnaces are available ,  s tress relieving can be carried out in 
an oil bath . The oil-bath process is more expensive,  however ,  because a 
considerable quantity of oil and washing compound is consumed . The capac ­
ity of a bath is usually one half or one third that of a shaft furnace . 

The stress - relieved balance blanks are the n washed according to the 
s tandards (third operation ) .  

The blank i s  [aced (fourth operation, Figure 4 0 )  in autom atic machine s 
with magazine loading, and then recessed (fifth operation, Figure 4 1 ) . This 
operation removes a layer of metal and provides a holding surface for the 
following ope ration . 

The s ixth ope ration (Figure 42 ), performed on the Sh- 06 hydraulic press ,  
consists in piercing the windows , piercing the central hole and shaving 
the oute r and inner rim diameters . The run- out of the outer and inner 
diameters relative to the central hole afte r this operation must not ex­
ceed 0 . 02 mm . 

FIGURE 42. Piercing the windows 
and the central hole, and shaving 
the rim 

FIGURE 43. Coun­
tersinking the cen­
tral hole 

FIGURE 44. Drilling 16 holes 

The central hole is then countersunk (seventh operation, Figure 4 3 ) , and 
1 6  radial holes of 0 . 3 6 5  mm diameter are drilled in a semiautomatic hori­
zontal drill ing machine (eighth operation, Figure 44 ) .  All the holes must be 
d rilled at the sam e distance from the lower fac e .  

Next, the upper face o f  the rim is  faced and a chamfer turned in a spe­
c ial semiautomatic machine (ninth operation, Figure 4 5 ) .  The nonparal ­
leleity of the faces must not exceed 0 . 0 1 5 m m .  

The outer diameter o f  the balance rim is  then turned o n  special semi­
automatic machines in order to eliminate run-out and to remove burrs 
resulting from the drilling of the screw holes (tenth operation, Figure 46 ) .  
The maximum permissible run- out is  0 . 0 1 5  mm.  

The rim holes are  next tapped on  the S-72  m achine with manual head­
s tock feed (eleventh operation, Figure 4 7 ) .  

The last operation i s  the polishing o f  the upper face o f  the balance which 
is  done on the S- 1 2 2  machine (twelfth operation, Figure 48  ) .  

The T - 2 2 9  semiautomatic m achine (Figure 4 9 )  was especially designed 
fo r the machining of the balance rim , with the twin aims of increasing the 
process accuracy and reducing the number of operations . 
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The machine is equipped with five tool slides . The following operations 
are performed in one chucking of the balance :  turning the outer and inner 
diameters, facing, turning two chamfers,  and boring a hole . The spindle 
revolves at 30 , 000 rpm , corresponding to a cutting speed of 900 m l min. 

Carbide - tipped and ruby-tipped tools are used.  The circular and face 
run- out tole rances are narrowed to 0 . 01 mm, and the surface quality is 
improved to class 1 1 .  The time taken by one cycle varies between 1 0  and 
2 0 sec .  The machine performs operations 9, 1 0  and 1 2  of the above indica ted .  

0. 75-o.oz 

0.07x �.SO 
FIGURE 45. Facing 
the upper face and 
chamfering 

FIGURE 46. Turning 
the outer diameter 

FIGURE 47. Tapping the 16 holes 

... 

FIGURE 48 . Polishing 
the upper face 

The balance is located and positioned on a mandrel according to the inner 
rim diameter at a height equal to the central arm thickness . 

In addition to the improvement of the machining methods,  attempts are 
being made of  late in watch plants to manufacture the balance rim by swag­
ing. The balance of "Zvezda" watches is blanked in a crank press from a 
strip, with preliminary drawing of the hub (Figure 50 ,  a ) . 

The blanked part is subjected to a preliminary forming of the rim, the 
hub, the central arm, and the windows are pierced (Figure 5 0, b ) .  The 
operation is performed in a die on embossing presses or friction presses 
(or in crank presses if  the above - mentioned types are not available ) . The 
formation of a hub of 0 .4  mm height is an unavoidable result of the flow of 
material during forming. The preliminary forming is followed by the final 
forming of the rim and cold working of the central arm (Figure 50 ,  c ) . 
The hole is s haved to its final dimension . A 0 . 1 5 mm local growth of the 
rim thickness occurs in the dotted zone and is removed in the following 
operation by grinding with an emery wheel .  

The balance obtained by the swaging method is then shaved in a die  on 
its  outside and inside diameters and on the central arm contour (Figure 50 ,  d ), 
after which it is subjected to a stress-relieving operation. 

Drilling, countersinking, and thread tapping, are carried out in the same 
way as was described earlier.  

The swaging method is more productive than the machining p roces s :  the 
number of operations is greatly reduced,  and the time consumed is 1 I 3 to 
1 I 4 of that required by machining. 

Machining is followed by balance ass embly: the screws are screwed into 
the rim , the staff is introduced into the hole ,  and the balance is compen­
sated . Since the mechanical operations (the press operations excepted )  are 
conducted on special [semiautomatic ] machines, the cutting conditions and 
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b 

FIGURE 49. T-229 semiautomatic finish-turning machine : 

a-general vie\v ; b-kinematic scheme. 
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the production rate for each operation are not calculated ,  but are established 
in accordance with the machine kinematics .  Each ope ration is followed by 
either random or 1 0 0 o/o inspection . 

a b 

c d 

FIGURE 50. Operational sequence of the process of balance-rim manufacture by swaging 

THE DOUBLE ROLLER 

The double roller performs the following functions in the escapement.  
It transmits impulses from the pallet fork to the balance through the impulse 
p in ( 1  ) ,  mounted in the upper roller (2 ) (Figure 5 1 ) , and so maintains the 
balance oscillations .  The lower roller ( 3 ) , in its interaction with the guard 
pin, prevents the pallet from unlocking the escape wheel except when the 
impulse pin is in the pallet fork notch.  The friction in the contact between 
the guard pin and the cylindrical surface of the roller  must be a minimum . 
To that end, the surfaces of the lower roller are polished to a class 1 0  or 1 1 . 
surface - fir �sh quality. A hollow is milled in the lower roller to pass the 
guard - pin when the balance and the pallet fork are in contact.  Double rollers 
are made of brass , beryllium bronze and steel . Brass rollers give satis ­
factory results ,  but the best results are obtained by hardened steel rollers 
with polished cylindrical surface s .  
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The impulse pin works in impact, and, accordingly, it must be rigidly 
fastened to the uppe'r roller .  The hole for the impulse pin must  be posi-

FIGURE 51 . Double roEer 

!-impulse pin; 2-upper (impulse) roller; 
3-lower (safety) roller. 

tioned symmetrically relative to the 
lower rolle r  hollow and its center must 
be on the same radius with that of the 
center of the hollow. 

The brass doubl e - roll e r  blanks ,  which 
have a class 7 or 8 surface-finish quality, 
are turned on Swiss - type automatic s crew 
machines (Figure 52, a) and the central 
hole is then countersunk from the uppe r  
roller  side o n  the S- 3M drilling machine . 

The central hole is then shaved to a 
diameter of 0 . 4 3+0 . 0 1  (Figure 52 ,  b )  on 
the S- 1 0 bench power pres s .  This is 
followed by the piercing of the hole for 
the impulse pin in the upper roller ,  and 
the punching of the hollow for the guard 
pin in the lower roller .  These ope ra­
tions are  performed by  a combination 
die in the S- 1 0  press .  The maximum 
allowable shift of the hollows relative 
to the axis of symmetry of the impulse 
pin is 0 . 01 5 mm. 

The safety roller s urface is then 
shaved to a \l'V'V'V 1 0  finish in a special 
die . The permis sible run- out of the 

surface relative to the central hole is 0 . 0 1  mm . The roller to be shaved is 
placed on the bushing ( 6 )  (Figure 5 3 )  in the lowe r  base ( 1 )  and positioned by 
the roller  hole on guide pin (2 ) .  The upper  d ie  ( 3 ), with the bushing (4 ) 
fixed in it, shaves the surface .  The knockout ( 5 )  removes the roller from 
the die after the bushing (4 ) has been withdrawn upward. 

The designs of die ( 3 )  and bushing (4 ) are shown in Figure 53,  b .  

a b 

FIGURE 52 . Operation drawings for the double roller: 

a-screw-machine blank; b-hole shaving. 
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a 

FIGURE 53. Shaving die for the cylindrical surface of the double roller 

a -general view ; b-die. 

THE HAIRSPRING 

The balance and hairspring are the most critical assemblies in the watch 
movement. The hairspring must pulsate (vibrate ) uniformly in coiling and 
uncoiling, and therefore the spiral coils must not touch during their opera­
tion. The terminal curves must be so  shaped that the center of gravity of 
the hairspring coincides with its geometrical cente r .  The temperature 
coefficient of the material from which pocket- and wristwatch hairsprings 
are made must not exceed 0 . 5  s ec / deg.  cent . The surface-finish quality 
must be class 1 1  o r  12 .  

The blank of the "Pobeda " wristwatch spring is  shown in Figure 54 .  The 
spiral thickness is h = 0 . 03 5±0 .001  mm. The reason for the narrow tolerance 

is  that in the formula for the constant k of the hairspring moment ( k = ���8) 
h appears to the third power, so that small  thickness deviations lead to a 
considerable variation in the hairspring moment. Hairsprings are manu­
factured by repeatedly drawing wire, flattening it, cutting it to blanks of 
the required length, coiling the blanks in a barrel (in groups of four ) to give 
them the shape of an A rchimedean spiral followed by heat treatment of the 
coiled springs in order to stablize their shape (form fixing) ,  and lastly se­
paration of the stabilized hairsprings . 
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The hairsprings are inspected for moment, surface quality and spiral 
shape .  

Q12+0Jq 

.-...-- 6. 12+6.* --oo-1 
FIGURE 54. Blank of " Pobeda'' watch hairsprings 

Drawing. The wire used fo r hairsprings, of 0 . 2 6 - 0 . 3 0  mm diameter, 
is made from the N3 5KhlVIV alloy and has the following p roperties :  bright 
surface ,  ultimate tensile s trength o u =  7 8 to 8 8 kg/mm 2 , elongation i = 1 7  to 
2 0 o/o, and modulus of elasticity E =  1 8 , 5 0 0  to 1 9 , 5 00  kg/mm2 . 

The wire is drawn, in the watch plants ,  in several stages to the design 
diameter (D,.). The number of draws is determined from the difference be­
tween the wire diameters in  the initial and final drawing stages, taking into 
account its mechanical p ropertie s .  

o r  

A reduction coefficient h i s  calculated from the formula 

h = Fn-1 - F" . J OOOfo F,_l 

h = D�_1 - D� 
D�-1 

for each pass or group of passes , 
where h = reduction coefficient in o/o , 

Fn_1 = cross - s ectional area of the wire after the preceding pass , m m2 ; 
F71 = cross - s ectional area of the wire after the given pass , mm2 ; 

D,._1 and D,. = corresponding wire diameters . 
The reduction coefficient for the first drawing stage is 1 9  to 2 0 o/o and 

for the final stage it is 1 0  to 12 o/o. The reason for this is that the wire 
work - hardens with the drawing, and ou  increases to 1 2 5  kg/mm 2 . The 
speed of drawing is increased somewhat by reducing the reduction coeffi­
cient. The speed is 1 5  to 1 8 m /min at the beginning, and 22 to 2 6 m / min in 
the end. 

The wire is d rawn from 0 . 3 0  mm diameter to 0 . 2 0  mm diam eter through 
carbide dies ,  and from 0 . 2 0  mm diameter to its final dimension of 0 . 0 7 5  to 
0 . 08 mm (or 0 . 055  m m )  through diamond dies . 

Drawing dies are manufactured according to GOST 3 9 1 9 - 4 7  and 6 2 7 1 - 52 .  
A carbide die of 8 m m outer diameter and 5 m m  height i s  shown in Figure 5 5 ,  
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The die presents three sections : an exit hollow with a radius of curvature 
r = 1 .  5 and working cone with an angle of 40° ,  and a calibrating portion of 
a height of a =  6d . 

FIGURE 5R.  Carbide die FIGURE 56. Diamong die 

A diamond die is shown in Figure 5 6 .  I t  has four working zones and an 
exit cone . The entrance has cone angles of 9 0° and 6 0° .  The lubricant cone 
has an angle of 3 0° and the working cone is z oo .  The calibrating cylinder 
has a diameter equal to the diameter required for the hairspring. 

Specific values of H,  h,  and h1 (see Figure 5 6 )  corresponding to each 
draw are given in Table 1 .  

TABLE 1 

Dimensions of diamond dies 

Drawing diameter d, mm 
" h, h 

nominal tolerance 

0 .003 + 0.001 1 
0.003 to 0.06 + 0.0015 1 .2 

1 d  2 d  
0.06 to 0.10 + 0.0025 1 .4 
0.10 to 0.30 + 0 .005 1 .6 

The wire is drawn on the S - 64M machine . The lubricants used are vase­
line oil o r  soap emulsion in  the first passes ,  and aviation fuel in  the last 
passes . The wire , during the drawing process , pas s es between felt pads 
which clean it .  
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The kinematic s  of the S- 64M drawing machine are shown in Figure 5 7 .  
The drawing speed i s  varied (between 1 5  and 2 6 m / min) by transferring the 
V-belt on the 4 - step drive pulley. 

3 

FIGURE 57. Kinematic scheme of the S-64M machine : 

1 -die : 2-drawing pulley: 3-winding reel: 4-stock reel: 5-guide idler. 

Technical data, S-64M machine 

Maximum drawing diameter, mm • • • • • • •  

Drawing-pulley speeds, rpm • • • • • • • • • . •  

Drawing speed, m/min . • . . • . • • . • . . . •  

Electric motor • . . . . . . . . . • • • • . . . . . •  

TABLE 2 

0.5 
80, 96, 115, 137 

15-26 
0.6 kw, 
1400 rpm 

Drawing sequence Drawing sequence 

die-plate 
Drawing 

die-plate coefficient speed*, coefficient 
draw, mm diameter, 

of draft, "/o m/min 
draw, mm diameter, 

of draft, "/o 
mm mm 

0.3o--0.27 0.270 19 15-18 0.14o--0.130 0.130 13.5 
0.27- 0.240 0.240 21 15-18 0,13o-- 0.120 0.120 14.5 

0.24o-- 0.220 0 .220 16 15-18 0.12o--0.110 0.110 16 
0.22o--0.200 0 .200 17 15-18 0.11o-- 0.100 0.100 17 
o.zoo-- o.180 0 .180 19 15-18 0.10o-- 0.095 0.095 10 
0.18o-- 0.170 0.170 11 15-·18 0.095-0.090 0.090 10 
0.17o-- 0.160 0 .160 11.5 15-18 o .o9o-- 0.085 0.085 11 
0.16o-- 0.150 0.150 12 15-18 0.085-0.080 0.080 11 
0 .1 5o-- 0.140 0 .140 13 15-18 o .o8o-- 0.075 0.075 12 

Drawing 
speed 
m/min 

15-18 
15-18 
15-18 
15-18 
22-26 
22-26 
22-26 
22-26 
22-26 

The tolerance on dimensions > 0.200 mm = ± 0 .002. The tolerance on dimensions < 0 .200 mm= ± 0.001 mm. 

• The drawing speed has been increased 4 to 5 times in latest drawing machines. 

290 



Table 2 gives the drawing sequence for the "Pobeda" watch hairsprings 
made of N3 5KhMV alloy. 

Flattening of the wire is performed in the special D - 6 3  two-high rolling 
mill  (Figure 58 ) .  The design diameter Dn is determined using the empirical 
formula 

h + b  Dn = -2- ' 

where h = the hairspring thickness; 
b = the hairspring width . 

For the "Pobeda" watch hairspring this formula gives 

D - 0.035 + 0.1 2 
0 0775 n -

2 
. mm.  

For high values of a u  the value D n  = 0 . 0 7 5  mm is used. 

Flattening is possible if � <;; 1 0 . If � is more than 1 0, rolling will not 

produce the required width but will increase the length instead .  

The * ratio for the hairspring being discussed her.e ( h = 0 . 035  mm, b = 
= 0 . 1 2  mm ) is 0�:32

5 . 
= 3 .4 ,  which is well below the upper limit. The quality 

of the strip surface is a function of the state of the roller surfaces only. 
The surface quality of the strip must be class 1 1  or 12 in order to pro ­

tect the hairspring from corrosion. The lateral edges of the s trip inevitably 
have microfractures resulting from the flattening, and their surface quality 
is class 8 or 9 .  

FIGURE 5 8 .  D-63 two-high rolling mill 
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Section AA 2 

FIGURE 59. Diamond die 

A certain wavines s  is imparted to the s trip surface by the unavoidable 
roller run-out. The wave length is equal to the roller circumference .  A 
run- out tolerance of 0 . 002 mm is established for the rollers in order to 
minimize these  fluctuations and, in addition, the strip is subsequently drawn 
through a diamond die (Figure 5 9 ) .  Ring ( 1 )  holds the two adjustable man­
drels (2 ), with diamond grains cemented in them . 

Technical data, D-63 machine 

Maximum wire diameter, mm . • . . . . . • • . • • . • 1 
Normal rolling thickness, mm . • • • . . . . . • . . . . 0.03-0.05 
Rolling accuracy, mm • . . • • . • . • . • . . • • • • • . 0.001 
Roller diameter, mm • • . . • . • . • • • • • • • • • . . 84 
Roller width, mm . . . • . • . . • • . . • . . . • • • • .  , 60 
Average rolling speed, m/min • .  , . •  , . .  , • • •  , 15 
Power required, kw • • • • • • • • • • • • • • • • • • • • • 0.5 

The strip thickness is inspected using a lever micrometer with scale 
divisions of 0 . 00 1  mm.  

Coiling the hairsprings. The flattened strip is wound on a reel of cir­
cumference equal to (or double )  the blank length, and cut by hand scissors; 
for this purpose the reel has a longitudinal slit.  The blanks are then coiled 
in barrel devices in groups of 3, 4 or 5 .  

The scheme o f  a device used f o r  the simultaneous coiling o f  four hair­
springs is shown in Figure 6 0. The barrel has two diametrically opposite 
slots . The barrel ( 1 )  is a running fit on the shaft (2 ). A slot is milled in 
the shaft face ,  and two strip blanks ( 3 ), twice as long as the blank length 
required for a single spring, are placed in it. The shaft is rotated by the 
drive, and the hairsprings coil up . Two cutouts on the external shoulder 
of the barrel which engage two pins and thus position the barrel in the de­
vice prevents its rotation. The coiling continues till the whole internal 
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FIGURE 60 .  Hairspring-coiling 
device 

area of the barrel is filled by the blanks . The 
strip ends which protrude are then cut off. The 
barrel is easily removed from the shaft and 
covered with a lid. The barrels are then placed 
in a container (Figure 6 1 )  and loaded in a fur­
nace for form -fixing (stabilizing) treatment. 

The form - fixing heat treatment of the hair­
spring, at a specified temperature and for a 
specified duration, is performed for the pur­
pose of causing the spring to maintain the spiral 
form imparted to it by the coiling proces s .  

Form fixing is  a critical operation . Very 
small fluctuations in the process conditions 
lead to sharp variations in the hairspring form . 
The dependence of the hairspring form on the 
heat-treatment conditions is illustrated in 
Table 3 by the example of the "Molniya " pocket­
watch hairspring (according to laboratory ex­
periments ) .  

The best results were obtained in the first 
and fourth cases . No darkening of the polished 

hairspring s urface during heating and cooling is permitted .  Accordingly, 
hairsprings are now form -fixed in vacuum installations at a pressure of 
1 . 2 X 1 o-4 mm mercury. 

FIGURE 61. Barrel container 

The UFV vacuum installation (Figure 6 2 )  used for form -fixing heat treat­
ment consists of two thermal blocks , an electric heater, a vacuum sys tem, 
and a heating control panel . 

The thermal blocks are cylinders 800  m m  long and of 8 0  m m  diameter, 
made of heat- resis ting steel . They are fastened vertically to the panel 
front. The hairspring containers are placed in six compartments symme­
trically located inside the lower part of  thermal block ( 1 )  for a length of 
about 400  mm from the end . 

TABLE 3 

Hairspring properties and form fixing as a function of the process conditions 

Temperature, Holding time, au kg/mm2 i,"/o Results 
·c min 

700 21 1 03 5 .6 Form normally fixed 
680 19 1 03 5.6 Form not fixed 
680 30 111 3 .2 Form not fixed 
680 45 99 5 .3 Form normally fixed 
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Vacuum chambers ( 2 ) ,  connected by a vacuum duct with the vacuum sys­
tem located inside the cabinet, are mounted in the upper part of the thermal 
block. The thermal blocks are covered from above by a lid with a rubber 
seal which prevents air inflow during operation. A valve is mounted in the 
lid, and argon is introduced into the thermal block (from a cylinder) .  

FIGURE 62 .  UFV vacuum installation for hairspring form-fixing 

The coolers ( 3 )  are mounted on the outside of the thermal blocks and 
provide an intensive water spray after the fixing process has been terminated .  

The inert gas argon and the cool water quicken the p rocess o f  cooling 
the the rmal block. The conical tank ( 5 )  collects the water from the thermal 
block and returns it to the system . 

The the rmal blocks are heated by the electric heater (4 ), which is held 
on a bracket and can move vertically or sideways,  and rotate ±90°,  and so  
heat the two the rmal blocks in turn. 

The vacuum system is mounted behind the panel and includes : the VN-4 6 1  
backing pump (Figure 6 3 ), and the TsVL- 1 00 diffusion pump with a drip pan, 
a vacuum duct, the cocks ( 1 - 7 ), the electric motor, and the cooling system.  
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The vacuum - system instrumentation is placed on the side and upper 
parts of the cabinet .  

The control panel provides for the automatic and manual adjustment of  
the temperature in the working space of the heater.  The EPD- 1 7 electro ­
nic potentiometer, signal lamps and other additional instruments are mount­
ed in its upper part. 

The electronic potentiom eter indicates ,  records , and adjusts the temper­
ature in the working zone of the heater.  

The container with the hairsprings to be form -fixed (800- 1 000 pieces ) 
is loaded in one of the thermal blocks , and the chamber is then closed by 
gasketed lids .  The backing pump is switched on and the p ressure reduced 
to 5 X 1 0- 3 mm mercury. The diffusion pump is then switched on and the 
pressure reduced to 1 X 1 0- 4  mm, at which the surface of the heated hair­
springs does not  acquire oxide or dark tints (the surface darkens at a pres ­
sure as low as 5 X  1 o-4  mm mercury ) .  

Down to  5 X 1 o- 3 mm the pressure is measured by  the UTV -49  vacuum 
meter together with the LM- 2  pressure gage . The VI- 3  ionization vacuum 
meter in conjunction with the LT- 2  tube is used for vacuums down to 
l X l o-4 m m .  

The next stage consists in positioning the electric heater under the therm ­
al block and lifting it until the whole lower working part of the thermal block 
is within the heater .  The cooler is transferred to its upper position .  The 
time relay controlling the holding time at the specified temperature is 
switched on when this temperature is reached. A s ignal at the end of the 
period causes the electric heater to be drawn away from the thermal block. 
The cooler is lowered to the heated part of the thermal block and filled with 
water,  after which it directs a strong jet against the thermal block. A rgon 
is fed into the chamber from the cylinder.  The containers are unloaded 
after the thermal block has been cooled, and a new batch is charged into the 
block. The s econd thermal block is heated while the first is being cooled, 
unloaded and loaded .  A considerable period of time (up to an hour and a 
half ) is required to produce the necessary vacuum . 

The holding time at 700°C for hairspring form -fixing is 2 1  to 2 3  min. 
The cooling time is 50  min. 

Technical data for the vacuum form-fixing installation 

Power consumed, kw . . . . . . . . . . . . . . . • . . . . . . . . . • . . . .  

Supply voltage, v . . . . . . . . . . . . . . . . . . . • . . . • . . . . . • . .  

Maximum heater power, kw . . . . . . . . . . . . . • • . . . . . . . . . . .  

Maximum heating temperature, 'C . . . . . . . . . . • . . . . . . . . . .  

Dimensions of the working volume of the heater, mm : 
diameter . . . • . . . • . • • . . • . . . . . • . . . . . . . . . . • . . • . .  

length . . . • . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . .  

Length of the uniformly heated zone, mm . . . . . . . . . . . . . . .  . 

A llowable temperature gradient in the uniformly heated zone, 'C . .  
Working-section heating temperature, 'C . . . . . . . . . . . . • . . . .  

W arming-up time for the parts (or the thermal block), min . . . . .  . 

Temperature adjustment • . . • . • . . . • . . . . . . . . • . . . . . . . • .  

Residual pressure in the thermal block, mm mercury . . . . . . . . .  . 

Pumping-out time, hours . . . . . • . . • . , • . . . . . . . . . . • • . . . .  

Number of hairsprings which can be processed per installation in 
8 hours under steady conditions • . . . . • . . . . . • . . . • . . . . . .  

Coolant . . . . . . . . . . . . . . • . . . . . . • . • . . • . . . . . . . • .  · · · 
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Hairspring inspection. The form -fixed hairsprings are taken out of the 
barrels with pincers and s eparated by shaking. A random inspection is 
then carried out of their geometrical form (using a profile projecto r )  and 
of their torque (using the instrument shown in Figure 64 ). 

A master hairspring (2 ) is placed inside the cast- iron body ( 1 )  of this 
instrument. The outer end of the hairspring is rigidly fastened to the body, 
while its inner end is fas tened to the vertical shaft ( 3 ). The same shaft 
carries the pointer (4 ) .  

The inner end of  the hairspring to  be tested ( 5 )  i s  fastened in  the shaft 
chuck, and the outer end is fastened in the holder (6 ). The holder is rotated 
3 6 0° together with the revolving rim (7 ), and so loads the hairspring being 
tested .  The hairspring in turn loads the master hairspring through the 
shaft ( 3 )  and the angle through which the s haft is rotated is proportional to 
the torque of the hairspring being tested .  The value of the angle of rotation 
of the shaft is indicated by the pointer (4 ) on the instrument scale .  The 
relationship of the angle of rotation and the torque of the hairspring being 
tested is given in a special table .  

The same process o f  drawing and flattening is also used f o r  bronze alarm ­
clock hairsprings . The heat treatment of these springs is performed in 
laboratory muffle furnace s .  
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C h a p t e r VIII 

THE MANUFACTURE OF CASES, DIALS AND HANDS 

The case,  dial and hands are the parts which determine the external ap­
pearance of a watch (Figure 1 ) . Watches having the same movement can 
vary in external appearance and the greater the diversity in models ,  the 
more will popular demand be satisfied.  

a b 

FIGURE 1. External appearance of wrist- and pocket-watches:  

a-"'Zarya"' watch; b-"' Pobeda'' watch; c-"'Molniya"' watch. 

c 

The external parts must satisfy the basic requirement that their surface 
finish be preserved for many years . Accordingly, their protective coatings 
must be able to resist not only mechanical influenc es (the case coating) ,  but 
also the influence of light (the dial coating) .  Specific manufacturing m eth­
ods have been evolved for each part in order to satisfy these require ­
ments . 

CASES 

Not only must watch cases preserve their external finish, they must also 
be hermetically sealed, so  as to protect the watch m ovement against  dust, 
and in som e cases (on special order ), against humidity as well . Case shapes 
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and manufacturing methods are very varied but it seems sufficient to exam­
ine the manufacturing methods used in making the 1 1Pobeda 1 1  wristwatch case 
and the 1 1Molniya 1 1  pocket-watch case ,  which are typical to a certain extent. 

FIGURE 2 .  " Pobeda" wristwatch case 

The wristwatch case is assembled from the middle ( 1 ) , the back (2 ), the 
be zel ( 3 ) and the crystal (4 ) (Figure 2 ). The middle and bezel are made of 
MNTsS 6 3 - 1 7 - 1 8 - 2  lead nickel-silver and the back is made of 1 Kh 1 8N9 
stainless steel while the crystal is plexiglass . The middle and the bezel 

FIGURE 3.  "Moiniya" 
pocket-watch case 

are chromium -plated,  while the back is not coated .  This 
combination of materials and coatings protects the case 
against corrosion and rubbing. 

The pocket- watch case is assembled from the case 
middle ( 1 ) , the pendant ( 2 ) ,  the bow ( 3 ), the back (4 ) ,  the 
bezel ( 5 )  and the crystal (6 ) (Figure 3 ) .  

The middle, the pendant, the bow, the bezel and the 
back are made of MNTsS 6 3 - 1 7 - 1 8 - 2  lead nickel-s ilver 
and chrome-plated. The crystal is  made of silicate glass . 

WRISTWATCH CASE MIDDLES 

The middle is of complex configuration. Lugs for the 
strap bars are an integral part of the middle and there 
are several strictly concentric projections and recesses 
to take the watch movement, the bezel and the back (Fig­
ure 4 ) . 

The middle is blanked from strip material by a com­
bination die (Sh- 04 )  on a 35-ton crank press (first oper­
ation) .  The contoured punch face simultaneously bends 
the lugs to a 1 3 . 8  mm radius (Figure 5 ) .  The blank is then 
artificially aged (second operation ) for two hours in the 
PN- 3 1 6  electric shaft furnace at 340- 3 6 0° .  It is then 
twice countour- shaved (Figure 6 )  by the Sh- 03 shaving die 
on a 35-ton c rank p ress (third operation ) .  

The lower shoe ( 1 )  of the shaving die carries the nest 
( 5 )  (Figure 7 ), the props ( 1 1 )  and ( 1 3 ) , the first-shaving 
and second- shaving dies ( 1 2 )  and ( 1 5 ), the back-up rings 
( 1 9 )  and (6 ), the cushion (2 0 ), the pins ( 1 4 ), ( 1 7 ) , and 
( 1 8 ), and the screws ( 1 0 )  and ( 1 6 ) . 
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Section AOB 

FIGURE 4. "Pobeda" watch-case middle 

The upper shoe ( 2 )  carries the contour punch ( 8 ), the guide pin (4 ) ,  the 
pins ( 7 ) ,  and the sc rews (3 ), and ( 9 ) .  

The blank to  be  shaved i s  inserted into nest ( 5 )  which positions i t  by its 
contour relative to the contour of die ( 1 2 ) .  When the upper  shoe (2 ) is 
lowered, the conical part of the guide pin (4 ) penetrates the blank hole and 
positions it definitely relative to the punch contour (and therefore relative 
to the die contour as well ) ,  ensuring a uniform thickness  of the middle 
walls . The dies are made up of four sections each and are held together 
by back-up rings; this arrangement facilitates accurate grinding of the lug 
profil e .  

029.85!0.07  

FIGURE 5 .  Blank o f  case middle FIGURE 6. Shaved middle blank 

The shaved blank is then faced on a special semiautomatic lathe , and 
the hole is bored (Figure 8 )  (fourth operation ) .  The faces serve as refer ­
ence surfaces for the subsequent machining. The blank t o  b e  faced and 
bored is clamped in a collet chuck (Figure 9 ) ,  cons isting of the collet ( 1 ) ,  
the body ( 2 ) ,  the plate ( 3 )  held by the screw (4 ) against the post  ( 5 ) , the 
mount ( 6 ) , and the contour plate ( 7 ) .  
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The inside face of the blank is pressed against the chuck mount (6 )  and 
the lugs are gripped by the contour plate ( 7 )  when the collet ( 1 )  is withdrawn 
to the left and compressed .  The contour plate is made up of four s eparate 
parts fastened to the collet face .  The part i s  ejected from the chuck when 
the collet opens . 

FIGURE 8. Boring and 
facing the middle 

FIGURE 7. Shaving die 

Section 88 

FIGURE 9. Chuck for gripping the middle during boring 
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The fifth operation consists in facing and boring a 2 6 . 5  mm diameter 
recess (Figure 1 0 )  on the S- 1 7 5 semiautomatic machine (Figure 1 1  a ) .  

The blank is gripped in a special collet chuck. The 
S- 1 7 5 machine was specially designed for turning 
cas e middles ,  bezels and backs and for threading 
these parts in the case of he rmetically sealed cases . 
The entire profile of one side of the part, threads 
included, can be machined in one chucking. The 
machine is driven by an electric motor (Figure 1 1  b ) .  
The V- 6 0  variable-speed drive allows stepless con­
trol of the main - driveshaft (I ) speed between 1 2 0  
and 2 2 5 0  rpm .  

The speed o f  rotation can b e  varied by the handle 
( 1 ) while the machine spindle (2 ) is revolving. It 
is possible for the electric m otor to drive the main 

FIGURE 10. Boring the case dri veshaft directly, without the variable - speed 
middle recess drive . 

The main dri veshaft drives the pulley on spindle 
(2 ), which revolves at speeds between 1 7 5  and 3 1 0 0  rpm ,  and also drives 
the feed dri veshaft II through the countershaft III and an eight- step pulley. 
The feed driveshaft drives the camshaft IV through a wo rm and wheel . The 
keyed sleeve ( 1 0 )  can transmit power to the feed s haft II either from a 
four- s tep pulley or from the machine spindle through three spiral gears,  
the latter transmis sion being used for threading. 

The threading transmission is engaged by the handle (3 ). The following 
cams are located on camshaft IV: the slide transverse - feed cam ( 4 ), the 
slide cross - feed cam ( 5 ), the cam (6 ) of the transvers e  and cross - feed 
stops ,  and the threading cam ( 7 ) . The worm wheel carries the stop ( 9 ), 
which switches off (stops ) the machine after one machining cycle ,  that is , 
after one camshaft revolution . The pedal ( 1 1 ) opens the collet. 

Technical data, S-175 machine 

Maximum diameter of the part machined, mm . • • 55  
Maximum machining length, mm . . . • • • • • • • • . 25 
Maximum thread pitch, mm . . . • . • . . . . . . . • . 0. 7 
Spindle speed using the stepless variable-speed drive, 

rpm • • • . . • . • . . • . . • . • • . . . . • . . . . . . . 150 to 3150 
Number of camshaft speeds • . . • . . • . • . • . . . • . 16 
Electric motor . • • • • . • • • . • • • • . • . . • • . . • • . 1 kw , 1425 rpm 

Several models of this machine , differing in their chucking fixtures, 
are produced and the machine can also operate with a magazine feed. The 
S- 1 7 5  machine is equipped with a collet chuck (Figure 1 2 ), assembled from 
the collet body ( 1  ) ,  the barrel (2 ) ,  the collet expander (3 ), the collar (4 ), 
the washer ( 5 ) , the spring ( 6 ) ,  and the driver pin (7 ) .  The blank hole is 
positioned on the protruding cylindrical shoulder of the collet body ( 1 ) 
( 3 . 5 - 3 . 8 mm depth ) .  The face of the barrel (2 ) serves as a holding surface . 
The expander ( 3 )  opens the collet which grips the blank on its inner diameter .  
A t  the end of the operation the pedal is pressed ,  the expander is pushed to 
the right, the collet contracts and releases the blank. The collar (4 ) is 
moved to the right by the spring ( 6 )  and knocks the blank off the shoulder.  
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FIGURE 1 1  a. S-175 semiautomatic machine 
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FIGURE 11 b. Kinematic scheme of the S-175 semiautomatic machine 



The boring of the 2 6 . 5  mm diameter recess i s  followed by the boring of 
the be zel recess and facing (Figure 1 3 ) . Thus, the s ixth operation, is  per­
formed on the S- 1 7 5  machine . The surfaces machined on the fourth and 
the fifth operation serve as holding and locating surfaces . The dimensional 
tolerances for this operation are narrower than those for the preceding 
operations . 

FIGURE 12 .  Expanding chuck for machining the middle 

FIGURE 13. Boring the bezel recess (sixth operation) FIGURE 14. Lug turning ( seventh operation) 

The lugs are then turned (seventh operation, Figure 1 4 )  on the special 
S- 1 a  lathe,  using the same holding surfaces as were used above . Next, 
the shoulder for the back is turned (Figure 1 5 )  by a contour tool on the S - l a  
machine (eighth operation ) .  This is  followed by  the drilling of  four blind 
holes for the s trap bars (Figure 1 6 )  in a jig on the S- 1 06 vertical drilling 
machine (ninth operation) .  The axes of opposite holes make an angle of 
8° - l  oo with a line connecting their centers,  the reason for this being that 
the drill must by-pass the outer surface of the opposite lug without touching 
it. The jig post ( 2 )  (Figure 1 7 )  includes with the base ( 1 ) an angle of 8 0 - 82 ° .  
The drill bushings ( 5 )  are mounted in the brackets ( 4  ) .  The middle ( 3 ) i s  
placed o n  the mount ( 6 )  and pressed b y  the pressure plate ( 8 ) ,  hinged to 
the bracket (7 ) .  
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FIGURE 15.  Turning the back shoulder 
(eighth operation) 

FIGURE 16 .  Drilling holes for the strap bar 
(ninth operation) 

7 

FIGURE 1 7 .  Jig for drilling the holes in the lug 

FIGURE 18 .  Boring the move­
ment recess (tenth operation) 

FIGURE 19. Drilling the winding-stem hole 
(eleventh operation) 
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The tenth operation consists in turning the recess for the m oment (Fig­
ure 1 8 ) . A form tool and either the S- 1 7 5 or the S - 8 1A machine are used 
for this operation. The drilling of the winding- stem hole (Figure 1 9 )  by a 
special horizontal semiautomatic drilling machine follows (eleventh opera­
tion ) .  The case middle is finally polished (twelfth operation ) and buffed in 
a longitudinal direction, and then plated (thirteenth operation ) .  

Cutting conditions . The cutting conditions for  facing and  boring are 
established as a function of the machining diameter, the depth of cut, the 
surface-finish quality required, and the tool material . 

The maximum machining diameter is introduced into the formula for 
calculation of the cutting speed.  Taking this diameter to be d = 30  mm on 
the average , and taking n =  3 1 5 0 rpm in the S- 1 7 5  m achine , we obtain 

3,14 ·30·3150 . 
Vmax = 1000 ::::::: 300 m /mm. 

The feed rate is established as a function of the surface-finish quality 
required and the radius of curvature of the tool cutting point . In the ma­
jority of cases the surface is machined to  a class 6 or 7 finish (see Table 1 ) .  

The turning (basic ) time Tr is determined using the formula 

T - l +  II + 12 r -
n · s • 

where l = turning length , mm; 
! 1  = tool approach, mm; 
!2 = tool overtravel ,  mm; 
s = feed ,  m m / rev; 
n = rpm .  

When working with semiautomatic machines ,  the machine cycle time is 
obtained by adding the idle cycle time Ti. c . • to the furning time Tt . The 
idle cycle time Ti. c. is 

T· = T . n i . c . 
1 . c . o 360" - n i . c . 

where n � ,  c., = the number of idle m ovement cam degrees ,  obtained either 
from the technical data of the machine o r  from the setup chart . 

The piece time is the sum Tt + Ti.  c .  + Taux ; Taux is calculated from the 
tables of standards .  

The parts are  subjected to  a random inspection, using both univers al 
and specialized instruments ,  after each operation. C omparators , indicators ,  
calipers , and micrometers are  examples of universal instruments ,  while 
plug gages and templates are examples of specialized instruments . 

The above - described machining p rocess has the shortcoming that the 
coefficient of metal use in the strip layout is only 33 o/o .  Simultaneous blank­
ing of middle and bezeF was proposed and tested at the Watch Plant No.  · 2  
in Moscow (Figure 2 0 ) . 

The method of simultaneous blanking increases the coefficient of metal 
use to 7 0  o/o, because of the additional blank and because the values of the 
bridge a1 between blanks and the strip - edge b rige a2 in the strip layout is 
reduced as compared with those given in Figure 1 1 ,  Chapter III. 

• This method was proposed by M.  I. Petetskii, M. A .  Nesterov, and A .  V. Gorskii. 
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TABLE 1 

Feed rates for machining NMTsS 63-17-18-2 nickel silver as a function of the 
cutting speed and the surface-finish quality required ( abridged form) I 

R9 and R18 tools I VK6 and VK8 tools 

Surf ace-finish-quality class 
Radius of 
tool point, 

mm \l'V 6 I \l'V\1 7 I \1\1\1 8 I \l'V 6 I 'V\1\1 7 I 'V\l'V 8 
Feed rates, s0, mm/rev 

L o n g i t u d i n a l  t u r n i n g  

0 0 .018 0 .013 0 .009 0 .020 0 .015 0 . 01 
0.3 0.019 0 . 014 0 .01 0  0 .021 0 .016 0 . 01 1  
0.5 0.020 0 .015 0.01 1  0 .023 0.018 0 .013 
0.8 0.022 0 . 01 7  0.013 0 .025 0 .020 0 . 01 5  

0 0.019 0 .014 0 .010 0 .022 0 .017 0 .012 
0.3 0 .020 0 . 015 0 .011 0 .023 0.018 0 . 01 3  
0.5 0 .022 0 . 017 0 .012 0 . 025 0 .020 0 .01 5  
0.8 0.024 0 . 019 0.014 0 .027 0 .022 0 .01 7  

F a c i n g  

0 0.016 0 . 012 0 .007 0 . 017 0 .013 0 .008 
0.3 0.017 0 .013 0 .008 0 . 018  0 .014 0 .009 
0.5 0.018 0 .014 0 .010 0 . 01 9  0 .018 0 . 012 
0.8 0.019 0 .015 0 .011 0.021 0 .016  0 . 012 

0 0.016 0 .01.2 0 .008 0 .018  0.013 0 . 009 
0.3 0 .017 0 .013 0 .009 0.019 0 .014 0 . 01 0  
0.5 0 .018 0 .014 0.011 0 . 021 0.016 0 .012 
0.8 0 .019 0 .01 5  0.012 0 .023 0 .018  0.014 

B o r i n g  

0 0.010 0. 007 0 .005 0 .012 0 .009 0 .006 
0.3 0.011 0 .008 0 .006 0.013 0 .010 0 . 008 
0.5 0.013 0 . 01 0  0.008 0 .01 5  0 .012 0 .01 0  
0 . 8  0.015 0 .012 0 .01 0  0 .017 0 .015 0 . 012 

0 0 .011 0 . 008 0.006 0 .01 3  0.010 0 . 007 
0.3 0 .012 0 .009 0 .007 0 .014 0 .012 0 . 009 
0.5 0 .014 0 .012 0.010 0.016 0.014 0 .01 1  
0.8 0.017 0 . 014 0.012 0 . 01 9  0.017 0 . 014 
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Punch ( 1 )  and die (4 ) (Figure 2 1 ), in the proposed die s et, pierce the 
central hole .  Punch (2 )  and dies ( 3 )  and ( 4 )  blank the case middle .  
Punch (2 ) and die (4 ) blank the bezel which is then pressed back into the 
middle blank by the knockouts ( 5 )  and (6 ) .  Sc rap results from the hole­
piercing and in  addition the re is the between-lugs scrap and the scrap a, 
and a2 • 

The middle blank is subjected to two expanding operations in the dia­
metral direction in a die with a tapered punch. 

The expanding is followed by lug-bending, after which the case- middle 
blank is identical in shape and dimensions with the blank obtained in the 
process described above . 

FIGURE 20.  Shape of middle and bezel FIGURE 21 . Die for the simultaneous blanking of the case 
middle and the bezel 

Although this process requires the additional operations of lug bending 
and bezel ejection, this is more than compensated for by the considerable 
economy achieved in nonferrous metal . 

Strap bars are an integral part of the case middl e .  Numerous bar de­
signs exist and there are numerous methods of fastening the bars to the 
watch cas e .  The design of the removable bar of the "Pobeda " watch case 
is shown in Figure 2 2 .  The spring ( 3 ), compressed by the plunger (2 ) ,  is 
introduced into the drilled hole in the body (1 ) .  The hollow part of the bar 
is so  necked that the clearance for the plunger is reduced to 0 . 0 3 - 0 . 06 m m .  
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� A s  the b a r  body ( 1 ) i s  introduced into one lug hole,  the plunger (2 ) is 
d:�wn to the left by pince rs and compresses the spring ( 3  ). When the 
plunger end enters the s econd hole,  the spring ( 3 ) presses the plunger a­
gainst the lug wall . The distance between the shoulders is  equal to  the 
distance between the lugs . 

FIGURE 22. Strap bar of the " Pobeda" watch case : 

1 -body ; 2-plunger; 3-spring. 

Parts ( 1 )  and (2 ) are manufactured on Swis s - type automatic screw ma­
chines ,  while part ( 3 )  is manufactured on a special automatic machine . 

THE CASE BEZEL 

The bezel is a ring of weak cross section (Figure 2 ), and is therefore 
easily deformed.  Its  configuration and its low rigidity led to the use of a 
split manufacturing p rocess (involving a sequence of roughing operations ) .  
The main ope rations are listed below. 

The part is blanked from strip material by an Sh- 04 compound die on a 
20 - ton c rank press (first ope ration, Figure 2 3 ) . The strip layout is a two - row 
chessboard arrangement and the blank deformation in the plane must not 
exceed 0 . 05 mm,  while the ellipticity of the hole must not exceed 0 . 05 mm.  
The blanking is  followed by  stress relief, washing, burr removal , and 
repeat washing.  

FIGURE 23. Bezel blank FIGURE 24. Facing 
and boring (second 
operation) 
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FIGURE 25 .  Facing 
and boring (third 
operation) 



The blank is gripped in a chuck on a special lathe (Figure 24 ), one of its 
faces is faced, and a 2 7  mm diameter recess is machined (second operation ) .  
The opposite side is then faced,  and a 24 mm hole is bored (Figure 25 )  on 
a special machine (third operation). The blank is then positioned accord­
ing to the bored hole and its adjacent face in a special lathe .  The outer 
diameter of the blank, its opposite face and the fitting s houlder are then 
turned (Figure 2 6 )  (fourth ope ration ) .  The ovality of the 28 mm diameter 
fitting shoulder must not exceed 0 . 02 mm, according to the technical spe­
cifications for case assembly. 

FIGURE 26.  Turning the 
outside diameter (fourth 
operation) 

Section AA 
.. 

FIGURE 27.  Milling a flat (fifth operation) 

A n  inclined flat is then milled in a horizontal milling machine (Figure 2 7 )  
(fifth operation) .  This is followed by the machining of the recesses for the 
c rystal and dial and by chamfering (Figure 2 8 )  on a special lathe (s ixth oper­
ation ) .  

The crystal and dial recesses must be  concentric relative to  the fitting 
shoulder for the case middle, and the run- out of one bore relative to the 
other one must not exceed 0 . 03 mm.  The bezel is then positioned by the 
recess ,  (Figure 2 9 )  on a special lathe and the tapered edge is turned (sev­
enth operation ) .  The outer surface of the be zel is then polished and buffed 
(prior to electroplating) (Figure 3 0 )  on the S-42 polishing machine (eighth 
operation ) .  

FIGURE 2 8 .  Boring for the 
crystal and the dial ( sixth 
operation) 

FIGURE 29. Taper 
turning (seventh 
operation) 
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FIGURE 30.  Out­
side-surface polish­
ing (eighth operation) 



The fitting dimensions of the bezel shoulder and the bore of the middle 
are machined to a toleranc e of 0 . 04 5  mm.  The negative allowance in the 
bezel-middle assembly can therefore vary within a range of 0 . 09 mm, while 
the value allowed by the specifications is only 0 . 05  mm.  The middles and 
bezels are accordingly sorted into two groupa . 

The number of bezels blanked from strip material in the form of rings 
represents only 3 to 5 %  of the bezel-production program . Most of the be zel 
blanks have the shape of oval rings (Figure 2 0 )  or disks obtained as scrap 
in the blanking of the case middle (Figure 3 1  ) .  A hole is pierced in the 
4 mm thick, 2 3 . 5  mm diameter disk, and it is then stress - relieved and twice 
expanded in a die, after which its shape and dimensions are identical with 
those of the bezel blanked from strip. Expanding reduces both the width 
and the thickness of the ring walls . The primary blank dimensions are de­
termined experimentally. 

o o o 
FIGURE 31.  Bezel blank obtained from middle-blanking scrap 

The bezel is subjected to electroplating, afte r which it is assembled 
with the crystal . The crystal is blanked from a plexiglass strip 0 . 8 - 1 mm 
thick, turned and chamfered. The crystal is then given a convex shape in 
an electrically heated die ( 1 1 0- 1 2 0°C ) and pressed into the bezel by means 
of a press .  

THE CASE BACK 

The case back has a thickened flange, necessary to ensure its tight 
coupling with the case middle (see Figure 2 ). The back snaps onto the mid­
dle due to elastic deformation. 

Backs are blanked from strip material and s imultaneously drawn. The 
flange profile is then formed according to the fitting dimensions,  and the 
inner and outer surfaces are polished and buffed. 

The part (Figure 3 2 )  is blanked by a compound die in a crank press 
(first operation) .  The strip layout is a double - row chessboard arrange ­
ment and the final dimensions of the drawing punch and die are established 
during the testing of the die . 

The back flange is formed in two upsetting operations (Figures 3 3  and 
34 ) in toggle-lever presses of 1 0 0  to 1 2 5  ton capacity (second and third oper­
ations ) .  The S- 8 1A two- spindle s emiautomatic machine (fourth operation)  is 
used to face the flange and to machine the 2 7 .46  mm diameter lip (Figure 35  ) .  
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A flat is milled on the back (Figure 3 6 )  using a horizontal milling ma­
chine (fifth operation)  and an angle milling cutter with the back held in a 
fixture . Several plants have recently begun to grind this flat in a special 

automatic machine , whose production 

FIGURE 32 . Back blank 

rate is five times that of the milling 
machine . 

A design is chased on the inside of 
the back (sixth operation ) (Figure 3 7 )  
on a special two - spindle s emiautomatic 
machine (Figure 38 ). The back is held 
in a collet in the lower spindle of the 
machine . The mandrel with the abra ­
sives- carrier is mounted in a collet 
in the upper spindle and the abrasive 
grains trace groo ves on the back as 
a result of the lower- spindle rotation . 
The radial m otion o f  the upper spindle 
corresponds to the transfer of the man­

drel to the next sector of the back. The abrasive used is emery of grain ­
size 1 8 0  to 2 2 0 .  The spindles work s imultaneously and the loading and 
removal of the back takes several seconds . The production rate of the ma­
chine is 2 5 00 backs per shift. The circumference of the case back is buffed 
(Figure 3 9 )  on the S-42  machine by felt disks charged with a chrom ium oxide 
paste . The fitting dimension of the back is machined to an accuracy of 
0 . 045  mm.  Prior to assembly, the backs are sorted into two size groups 
acco rding to the fitting dimension. 

�:J • 

FIGURE 33. Preliminary 
forming of the case-back 
flange (second operation) 

FIGURE 35.  Facing and 
turning the flange (fourth 
operation) 

FIGURE 34 . Final forming of the flange (third 
operation) 

FIGURE 36. Milling a flat 
(fifth operation) 
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Chasing (diameter of deco­
rative circles 4 to 5 mm) 

FIGURE 37. Chasing the inside 
of the back (sixth operation) 



The case backs of wate rproof watches have a more rigid s ection p rofile 
and are threaded into the case middle.  A P. V. C. sealing ring seals the 
flange . 

1 FIGURE 38. Two-spindle semiautomatic machine for chasing 
of back 
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FIGURE 3 9. Buffing 
the circumference 
of the case back 
(seventh operation) 

The manufacturing process for wristwatch cases described above re­
quires very diversified equipment and a relatively high labor expenditure 
for a relatively low manufacturing accuracy. Design and production engi­
neers are the refore striving to develop improved methods for machining 
the case parts , which would reduce both the labor expenditures and the 
material requirements . Some such methods are: pressure die- casting, 
p recision casting, and stamping in hot or cold s tate . The blanks obtained 
must be such that the only m echanical operations required are the finish 
operations for the fitting dimensions , which have narrow tolerance.  

THE CASE MIDDLE OF POCKET WATCHES 

The case middle of pocket watches has concentric projections and re­
cesses in which the watch movement,  the bezel and the back are fastened.  

NMTsS 6 3 - 1 8 - 2  nickel silver, which is used in the m anufacture of the m iddle 
is not sufficiently plastic for expanding operations . The middle is accordingly 
blanked out of a 4 m m thick strip as a ring (Figure 4 0 ) .  The blanks are de­
greas ed, stres s - relieved and washed , and then rough-machined on m etal­
cutting machines to produce a ring having the shape shown in F igure 4 1 .  

While in wristwaches the winding-stem hole is obtained i n  one operation, 
as many as 18 operations are involved in making the winding- stem hole in 
pocket watches . The ope rations are as follows : machining the middle to 
take the pendant, brazing- on the pendant, cleaning the brazed spot and 
sizing the middle and pendant, machining the hole and the projections for 
the winding c rown and bow. 
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The axis of the hole ( 1 . 3 8+0. 04 mm diameter ) (Figure 42 ) must be parallel 
to the plane of the fitting projection for the movement and at a distance of 
1 . 1 0± 0 . 02 mm from it. The noncoincidence of the hole axis and the central 
axis of the middle must not exceed 0 . 05  mm. 

FIGURE 40 .  Blank of pocket-watch 
middle 

FIGURE 42 . Drilling 1 .38 mm diameter 
hole 

FIGURE 41 . Middle after roughing operation 

FIGURE 43. Milling the crown recess in the pendant 

The drilling and reaming of the hole are followed by milling of the re­
cess for the winding crown in the pipe (Figure 4 3 ), using a hollow mill on 
an S-2 vertical milling machine.  

The 0 2 . 2  mm recess is then bored by a counterboring tool to a depth of 
2. 7 mm (Figure 44 ), and the burrs are removed from the pendant face and 
the milled contour by a compound milling cutter. 

The middle thus prepared is then  subjected to the finishing operations : 
turning the fitting projections for the bezel and back, and machining the 
inner recesses  for the watch movement. 
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The fitting projections for the bezel and back are turned on the S - 8 1A 
s emiautomatic machine in two consecutive operations (Figure 4 5 ) . 

The internal fitting surfaces of 36 ! g:g� and 3 5 . 8 5+0 . 1 0 mm diameter are 
also bored on the S - 8 1A s emiautomatic machine, the bezel-fitting projection 
serving as a ;reference (Figure 46 ). The maximum permissible runout of 
the bezel-fitting projection (4 1 . 2  mm)  relative to the movement-fitting bore 
( 3 6 mm diameter )  is 0 . 0 5 mm.  

FIGURE 44 .  Facing and boring the crown hole 
with a counterboring tool 

The burrs in the winding- stem hole are removed manually after the 
movement-fitting bore is completed .  The middle is then chromium -plated .  

The bezel and the case  back of  pocket-watch cases are machined in  the 
same manner as the corresponding wristwatch parts . The pendant bow is 
manufactured from wire by coiling it on a mandrel in a close spiral and 
cutting with a milling cutter .  

FIGURE 4 5 .  Turning the projections of 
the middle 
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FIGURE 46 . Internally machin­
ing the middle 



GOLD AND GOLD-PLATED CASES 

Well-polished cases made of gold or gold-plated nickel silve r  have an 
aesthetic appearance which is pres erved for a long time . Gold, as is well 
known, is not tarnished by atmospheric air, and resis ts the co rrosive action 
of water, bases and acids (aqua- regia excepted) .  Gold cases usually have 
an attractive shape, especially those for ladies '  wristwatches where the 
case shape blends harmoniously with the shape of the gold bracelet.  

Cases are usually made of gold of 583 %o or 7 5 0 %o �' purity (meaning that 
the alloy contains 5 8 3  or 7 5 0  parts of pure gold,  the remainder being copper 
and s ilver in various proportions ) .  More silver in the alloy imparts a bright 
appearance,  while increasing the p ropo rtion of copper gives it a reddish 
shad e .  Pure gold is very soft and malleable ,  and the copper and s ilver are 
added to it in order to give the gold alloy the necessary hardness .  Fourteen­
carat gold has a hardness of RB 8 7  to 9 0  and resists wear, this being very 
important both for the cons ervation of the lustre and for the preservation 
of the case weight.  

The technology of gold- case manufacture is s imilar to that used in the 
manufacture of nickel - silver cases with modifications in the cutting condi­
tions .  The most complex ope ration is the brazing of the case lugs . The 
brazing alloy should be of the same carat number as the case,  and brazing 
should be carried out at a temperature near the melting point of gold.  Local 
heating is used to p revent the deformation of the part and the brazing is 
performed in a protective medium to preserve the uniform color of the case . 

The technical specifications for the manufacture of gold cases specify 
that the gold chips must be collected after each operation. The machines 
a re equipped with special plexiglass shields and the washing and cooling 
liquids are specially filtered. 

Cases are polished on standard machines (of the S-42  type )  by felt disks 
charged with chromium - oxide paste . 

In order to reduce the quantity of gold chips ,  the case is so  s haped that 
it can be obtained by swaging. 

Small- size ladies ' watch cases usually have such a shape and their weight 
is between 3 and 8 g, while the weight of m en ' s  wristwatch cases is between 
1 1  and 2 0  g. Pocket- watch cases,  with one or two backs , weigh between 
25 and 40 g, and sometimes as much as 5 0  g.  

The production of gold- plated cases in very large quantities has recently 
begun abroad, the object being gold economy and price reduction. The base 
used is nickel silver or special brass and the gold plating can be produced 
by thermal,  galvanic or  mechanical methods . 

The thermal method is the most widely used, as it produces a strong 
bond between the gold alloy and the base m etal . A 3 00 X 6 0 X 2 0 mm nickel­
silver or special brass plate is sandwiched between two gold- alloy plates 
of at least 1 4 - carat gold content and having dimensions of 300 X 6 0 X 3 and 
3 0 0 X  6 0 X  1 . 5  mm, respectively. A special paste is applied between the plate s .  
Steel plates o f  3 00 X 6 0 X 2 0 mm each are added and the entire stack is  com ­
pre- s ed by 4 to 5 clamps and placed in a gas furnace, where it is heated to 
a predetermined temperature .  The clamps are adjusted several times dur­
ing the heating proces s ,  which lasts fo r 3 5 - 4 0 minutes .  A s urface diffusion 
of one metal into the other occurs during the heating and when the process 
has been completed the ensuing bimetallic strip is rolled in s everal passes ,  

• [Corresponds t o  a purity o f  14  and 18 carat, respectively. ] 
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with intermediate annealing for which purpose the s trip ends are connected. 
to terminals ,  and the strip is heated by electric current to red incandescence .  
The strip surface i s  coated with a n  ochre paste t o  prevent oxidation.  

The completed rolled strip consists of three rigidly bound layers:  outer 
layers of gold 2 0 ft and 1 0 ft thick, and a core of 0 . 3 5  to 0 . 5 mm thicknes s .  
Stamping and other mechanical operations similar t o  those used i n  producing 
gold cases are performed on the strip . Blanks are annealed after stamping 
operations in furnaces with a neutral medium . 

The gold layer thickness is reduced from its original 2 0 ft to 1 0 ft on pro­
tuberances,  acute angles and transitions which result from drawing and 
forming operations . The layer thickness on these features is sometimes 
as little as 3 to  4 /t ,  which corresponds to  3 to  4 years wear . Bright points 
appear at the spots where the gold is thin (the nickel silver shows through), 
and, in order to obtain a uniform hue, the case is galvanically gold-plated 
( 1 - 2 ft ) .  The galvanic layer is rapidly worn, however, and hues appear on 
the watch case. To avoid these problems sharp transitions should be avoid­
ed in gold-plated cases and they should have a streamlined form . 

The quantity of gold used in a thermally-plated case is only 1 0  to 12  o/o, 
the quantity required for a solid- gold cas e .  It is , howe ver, difficult to de­
termine the exact amount of gold in a case gold-plated by the thermal method. 
Wristwatch cases have sometimes backs made of stainless steel . The 
middles of such watches are so designed as to make the back invisible from 
the side.  The amount of gold required for a watch of this type is only 0 .4  g. 
A variation of the thermal-plating process involves the separate blanking 
of nickel- silver and gold parts which are then soldered with tin or bound 

together by means of a special compound, after 
which they are subjected to the subsequent ope rations . 
This method has the advantage that the gold sc rap 
is s eparate from the nickel - silver scrap and so  can 
be salvaged. The scrap from the bim etallic strips 
has to be subjected to etching to remove the nickel 

FIGUR£ 47. Winding crown silver so that the gold can be recuperated. 
with gold envelope Galvanic gold- plating of watch cases is not widely 

p racticed because galvanic baths only work satis ­
factorily with pure gold ,  and a pure- gold coating is 

of low durability. Electrolytes containing 1 4 - and 1 8 - carat gold are unstable 
in operation and p roduce a low-quality coat. The thickness of the gold layer 
produced by such baths does not exceed 5 to 7 ll and repeated plating oper­
ations are the refore necessary in order to obtain a 2 0 ft thick layer .  

A mechanical gold-plating method involves clos ely fitting a gold foil to 
the case and the winding c rown. This requires a larger amount of gold than 
that required by the thermal or galvanic methods . This mechanical method 
is now being used only for coating the winding crown, to which end gold foil 
is used, 0 . 0 5 - 0 . 1 0 mm thick and having the same color and the same carat 
number as the case (Figure 4 7 ). 
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DIALS AND HANDS 

The dials of wrist- and pocket- watches are made of L- 62  brass or L - 9 0  
tombac . Their design and finish are very diverse .  The dial field can be 
white ( silvering ), pink (alloy gilding),  or black (oxidation or black- nickel 
plating) .  The marks on the dial may be flush or raised and include the 
watch-scale figures or the symbols which replace them , and the divisions 
of the minute and second scales with incomplete (or completely lacking)  
numbering (Figure 48 ) .  The figures are printed by using printer ' s  ink or 
luminous paste , or are embossed in dies (raised figures ) .  

a b c 

FIGURE 48. W atch dials: 

a-"Zvezda" ; b-"Mayak" ; c-"Sportivnye" .  

The process of dial manufacture consists basically o f  the following oper­
ations : blanking, soldering the feet, recessing, preparing the surface for 
coating (de greasing and etching) ,  silvering or gilding, varnishing, printing 
and drying. 

���������\� � 

FIGURE 49. Dial blank ( first operation) 
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For example ,  the dial blank for caliper K-26  wristwatches is blanked 
with two through holes for the axes of the hands , and two blind holes for 
the feet (Figure 4 9 ) .  The operation is performed on a 1 5-t crank press  by 
a compound die (Sh- 04 ). The permissible run- out of  the outer diameter 
relative to the central hole is  0 . 02 mm. 

The blank is ground on the S - 2 9  machine, the object being the leveling 
of its face ,  after which it is degreased in an organic solvent. 

Two feet are pressed into the blank and soldered using PSR- 45 silver 
solder (Figure 5 0 ). The ring-shaped solder preform is placed on the dial foot; 
the soldering location is moistened with borax; and the foot is s oldered in 
a gas burner .  In some plants the feet are welded on an electrical welding 
machine . 

FIGURE 50. Soldering the feet FIGURE 51. Sizing the feet 

The soldered joint is then cleaned ,  and the feet and the dial face are 
straightening (Figure 5 1 ) . The cleaning is performed by m eans of a hollow 
mill in a vertical drilling machine, while the straightening is  performed 
on a special semiautomatic m achine. The dial - face flatness is tested using 
a ruler.  

Section AA 

�;" 

FIGURE 52 .  Machining the recesses for the 
winding pinion and the balance cap 
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FIGURE 53. Pol­
ishing the dial face 



The slot for the winding pinion is then milled, and the recess for the 
balance cap bored on horizontal and vertical milling machines ,  respective ­
ly (Figure 52 ). The machines are adjusted using an adjusting or position­
ing template , and the two holes for the hands serve as a referenc e .  

After the edges are bent,  the dial face is ground and polished (Figure 5 3 )  
o n  the S-42A machine by felt disks charged with emery paste o f  grain- size 
2 8 0  to 320  and with chromium - oxide paste.  The surface - finish quality must 
be grade"\7'\i"V\7 1 0, and no scratches ,  dents , or other defects visible under 
a 5 X magnifying glass are permitted.  

The dials are washed before inspection in four baths with "Galosha "  
brand benzine (GOST 44 3 - 4 1 )  and are bushed using a soft-hair brush.  

Dials which pass inspection move on to the next operation, which is the 
boring of the s econds-hand recess (Figure 54 ) .  The operation is  performed 
at a high tool-feed rate of 0 . 1 0- 0 . 1 5  mm/rev in order to obtain a clean A r­
chimedean spiral on the recess surface (Figure 54 ,  b ) . The central part 
of the dial field is sometimes faced, using the feed rate mentioned, in order 
to obtain an aesthetic design .  

a b 

FIGURE 54. Seconds-hand recess 

The blank is again washed in four benzine baths and is then subjected to 
silvering. Silver plating is preceded by electrolytic degreasing, washing 
in very hot and in cold water, and brushing of the face in order to remove 
the oxides and give it a uniform hue . The blank is then suspended from a 
frame and charged into the silver-plating bath where a 1 . 5  to 2 f! thick silver 
layer is deposited .  Three baths wash off the remainder of the electrolyte, 
and the dials are then rins ed in cool running water after which they are 
spread, faces down, on tissue paper for drying. 

V a r n i s h i n g  is a critical operation, as it must protect the silver sur­
face against the effects of air and so preserve its appearance for many years. 
The varnish must resist the action of sun and that of other light sources . 
It must be colorless ,  and must not distort the dial field or change its color. 
The thickness of the varnish coat must be 5 - 6 ft ,  so  as to be invisible to 
the eye . 

These requirements are satisfied, to a ce rtain extent, by the BMK- 5 
resin, which is soluble in amylacetate and in acetone.  The dials are dried 
before varnishing by consecutive dippings in three acetone baths and are 
then varnished in a centrifuge, and dried at 40-45°C in a glass cupboard 
in order to prevent dust from setting on them.  
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The figures , ins criptions , symbols , and divisions are printed on the 
dials using bench presses and india- rubbe r cylinders (Figure 55 ).  

A die carrying p rinte r ' s  ink in its recess is mounted on the press table .  
The dial i s  mounted on a support at a distance 1 from the die . The rubber 

FIGURE 55.  Press for dial printing 

cylinder is first lowered onto the die 
where it takes a negative imprint of 
the dial scale . The table is then dis­
placed a dis tance 1 and the cylinder 
descends on the dial and prints the 
entire s cale .  The printing is performr:d 
in two stages ,  with intermediate and 
final drying at 40-45° .  The ink must 
be laid in a uniform layer, 4 to 5 fl 
thick, without discontinuities (gaps ) 
or leaks . The printing is inspected 
under a 5 X magnifying glass and the 
dials are then varnished again with 
the same BMK - 5  resin and dried.  The 
finished dials are packed in stacks to 
prevent damage during transportation 
and storage . 

Dials with a black glossy field and 
white or luminous symbols are manu­
factured by a process which differs 
from that described above in that the 

dials are dipped into baths containing special mixtures (see Chapter Nine ) .  
The printing of figures and symbols with luminous paste is performed 

on a pneumatic printing set (Figure 56 ) .  Thick 1 uminous paste is poured 
into the upper cylinder of the s et .  A lid with rubber padding closes the cylinder 
and air is supplied from the s ide .  A die  with 7 to 10  small through holes 
in each figure (symbol ) contour is mounted in the lower part of the cylinder. 
The dial , with the figures and signs printed on it in white ink, is placed on 
the lower table .  The table is fed manually under the die , and then lifted 
pneumatically and pressed against the die . Air pres sure is simultaneously 
fed to the cylinder with the luminous paste . The paste passes  through the 
die holes and is deposited on the dial in the form of the figures and symbols 
in the die . The pressure is held for several seconds and the table is then 
lowered .  This machine has a production rate of 1 2 0 0  to 1 5 00 dials per shift , 
independently of the number of figures and symbols to be printed on each dial . 

The manufacture of dials with either pink mat or embossed silver field ,  
and gilded relief figures is different from the processes described above . 

The raised figures and field are embossed in one stroke on knuckle or 
frictional presses . The recesses for the figures and symbols are embossed 
in the die by a smooth punch .  The figures are 0 . 2 5  to 0 . 3 5  mm high. 

A fter embossing the dials  are annealed, etched and trimmed on the outer 
contour . 

Watch hands are made of polished 1 0 M  low- carbon steel strip or from 
polished LS6 3 - 3  brass strip . Hands ,  like dials ,  are very diverse in shape 
and finish (Figure 5 7 ) . A different hand shape usually corresponds to each 
dial shape (Figure 58 ) .  Hands are classified into two types - blind and with 
windows (skeleton ), 
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Hands with a drawn hub are blanked in a die by the scrap- blanking method 
(Figure 59 ) on an automatic press . Minute hands without hubs are directly 
blanked .  The manufacture of hour and minute hands is identical in other 
respects . 

FIGURE 56. Machine for printing dials with luminous paste 

The blanked hands are straightened on a steel plate , and then carburized, 
hardened and tempered in order to make their surface hard and elastic . 

C a r  b u r  i z i n g  is used when a combination of a tough core and high sur­
face hardnes s  is required .  The carburizing of  hands made of grade-1 0  steel 
is conducted in electric furnaces; 6 00 - 8 0 0  pieces are placed in a container 
together with the carburizing compound ( 95 % charcoal and 5 o/o soap powder ); 
and the container is closed hermetically. 

a b c 

FIGURE 57. Hand shapes FIGURE 58. Dial and hands 
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FIGURE 59. Blanking hands by the scrap-blanking method 

FIGURE 60.  Seconds hand 

FIGURE 61 . Hand with a spherical surface 
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The hands are held in the furnace at 800  to 82 ooc for 4 5  to 5 0  min and 
are then quenched in oil either directly or after air-cooling and reheating.  

Tempering is performed at temperatures between 350 and 48 0°C pro­
ducing a hardness between Rc 36  and Rc 4 6 .  The exact temperature depends 
on the type of hand, and the holding time is between 40  and 6 0 min. 

Heat treatment is followed by random testing (bending and breaking ) for 
the determination of the elastic properties and microstructure . The hands 
are next drum - tumbled with abrasives and leather scraps, and was hed in 
organic solvents (Standard N- 34 1 8 ,  Appendix 1 0 ) . Polishing, performed 
on S- 42A machines by felt disks charged with grinding and polishing pastes 
follow. 

The well - polished and de greased hands are placed on a stainles s - s teel 
support and are charged into an electric crucible furnace,  where they are 
held for 2 - 3  min at 3 7 0 - 390°C . The hands are under observation and the 
moment a blue annealing color appears , they are quickly withdrawn from 
the furnace,  shaken off the support onto a piece of paper and cooled in air .  
Blueing and cooling is  followed by  washing in  a soapy solution, after which 
the hands are rinsed in cool running water and in alcohol, and dried in a 
cupboard . 

The seconds hand is composed of the hand proper ( 1 )  and the hub (2 ) 
(Figure 6 0 ) .  The hand ( 1 )  is made of l OT steel by a process identical with 
that for the manufacture of the minute hand and, when finished, is fitted on 
a brass hub and staked .  The ope ration is performed o n  a bench press . 

Hour and minute hands having a convex surface (Figure 6 1 )  are formed 
and trimmed after blanking . Steel hands which have to be coated with 
various paints ,  luminous paint or with gold, are subjected to the entire 
cycle of operations described above, beginning with the blanking and ending 
with face polishing. The final operations depend on the particular require­
ments of the design drawing and the technical specifications . 
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C h a p t e r  IX 

FINISHING OPERA TIONS 

Finishing operations occupy a prominent place in watch production. 
'.ilfatch-movement parts are ground, lapped and polished in order to reduce 
friction and increase their resistance to corrosion . External parts (cases , 
dials and hands ) are subjected to finishing operations designed to give them 
an aesthetic appearance and to make them resistant to light, wear and cor­
rosion. The complex of finishing operations includes grinding, lapping and 
polishing as well as electroplating and chemical and varnish coating. Steel 
parts of the watch movement are subjected to heat treatment (hardening and 
tempering) before being ground and polished .  Hardening and tempering con­
ditions for typical watch parts are given in Table 1 .  Parts made of non­
ferrous alloys are subjected to additional mechanical, chemical and electro ­
chemical proces sing before being coated .  

TABLE 1 

Hardening and tempering conditions for typical watch parts 

Hardening Tempering 

Part 
Grade of 

hardness , time, hardness, 
steel 

temper- time, temper-
ature, oC min HRc ature, oc min HRc 

Balance staff • . . • . . . . .  UlOA 780-790 7 63-65 180-190 12 59-61 
Barrel arbor . . . . . . . . . .  UlOA 780- 790 8 63-65 200-210 12 56-58 
Cannon pinion . . . . . . . .  UlOA 780- 790 7 63-65 350-400 1 0  49-52 
Winding wheel and keyless 

wheel . . . . . . . . . . . . .  UlOA 780- 790 8 63-65 200-210 20 56-58 
Escape wheel . . . . . . . . .  UlOA 780-790 7 63-65 280-290 1 0  53-55 
Pallet lever . . . . . . . . . .  UlOA 780-790 6 63-65 280-290 7 53-55 
Regulator . . . . . . . . . . . UlOA 780-790 7 63-65 280-290 1 0  54-56 
Hour-setting and winding 

lever . . . . . . . . . . . . . U10A 780-790 7 63-65 200-220 10 56-58 
Pinions . . . . . . . . • . . . .  U7AV 8 00-820 6 62-64 280-300 8 52-55 
Screws . . . . . . • . • . . . .  U7AV 800-820 5 62-64 330-340 8 47-50 
Pallet arbor . . . . . • . . . .  U7AV 800-820 5 62�64 200-210 1 0  56-58 

GRINDING, LAPPING AND POLISHING OF STEEL PARTS 

The working surfaces of steel parts , such as the journals of pinions and 
staffs (must have, at least, a class 1 2  finish in order to reduce friction in 
the watch movement to a minimum. The outer surfaces of the parts (the 
faces of screw heads ,  the upper faces of the keyless and escape wheels ,  
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the regulators,  etc . ) must be finished to surface - quality class 1 1 - 1 2 at 
least, in order to give the parts an aesthetic appearance and to make them 
corrosion-resistant . 

Grinding, lapping and polishing of the parts after hardening and temper­
ing gives them the surface- finish quality required . The first two are pre­
paratory operations which precede polishing and impart a class 8 or 9 
surface-finish quality. 

Pinions and staffs turned in automatic machines have a class 8 or 9 sur­
face-finish quality and therefore need no additional stages prior to polishing. 

Certain flat parts , such as keyless wheels ,  hour- s etting and winding 
levers , are ground in order to level their faces and remove burrs resulting 
from blanking.  

Polishing removes microroughness 0 . 2 5  to 3 .2 !L high from machined sur­
faces .  

Polishing is  classified as being dimensional or decorative . Dimensional 
polishing has the dual aim of providing a class 1 1  to 1 3  s urface finish and of 
bringing the dimensions within the required tolerances , Decorative polish­
ing, or buffing, is applied to impart an aesthetic appearance to the parts . 
Although no dimensions are specified in decorative polishing, the thickness 
of the metal layer removed must lie within the tolerance limits on the part 
dim ens ions . 

The grinding, lapping and polishing methods used in watch production 
are extremely divers e and depend both on the dimensions and shape of the 
machined part and on surface - finish requirements . The abrasives us ed are 
also very diverse .  

Lapping and polishing flat steel parts . Flat parts are lapped and polished 
on the S - 1 5  two- spindle vertical machine (Figure 1 ) . 

The machine consists of a base ,  inside of which an electric motor is 
mounted, a bed with a round table and control me chanism, and a support 
which carries two spindles . The electric motor drives the round table and 
the machine spindles (Figure 2 )  through gears ( 1 - 2 - 3 - 4 - 1 0- 1 1 - 1 2 - 1 3 ) and 
( 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 )  respectively . 

The gears ( 1 1 )  and ( 1 3 ), fitted freely on a shaft, transmit rotation to 
the round table through a draw key, by means of which two speeds of rota­
tion can be imparted to the machine table . 

The duration of operation is adjusted by means of a special device.  The 
gears ( 1 4 )  and ( 1 7 ) , which are part of a planetary train, are mounted on the 
same shaft with gear ( 1 0 ) . The planet gears ( 1 5 )  and ( 1 6 )  are rigidly inte r­
connected by a bushing and fitted on a shaft fixed to gear ( 1 0 ). One revolu­
tion of gear ( 1 0 )  corresponds to 0 . 00037  revolutions of the shaft carrying 
the spiral gear ( 1 8  ), and therefore to 0 .  00037 revolutions of the shaft car­
rying the spiral gear ( 1 9 ) .  If n = 9 0  rpm for gear ( 1 0) ,  gear ( 1 9 )  will re­
volve at 0 . 03 3  rpm ( 1 / 3 0  rpm ), as can be calculated using the planetary­
transmission formula for one revolution of gear ( 1 0 ) 

i = 1 -. �:�; = 0,00037. 

The shaft which carries gear ( 1 9 )  also has a jaw clutch ( 20 ), on whos e  
left elem ent the pin (2 1 )  i s  fastened. When shaft and clutch revolve, the 
pin (2 1 )  approaches the stop (2 2 )  and lowers it. The stop (22 ) is thus made 
to act on a micros witch which stops the electric motor, and thus the machine . 
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FIGURE 1 .  S-15 two-spindle flat­
surface lapping machine 
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FIGURE 2. Kinematic scheme of the S-15 machine 



The time of continuous operation of the machine can be adjusted between 
0 . 5  and 30 min by suitably positioning the clutch jaw with the pin (2 1 ) relative 
to stop (22  ) .  

Technical data, S - 15  machine 

Table diameter, mm . • . . . . . . . . . . . . . . • . • . . 240-320 
Maximum block diameter, mm . . • • • . • . . . . • • . 50 
Table speeds, rpm . . . . . . • . • • . . . . . . . . . . • . 60, 120 
Spindle speed, rpm • . . . . . . • . . . . . . • • • • . . • 192 
Distance between spindles, mm . . . . . . • • . • . . . 150 
Number of blocks set simultaneously • . . . . . . . . . • 4 
Electric motor . . . . . . • . • . • . . . . . . . . . . . . • . 1 kw 

1440 rpm 

The parts to be lapped and polished are fastened to the blocks us ing rosin 
or shellac . The blocks are cast- iron disks 4 0  to 50 mm in diameter and 
2 .  5 to 6 mm thick, having recesses  of various shapes into which the parts 
to be machined are placed .  

The design of a block for  lapping and polishing of s crew heads is shown 
in Figure 3 .  There are spaces for 1 00 to 5 0 0  screws i n  the block. 
The screw shank fits into a hole ,  and the head is supported on the flat or 
conical face of the hol e .  The screws are loaded into the blocks by the S- 1 4  
machine (Figure 4 ) .  

Type I Type IT Type lil 

FIGURE 3. Holding bloci< for lapping 
and polishing of screw heads 

FIGURE 4. S-14 machine for setting screws into 
holding blocl<s 

5 

The block is placed in the machine funnel ( 1 )  and screws are poured from 
above . The funnel vibrates ,  and the s crew shanks enter the block holes . 
The air below the block is evacuated by a fan in order to facilitate the setting 
of the screws into the holes .  The funnel body (2 ) is mounted on the connect­
ing arm ( 3 )  and held in a vertical position by the pin (4 ) .  A reciprocating 
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motion is imparted to the funnel body by an eccentric shaft driven by pul ­
ley (5 ), and by the spring of the supporting center (6 ) placed inside the 
head (7 ). The machine head ( 7 )  and the connecting arm ( 3 )  are fastened to 
the machine bed. 

Pulley (5)  revolves at 145 rpm . A block is filled in 0 . 5  to 2 minute s .  
After the machine has stopped the funnel body i s  drawn back t o  the left, 
released from pin (4 ), rotated 90°, and the block removed.  The holes which 
remain empty are filled with screws manually. 

Shellac or rosin is then poured onto the block. The block is first heated 
on an electric heating plate till the shellac (or rosin ) melts , and then the 
s crews are pressed against the block by means of a press . After the blocks 
cool down, they are mounted on the S- 1 5  machine . Fastening by means of 
shellac or rosin causes no deformation of the parts . 

Tin+ antimony !}Jf6 Cast iron 

FIGURE 5. Polishing disk used in the S-15 machine 

The blocks are mounted on the round table of the S- 1 5  machine and are 
pressed down by weights placed on the upper ends of the spindles . A driver 
bar with two pins is fastened to the lower end of each spindle . The conical 
extremities of the pins fit the central holes of the blocks and press them 
against the table .  The blocks are automatically positioned relative t o  the 
table plane . 

The S- 1 5  machine uses a finish-faced cast- iron disk of hardness 1 2 0  to 
1 5 0 HB for lapping. A layer of abrasive paste is applied to the lap (see 
Table 2 ). 

A disk made of a 9 9  o/o tin 1 o/o antimony alloy is used for polishing (Figure 5 ) .  
A layer of  chromium oxide or diamantine':' paste is  applied to  the disk. 

Wooden polishing disks made of beech or  lime are also used.  Their flat ­
ness , however, quickly deteriorates ,  the block is pres sed into the wood, 
and as a result the polished parts have burrs at the edges . 

• [See Tab!e 2 , Sect. 3 . ]  
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The weights on the upper end of the spindle transmit the required p res­
sure to  the block during lapping. One weight is  sufficient in polishing, and 
it can even be dispensed with since the weight of the spindle and driver bar 
is often sufficient. 

Two separate machines , at a distance of 1 to 1 . 5 m from each other, are 
used for the lapping and polishing operations in order to prevent abrasive 
grains from falling on the polishing disk. The blocks mus t be carefully 
cleaned of abrasives and washed in gasoline after lapping. Polishing is as 
a rule performed in two operations (preliminary and final ) .  The lapping 
and polishing pastes ,  and the materials used for fastening the parts to the 
blocks , are selected in accordance with the configuration of the parts (see 
Table 3 ). 

Shellac ensures a stronge r bond between the parts and the block than 
does rosin and it is therefore used for pressures of 2 . 0 kg/mm2 and above.  

TABLE 2 

Lapping and polishing pastes (compounds) 

Paste characteristics 

1 .  Emery paste (for lapping) 
Emery, % . . . . . . . • . . . . . . • . . . . . . . • . . .  

Grain size (grit), I' . . • . • . . • . . • . . . . . . . . . .  

Stearin, o/a . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lard, "/o . . . • • • • . . . . • • . • . • . . • • • • . • • • .  

Kerosene, "/o • • . . . • . • . • . • • . . . . . • . . . • . . 

Surf ace-finish class . . . . . . . • . . . • . . • . . . . • . 

2. Chromium-oxide paste (for polishing) 
Chromium-oxide, "/o . • . . . . • • . • . . . . . . • . •  

Grain size (grit), I' . . . . . . . • . • . . . • . . . . • . .  

Stearin, u/o . . . . . . . . . . . . . . . . . . . . . . . .  . 

Paraffin, % . . . . . . . . . • . . . .  · • · • · . .  · · · • · 

Oleic acid, % • . . . . . . . • . . • . . . . . . . . . • . .  

Graphite , "/o • • • . . . • . . • . • • . . . • • . . • . • • •  

Lard, % . . . . . . . . . •  · · · • · · · · • · • · · • · • · 

A 

64 
M-28 

36 

8- 9 

67 
M-3.5 

13 
13 
5 

0 .2 

Industrial fats, "/o • • . • • • • • • . . . • . • • . . . • . • 1 .8 
Kerosene, "/o . . • . . . . . . . . . . . . . • . . . • . . . . 

Surface-finish class . . . • . . . . . . . . . . . . . . . . .  11-12 

3. Diamantine paste (for polishing) 
Diamantine ( leuco-sapphire or monocorundum), "/o . 
Grain size (grit), fl . . . . . . . . . . . . . . . . . . . .  . 

Beeswax . • . . . . . . . • . . . . . • . . . • . • • . . . . .  

Surface-finish class . . • . . . . . . . . . • . . . . . . . •  

Paste type 

B 

95 
M-20  

2 .5 
2 .5 

9-1 0  

6 0  
M-3 .5  

20  
12-1 3  

c 

66 
M-3.5 

29 

5 

1 3  

75 
M-3 .5 

25 
13-14 

Lapping and polishing conditions. During the operation of the machine , 
when the table and spindles revolve s imultaneously, the block carrying the 
parts performs complex motions relative to the lap , as a result of which a 
uniform laye r of metal is removed from parts both near and far from the 
block cente r.  The lapping speed varies between 0 and 3 m / sec . 

The same process conditions are used for lapping and polishing parts 
made of different grades of steel . The machining (basic ) tim e depends on 
the area of the parts to be machined and on the allowance .  In practice ,  the 
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machining time is calculated on the basis of standards established in the 
watch plants .  A table for calculating the lapping time for steel parts with 
0 . 02 mm allowance is given in Appendix 6 .  The auxiliary time is also  deter­
mined on the basis of standards . 

TABLE 3 

Lapping and polishing pastes (compounds) 

Pressure, kg/mm2 Material used for 
Types of parts 

lapping polishing 
fastening the parts Lapping pastes Polishing pastes 

to the block 

Scre\YS, ratchets, 1-2 0-5 Rosin Emery paste- Chromium-oxide 
regulators, caps, type A paste- type B 
etc. 

Escape wheels, 2-3 0-5 Shellac Emery paste- Chromium-oxide 
pallet levers, type B paste-type B 
etc . 

An allowance between 0 . 0 5 and 0 . 2 0  mm is fixed for (flat)  surface lapping, 
and the allowance for preliminary and final polishing is between 0 . 0 1  and 
0 . 02 mm. 

The deviations in the dimensions of parts polished on the S- 1 5  machine 
do not exceed 0 . 0 1  to 0 . 02 mm,  and therefore, in certain cases no particular 
allowance is established for polishing and the decrease in dimensions is at 
the expense of the final - dimension tolerance .  

The operation o f  the S- 1 5  machine i s  s tarted by turning the handle ( 2 3 )  
(see Figure 2 ) .  This lowers the spindles so that the ends o f  the driver-bar 
pins penetrate into the conical recesses in the work blocks and press the 
blocks against the table .  The electric motor is then switched on, and the 
spindles and table begin to rotate . Paste is applied periodically by hand . 

After the lapping, the spindles are lifted ,  the blocks are removed, 
cleaned of abrasives ,  and the height of the parts is measured by means of 
a dial gage.  If the dimension is larger than specified ,  the blocks are again 
loaded into the machine, and the parts ar� lapped again. 

Surface-finish quality after lapping and polishing is inspected visually 
using a magnifying glass ( 5X) .  A microscope ( 1 6X) is used in some cases . 

After the polishing, the block with the finished parts is dismantled .  

Polishing Pinion Teeth 

After milling, pinion teeth have a class 8 or 9 surface-finish quality which 
is raised to class 1 1  or 1 2  by polishing. 

The pinion teeth, which have a hardnes s  of 52 to 5 5 HRc after hardening, 
are polished on the S- 5 (Figure 6 )  or the S- 83 machine with type A chromium 
oxide applied to the beech disk on the machine . 

The polishing disk ( 1 )  of the S - 5  machine is  mounted on the spindle ( 2 )  
o f  the rocker arm (3  ) .  The pinion i s  freely placed o n  its journals o r  pro­
j ections in the steady- rest (4 ) ,  which is held between centers on the heads ( 5 )  
mounted o n  slide ( 6  ) .  
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The polishing disk has a spiral flute along its circumference . When the 
rocker arm is lowered, the flute meshes with the pinion teeth and the pinion 
rotates about its axis as the disk rotates .  If the length of the teeth is more 
than 2 mm, a reciprocating motion is imparted to slide (6 ) by the connecting 
rod ( 7 ) and the crank ( 8 ) .  A belt is slipped over pulleys ( 9 )  and ( 1 0 )  to pro­
vide power for the reciprocating motion . 

The inserts for the steady- rest are made of carbide and are brazed to 
the rest  with copper (Figure 7 ) .  

The beech polishing disk wears rapidly. The flutes i n  the disk are cut 
directly on the machine and, for this purpose,  the slide with table is rotated 
by 5 to 6 ° .  The disks are made o f  a single piece of wood without knots or 
any other flaws. Disks made of an 87 o/o lead, 4 o/o tin and 9 o/o antimony alloy 
are more wear-resistant, and in addition give a better- quality polish. 

Technical data, S-5 machine 

Polishing rate, m/sec . . . . . . . . . . . . . . . . . . . 4-7 
Maximum pinion diameter, mm . . . . . . . . . . . . 30 
Maximum module, mm • . . . . . . . . . . . • . . . • 1 
Polishing-disk diameter, mm . . . • . . . • . . . • • • 7Q-150 
Polishing-disk spindle speed, rpm . . . . • • . . . • . 750 
Number of strokes of part slide per minute . • • • • 113 
Maximum spindle travel, mm . • . . . • • • • • • • . . 22 

FIGURE 6 .  S-5 pinion-tooth polishing machine 
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In polishing, metal is removed more quickly from the tip of the tooth face 
than from the base of the tooth space ,  the reason being that the tip of the 
polishing- disk thread blunts rapidly. In orde r to avoid distortion of the 
tooth shape, the allowance for polishing is only 2 to 3 !l per s ide and the sur­
face quality required after milling is accordingly very high so that only mi­
croroughness of 0 .25 to 1 . 6  I t  height need be removed by polishing. 

Brazed with copper 

FIGURE 7. Steady-rest of the S -5 machine 

The allowance for polishing is usually fixed at 0 . 005 mm per side,  or 
0 . 0 1 - 0 . 02 mm on a diameter .  The polishing tim e is a function of the number 
of teeth, the module and the allowance,  and is calculated using the formula 

T C• M0,42 Z0.7 .0.5 . p = m ' ' • Os , 

where em = a parameter depending on the surface finish, is taken between 
0 . 1 2  and 0 . 2 0; 

M = module ,  mm; 
z = number of teeth; 
as = allowance for the tooth thicknes s .  

The polishing tim e can also be dete rmined from tables o f  standards (see 
Appendix 7 ) . Thus , for Cm = 0 . 2 ,  M = 0 . 2 ,  and z = 8, o 5 = 0 . 0 1 mm, T p = 
= 0 . 044 min. 

External diam eter, thickness and tooth profile are inspected after polish­
ing by the same methods and using the same means as were used for inspec­
tion after milling. Surface finish is inspected visually using a magnifying 
glass (5X )  or a micros cope ( 1 6X) .  

• Orgmashpribor Institute standards, 1 954 .  
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Polishing Journals and Shoulders 

The cylindrical surface and shoulder of journals are polished simulta­
neously to surface-finis h  class 12  or  1 3  on the S - 8a machine (Figure 8 ) . 

FIGURE 8. S-8a polishing machine for polishing journals and shoulders 

The headstock ( 2 ),  the steady- rest support ( 3 ), and the slide (4 ) ,  with 
the rocker arm ( 5 ), are mounted on the bed ( 1 )  (Figure 8 ,  a ) .  The spindle 
with the polishing wheel (6 ) is fastened on the right end of the rocker arm , 
while its left end carries the counterweight ( 7 )  (Figure 8 ,  b ) .  The slide 
can be moved together with the rocker arm and \1\,heel in the axial and radial 
directions during machine adjustment and the work headstock can also be 
moved axially during m achine adjustment. The headstock holds the part 
against the stationary center ( 8 )  (Figure 8, a ) .  The part is rotated by 
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pulley ( 1 0 ), through idlers ( 1 1 ), and the driver ( 9 )  (Figure 8 ,  b ) .  Another 
driver is fixed to the part. When large pinions are polished, the driver is 
set directly between the teeth. A special, detachable headstock serves for 
holding the parts with the aid of a collet .  

The rocker arm can be inclined to a maximum angle of 1 0° in the hori­
zontal plane in order to polish the conical surfaces of shafts . The work 
and wheel spindles are driven by the electric motor. 

A stop ( 1 2 )  restricts the descent of the polishing disk. 
The steady-rest ,  which supports the journal to be polished, is made of 

hard alloy and is of  a design similar to that of the steady- rest us ed for pol ­
ishing pinion teeth (see Figure 7 ) . When one bearing groove wears , the 
s teady-rest is rotated and the next bearing groove located under the journal . 
The numbe r  of bearing grooves varies from 4 to 1 2 ,  depending on the di­
mensions of the steady-rest and the bearings themselve s .  

The bearings grooves are cut and finished by means o f  diamond wheels 
or saws . 

Technical data, S-8a machine 

Diameter of the journals to be polished. mm . . . . • . 0 .05-3 
Maximum journal length, mm . . . . . . . . . . . . • . . 8 
Maximum length of the parts to be machined , mm . . 50 
Speed of polishing wheel, rpm . . . . . . . . . . . . . . . 860 or 1150 
Speed of driver washer, rpm . . . . . . • . . • . . . . . . . 3500 
Polishing-wheel diameter, mm . . . . . . . . . . . . . . 36-75 
Angle of rotation of the carriage, degrees . . . . . • . • 10  
Electric motor . . • . . . . . . . . . . . . . . . . . . • . . . . 0.125 kw , 

1 .400 rpm 

Carbide polishing wheel s .  Journals and shoulders are polished by a 
carbide wheel, lubricated in operation with mineral oil . 

a b 

FIGURE 9. Carbide wheel FIGURE 10 .  Contact between rhe polishing 
wheel and the part 

The carbide wheel consists of a base washer ( 1 )  and a carbide ring (2 ) 
(Figure 9 ), which is either brazed to the washer (Figure 9 ,  a )  or screwed 
to it with the aid of plate ( 3 ) (Figure 9 ,  b ) .  The amount of carbide required 
for such rings is smaller than the amount required for a solid wheel . A 
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composite wheel is also easier to balance ,  which is ve ry important when 
small journals are polished ,  as a poorly balanced wheel can throw the 
journal out of the s teady- rest .  In all carbide rings the cylindrical working 
width A is larger than the working-face width, since the shoulder is usually 
several times shorter than the journal . The shape and dimensions of carbide 
rings are given in Table 4 .  The carbide alloys used are VK6 ,  VK8 and 
VK l O , all characterized by high wear resistanc e .  

TABLE 4 

Dimensions of carbide polishing rings 

. -er;!J_- No. D D, D, d H h B A �� 1-� -
h -

6 1 .5 �1 - 1 36 34 34 34 6 3 

� �"' J 2 51 49 49 34 7 3 .5 4 2 

3 65  63 57 42 1 1  5 .5 6 2 .5 

'--�.!&· 6 2 .5 4 75 73 67 42 11 5 .5 
B-l ' 

Small grooves ,  inclined at 1 0  to 2 0° relative to the wheel axis and form ­
ing teeth of more or less regular shape are traced on the cylindrical and 
face ring surfaces . These teeth scrape the machined surface during opera­
tion .  

The grooves on the face surface are finer than those on the cylindrical 
surface, as the metal - removal rate for the shoulder is considerably higher 
than that for the cylindrical surface . This is due to the fact that the cylin­
drical surface of the ring contacts the cylindrical surface of the journal 
along a narrow area, while the face surface of the ring and the journal 
shoulder contact along the hatched area (Figure 1 0 ) . The polishing allow­
ance for the shoul der is not  much larger than that for the cylindrical surface 
and therefore, in orde r to finish the polishing of both surfaces at the same 
time,  the face teeth are made by a finer diamond powder so that their cutting 
capacity is reduced.  

Wheels having coarse,  medium , or fine cut are used,  depending on the 
surface-finish quality required .  The relationship between the type of cut 
and the surface -finish quality is given in Table 5 . 

The part to be polished is fastened by one of its ends in the S- 8a- machine 
headstock, while its othe r end is supported on the steady - rest  (Figure 1 1  ) .  
The polishing wheel is placed on  the journal before the machine is s tarted .  
The wheel and the work then begin t o  rotate ; eithe r in the same direction or 
in opposite directions . The wheel revol ves at 8 60  or  1 1 50  rpm , giving a 
peripheral speed of 2 00 or  2 7 0 m /min for a 7 5 mm diameter wheel .  
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The work spindle revolves at 3500  rpm , and the peripheral speed of the 
pinion journals is therefore between 2 and 6 m /min, which is much smaller 
than that or  the wheel . The reversal of the s ense of rotation of the work 
spindle therefore only slightly influences the resultant polishing speed.  

FIGURE 11 .  Position of  the work in  the S-8a  machine 

The basic production- rate index for the machine is the rate of metal re­
moval (pe r minute ) ,  which depends on the diameter and the length of the 
polished surface,  and on the magnitude of the allowance .  

The larger the diam eter and the longe r  the polished surface ,  the large r 
the surface of contact between the carbide ring and the work, and the higher 
the rate of metal removal . The rate of  metal removal is calculated using 
the formula 

where D = diam eter; 
l = length of the polished surface; 
h = diameter allowance; 

The values of the factor Cw and the exponents x, y, . z are given in Table 6 .  
The polishing (basic ) time can b e  calculated using the formula 

TP = Cr · D0 · lb · he min':' , 

where D, l, h have the same meaning as in the previous fo rmula, while the 
exponents a, b, and c are given in Table 6 .  

The polishing time can also b e  taken from the s tandards . A table o f  the 
polishing time for journals with 0 . 0 1  mm allowance and class \l\7\TV 1 2  sur­
face finish is given in Appendix 8. The spherical face of the balance s taff 
journal is polished on the S - 1 3  3 machine (Figure 1 2 )  after the cylindrical 
surface has been polished .  

The balance staff is held in the headstock and on the s teady - rest  exactly 
as in the machine considered above . The polishing is performed by a carbide 

• Otgmashpribor Institute standards, 1954 . 
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pivot, having on its lower working surface teeth similar to those on the 
wheel of the S - 8a machine . The teeth on the front part are rough, while 
those on the rear part are fine . 

TABLE 5 

Polishing-wheel cut as a function of the surface finish required 

Diamond grain size according to 
Surface-finish Polishing allow- GOST 3647-47 
quality class ance (on the dia- Wheel cut 

for cutting cylin-
after polishing meter), mm 

drical surface of 
for cutting face 

wheel of wheel 

10 0.02- 0.05 Coarse 46 120 
11 0.01-0.02 Medium 60 180 

12-13 0.005 - 0.015 Fine 90 220 

The balance staff revolves at a speed between 2 140 and 4235  rpm and a 
reciprocating motion is all the while imparted to the polishing pivot by the 
machine link motion (Figure 1 3 ) .  The travel is 20 mm.  The numbe r  of 
s trokes per minute is 1 3 0, 1 8 8 ,  or 2 5 8 .  The working plane of the pivot is 
in a horizontal position at the beginning of the travel, and in a vertical posi­
tion at its end and the polishing pivot thus rotates through 9 0° from the 
beginning to the end of its travel in polishing the spherical face of the staff . 
The cycle duration is 3 . 5 - 5  sec .  

TABLE 6 

Factors and exponents for the determination of the rate of metal removal 
and the polishing (basic) time 

Length of the surface 
Rate of metal removal, 

Polishing time, min 
mm3/min 

to be polished 
c w X )I z Cr a b c 

l <  0.7 7 .5 0.65 1 0.5 0.20 0.35 0.4 0.5 
l >  0 .7 6 0.65 0.4 0.5 0.25 0.35 0.6 0.5 

The electric motor ( 1 )  of the S - 1 3  3 machine (Figure 1 3 )  drives the 
countershafts I and II through the right and left-hand pulleys and belt trans­
mis sions .  Countershaft I drives the work spindle through pulleys ( 7 )  and 
(8) .  The link motion (5)  is driven through the gear pair (2 - 3 )  and the pol ­
ishing pivot (6 ) is connected to the link motion. C ountershaft II drives the 
camshaft III through a worm and wheel . The camshaft carries the bell 
cam (4 ), which controls the feed of the carriage ( 1 1 )  by means of the rod ( 1 0 ) .  
The carriage moves under the rough and the fine teeth o f  the polishing 
pivot alternately during one cam shaft revolution . 

Cam ( 9 )  switche s  off the machine after one cam shaft revolution. A fter 
polishing, the balance-s taff journal is buffed by means of a paste made o f  
7 5 parts diamantine and 2 5 parts beeswax. The surface finish achieved 
is of class 1 3 .  
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FIGURE 12 .  S-133 journal-rounding machine 
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FIGURE 13. Kinematic diagram of the S-133 machine 
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Technical data, S-133 machine 

M aximum diameter of the journal to be polished, mm . . 0.2 
Maximum diameter of the journal to be polished, mm . . 0 .05 
Maximum journal length, mm . . . . . . . . . . . . . . . . . 0.40 
Total length of the part, mm . . . . . . . . . . . • . . . . . . 2 to 1 0  
Spindle speed, rpm . . . . . . . . . . . . . . . . . . . . . . . . 2140 to 4285 
Travel of polishing pivot, mm . . . . . . . . . . . . . . . . . 20 
Number of complete pivot strokes . . . . . . . . . • . . . . .  130, 188, 258 
Electric motor . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.25 kw 

1500 rpm 

Polis hing of the journals and s houlders is followed by inspection of the 
diameter and the distance between shoulders by the same means and using 
the same methods as were used for the inspection of the blanks (see Chap­
ter IV). The surface-finish quality is visually inspected using a magnifying 
glass (5X )  or a microscope of magnification 1 6X to 70X, depending on the 
dimensions and shape of the surface inspected and on the surface - finish clas s .  

Polishing wheels are dressed on the S - 1 9 6  machine (Figure 1 4 )  by means 
of two diamond wheels . 

The polishing wheel is fastened, together with the spindle ,  in the support 
( 3 )  mounted on slides which can move the polishing wheel in three directions 
for adjustment. Two diamond wheels dress the two working surfaces of the 
polishing wheel consecutively in the same chucking. 

The kinematic diagram of the machine is given in Figure 1 5 .  The elec­
tric motor, by means of round belts ,  drives the spindles for the diamond 
wheels ( 1 )  and (2 ) and for the polishing wheel being dres sed .  The slide can 
rotate through a maximum angle of 1 1 0° in order that the polishing wheel be 
dressed on the face and cylindrical surfaces at various angles .  

The spindles of the diamond wheels can also move axially . 

Technical data, S-196 machine 

Polishing-wheel diameter, mm . . . . . . . . . . . . . . . 30-120 
Wheel width, mm . . . . . . . . . . . . . . . . • • . . . . . Up to 1 0  
Diamond-wheel diameter, mm . .  , . . . . . . . . . . . . 75 
Number of diamond wheels . . . . . . . . . . . . . . . . . 2 
Diamond-wheel speed, rpm . . . . . . . . . . . . . . . . . 6000 
Polishing-w heel spindle speed, rpm . . . . . . . . . . . . 900 
Angle of rotation of the slide, degrees . . . . . . . . . . 1 1 0  
Electric motor . . . . . . . . . . . . • . . . . . . . . . . • . • 0.35 kw 

3000 rpm 

D i a m o n d  w h e e l s  a r e  widely used in watch production for dressing, 
grinding and finish- grinding of carbide tools ,  polishing wheel s ,  punche s, 
die s ,  templates ,  gage s ,  e tc .  

The range o f  use o f  diamond wheels i s  given in Table 7 .  
The diamond wheel i s  made of two o r  three parts : body, base, and 

diamond layer (see Table 7 ,  ASh- 1 a ) .  
The bodies are made o f  aluminum o r  steel . Bakelite mol ding powder 

and cermet alloys are used for the base and for bonding the diamond grains .  
The diamond grains ,  of grain size strictly specified, are distributed homo­
geneously in  the matrix (see  Table 7 ) . 
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FIGURE 15.  Kinematic diagram of the S-196 machine 



Draw ings 

TABLE 7 

Range of use of diamond wheels 

Index 

ASh-1 

ASh-1a 

ASh-3 

ASh-3a 

Description 

Body and base-molding 
power K-18-2 GOST 

5689-51. Diamond grain 
size 180,  320 ,  M20, M14, 
M7.  Concentration 
5 0 "/o, 40"/o. 

Body- aluminum, base 
material-compound . 
Grain size of the dia­
mond powder 46, 60, 
90, 120. Concentration 
100 "/o and 50 "/o. 

Body and base-molding 
powder K-18-2 GOST 
5689-51. Grain size of 
the diamond powder 180, 
220, 280,  320 ,  M20, M14, 
M7.  Concentration 
5 0 "/o, 40"/o. 

Body- aluminum, base 
material-compound. 
Grain size of the dia­
mond powder 46, 60,  
90, 120. Concentra­
tion 50 "/o, 40 "/o. 
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Application 

Face cutting of carbide 
polishing wheels, finish 
grinding of punches, 
gages, etc. 

Cutting the cylindrical 
surface of carbide pol­
ishing wheels. Roughing 
of carbide tools. 

Face cutting of carbide 
polishing wheels, finish 
grinding of pu

.
nches , 

gages, etc. 

Cutting the cylindrical 
surface of carbide pol­
ishing wheels. Rough­
ing of carbide tools. 



Drawings 

Diamond layer 

Index 

ASh-4 
and 

ASh-4a 

1�il · _,. �  ASh-7 

14 

Description 

Body-aluminum, base 
material- molding pow­
der K -18-2 for ASh-4, 
compound for ASh-4a. 
Grain size of the dia­
mond powder 280,  320, 
M20, M14, M7 for 
ASh-4, 46, 90,  120 
for ASh-4a. Concen­
tration 1 0 0 "/o, 50"/o. 

Body - aluminum, base 
material - molding­
powder K-18·2. Grain 
size of the diamond pow­
der 280, 320 ,  M20 ,  
M14, M7.  Concentra­
tion: 1 0 0 "/o. 

Body and base - molding 
powder K-18-2. Grain 
size of the diamond 
powder 280,  320,  M20, 
M14 , M 7 . Concentra­
tion 5 0 "/o, 40"/o. 

Body and base - molding 
powder K-18-2. Grain 
size of the diamond 
powder 120, 180,  220,  
280, 320. Concentra­
tion 1 00 "/o, 50 o/o. 
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TABLE 7 (cont'd) 

Application 

Preliminary and final 
grinding of right-hand 
and left-hand tools 
with carbide bits, 
finish grinding of gages. 

Finish grinding of con­
tour templates and 
contour tools. 

Finish grinding of 
center punches and 
and measuring 
standards. 

Finish grinding of the 
holes in carbide tools. 
dies, bushings, etc. 



The bakelite bond is suitable for diamond powder of any grain size, 
beginning with number 4 6  and ending with number M - 3 . 5 .  The cermet bond 
is suitable for diamond powder of grain size number 1 2 0  maximum; it ra­
pidly loses its abrasive properties with a grain size above 1 50,  due to 
loading. The metal chips which cause the loading are removed by etching. 
This phenomenon is not observed in bakelite -bonded wheels but their life 
is somewhat shorter than that of the cermet wheels .  

Bakelite -bonded diamond wheels are manufactured by the method of hot 
molding. A mixture of bakelite and diamond grains is first poured into the 
press mold, and pure bakelite powder is then poured over it .  

Cermet-bond diamond wheels are manufactured in the following manner. 
Cermet powder is poured into the press mold, leveled and premolded. A 
mixture of cermet powder and diamond grains is next poured and the whole 
is now press ed .  To prevent burning-down of the diamond, a layer of gra­
phite is poured into the press mold above the diamond layer. The pressed 
ring is baked in an oven at 800  to 8 2 0° for 20 to 25 min. 

The ring thus obtained is fixed on a body, and fastening of the ring by 
pins and drilling (see Table 7 A Sh-1a and A Sh- 3a)  is performed in place .  

Low- grade diamond, called "bort" ,  is used in diamond wheels . Bort 
is extracted in the form of chips with blunt edges ,  and is  crushed in por­
celain or metal mortars into fine parts in order to obtain sharp-edged grains 
and to make the diamonds abrasive . The grains are subsequently classified 
and s eparated into grinding and polishing powders . 

TABLE 8 

Surface quality obtained as a function of the diamond grain size 

Diamond grain size, Surface-finish 
according to GOS T Grain size, f' class, GOST Application 

3647-47 2789-51 

46 42G-355 7 Rough grinding. Cutting the cylindrical sur-
faces of carbide polishing wheels. 

90 18G-150 8 Grinding. Cutting the cylindrical surfaces 
of carbide polishing wheels and rough 
grinding of carbide tools. 

120 1 5-105 
-

9 Grinding. Cutting the face of carbide pol-
ishing wheels and preliminary grinding of 
cutters. 

180 85-63 1 0  Fine grinding. Cutting the face of carbide 
220 75-53 1 0  wheels and finish-grinding screw machine 

tools. 

280 53-28 11 Lapping. Finish-grinding of screw machine 
320 42-20 12 tools, templates, gages. 

F l o u r s  

M-28 28-20 12 Polishing. Finish-grinding of contoured tools, 
M-20 2G-14 templates, gages. 

M-14 14-10 13 Fine polishing. 
M-7 7-5 

M-3.5 3 .5-1.5 14 Finish-lapping of measuring standards. 
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The diamond concentration of the wheels varies and depends on the char­
acter of the work to be performed by them (concentration is the amount of 
diamonds , in carats, per 1 cm 3 of bond calculated as a percentage ) .  The 
concentration is taken as 1 0 0 % if there are 4 . 6  carats of diamond ( 1  carat = 
= 0 . 2  g) per cm 3 of bond of specific weight 1 . 2 5  gjcm 3 . The concentrations 
used in diamond wheels are 1 00, 50, 40 ,  and 25 o/o . The lower- concentration 
wheels are used with low speeds and low feed rates .  Higher concentrations 
are necessary when the part form (profile )  has to be pres erved .  

Diamond is ,  as  is well known, the hardest substance on  earth. I ts  hard­
nes s  is 1 0 , 060  units (in kg/mm2 ) on the hardness s cale for minerals pro­
posed by Prof.  M. M. Khrushchev, while the mineral occupying the s econd 
place - corundum - has a hardness of only 2 0 6 0  units . Diamond surpasses  
by far all other abrasives in  cutting speed, accuracy, and surface quality 
obtained .  The abrasive capacity of one carat of diamond in  sharpening a 
carbide tool is  equivalent to that of 200  g of boron carbide .  The chemical 
composition of diamond is pure crystalline carbon of specific weight 3 . 5 .  

The surface quality obtained i s  given in Table 8 a s  a function o f  the dia­
mond grain size . 

The wheels must be well balanced and water-cooled .  The run- out toler­
ances on the working surfaces are indicated in the diamond - wheel drawings . 
Machines using diamond whe els must be free of vibrations . 

Bakelite - bonded wheels are dressed by a pumice lump or a cutter in a 
lathe .  Cermet-bonded wheels are dressed  by corundum or carborundum 
disks with water .  

The working speeds for  diamond wheels are  between 1 2  and  2 0 m /sec ,  
and the feeds are 0 . 00 1  to  0 . 0 1  mm . Boron-carbide paste is used as a dia­
mond substitute for tool s ha rpening. The use of boron-carbide abrasive in 
bonded wheels is m ade difficult by the fact that it is held poorly in a bakelite 
bond, while in a cermet bond it is rapidly oxidized during baking and is 
covered by an oxide film (at 500° )  which reduces its abrasive capacity . 

The introduction of carbide wheels has made it possible to dispense with 
the formerly widely use d  m ethod of grinding and polishing with abrasive 
wheels,  powders and pastes (in the nonbonded state ) .  

Grinding and Polishing Keyless Wheels 

The surface of the keyless wheels of pocket- and wristwatches undergo 
various decorative grinding and polishing finishing operations . 

Differently finished keyless wheels are shown in Figure 1 6 .  Figure 1 6 ,a 
is a keyless wheel having a polished groove (2 ) on its face ,  and a central 
rim ( 1 )  finished with radial rays . The surface of the wheel teeth has a 
ground chamfer ( 3 ) .  

The s urface o f  such wheels i s  finished i n  three operations: texturing the 
central rim ( 1 ), polishing the spherical groove ( 2 ), and polishing the cham ­
fer ( 3  ) .  

T e x t u r i n g  consists in making small grooves on the outer surface of the 
wheels with the aid of emery paste or chromium - oxide paste . 

The wheel planes are ground first .  The ray- pattern texture is applied 
on the S- 34 machine (Figure 1 7  ) .  
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FIGURE 1 6 .  Finishes for keyless wheels FIGURE 17 . S-34 machine for texturing 
keyless wheels 



The winding or keyless wheel is placed on the rotating table ( 1  ). A cup­
shaped tool is fastened to the lower end of spindle (2 ) .  The head ( 3 )  of 
spindle (2 ) can be inclined in the vertical plane . The cup tool is made of 
D - 1  duralumin or of an alloy containing 9 %  tin, 1 2 % antimony, and the bal ­
ance lead . Grade B emery paste i s  applied to the tool face and i f  a superior 
finish is required, this is replaced by grade A chromium oxide . The tool 
is so positioned relative to the part that its circumference passes through 
the part center.  When the two spindles revolve s imultaneously and the cup­
tool face is in contact with the part face ,  a design is obtained on the part. 
Differently directed rays will be obtained depending on the ratio of the peri­
pheral speeds or the cup tool and the part. The inclination of the tool rela­
tive to the part plane gives clearer designs . 

No allowance is specified for texturing, and the part maintains the di­
mensions from the preceding operation . The layer removed is 5 - 7  !l thick. 

Technical data, S-34 machine 

W orktable speed, rpm . . . . . . . . . . . . . . . . . . . . . 1 300 
Cup-tool speed ,  rpm . . . . . . . . . . . . . . . . . . . . . . 1800 
Maximum diameter of the part chucked in the 

collet, mm . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
C up-tool dimensions, mm: 

outer diameter . . . . . . . . . • . . . . . . . . . . 46 
inner diameter . . . . . . . . . . . . . . . . . . . . 37 
height . • . . . • . . . . . . . . . . . . . . . . . . . . 45 

Angle of rotation of the horizontal slides . . . • . . . . . ± 5'40' 
Angle of inclination of the tool head . . . . . . . . • . . ± 3'40' 

The keyless - wheel flutes are lapped on a special machine using grade B 
emery pas te applied along the circumference of a cast- iron or copper wheel .  
The paste used for polishing is grade B chromium - oxide paste applied along 
the circumference of a leather wheel . 

FIGURE 18 .  S-1 72 machine for grinding keyless-wheel chamfers 
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The chamfers are ground on the S - 1 72 machine (Figure 1 8 ) . The key­
less wheel is chucked in the collet of the spindle ( 1 )  on the head. The ab ­
rasive wheels (2 ) face- grind the chamfers alternatively. The work spindle 
is fed manually . 

Figure 1 6 , b shows a wheel without chamfers,  whose flute has very small 
width and depth . 

Figure 1 6 , c  is a wheel without flute and with a peripheral chamfer only. 
Figure 1 6 , d  shows a wheel without flute or chamfer.  This wheel is sub ­

jected t o  texturing only . 
The surface quality is inspected visually using a magnifying glass (5X) .  

PREPARING S URFACES FOR COATINGS 

Atmospheric air always contains a ce rtain amount of moisture,  and this 
moisture together with the oxygen of the air attacks metals and destroys them 
slowly, the phenomenon being known as c o r r o s i o n .  Corrosion begins at 
the metal surface,  marring its exte rnal appearance ,  gradually penetrates 
into the m etal and lowers its mechanical strength . The resistance of a metal 
to corrosion is determined by the value of its electrode potential: the highe.r 
the potential, the higher the resistance to corrosion. The electrode poten­
tials of s ome metals are given in Table 9 .  

TABLE 9 

Electrode potentials of metals 

Metal Potential Metal Potential 

Aluminum - 1 .84 Tin � Zinc - 0.76 Lead . 3 
Chromium - 0.56 Hydrogen 0 .000 
Iron - 0 .44 Copper + 0.34 
Cadmium - 0.40 Silver + 0.80 
Cobalt - 0.255 Mercury + 0.85 
Nickel - 0.250 Gold + 1 .50 

The potential of hydrogen is taken as zero and m etals placed in the table 
before hydrogen are called electronegative . Zinc , chromium and nickel are 
examples .  Metals placed after hydrogen are called electropos itive . Silver, 
mercury and gold have the highest positive potentials .  These m etals resist 
corrosion and are categorized as noble metal s .  

Metal surfaces are protected against corrosion by s urface finishes (coat­
ings , such as electroplating, chemical coating, varnishing), which in watches 
serve a decorative purpose as well . 

Suitable preparation of the surface to be coated is one of the main precon­
ditions for successful coating.  The surface must be  free from oxides , fats , 
oil s ,  etc . A thin film of fat or oil is sufficient to prevent the close  adher­
ence of the coating to the surface .  Surfaces contaminated by sand or dust, 
etc . , will have an uneven coating. Part surfaces are accordingly cleaned 
to remove mud, fats and oxides before coating and to this end the parts 
are tumbled in barrels ,  ground polished, scratched, de greased,  and pickled .  

348 



The processing method selected and the sequence of operations depend 
on the surface condition resulting from the preceding mechanical operations 
on the metal, and on the type of finish to be applied. 

' 

Tumbling 

Tumbling in revolving barrels is used for removing from the metal 
surface burrs, rust,  oxides and contamination in general . The parts are 
loaded into the barrel in batches together with abrasives such as emery, 
broken glass ,  hardwood s awdust, quartz sand, gravel, etc .  If a more tho­
rough cleaning is  required, leather s craps and soap solution are added .  
Barrels are round or polyhedral, and some des igns permit them to be tilted 
to allow a more intense agitation . Tumbling is continued for several hours 
and as the parts rub against each other, their sharp angles are blunted, 
burrs are removed, and the surface s  are cleaned. The barrel revolves at 
speeds between 15 and 60 rpm .  

) t 
FIGURE 1 9 .  S-205 machine for tumbling small-size parts 

Barrels are loaded and unloaded through hermetically sealed lids . 
The fine parts of pocket- and wris twatches are tumbled in the S -205  ma­

chine {Figure 1 9 ), in which two double barrels are set oscillating by a crank 
mechanism placed in the machine base . 

The barrels are removed from their housings for loading. The barrel 
diameter is 75 mm and their capacity 1 liter.  The numbe r  of complete 
s trokes per minute is between 355  and 500 .  The tumbling duration is be­
tween 10  and 30  minutes and is controlled by  a time relay . 

Most blanked parts are subjected to tumbling for burr,....removal , and many I 
parts , such as the pocket-watch bow, are polished by this process ,  since 
their complex s hape makes grinding and polishing by any other method dif­
ficult. 
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Polishing Brass and Nickel - silver Parts 

Polishing as a preparatory operation to electroplating is applied mai�y 
to the nonferrous parts of watches :  cases and dials .  The parts are pol ­
ished on S-24  machines by felt wheels , 4 0- 5 0 mm thick and of 400 mm 
maximum diameter (Figure 2 0 ) .  Abrasive powder is glued to the surface 
of the wheels . 

The last mechanical operation before plating is polishing and this oper­
ation gives the parts the gloss necessary for protective - decorative finishes . 

FIGURE 20. S-42A machine for rough- and 
finish-polishing nonferrous parts 

S-42A machines are used with textile 
fabric wheels and the abrasive is chrom ­
ium -oxide paste . The peripheral wheel 
speed for preliminary rough polishing 
averages 25 to 35 m /sec and the final­
polishing speeds are between 30  and 
40 m /sec .  

Emery of various grain sizes,  and 
chromium - oxide pastes are used for 
polishing (see Table 2 ) .  

Abrasive materials are classified 
into three groups according to grain 
size (GOST 3238 -46  and 3647 - 4 7 ), grains , 
powders,  and flours .  Dimensions are 
given in Table 1 0 . 

Coarse grains are glued to wheels by 
joiner 's  glue . Fine grains are bonded 
using stearin, paraffin, oleic acid, 
beeswax, etc . 

After finishing (coating) S-42A ma­
chines are used with s teel, brass,  bristle or horse hair and vegetable-fiber 
brushes to give the coatings a uniform hue or metallic gloss and to remove 
any remaining dirt or oxides . This operation is called scratch-brushing. 

TABLE 10 

Grains Powders Flours 

Grain size, Grain size, Grain size, Grain size, Grain size, Grain size, Grain size, Grain size, 
No. f.L No. f.L No. f.L No. Jl· 

10  2300-2000 36 600-500 100 150-125 M-28 28-20 
12 2000-1700 46 420-355 120 125-105 M-20 20-14 
14 1700-1400 54 355-300 150 1 05-85 M-14 14-10 
16  1400-1200 60 300-250 180 85-75 M-10 10- 7  
2 0  1200-1000 7 0  250-210 220 75-63 M-7 7-5 
24 850- 700 80 210-180 240 63-53 M-5 5-3.5 
30 700- 600 90 180-150 280 53-42 M-3.5 3 .5-1.5 

320 42-28 

The brush wires must be elastic, and are accordingly given a corrugated 
s hape . The finer the wire , the better the surface finish obtained .  The 
brush wires are usually of 0 . 08 to O . l O mm diameter and the liquid used 
during scratch-brushing can be soapy water,  F rench chalk, chalk, etc. 
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Dial surfaces are subjected to scratch-brushing before and after the 
silver-plating in order to give them an even shade (instead of sand-blast 
proces sing). 

Chemical Degreasing and Pickling 

Parts sent for electroplating are usually contaminated by fats and the first 
operation is the refore chemical or electrochemical degreasing. Alkaline 
solutions, alkaline salts , and special organic solvents are used in chemical 
de greasing. 

The fats which contaminate parts are classified as saponifiable and non­
saponifiable fat s .  Vegetable and animal fats,  such as lins eed oil , colza oil , 
stearin, tallow, olein, etc . , belong to the first group. These fats break 
up under the action of alkaline solutions and produce soaps which are soluble 
in water .  Mineral fats , such as mineral oils ,  vas eline, paraffin, grease, 
etc . , are in the second category and they do not break up under the action 
of alkaline solutions , but form emulsions (mixtures of liquids insoluble in 
one another) .  

Upon emulsification, the alkaline solutions break the films of fat on the 
metal surface and form fine fat drop s .  The drops remain in the liquid in 
a suspended state and the soap and emulsion obtained as a result of the 
chemical degreasing are easily removed from the surface by cold or hot 
water .  The rate of degreasing is increased by heating the bath to 9 0° and 
agitating it periodically . Water glass , soap and other emulsifiers are added 
to the bath in order to speed up the process .  Both saponifiable and nonsa­
ponifiable fats are removed by sol vents such as kerosene, gasoline,  toluene, 
carbon tetrachloride, dichlorethane, and trichlorethylene . The three last­
mentioned sol vents differ from the first three in that they are not inflammable 
allowing the degreasing to be conducted in conjunction with heating. Their 
shortcoming is their toxicity, which makes good ventilation mandatory when 
working with them . 

Alkaline solutions of the following composition are used at a temperature 
of 70 to g ooc for the chemical degreasing of steel and brass parts with un­
polished surfaces :  2 0  to 30  g/1 caustic soda, 2 5  to 3 0  g/1 sodium phosphate 
or carbonate and 3 to 1 0  g/1 water glass or soap . Degreasing takes 2 0  to 
30 min and is followed by rinsing in very hot water and drying. The de­
greasing quality is determined by wetting the surface with water .  The wetted 
part is pos itioned vertically, and its water film is observed. No dis conti­
nuities will be observed in the film if the degreasing is satisfactory. The 
water film will break down in those places were fat or oil spots remain . 

The next operation, after degreasing, is pickling which consists in the 
removal of oxides from the metal surface by immersing the part in acid, 
alkaline or acid- salt solutions . Pickling can be chemical or electrochemical . 

F errous metals are chemically pickled using sulfuric, hydrochloric, 
phosphoric or nitric acid or mixtures of them . The process is more rapid 
in hydrochloric acid than in sulfuric acids and the pickling can be speeded 
up by heating the bath to 30- 40°C . Phosphoric - or nitric -acid pickling forms 
insoluble iron phosphates on the surface which aid in the satisfactory ad­
herence of paints etc . Phosphoric - acid pickling is slower than sulfuric-
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or hydrochloric -acid pickling. Nitric acid is used relatively rarely for 
pickling ferrous metal s ,  and is used in a mixture with hydrochloric acid. 

Chromium steels resis t sulfuric acid and dissolve in pure hydrochloric 
acid or in hydrochloric acid mixed with other acids . 

A mixture of nitric , hydrochloric and sulfuric acids in various propor­
tions is  used for pickling brass and other nonferrous metals and alloys . 
Before the protective finish is applied, the parts are pickled in a solution 
of nitric and sulfuric acids (in equal proportions by volum e )  with a small 
amount of common salt ( 20  g per liter of mixture) .  This operation imparts 
a glossy surface to nonferrous metals ,  and is accordingly sometimes con­
sidered a final operation .  

Normally, howeve r, the parts are finally pickled for several s econds in 
a bath of the following composition after the preliminary pickling: 

HN03 (specific weight 1 .38) . . . . . . . • . . . . . . . . . . 1 liter 
H2so4 (specific weight 1 .84) . . . . . . . . . . . . . . . . . . 1 " 
HCl (specific weight 1 .17) . . . . . . . . . . . . . . • . . . . 2 cm3 
Dutch soot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 g 
Solution temperature . . . . . • . . . . • . . . . . . . . . . . 50-6o•c 

The pickled parts are rinsed in hot and cold water,  or in cold water only . 

Electrochemical Degreasing and Pickling 

Degreasing with electric current in an alkaline solution is more effective 
than ordinary chemical degreasing. The electrolytes used are caustic soda, 
potass ium carbonate , sodium carbonate , or sodium phosphate , etc . Emul ­
sifiers such as soap or water glass are sometimes used .  The process of 
electrochemical degreasing cons ists in emulsifying the fats and oils with the 
aid of the hydrogen bubbles liberated at the cathode .  The gas bubbles pene ­
trate below the film of fat and break it up , and fine fat droplets are formed 
as a result . 

Degreasing proceeds more quickly when the electrolyte is heated to 6 0° 
or 70°C and agitated .  Steel parts such as springs , plate s ,  etc . are liable 
to be saturated with hydrogen which, liberated in great quantity at the cathode, 
penetrates the metal and makes it brittl e .  The adherence of electric platings 
to hydrogen- saturated metal is poor.  Parts made of high - carbon steel are 
accordingly degreased by anodic degreasing. 

Alkaline solutions and electrochemical degreasing conditions 

F o r  s t e e l  a n d  c a s t  i r o n  ( c a t h o d i c  a n d  a n o d i c  d e g r e a s i n g ) 

Caustic soda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Sodium phosphate or carbonate . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Water glass . . . . . • . . . . . . . . . . . . . . . . . . . . . . . •  · · · · · · · · 

Solution temperature, •c . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .  

Current density, amp/dm2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Duration of de greasing, min : 
cathodic . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

anodic after cathodic . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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10--20 g/1 
25-50 g/1 
3-5 g/1 

70--80 
3-10 

2-3 
1-2 



F o r  b r a s s  ( c a t h o d i c  d e g r e a s i n g )  

Sodium phosphate . . . . . • • . • . . . . . . . . . . . • . • . . . . . . . • • . • • 

Sodium carbonate . . . • . . . . . • . . . • . • • • • . • . . . . . . . . . . . . • .  

Soap or dextrin (optional) . . . . . . . • • . • • . • . . . . . . . . . . . . . . .  

Solution temperature , •c . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Current density , amp/ dm2 • . • . . • • . • . . • • . . . . . • . . . . • • . . • .  

Duration of degreasing, min . . . . • . . . . • • . . . . . . . . . . • . . . . . .  

F o r  n i c k e l  ( c a t h o d i c  d e g re a s i n g o n l y )  

Caustic soda 
Sodium carbonate . . . . . . . . . . . . • . . . . • . . . . . . • . . . . . • . . . .  

Solution temperature , •c . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Current density , amp/dm2 . . . . . • • . • . • • . . • . . . . . . . . . . . . . .  

Duration of degreasing, min . . . . • • . . . . • • . . . . . . . . . • . . . . . .  

25-30 g/1 
25-30 g/1 
3-5 g/1 

5D-- 70 
3-10 
1-2 

1 D--20 g/1 
15-30 g/1 
7D-- 80 
3-10 

Up to 3 

Electrochemical pickling is performed both at the cathode and at the 
anode . The electrolyte used in anodic pickling is an acid solution or a solu­
tion of the salts of the corresponding metal . The part to be pickled serves 
as anode, and the cathode is made of lead, copper, or iron, etc . The cur­
rent density is 5- 1 0  amp/dm 2 and the voltage is between 3 and 1 0 v . 

The electrolyte us ed in cathodic pickling is a mixture of sulfuric and 
hydrochloric acids . The anode is made of lead, a lead-antimony alloy 
( 6 - 1 0 o/o Sb ), or silicon cast iron (20-24 % Si ) .  The part to be pickled consti­
tutes the cathode . The current density is roughly the same as in anodic 
pickling. 

Electrochemical pickling is speedier than chemical pickling and us es 
less acid . It is also less harmful than chemical pickling, as it uses weaker 
solutions . 

After pickling, the parts are rinsed in hot and cold water .  
Before electroplating, copper and copper-alloy parts are processed in 

a solution of hydrochloric acid (40 to 6 0  g/1 )  or of potass ium cyanide (40 to 
60 g/1 ) . This variant of pickling removes the oxide film on the metal sur­
face and exposes the metal structure for bette r adhesion of the coating. The 
solution is at room temperature and the parts are held in it for 2 0  to 30 sec ,  
afte r which they are rinsed in  cold running water .  

ELECTROPLATING 

Electroplating involve s the electrodeposition of a metallic coating 0 . 0005-
- 0 . 1 mm thick on  a metallic part from an electrolyte . The electrolyte is  
an  electroconductive solution of  metallic salts and is connected in  the d .  c .  
circuit by means of conductors called electrodes . The electrode connected 
to the pos itive pole of the current source is called the a n o d e , and that 
connected to the negative pole is the c a t h o d e . 

The part to be plated is used as cathode in the electroplating process ,  
while the anode is  a plate consisting of  the metal which is  to  be depos ited 
(Figure 2 1 ) . This type of anode dissolves with the deposition of metal on 
the cathode and its weight accordingly dec reases , and necess itates periodic 
replacement . Insoluble anodes are used for certain types of plating: for 
example ,  lead anodes for chromium -plating. 

3 5 3  



The surface area of the anodes is at least equal to the cathode area and 
mostly up to 50  o/o larger .  Passage of electric current in the electrolyte 
causes  a continuous change in its composition near the electrodes : metallic 
ions and hydrogen are concentrated near the cathode and nonmetallic ions 
and acid radicals are concentrated near the anode.  This process is called 
e l e c t r o l y s i s .  

The amount of metal deposited on the cathode will always be less than 
the amount calculated theoretically, due to secondary phenomena such as 
hydrogen liberation, etc . The ratio between the actual and theoretical 
values of metal deposition is called the c u r r e n t  e f f i c i e n c y. 

FIGURE 2 1 .  Layout of an electroplating installation : 

1-d. c. generator; 2 -rheostat ;  3-electrolyte ; 4-tank; 
5-ammeter; 6-voltmeter:  A-anodes; C-cathode. 

The current efficiency is expressed in per cent. It is 94 - 9 9 %  for 
copper baths ,  7 5 - 85 % for zinc baths and 1 2 - 1 5 %  for chromium bath s .  
A nother parameter of electrolysis i s  the current density (the current per 
unit surface of the plated part), measured in amperes per square decimeter .  

Electroplating process es in  which the potential of the coating metal is 
more negative than that of the base metal (see Table 9 ), such as the electro ­
plating of zinc on iron, are called a n o d i c  coating'' · 

C a t h o d i c  plating p rocesses are those in which the coating m etal has a 
more positive potential than the base metal, such as the plating of nickel 
or copper on iron. 

Anodic coating gives better protection against corrosion than does catho­
dic coating since the coating metal has a more negative potential and it is 
therefore this metal which is consumed,  while the bas e metal remains 
intact.  Zinc -plated iron (anodic coating) will thus be more corrosion-re­
s istant than tin-plated iron (cathodic coating) .  

Chromium - plated iron i s  an exception. Although the potential of chrom ­
ium is more negative than that of iron, it is nevertheless the iron which is 
attacked by corrosion, through pores in the chromium coat. This is due 
to the property of chromium which causes it to passivate itself rapidly and 
so become as corrosion- resistant as the noble metals Anodic coatings 

• The terms anodic and cathodic coating refer only to the relationship between the base metal and the coating 
metal, and not to the electroplating process itself. 
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do not have an attractive appearance .  The only protection which cathodic 
coatings provide fo r the base metal is mechanical, they cover it and so 
protect it against moisture and chemical reagents .  If the coating has pores ,  
the base metal will be  attacked even m ore rapidly than i f  i t  were bare . 
The greater the difference between the potentials of the coating and the base 
metal, the higher will be the rate of c onsumption of the metal of lowe r  po­
tential . A multiple -layer coating of diss imilar metals ,  such as coppe r ­
nickel - chromium is used to achieve a nonporous chromium coating. 

The plated layer must strongly adhere to the base metal and should be 
inseparable from it by mechanical means . It must be continuous , with a 
minimum of pores , as thick as specified,  as uniform as possible over the 
entire surface,  and it must present sufficient resistance to mechanical wear .  

Decorative coatings must ,  as a rule,  be glossy either directly afte r being 
taken out of the bath or after polishing. 

The desirable features in electroplated layers o.re a fine grain and a 
smooth,  bright or glossy appearance .  

The main factors determining plating quality are,  in addition to the pre­
paration of the part surfaces ,  electrolyte composition, agitation, temper­
ature, current density, and acidity of the electrolyte . E l e c t r o l y t e s  
us ed here are acid or  cyanide solutions : 

A cid electrolytes are solutions of s imple salts of sulfuric , hydrochloric 
and nitric acids :  copper sulfate, nickel sulfate, nickel chloride, etc. These  
electrolytes give deposits  o f  larger grain than do cyanide electrolyte s .  

Cyanide electrolytes are s olutions of complex compounds of sodium 
cyanide or potassium cyanide with copper or other metal s .  Cyanide baths 
produce electrodeposits with a fine - grained structure that uniformly cover 
the surface . Potass ium cyanide and sodium cyanide decompose in the elec­
trolyte and liberate the very toxic prussic acid making an efficient ventila­
tion system an absolute necessity . Cyanide electrolytes are more expen­
sive than the acid types .  To obtain fine - grained deposits in an acid bath, the 
concentration of salts and the current density are increased .  

The acidity o f  the bath i s  som etimes adjusted by  introducing in  nickel 
baths the so - called buffer additives ,  such as boric and citric acid s .  Foreign 
salts and organic substances are sometimes introduced  in small quantities 
in the electrolyte to obtain small grain size and bright coatings : cadm ium 
chloride is used in zinc -plating, and sulfonaphthalic acid in nickel -plating. 
Bright coatings are more economical than mat coatings s ince the latter 
usually have to be polished ,  which entails additional expense and reduces 
the coating quality. Bright nickel is used in watches on the movement 
bridges ,  and for some steel parts . 

High- quality coatings can be obtained only from an electrolyte which is 
free from any contamination (1 o/o nitric acid in a chromium bath prevents 
the depos ition of metal ), and electrolytes are therefore systematically fil ­
trated .  The electrolyte must be a g i t a t e d during plating in order to equalize 
its concentration . The cathodic layer is continuously impoverished by the 
liberation of metal ions and agitation makes it pos sible to use a higher cu·r­
rent density and thus to speed up the deposition proces s .  The same effect 
can be achieved by r a i s i n g  t h e  t e m p e r  a t  u r e which inc reases the ion 
movement in the s olution and therefore the concentration of metal ions at 
the cathode . An excessive increase in the temperature can, however, lead to 
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negative results as it increases the rate of decomposition of certain compo ­
nents of the solutions , e specially in cyanide baths,  and causes the formation 
of vapors . The temperature of electrolytes operating at high current den­
sity must not exceed 4 0  to 55°C and should be within the limits of 1 8  to 25°  
for low current densities . 

The structure of the deposit also depends on the current density. De­
posits produced with low current densities are porous and deposits produced 
with normal density are continuous , dens e and fine- grained. Current den­
sity can, however, be increas ed only within certain limits and if this limit 
is exceeded the electrolyte near the cathode is rapidly impoverished and a 
low- quality coating results . This can be avoided by increasing the concen­
tration of salts in the bath and by agitating the electrolyte . Inc reased cur­
rent density generally accelerates the process of metal deposition . The 
current density varies within wide limits for different electrolytes :  for 
gold-plating it is 0 . 1 - 0 . 3  amp/dm2; and fo r chrome-plating it is 50  amp/dm2 
and more . 

P o  r o s i t  y is one of the main shortcomings of electroplatings as the 
pres ence of pores favors corrosion. Poros ity depends mainly on the layer 
thickness : the thicker the layer, the smaller the porosity . Poros ity also 
depends on the preparation of the surface before plating and on the presence 
of gas (mainly hydrogen ) bubbles at the surface .  Multiple -layer plating is 
used to eliminate porosity . The thickness of the electroplated layer is of 
decisive importance in the protection of parts against corrosion and me­
chanical wear.  The coating thickness is calculated using the formula 

Dc·C·n · t  
a =  d · IOOO • 

where a =  coating thickness ,  mm 
D e = current density, amp /dm2; 

C = electrochemical equivalent, gjamp-hour (from handbooks ); 
n = current efficiency, %; 
t = deposition time,  hours;  
d = specific weight of the deposited metal, g/cm 3 . 

This formula is used for determining the average coating thickness .  The 
actual thickness at edges and projections will be greater than on flat sur­
faces and in recesses . This is due to the imperfect t h r o w i n g  p o w e r  
of  the electrolytes . The throwing power of the bath is estimated from the 
difference in the coating thickness in a given suspended group of parts .  
The greater the electrolyte throwing power, the more uniform will the metal 
deposit on the surface be . Cyanide baths have better throwing power than 
have acid baths . Difficulties caused by a low throwing power are overcome 
by the use of additional cathodes ,  screens, shaped anodes ,  etc . 

The deposit quality also depends on the e 1 e c t r o 1 y t e a c i d i t y .  The 
acidity (or alkalinity ) of electrolytes is characterized by the pH numbers 
(Table 1 1  ) .  

The pH number is  determined by  potentiometers or by indicators .  Indi­
cators change color in accordance with the concentration of hydrogen ions 
in the solution . The value of pH is always given when the electrolyte bath 
and conditions are specified, especially for nickel-plating and zinc-plating. 
The recommended pH number for nickel baths is 5 to 5 . 5 .  

Copper, nickel, chromium , zinc, silver, and gold coatings are widely 
used in watch production . 
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C o p  p e r - p  1 a t  i n  g is used as an undercoating for nickel, chromium , 
or silver plating. The copper-coating thickness does not exceed 1 5  !l . The 
use of copper-plating for protective and decorative coatings is not advisable ,  
a s  copper has a high electropositive potential and cannot protect iron 
against corrosion. In addition, copper is easily oxidized and tarnished in 
atmospheric air. 

Electrolytes used for copper-plating are of the acid or  the cyanide type .  

TABLE 1 1  

The pH numbers of various solutions 

Reaction of solution pH number 

Strongly acid 
Weakly acid 
Neutral 
Weakly alkaline 
Strongly aikaline 

1- 3 
4-6 
7 
8-1 0  

11- 14 

T h e  a c i d  c o p p e r  e l e c t r o l y t e s include two components:  2 00 to 
2 5 0  g/1 of copper sulfate (CuS04· 5Hz0 )  and 50 to 6 0  g/1 of sulfuric acid. 
The temperature is 18 to 2 5°C and the current density 1 to 3 amp/dm 2 . 

The acid electrolytes are stable in operation, less s ensitive to contami­
nation and  suitable for  high current densities (up to 2 0  to  30  amp/ dm2 ) .  The 
current efficiency is near 1 00 % .  Their shortcoming is their poor throwing 
power which leads to the formation of a coarse- grained and porous coating 
of uneven thicknes s  and poor adherenc e .  

Cyanide electrolytes are therefore gene rally used for the first layer ( 2 - 3 !l 
thick), which is then increased to 2 0 ft  in an acid bath . 

C y a n i d e  c o p p e r  e 1 e c t r o 1 y t e s give a deposit of fine - grained 
s tructure, showing good adherence to the base metal . They have better 
throwing power and operate at lower current densities .  Their sho rtcoming 
lies in their toxicity . Various coppe r cyanide electrolyte compos itions 
exist .  The following composition is widely used for copper-plating brass 
and steel parts : 

Copper cyan ide CuCN . . . . . . . . . • . . . . . . . . . 
Sodium cyanide NaCN, . . . . . . . . . . . • . . . 

Sodium hyposulfite Na2s2o3 ·5H20 . . . . . . . . .  . 

12-18 g/1 
4-6 g/1 
1-2 g/1 

The holding time is 1 to 2 min at 30  to 4 0°C . The current density is 0 . 5  
to 0 . 8  amp / dm 2 . Satisfactory results are obtained by periodically reversing 
the polarity of the plating current. 

N i c k  e 1 - p 1 a t  i n  g is used both as an underlayer for chrome-plating and 
as an external protective - decorative coating. Its wide use is due to the phy­
sical prope rties of deposited nickel .  Nickel like chromium readily becomes 
passivated and is therefore corrosion- resistant and preserves its gloss for 
a long tim e .  It can be well polished, and it adheres well to the base metal . 
The deposit structure is very fine and is difficult to see  even under high 
magnification. Nickel coatings are very hard and wear- resistant. Nickel 
coatings on iron are of the cathodic type and, if porous , will cause the base 
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metal to corrode . Nickel coatings on brass and copper are 2 to 5 It thick .  
Parts working in atmospheric air are subjected to a multiple-layer coating, 
whose total thickness is 5 - 1 0  It · 

Nickel electrolytes are very varied in composition. The following bath 
composition, used in several watch plants ,  can be recommended for de­
corative coating of bras s :  

Nickel sulfate (NiS04 · ?H20 )  200  to  300  g/ 1  (contains 2 1 .4 % metallic 
nickel ) .  

Common (table )  salt (NaCl ) 5 to  2 5  g/1 . A dded for the prevention of 
anode passivation.  

Boric acid (H3B03 ) 2 5  to 30  g/1 . A dded for sustaining the bath acidity 
within specified limits . The bath temperature is 2 0  to 4 0°C and the current 
density 1 to 3 amp / dm 2 . The holding time is 1 2  to 20 min. 

For bright- nickel-plating 2 to 4 g/1 of disulfonaphthalic acid and 4 to 6 
g/1 of sodium or potassium fluoride are added to the solution . The common­
salt content is reduced to between 5 and 1 5  g/1 .  A 1 to 2 It thick bright- nickel 
coating is us ed for corrosion protection of steel watch parts such as the 
pawl and the regulator .  

B l a c k - n i c k  e 1 p 1 a t  i n  g i s  used t o  obtain a glossy black field on 
dials . The dials are first degreased chemically, pickled twice , and then 
plated in an electrolyte of the following compos ition: 
NiS04 (NH4 )2S04 · 6H20 - 6 0 g/1;  ZnS04 · 7H20 - 7. 5 g/1;  NH4CNS - 15 g/1 .  

The current density i s  0 . 1 0  amp/dm 2 , the electrolyte i s  used a t  room 
temperature , the holding time is 20 min, and the plated parts are rinsed 
in cool water . 

Nickel baths are m ore sensitive to contamination than any other electro­
lyte . Iron, zinc , and copper are detrimental admixtures and pass to the 
cathode together with the nickel .  This results in a darkened coating surface 
with point- corrosion marks and the plated layer is brittle and peels off 
easily. 

Poor- quality nickel plating is often due to changes in the electrolyte aci­
dity, and therefore in the current efficiency, which is linked with the l iber­
ation of gas . The pH number for nickel baths is usually between 4 . 5  and 6 .  

The deposits obtained from an electrolyte with low p H  (relatively high 
acidity) have a finer structure and are harde r and more brittle than are 
deposits obtained from low-acidity baths . 

Nickel- base electrolytes must be agitated and filtered periodically .  
C h r o m i u m  p l a t i n g  is one of the main plating p rocesses used in 

watch p roduction. Chromium is a hard, brittle metal , with a silve r- steel 
color which strongly resists mechanical wear and the action of organic 
acids, nitric acid, alkaline solutions, ammonia, and the solutions of many 
salts . It is dissolved in hydrochloric and sulfuric acid.  Although the elec­
trode potential of chromium is more negative than that of iron, it is easily 
passivated and so becomes cathodic relative to iron. A distinct advantage 
of chromimum over nickel and s ilver is that chromium retains its luster 
if exposed to air for a long time ,  even at temperatures of the order of 4 50 
to 500°C . Another distinct advantage , this time over nickel and copper 
platings , is that no polishing is needed to achieve a mirror finish .  

Porosity i s  the main shortcoming o f  chromium coatings . Decorative 
chromium plating is accordingly applied on copper and nickel undercoatings , 
which are buffed to a mirror finish before the chromium layer is applied .  

358  



The chromium layer is usually not more than 1 to 2 fl thick but may be as 
much as 4 to 6 fl in certain cases (wrist- and pocket- watch cases ) .  

Hard- chromium plating, the object of which is increased service life for 
dies ,  gages ,  and other tools rather than decoration, is another type of 
chromium plating. The life of chromium-plated tools is increased 5 to 8 
times compared with unplated tools . No copper or nickel undercoating is 
used for hard-chromium coatings and the layer is usually 5 to 1 0  fl thick, 
although in some cases  a thickness of 80 fl is obtained .  

Chromium - plating considerably differs from other electroplating pro­
cesses,  both with respect to the electrolyte composition and to the working 
conditions . The electrolytes basically consis t of chromic acid (chromic 
anhydride ) and sulfuric acid . The minimum current density is 5 to 7 amp/ dm 2 
and the current efficiency 1 2 - 1 5 % . Chromium precipitates with con­
siderable liberation of hydrogen, which carries along droplets of the toxic 
chromic acid . Special exhausters mounted on the bath are used to draw off 
chromic- acid vapors . 

A shortcoming of chromium - plating is the poor throwing power of the 
electrolyte . A dditional anodes and screens are accordingly used for chrom ­
ium -plating contoured parts . In addition, the chromium -plating bath works 
with insoluble lead anodes ,  so that the electrolyte composition must be ad­
justed more often . The electrochemical equivalent of chromium is very 
low (0 . 32 3  g/amp. hr) ,  making it necessary to use higher current densities 
and longer holding times than for other plating processes . The high current 
densities necessitate a reliable contact between the part and its suspension 
and the cathode rod. 

The following electrolyte compositions and working conditions are used 
for decorative chromium - plating of wrist- and pocket- watch cases:  

Chromic acid (Cr03) . . . . . . . . . . . . .. . · · · · · 

Sulfuric acid (HzS04) . . . . . . . . . . . . . .  · . . .  . 
Current density . . . . . . . . . . . . . . . . . . . . . .  . 
Temperature . . . . . . . . . . . . . . . . . . . . . . . .  . 
Holding time . . . . . . . . . . . . . . . . . . . . . . . .  . 

35D-400 g/1 
3-4 g/1 
4- 5 amp/dm2 

4o-4s•c 
4D-50 min 

Z i n c - p l a t i n g  is applied to several internal parts of alarm clocks 
and wall clocks . Zinc protects iron against corrosion because it has a 
more negative electrode potential than iron . Zinc coatings diss olve in all 
acids and alkalies,  and are rapidly destroyed by moisture . The zinc layer 
must accordingly be 5 to 1 2  f.l thick in order to ensure the protection of the 
base metal against corrosion . Three types of electrolytes are used for 
zinc -plating: acid, cyanide, and alkaline . 

A c i d  e l e c t r o 1 y t e s can be used at higher current densities than 
cyanide or  alkaline electrolytes,  their efficiency approaches l O O o/o ,  and 
they are very stable in operation.  Zinc coatings obtained from acid elec­
trolytes adhere well to the bas e metal but the throwing power of these elec­
trolyte s is poor and the deposit has a coarse- grained structure . 

C y a n i d e  e 1 e c t r o l y t e s are characterized by a high throwing power .  
They give coatings of fine- grained structure and high corrosion resis tance .  
The current efficiency i s  50  to 7 5 % and lower current densities can b e  used 
with such electrolytes . Their shortcoming is their toxicity, as was men­
tioned earlie r in connection with copper-plating. 
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A 1 k a 1 i n e ( z i n c a t e ) e 1 e c t r o 1 y t e s have 
power, are less s table than acid electrolytes ,  and 
current efficiency is 90 to 95 o/o . 

Acid electrolytes differ widely in composition. 

Zinc sulfate . . . . . . . . . . . . . . . . . . . . . . . .  . 

Sodium sulfate . . . . . . . . . . . . . . . • . . . . . . . .  

Aluminum sulfate or aluminum-potassium alums . .  
Current density . . . . . . . . . . . . . . . . . . . . . .  . 

Temperature . . . . . . . . . . . . . . . . . . . . . . . .  . 

pH value . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

satisfactory throwing 
require heating. The 

The simplest is : 

30D-400 g/1 
4D-50 g/1 
3D-45 g/1 

0.3-1 amp/dm2 
15-20'C 
4 .D-4.5 

Disulfonaphthalene acid salt is added to the electrolyte if a brighter and 
more lustrous coating is required.  

Cyanide electrolytes also  differ widely in composition. The following 
composition is widely used in stationary and rotating- barrel tanks: 

Zinc oxide . . . . . . . . . . . . . . . . . . . . . . . . . • 

Sodium cyanide . . . . . . . . . . . . . . . . . . . . . .  . 

Caustic soda . . • . . . . . . . . . . . . . . . . . . . . . . 

Current density . . . . . . . . . . . . . . . . . . . . . .  . 

Temperature . . • . . . . . . . . . . . . . . . • . . . . . .  

Current efficiency . .  , , . , . , . .  , . . . . . . . . .  . 

4D-45 g/1 
8D-85 g/1 
4D-60 g/1 

1 .5-2 amp/dm2 
18-25'C 
7D-85o/o 

Cyanide electrolytes are very sensitive to contamination by the salts 
of iron and lead and by other admixtures .  

The composition of alkaline (zincate ) electrolytes is : 

Zinc oxide . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Caustic soda . . . . . . . . . . . . . . . . . . . . . . .  , , 

Tin chloride 
(SnCl2 or SnCl4) . . . . . . . . . . . . . . . . . . . . .  . 

Bath temperature . .  , , , , . , , . . .  , . , , , , . , . .  

Current density . , , , . , , . . . . .  , , , . , , , . . .  . 

Current efficiency . , . . .  , , . . . .  , , , , . . . . .  . 

4-12 g/1 
6D-90 g/1 

0.15- 0.25 g/1 
50'C 

0.3-1 .2 amp/dm2 

95o/o 

The dials of pocket- and wristwatches are usually s i 1 v e r- p 1 a t e  d .  
A silver layer is characterized by  a beautiful color and a mat  finish. Only 
cyanide electrolytes are used for silver-plating dial s .  The basic electro ­
lyte salts are the complex cyanide salt of s ilver (KA g (CN )2 ), and free po ­
tassium cyanide (KCN) .  Potash (K2C03 ) is added to the electrolyte in order 
to improve the electroconductivity and to obtain an even s ilver deposit on 
the surfac e .  

The bath composition and the working conditions are a s  follows : 

Metallic silver . . . . . . . . • . . . . . . . . . . .  , . . .  

Potassi urn cyanide . . . , . . , . . . . . . , , , , , , . .  

Potash . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Anodes . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Layer thickness . . . . . . . . . , , . . . . . . . .  , , . , 

Current density . , , , , . , . . . . , . . , , . . . . , , , 

Holding time . . . . .  , . , , , , . . . .  , , , , . . . . .  . 

Temperature . . . . . . . . .  , , . , . . .  , , . , . , , . .  

3 6 0  

2D-30 g/1 
1 0-17 g/1 
8-1 0  g/1 

99, 99o/o pure 
2-3 fl 

0.3- 0.5 amp/dm2 
12-16  min 
Room temperature 



The dial silver- coat is applied on an underlaye r of bras s ,  tomback, or 
copper (acid ) .  Silver-plated dial s are brightened in ammonia for t  to 1 min,  
and coated with a BMK - 5  colorless varnish . 

G o  1 d - p 1 a t  i n  g is applied to parts of pocket- and wristwatches and 
alarm clocks . It se rves the dual aim of giving the parts an aesthetic ap ­
pearance and protecting them from corros ion . Gold has excellent chemical 
resistance and is not tarnished by atmospheric air .  It is diss ol ved only in 
"aqua regia " (a mixture of hydrochloric and nitric acids in a ratio of 3 : 1 ) .  

Cyanide baths only (gold cyanide,  gold chloride or gold fulminate ) are 
used for gold-plating.  Gold cyanide is obtained by galvanically diss olving 
metallic gold in a solution of potassium cyanide through a porous vess el .  

Gold chloride i s  obtained by diss olving metallic gold in aqua regia . The 
trivalent gold chloride obtained (AuCl 3 ) is then transformed into a complex 
cyanide salt K[A u(CN)2 ] by treating it with potassium cyanide . 

Gold fulminate is obtained from gold chloride by dissolving it in hot wate r 
and treating it with ammonia (NH40H ) .  The precipitate of gold fulminate 
obtained is dis sol ved in potassium cyanide,  as it is highly explosive in a 
dry state . 

The electrolyte composition and the working conditions are as follows : 

Gold ( metallic) . . . . . . . . . . . . . . . . . . . . . . . 1 o-12 g/1 
Potassium cyanide . . . . . . . . . . . . . . . . . . 2G-25 g/1 
D isodium phosphate . . . . . . . . . . . . . . . . . . . . 2 Q-25 g/1 
Current density . . . . . . . . . . . . . . • . . . . . . .  0.10- 0 .25 amp/dm2 

Temperature . . . . . . . . . . . . . . . . . . . . . . • . . 5D-60"C 
Holding time . . . . . . . . . . . . . . . . . . . . . . . . . 5- 7 min 

Some plants use electrolytes with a gold concentration of 5 - 7  g/1, 2 - 3  g/1 
of potass ium cyanide , at current densities of 0 . 1 - 0 . 2  amp/ dm2 . 

Brass and copper parts whose surface quality does not have to satisfy 
strict specifications , and for which a thin layer of gold ( 0 . 1 !l thick )  is suf­
ficient, are gold-plated by simple imme rsion in a solution (without electro ­
lysis ) of the following composition: 

Chloroauric acid . . . . · · . . . . . . . . . . . . • . .  

D isodium phosphate . . . . . . . . . . .  , . . . . . . .  . 

Caustic soda . . . . . . . . . . . . . • . . . . . . . . . .  

Sodium carbonate . • . . . . . . . . . . . . . . . . . . .  

Potassium cyanide . . . . . . . . • . . . . . . . . . . .  

The bath is heated to gooc . 

0.6 g/1 
6 g/1 
1 g/1 

3.0  g/1 
1 0  g/1 

The thickness of the gold layer on movement parts , which are internal 
parts , must be 0 . 6 - 0 .  7 !l , while the thickness of gold on external parts must 
be between 5 and 7 !1 or even 2 0 ft. External parts are accordingly given 
s everal layers ,  each 1 . 5 - 2  !l thick and each rubbed and polished in turn. 
In order to obtain thick layers of high quality, it is recommended that the 
polarity of the electrodes be periodically revers ed .  

Fourteen- carat gold can be used  for  gold-plating instead of pure gold .  
In  this case a s olution of copper cyanide i s  introduced into the electrolyte , 
and either 1 4 - carat gold anodes or separate pure gold and copper anodes 
are used.  The coatings obtained are reddish and more wear - resistant. 
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Gold and silver platings must satisfy the additional requirement of metal 
economy. Standards have been fixed for recoverable and nonrecoverable 
metal losses . Nonrecoverable losses are thos e  incurred in electrolyte 
preparation, filtration, slag formation on the anodes ,  cleaning and polish­
ing of the parts , and rinsing. Recoverable losses  include the gold depos ited 
on the work suspensions , the gold coating of parts rejected by inspection, 
the gold spent in electrolyte analysis, etc . 

FIGURE 22. General view of a gold-plating installation 

Nonrecoverable losses rep resent 1 to 2 %  of the total expenditure and 
recoverable losses constitute 3 to 3 0 % ,  depending on the gold- plating method 
and the part configuration . When the parts to be gold-plated are hung from 
a suspended wire frame or held in a brass - wire basket, the amount of re­
coverable gold depos ited on the frames or wire baskets will be equal to or 
even higher than tne amount deposited on the parts themselves . When parts 
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are gold-plated in a barrel or basket whose walls and bottom are made of 
plexiglass , the gold losses can be zero.  A drawing of a gold -plating instal ­
lation is shown in Figure 2 2 .  The plexiglass barrel rotates in the electro ­
lyte during operation. 

The recoverable los s es in stationary baths are 8 to 1 2  "/o on the average . 

CHEMICAL COATINGS 

The following types of chemical coatings are used in watch production: 
oxide coatings, phosphate coatings and passivation films .  

T h e  o x i d e  c o a t i n g  o f  the surface o f  alarm - and wall- clock steel 
parts in ve ry hot alkaline solutions in the p resence of oxidizers is widely 
practiced as a finishing ope ration.  The oxide- coated surface resists cor­
rosion in a favorable m edium only, the oxide film being rapidly destroyed 
in a moist medium . 

Alkaline oxide- coating is performed in a bath of the following composition: 

Caustic soda . . . • . . . . . . . . . . . . . . . . . . . • .  

Sodium nitrate . . . . . . . . . . • . • . . • . . . . . . .  

Sodium nitrite . . . . . . . . . • . . . . . . . • • • . . . .  

Temperature . . • . . . . . . . . . . . . . . . • • • . . • •  

Holding time . • . . • . • . . . . • • . . . . . . . . . • . • 

Film thickness . . • . . . • . . . • • . . . . • . . . . . . . 

70G-800 g/1 
8G-120 g/1 
8o-12o g/1 

135-145·c 
Up to 60 min 
0.1- 0.8 f1 

The parts to be oxide - c oated are rinse d  in cold water and then boiled in 
a 5 "/o s oap s olution, after which they are again rinsed in hot water and then 
in running water, dried at 1 1 0 - 1 2 0°C , and rubbed with oil . Rubber gloves 
and aprons s hould be used when working with the baths to avoid skin damage . 

Brass parts are oxide - coated in solutions of s o - called "liver of sulfur " ,  
prepared by melting a mixture of sulfur and potash fragments i n  a ratio of 
1 : 2 .  A brown color can be imparted by dipping the parts in a solution of 
liver of sulfur and ammonium chloride in a ratio of 1 : 2 .  

The oxide - coating p rocess takes 1 to 2 min. 
A bath of the following composition is used for the black oxidation of 

dial s :  

Blue vitriol . . . . . . . . . . . . . . . • . . . . . • • . • • • 98 g/1 
Calcined soda . . . . . . • . . . . . . . . . . . . . . . • . 48 g/1 
Ammonia 25 "/o . . • • • • • • • • • • • • • . • • . • • • • 400 cm3 

Temperature . . . . . . . . . . . . . . . . . . . . . . . .  . 

Holding time . . . . . . . . . . . . . . . . . . . . . . . .  . 

Room temperature 
3-5 min 

The oxide - coated parts are rinsed in cold water and dried in cigarette 
paper .  

P h o s p h a t e  c o a t i n g s  are phosphate films of low corrosion resistance 
which adhere well to the base steel and also provide anchorage for organic 
coatings . Alarm - clock cases made of low- carbon steel which are to be coated 
by nitroenamel are first phosphate -coated .  Phosphate - coating is performed 
using "Mazhef ' "  an acid salt of manganes e  phosphate and iron. The concen­
tration of this s alt in the batch is about 30 - 3 5  g/l. The bath temperature is 

3 6 3  



95  to 98°C . The holding time is about an hour, after which the parts are 
dried, and their surface is mechanically freed fro m  re sidues .  

P a s s i v a t i o n . Brass watch-movement parts which do  not require elec­
troplating are passivated .  After the bright-pickling the parts are treated in 
a solution of the following composition: 

Na2Cr207 . • . • . • • • • • • . • • • . • . . • • . . . . • • 25o- 300 g/1 
H2S04 (sulfuric acid) . . • . . . • • . • • . . . • • • • • SG-100 g/1 

The solution is at room temperature. The holding time is from 30 sec  
to  1 min . 

Passivation should be followed by a careful rinsing of the parts in cold 
running water.  

ORGANIC COATINGS 

Organic coatings are used in watch production mainly for finishing the 
metallic cases of alarm clocks , automobile clocks , and othe r watches . 
Organic coatings are used in the manufacture of pocket- and wristwatches 
for dial finishing only. 

Organic coatings provide protection against corrosion and afford an 
aesthetic appearance .  Organic coatings must well adhere to the metal, have 
sufficient mechanical strength and elasticity (resist blows and abrasive wear )  
and show n o  peeling off or rupture when the part i s  deformed .  The coatings 
must also be light- resistant, that is ,  no noticeable color change as the re ­
sult of exposure to light must be observed over a specified period of time .  

Additional requirements (resistance to gasoline , wate r, oil and to tem ­
perature variations ) are imposed on the organic coatings depending on the 
medium in which the product must operate . Paints must be impermeable 
to moisture in order to protect the metal surface against corrosion . Ma­
terials used for organic coatings are classified as primers,  fillers, lacquer 
enam els and lacquers , nitro enamels and nitroglyptal enam els and varnishes ,  
s olvents and thinners , and other auxiliary materials "' · 

The p r i m e r  is the first layer applied to the metal . It must adhere 
well both to the metal and to the subsequent layers . The primer layer must 
be elastic and impermeable to moisture . It is 1 5 - 20f! thick. 

The following are the most widely used primers : 
Primer No . 1 38 (GOS T 4056 - 4 8 ) . Brown color .  Main components :  red 

lead- iron or mummy, yellow lead or zinc chromate, siccative and glyptal 
varnish No . 1 54 .  The primer is applied to the metal by spraying or brush­
ing at 1 8 - 2 0°C , and diluted by a coal - tar solvent or xylene ( 1 0 - 2 0 o/o by weight ) .  

This primer is  very stable with respect to  temperature variations (be ­
tween -40  and + 40°C ) ,  resists blows and deformation and dries at 1 00 to 
l 1 0°C in 30  min. Drying at usual temperatures will give an unstable coat­
ing film , regardless of the drying time . 

• Orgavtoprom Institute, Bulletin No. 1 ,  1 953. 

3 6 4  



Nitroglyptal primer No.  1 4 7  (TU MKhP 1 94 5 - 1 94 9 ) . Brown color. 
Glyptal base with added c olloidal xylene base and a plastifier .  It is used 
as a primer for less c ritical parts .  Its properties are rougly the same 
as those of primer No . 1 38 ,  with the exception that it is diluted by s ol vent 
No . 646  or RDV. It is dried at 6 0  to 6 5°C fo r not more than 35  min .  

Nitroglyptal primer No .  1 4 8  (TU MKhP 2032  -49 ) .  Black c olor. Used 
for parts subjected to frequent contamination and dust .  Made from a nitric 
base with the addition of lacquer No . 1 54 .  Soot is added to the primer as 
a pigment. Primer 1 4 8  is similar in other respects to primer 1 4 7 .  

F i 1 1  e r s are applied to the surface for smoothing purposes . Filler  is 
applied on the prime r and is sanded after it drie s .  Its mechanical strength 
is lower than that of the primer, and it is accordingly applied in a thick 
layer (25  - 30  fL ). The m ost widely used glyptal- base  fillers are No . 1 7 5  and 
No. 1 8 5  (TU MKhP 3 3 1 -48) .  They are applied on the primer and s erve as 
an undercoat for the cover paint. The filler is diluted by a c oal sol vent 
( 1 0 - 2 5 % by weight ) and is sprayed on at 18 to 2 0°C . It is dried for an hour 
at 1 0 0  to 1 1 0°C . Filler is applied on No . 1 38 primer and differs from the 
p rimer in its lower oil content and higher pigment content. 

No . 1 7 5  is pink, and No . 1 8 5  is gray. 
L a c q u e r  e n a m e l s  a n d  l a c q u e r s . Coating paints, laquer enamels 

among them , must have high c o v e r i n g  p o w e r  (covering power is the capac ­
ity to cover the metal or earlier coating s o  that they are not visible through 
the paint film ) .  Lacquer paints are suspensions of pigments in various resins , 
oils and lacquers , with solvents (and s ometimes als o plas tifiers ) added. 

Pigm ents are insoluble mineral dyes introduced into the paint in a finely 
divided form and which remain in a suspended state . Eve ry paint has a liquid 
phase (sol vent ) ,  which evaporates during drying, and a solid phase which 
consists of resins , oil s ,  dyes and plas ticize rs and forms the film in drying. 
A film is called r e v e r s i b l e  if it can be reconverted to the original paint 
by dissolving it; and it is called i r r e v e r s  i b 1 e if it polymerizes in drying . 

Lacquer paints form irreversible films . These films nevertheless grad­
ually deteriorate with time,  a process known as aging. The physicochemical 
properties of the film dete riorate during aging under the influence of heat, 
humidity, and especially sunlight, until the film is destroyed and peels off .  

Oil-paint films  have many advantages over nitrofilms :  better adhesion 
to the metal , greater elasticity (but lesser hardness ) ,  better temperature 
resis tance (can stand up to temperatures as high as 1 5 0°C ). Oil-paint films  
swell in  water, however .  

U r e a  f o r m a l d e h y d e  e n a m e l s  (VTU MKhP 2 5 3 1 - 5 1 ) are mixtures 
of  pigments in urea formaldehyde resin with the addition of alkyd resin and 
RKB - 1 sol vent. These enamels are being used of late for painting the cases 
of alarm and other clocks , supplanting the nitroenam els , because of a 
number of engineering and ope rational advantages .  Enamels are applied by 
spray guns at 1 8  to 20°C . They can also be applied by dipping .  The parts 
are dried at 80 to 90°C fo r 20 min and at 1 2 0°C for a further 40 min. 

During this drying process ,  the butanol in the sol vent evaporates s lowly 
from the film,  leaving a smooth surface free of fine pits . The enamel film 
is as hard as glass and is at the sam e time sufficiently elastic . Enamel can 
be applied directly on the metal in two layers, thus satisfactory adhesion is 
achieved .  Colored enamels are produced: black ( U  -4 1 7 , U - 4 1 8  ) ,  blue 
(UZ- 1 6 ), apple- green (UE - 1 1 ) , ivory (UE -2 ) ,  green (UE - 1 3 ) .  
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UVL- 1 lacquer is colorless (VTU MKhN 2532 - 5 1  ) .  It is a solution of urea 
formaldehyde resin and alkyd resin in organic s olvents .  It is used for lac ­
quering surfaces coated by urea formaldehyde enamels . Methods of appli­
cation and drying conditions are identical with those for the paints . 

N i t r o  e n  a m  e 1 s are colloidal s olutions of nitrocellulose (colloidal 
xylene ) and resin in volatile organic sol vents , with plasticizers and pig­
ments added .  Nitroenamels are cove r  paints and are applied on the primer 
and filler, or directly on the metal after its surface has been phosphated 
for better adhesion. The main advantage of nitroenamels over oil enamels 
lies in their rapid drying ( 6 0  min maximum ) under natural conditions, 30  to 
40 min are sufficient if they are heated to 30 to 40°C . The nitrofilm can be 
sanded and polished.  Nitroenamels have a good "cove ring power" ,  and are 
accordingly applied in a thinner laye r than oil enamels . The index to the 
covering power is the amount of paint, in grams ,  required to cover a square 
meter of surface (not taking into account the weight of the s olvent ) .  Black 
nitroenamel has the lowest index (20 gjm2 ) and is applied in one layer .  
Bright- colored enamels, with indexes reaching 6 0  gjm2 , require two or 
three layers . A nitroenamel having an index higher than 60 gjm2 would not 
be suitable . Nitroenamels require fine grinding of the pigments . Nitro­
enamels resist sunlight relatively well , but their resistance to blows is poor, 
they have low elasticity and poor adhesion, and are permeable to water.  
Nitroenamels are applied by spraying at 18 to 2 0°C and are diluted by sol­
vent No . 646 ,  647 or  RVD in a ratio of 80  to 1 2 0  parts to 100 parts of enamel. 
Oil-paint solvents are not suitable for nitroenamels . DM and DMU (TU MKhP 
1 2 8 1 -45  and GOST 5406 - 5 0 )  nitroenam els in various colors are used for the 
decorative coating of alarm - clock and automobile- clock cases .  They are 
applied in two layers to a phosphated surface without subsequent buffing. 
White enamel (TU KhP 5 1 9 - 4 1 ), which dries in 30 min, is used for coating 
the dials of large clocks . 

Solvents and thinners . Thinners generally used for oil paints are coal -tar 
solvents (also known as s olvent naphtha ) ,  white spirit, benzene, toluene, 
RKB - 1 ,  and more rarely turpentine . Thinners used for nitroenamels are 
acetone, solvents Nos 6 4 6 ,  647 ,  648 ,  and RDB.  

S o l v e n t  n a p h t h a  (GOST 1 92 8 - 5 0 )  is a product of the distillation of 
coal tar and is one of the best s olvents for oil and glyptal paints (used main­
ly with the latter ) .  It is sometimes used in  a mixture with turpentine . Sol­
vent naphtha is a colorless transparent liquid. 

W h i t e  s p i r i t  (OST 3 1 34 - 4 6 ) is a product of petroleum distillation. 
It is used for diluting oil paints . White spirit is a colorless transparent 
liquid, nonexplosive , and relatively cheap. 

T u r p e n t i n e  (GOST 1 5 7 1 - 4 2 )  is a product of the dry distillation of wood, 
and is one of the best solvents for oil paints . It gives a better luster to the 
film but its use is restricted by its high p rice . 

B e n z e n e  (OST 1 04 6 3 - 3 9 )  is a product of the dry distillation of coal . 
It is a colorless liquid of characteristic odor and is a very good solvent for 
fats , resins , oils and rubber.  

T o  1 u e n  e (OST 1 04 64 - 3 9 )  is a product of the dry distillation of petroleum 
residue s .  It is a colorless liquid of characteristic odor and is used as a 
solvent for oil paints and for the preparation of drugs , saccharin, etc . 

T h e  R K B - 1 t h i n n e r  (TU MKhP 2 5 3 3 - 5 1 )  consists of a mixture of 
xylene and butanol in a ratio of 1 : 1 ,  and is used for diluting urea formal­
dehyde enamels and lacquers . 
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I n d u s t r i a l  a c e t o n e  (GOST 2 7 6 8 - 44 )  is a p roduct of dry distillation 
of wood, acetic -acid salts and many other organic substances . It is a color­
less liquid of characteristic odor, and is used for diluting nitroenamels . 

Solvents Nos 646 ,  647 ,  648  (GOST 6 5 3 0- 5 1 ,  4005-48 ,  4006 - 4 8 )  are mix­
tures of volatile organic liquids , esters ,  alcohols , aromatic carbohy­
drate s ,  etc . 

Solvents must be colorless , transparent and homogeneous . No 647  pos­
s esses the best  properties .  It is  used for diluting nitroenamels and nitro ­
lacquers . 

R D V  t h i n n e r  (GOST 4 3 9 9 - 4 8 )  is a mixture of aromatic carbohydrates ,  
ethers , ketone s ,  and aliphatic alcohols .  It is used for diluting nitroenamels ,  
nitrolacquers and nitrofillers and for  washing off nitrocoatings . It can re ­
place s olvent No.  6 4 6 ,  and is more active than the latter .  

W a s h i n g  c o m p o u n d s  are used for de greasing parts and removing 
traces of corrosion. Washing usually precedes application of organic 
coatings . 

C o m p o u n d  No. 1 1 20  (TU MKhP 27 1 -5 1 )  is an aqueous s olution of phos ­
phoric acid with alcohol and hydroquinone added .  It c ontains 30 % phosphoric 
acid, 20 % ethanol, 5 %  butanol, 1 o/o hydroquinone, and 44 % wate r .  Alc ohols are 
introduced for better wetting of the surface and better spreading of the com­
pound. The compound is used for removing rus t  films and mineral- oil 
traces . It is applied manually with a brush, is left on the surface for 2 to 
5 minutes till it dissolves the rust films  and the mineral - oil traces ,  and is 
then washed off with hot water .  The part is then washed with compound 
No . 1 0 8 ,  which removes moisture and neutralizes the traces of phosphoric 
acid still left . Compound 1 0 8  is an ethyl alcohol with liquid ammonia added.  

E t h y l  (ordinary ) alcohol (GOST 5 96 2 - 5 1 )  is used for the final washing 
or rubbing of the parts . 

F o r m u l a  No.  1 084 is used for de greasing metallic parts before paint­
ing and is sprayed on in mechanized washing machine s .  I t  consis ts o f  5 0 %  
caustic soda, 2 0 %  calcined soda, and 30 % trisodium phosphate . The com­
pound has good washing propertie s .  Trisodiumphosphate favors the emul ­
sification of the oils and their washing away from the parts . 

Rubbing materials. Glossy surfaces are rubbed using chamois (suede ) 
leather,  sea sponges and artificial sponges ,  towel s ,  gauze or flanel cloth. 

Rubbing materials must be clean (free from mechanical contamination ) ,  
as otherwise scratches and fine (hair ) cracks might appear on the part sur­
fac e .  Flax towels are better than cotton ones ,  as the latter leave hairs on 
the rubbed surface . 

Chamois leather,  made of deer skin, is the best rubbing material . It 
absorbs m oisture and can be washed in soapy water and dried .  Flanel cloth 
is also  a good rubbing material . Both materials must be free from hard 
inclusions , and therefore must be carefully cleaned of such afte r washing 
and drying. 

Sea sponges and artificial (rubber ) sponges can also be used for rubbing. 
Sponges must satisfy the same requirements as other rubbing materials with 
respect to hard inclusions which could sc ratch the surface being rubbed.  
The purity of the compound must be checked, and the p resence of sodium 
chloride (common salt ) ,  which favors corrosion, should not be allowed.  
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SAFETY RULES IN HANDLING ORGANIC COATINGS 

All organic coatings are more or less dangerous , both because of their 
inflammability and their toxicity. Organic coatings are inflammable as 
such; the vapors of the volatile solvents can form explosive mixtures with 
air which could be set off by a match or a spark from an electric switch. 
Paints containing drying oils and turpentine are in some cases subject to 
spontaneous combustion: thus, rags impregnated by drying oil and lumped 
together may ignite after a certain time . 

Spontaneous combustion occurs as a result of the intense oxidation of the 
drying oil by the oxygen in the air over a large rag area.  The correspond­
ing increas e in the temperature of the rag lump (the heat is not carried off 
at a sufficient rate by the surrounding medium) causes the rags to ignite 
when a certain temperature is reached .  The requirement that close watch 
be kept on the storage conditions of drying materials and the state of equip­
ments stems from the se dangers . 

Sol vents do not ignite spontaneously under ordinary conditions .  Their 
ignition temperature is between 1 5 0  and 4 00°C . Solvent vapors mixed with 
air produce explosive mixtures only at certain critical concentrations (dif­
ferent for each mixture ) .  The most dangerous are : acetone, benzene, 
toluene , and light gasoline . 

Concentration of sol vent vapors and formation of explosive mixtures may 
be avoided by the correct design of the ventilation system and by the proper 
handling of the empty packing materials which might contain sol vent traces . 
Good ventilation, meaning a constant inflow of fresh air, is es sential in all 
plants working with organic coatings in order to afford maximum security 
in the use of the material s .  Factory hands working in spray booths with 
especially toxic s ol vents should use respirators . 

Organic - coating storerooms must satisfy all fire - safety requirem ents . 
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C h a p t e r  X 

ASSEMBLY AND ADJUSTMENT OF WA TCHES 

Assembly is the last stage in the production process and the assembled 
watches must satisfy b oth the All -Union Government Standards and the de ­
partmental specifications . 

The sequence of assembly operations and the means and m ethods for per­
forming each operation are established in advance ,  as was the case with the 
machining proces s ,  and the p rocess design must specify which parts reach 
the assembly shop as separate units and which as subass emblie s .  

Assembly-process design i s  based o n  the part drawings and specifications 
and on the plant data available .  

A high assembly rate i s  attained b y  using special equipment and fixtures 
and interchangeable parts and subass emblies .  Fixed time-rate ass embly­
line work is possible only if the parts are completely interchangeable . 

I n t e r c h a n g e  a b i 1 i t  y means that any part or subassembly can be 
replaced without additional processing while maintaining the operational re­
quirements of a given subassembly or  mechanism .  

Interchangeability does not, however, exclude additional adjustment of 
the parts during their assembly (adjustment is the positioning of matched 
parts in a manner which ensures their correct functioning in the movement ) .  
The use  o f  a regulator within the watch thus allows the watch rate to  be  ad­
justed within certain limits without altering the dimensions of the balance 
and hairspring. 

Interchangeability of parts eliminates fitting time and makes it possible 
to carry out the operations at a fixed rate and to employ semiskilled workers . 

Interchangeability is also  necessary to allow subsequent repairs . It is 
much easier to replace a broken part by an identical new part than to repair 
the broken part. The identical new part will , as a rule,  give better per­
formance, especially when parts such as the balance with staff and hair­
spring, or the pallet lever with guard pin, are replaced.  

Interchangeability of parts and subassemblies is achieved by accurate 
mechanical working and heat treatment. Interchangeability is classified as 
geometrical or physical . Two mainsprings may be interchangeable geo­
metrically (or identical dimensions ) but still differ in their torque, as an 
incorrect heat treatment can lead to a lower torque . These springs will 
not, therefore, be physically interchangeable . 

Dimensional calculations , which give the actual clearances or inter­
ferences (negative allowances ) to be anticipated in assemblies ,  make it pos ­
s ible to check whether the planned production process ensures geometrical 
interchangeability, and whethe r the movement components will interact 
correctly. A ny necessary alterations are introduced on the basis of the 
results of thes e  calculations . 
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L i m i t  c a l c u l a t i o n s  are dimension calculations based on the extreme 
values of the dimensions . T h e o r e t i c a l - p r o b a b i l i t y calculations are 
calculations which take into account the probability of dimensional deviations . 

Watch-production planning is based mainly on limit calculations and theo ­
retical -probability calculations are used only i n  special cases . The calcu­
lations are s imply a rational statement of the dimensions and tolerances 
on the drawing. The principles of the sho rtest  possible dimension chains , 
and the coincidence of the design, reference ,  and measuring surfaces should 
be observed. 

DIMENSIONAL CHAINS* 

Consecutively adjoining dimensions which connect the surfaces of parts 
form a chain of dimensions , or a dimensional chain. 

The chain is closed if there is a resultant dimension. The aim of di­
mension calculations is to find the value of the resultant dimension. 

Dimensional chains (or diagrams )  can have various shapes and be made 
up of any number of dimensions more than 2. They are usually classified 
a s  l i n e a r ,  p l a n e  o r  s p a t i a l  c h a i n s .  

A linear chain is composed of mutually parallel linear (not angular)  di­
mensions . 

A plane chain is made of nonparallel linear dimensions , or of linear and 
angular dimensions which all lie in the same plane . 

A s p a t i a l  dimensional chain (diagram ) is formed by nonparallel linear 
dimensions , or linear and angular dimensions , which do not all lie in the 
same plane . 

a) 
X f.OB- o.o4 :J 

1. 53-o.o2 so.26-o. oz 
.------'�----' 2. 93-o.o; 

b) 

FIGURE 1.  Pocket-watch balance staff: 

a-drawing; b-linear dimensional-chain diagram. 

• Bezmenov, A.  E. R aschet razmernykh tsepei (Dimensional- chain Calculations). - NI!ChASPROM, 1950. 
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Linear chains can be formed by the dimensions of one part or  those  of 
s everal parts . 

Figure 1 shows a pocket-watch balance staff whose di1nensions (Figure 1 ,  a)  
form a linear dimensional chain. The dimensional- chain diagram is given 
in Figure 1 ,  b. Dimension x is the resultant . Dimension diagrams are 
usually represented in vectorial form to an arbitrary s cale with a vector 
corresponding to each dimension. Stepped representation of the dimensions 
ensures easier reading. Both the direction of the resultant vector and its 
position in the dimensional chain are arbitrary. 

Designating positive dimensions by capital lette rs and negative dimen­
sions by small letters, we can write the following equation: 

x = (A + B + C + . . . + M) - (a + b + c + . . . + m). 

The limiting values of the resultant x will be 

xmax = (A max + Bmax + cmox> - (amln + b,.in + Cm;n), 

xmin = (A min -l- B,.;n + Cm;n) - (amax + bmax + emu>· (1 )  

The following expression is obtained by subtracting the s econd expression 
from the first: 

Xmax - xmin = (A max - Amln) + (Bmu - B,.,n) + (Cm:u - c,.,n) + ·  
+ (amu - amin) + (bmaJ< - bmln) + (emu - Cm;n)· 

The difference between the limiting values of the dimensions being equal 
to the tolerance 3, this last expression can also be written in the form 

(2 )  

o r  finally as 

where Bx = the tolerance on the resultant dimension; 
o1 = the tolerance of the i-th dimension of the dimensional chain; 
n = the number of dimensions in the chain . 

The tolerance on the resultant dimension of a linear dimensional chain 
ox is thus s een to be the sum of the absolute values of the tolerances on 
all the dimensions (both positive and negative ) in the chain.  

It follows that the tolerance 8x is smaller, the smaller the number of di­
mensions in the chain. According to the "principle of the shortest dimen­
sional chain" the number of dimensions determining the assembly character ­
istic o f  a product should be equal t o  the number o f  parts i n  the chain . 

Let us consider the dimensional chain shown in Figure 1 .  The resultant 
dimension x is the length of the balance - staff journal . A ccording to ( 1 )  
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xmax = 2.93 + 0.26 - 1 .04 - 1 .5 1  = 0.64 mm; 

Xmln = 2.9 1 + 0.24 - 1 .08 - 1 .53 = 0.54 mm; 

Bx = Xmax - Xmln = 0.64 - 0.54 = 0. 1 0  mm.  

This result can be checked by formula (2 ) 

8x = 0.02 + 0.02 + 0.04 + 0.02 = 0. 10 m m . 

The tolerance on the resultant dimension X is not given in the drawing. 
The linear dimensions in Figure 1 are dispos ed so that the measuring sur­
face coincides with the design surface,  and the dimensions can be easily 
measured using a watch micrometer or dial gage . 

The dimension diagram for ass emblies determines the manufacturing 
process to be used.  

Figure 2 represents a longitudinal s ection of the watch movement through 
the axes of the third and fourth wheel, and Figure 3 (a and b )  shows the linear 
dimension chains for two process variants . 

FIGURE 2. Watch- movement section 

a 

ll 

a) b) 

FIGURE 3. Linear dimensional-chain 
diagram: 

a-first process variant; b-second pro­
cess variant. 

D1 = 2 ·7-0 .01 
n2 = 1 .2-o .o1 
d, = 0 .50-0 .015 
c = 0.15+ 0.01 

a =  2 .13-0 .02 
d, = 1 .40-0.015 
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An axial clearance x between the pinion-journal shoulder and the jewel 
face is necessary, in addition to the radial clearance in the jewel, in order 
to enable the third- wheel pinion to revolve freely. 

We will calculate the dimensional chain resulting from the firs t process 
variant (Figure 3 ,  a ) , where the plate and bridges are machined using equip ­
ment available for watch production . The face is machined to dimensions 
D 1 and D2 on the S- 188  machine to an accuracy of 0 . 0 1 0 mm .  The S - 5 0  
machine is used for machining the recess e s  t o  dimensions d 1 and d2 t o  an 
accuracy of 0 . 0 1 5  mm . 

Using formula ( 1  ), we obtain the following limiting values for x :  

X max = (2. 7 + 1 .2 + 0. 1 6) - (0.485 + 2. 1 1  + 1 .385) = 0.08 mm. 
Xmin = (2.69 + 1 . 1 9 + 0. 1 5) - ( 1 .40 + 0.5 + 2. 1 3) = 0; 

B_.. = Xmax - Xmin = 0.08 - 0  = 0.08 mm. 

The clearance in the ass embly must lie within the limits from 0 . 02 to 
0 . 0 7  mm according to specifications; thus 

Xmax = 0.07 mm and Xm;n = 0.02 mm and 8x = 0.05 mm . 

It follows that the processing method described will lead to a certain 
amount of rejects . The proportion of rejects can be calculated using the 
theoretical-probability m ethod .  We assume that the scatter of dimensions 
for each link in the chain conforms to the law of normal distribution. It 
follows from the probability theory that the scatter in the resultant dimension 
will likewise conform to the law of normal distribution, and that its range, 
or tolerance 8_.. v'ill be equal to 6 ox . The standard deviation will therefore 
be 

�... 0.08 
0 0 1 3  ox = 6  = 6 = . mm. 

We will plot the normal - distribution curve for the given case (Figure 4 ) .  
The area which repres ents the probability o f  obtaining acceptable assemblies 
can be split into two parts (A and B ). The shaded areas repres ent the pro­
bability of obtaining rejects . The probability of obtaining acceptable as­
semblies can be dete rmined using the formula 

( 3 )  

where the values of  <l> (z) are taken from the table in  Appendix 1 and z = � . a 
We obtain for XA = 0 . 02 mm, x8 = 0 . 03 mm,  and ox = 0 . 0 1 3  mm 
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F rom the same table <1> (zA) = 0 . 8764 ,  and <l> (z8) = 0 . 97 8 6 .  Substituting 
in ( 3 )  we obtain: w = 0 . 5 ( 0 . 8 7 64  + 0 . 9 7 8 6 )  = 0 . 9 2 7 5 .  

The probability o f  obtaining acceptable ass emblies i s  thus 92 . 7  5 o/o.  The 
remaining 7 . 2 5  o/o of the assemblies must be adjusted ,  that is the dimension 
C must be altered by displacing the jewel . This is the p rocedure actually 
used in the assembly shops of watch plants .  This type of adjustment does 
no t require chip removal or  shape alteration, as  in the case with fitting 
operations,  and its us e is advisable where incomplete interchangeability 
is practiced. 

y 

0 

X J( 

FIGURE 4. Dimension-distribution curve for the first 
process variant 

FIGURE 5 .  Diagram of a plane dimensional chain 

If it is required to achieve complete interchangeability and to observe 
the clearance limits of 0 . 02 - 0 . 07 mm, the plate and bridges should be ma­
chined according to the s econd process variant (Figure 3 ,  b ) . Here the 
recesses are machined to dimensions A and B from the reference surfaces 
M, or they are machined in the same chucking as the surfaces M themselves . 
The machining accuracy for dimensions A and B is higher than the accuracy 
of machining dimensions d 1 , d2 . The dimensional chain in the second var­
iant is the shortest possible ,  as it is made up of four dimensions for the four 
parts: plate, bridge , jewel , and pinion. The maximum and minimum values 
of the resultant are (according to formula ( 1 )  ): 

Whence 

Xmu = 1 .3 1  + 0.71 + 0. 1 6 -
- 2. 1 1 = 0.07 mm; 

Xmln = 1 .30 + 0.70 + 0. 15 -
- 2. 1 3 = 0.02 mm . 

8z = 0.07 - 0.02 = 0.05 mm . 

The limit calculation shows that all assemblies machined according to 
the s econd variant will be acceptable .  The design of machines which will 
process plates and bridges according to this variant is a matter of time only. 

Watch-movement dimension calculations frequently reduce to the calcu­
lation of a plane dimensional chain . Such a chain can be solved either by 
p rojection on a line, by a combined m ethod, by means of a coordinate system , 
or  analytically. 

The first two - the projection and the combined methods - are used in 
watch p roduction. 
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P r o j e c t i o n  is a method of reducing a plane dimensional chain to a 
linear chain . This is done by projecting all the dimensions on some line 
(direction} which can be the resultant (x) direction, or any other direction 
which is not perpendicular to any of the dimensions . By connecting the 
parallel dimensions thus obtained, we obtain a linear chain closed by the 
dimension (x). Figure 5 shows the projection of the plane dimensional chain 
A BCDEX as the linear chain abcdex. 

0 

FIGURE 6 .  Sectional view of the K-36 pocket watch through 
the winding-stem axis 

FIGURE 7. Schematic diagram of the plane 
dimensional chain corresponding to Figure 6 

This method is rarely used in watch-movement calculations . Plane 
dimensional chains are usually calculated by combined methods , that is by 
using the graphical- analytical method. 

As an example we will the assembly (operation } of the middle and back of 
K- 3 6  pocket watches . Figure 6 is a s ection of the watch through the wind­
ing-stem axis . The clearance be must be positive under all ass embly con­
ditions . The corresponding dimensional chain (Figure 7 }  is made up of 
horizontal , vertical, and inclined dimensions . The clearance ( see F igure 7 }  
is 

x = o'c - o'b = 2.8 - Vab' + o'a1. 

The distance o'o 3 1 1 . 6- 2 . 8  308 . 8  mm, and therefore 
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The values of ab and o'a are determined from the two linear dimensional 
chains . The horizontal linear chain determines the magnitude of ab 

39,5_0,17 a b =  2 - 1 8,9 = 0,85_0,065
• 

The vertical linear chain determine s the value of o'a :  

o'a nom = (31 1 .6 + 0.6 + 3.5) - (308 .2 + 2.4 + 2.2 + 0.5) = 2 . 13  mm ; 
o'amax = (3 1 1 .6 + 0.6 + 3.5) - (308.2 + 2.34 + 2 . 1 4  + 0,44) = 2.31  mm ; 
o'amln = (3 1 1 .6 + 0.54 + 3.42) - (308 .2 + 2.4 + 2.2 + 0.5) = 1 .99 mm. 

o 'a = 2 . 13  ±g:l! 
Substitution of the values obtained for ab and o' a in expression (4 ) gives 

xnom= 2.8 - V 0.852 + 2. 1 3� = 2.8 - 2 .29 = 0.5 1  mm; 
xma.x = 2.8 - V0.762 + 1 .99� = 2.8 - 2. 1 3  = 0.67 mm; 
X min = 2.8 - V 0.852 + 2.3 1 2  = 2.8 - 2.47 = 0.33 mm. 

The clearance x thus lies within the limits 0 . 6 7  and 0 . 3 3  mm, and is 
therefore always a positive clearance . The assembly tolerance will be 
a .. = 0 . 6 7 - 0 . 3 3  = 0.34 mm . 

Dimensional- chain calculation thus makes it possible to establish the 
most rational manufacturing and assembly processes for the watch move ­
ment. 

SUBASSEMBLIES 

Watch subassemblies are classified into the following groups according 
to their ass embly c riteria : plates and bridges with their pins , s crews, 
jewels and sleeves ; wheels and pinions; barrel, barrel cap, barrel arbor 
and mainspring; pallet lever and balance;  keyless work and hand-setting 
parts and external parts . 

We will consider s everal characteristic elements of the assembly of plate s  
and bridge s ,  gear pairs ,  the barrel and the escapement regulator .  

Press -mounting the Sleeves ,  Pins, and Jewels in 
the Plate and Bridges 

Figure 8 shows the design of detachable joints between plate and bridge s .  
The bridge holes for the pins (2 ) have 0 . 0 1 - 0 . 0 1 5 mm clearance ,  and those  
for  the sleeve ( 1 ) have 0 . 1 - 0 . 1 5  mm clearanc e .  Pins up to 1 mm in  diameter 
are fitted into the plate with a negative allowance of 0 . 0 1 - 0 . 02 mm, corre­
sponding to medium and heavy interference fits (GOST 304 7 - 4 7 ) .  The pins 
accurately position the bridge on the plate in the horizontal plane and ensure 
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the coaxiality of corresponding holes in the plate and bridge . The pins 
must therefore be fitted without slant, and the bridges are assembled,  again 
without slant. The bridge is fastened to the plate by screw ( 3 )  and sleeve ( 1  ) .  
The sleeve is  fitted into plate holes with 0 . 0 1 0- 0 . 0 1 5  mm negative allowance ,  
corresponding to  a light drive fit. This type of bridge-fastening arrange ­
ment is us ed in order to prevent damage to the expensive plate in case the 
thread is s tripped. The sleeve is pressed  into the plate with sufficient force 
to ensure that the s crew can hold the bridge tightly to the plate without dis ­
turbing the fit of the sleeve or displacing it .  

FIGURE 8. Bridge-to-plate fastening system 

Pins and sleeves are p ressed into the plate by means of a die on an 8 - 1 0  
bench-type power p ress (Figure 9 ) . 

Technical data, S-10 press 

Capacity , kg • • . . . . • . . . . . • . • . . . . . . . . . . . 500 
Stroke, mm . • . • • • • • • • • . • . . . . . . . . . . • • • 15 
Strokes per minute • • . • . . • • • • . . . . • . • . • • . . 30o-500 
Distance from ram to press bed, mm . . . • . . . . . . 4o-175 
Dimensions, mm . • . • • . . . . . . . . • • . • • . . . . . 250 x 280x 450 
Weight, kg . • . • . • . . • • . . • . • • • . • . • . . . . . . 30 

The "Pobeda" wristwatch plate has s ix sleeves (81 -8R ) and eight pins 
(87 - 81 5 ) pre ssed into its bridge side (Figure 1 0 ) . The pres sing force 
is checked by means of a special device and the fitting height, by a 
dial gage on a vertical post.  Both inspections are carried out by random 
sampling: 5 %  of each batch are examined .  

Jewel bearings are pressed into holes in the plate s nd bridges which have 
a negative allowance between 0 . 0 1 0  and 0 . 0 3 0 mm, depending on the hole dia­
meter . The average negative allowance for 1.2 mm diameter jewels is 
0 . 0 1 5  mm, corresponding to a light drive fit. 

Jewel setting is a crucial operation, and the fits have been established 
on the basis of considerable experimental work. The stones used are 
synthetic rubies which, being more brittle than metals ,  sometimes break 
if the negative allowance exceeds 0 . 03 0 mm .  

In order to reduce the possibility o f  breaking in press ass embly with the 
required negative allowance, the entering chamfer of the jewel is rounded 
off (Figure 1 1 )  and the pressing force therefore increases only gradually. 

3 7 7  



The jewel must tightly adhere to the hole wall on its entire cylindrical 
surface (Figure 12 ) .  

FIGURE 9 .  S-10 press FIGURE 10. Plate with sleeves and pins pressed in 

a b 

FIGURE 11 . Through-hole jewel FIGURE 12 . Jewel setting in plate and bridges: 

a -correct; b-incorrect. 

Jewels are press ed into their respective s eats on S- 1 9 5  pre ss es (Fig­
ure 1 3 ) .  The press is driven by a 0 . 0 7  kw, 3000  rpm electric motor .  The 
m otor drives shaft (4 ) through the worm and wheel (2, 3) and key ( 5 )  (Fig­
ure 1 4 ). The flat cam (6 ) on shaft (4) acts on lever ( 7 ) which communicates 
a downward m otion to the ram ( 1  ) . Ram and lever are returned to their 
initial position by a spring. 

The upper part of the ram has a micrometric s cale with divisions of 
0 . 0 05 mm. Pins and sleeves that require very light assembly forces can 
be fitted on this press .  

Pressing-in is followed by  an  inspection o f  jewel intactnes s  (no fractureE 
or cracks are allowed ), depth and tightness of the fit, and alignment. 

All plate and bridge jewels are inspected, after their s etting, using a 
magnifying glass ( 5X) .  A microscope of 1 6X to 32X magnification is used 
in dubious cases . 
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The depth of the fit is inspected using a dial gage or a watch micrometer, 
m ounted on a vertical post.  

Fit tightness is checked by means of special devices .  

FIGURE 1 3 .  S-195 press 

FIGURE 14. Kinematic diagram of the S-195 press 

3 7 9  



Wheel -pinion Assembly 

A characteristic feature of the assembled wheel and pinion is the relative ­
ly s mall wheel thickness compared with the fitting- hole diameter (Figure 1 5 ) .  
This results from the fact that the moments transmitted in watch movements 
are very small and the wheels are therefore made as light as possible in 
order to minimize friction losses . 

FIGURE 15.  Center wheel and pinion 

The tightness of the wheel fit on the pinion in the gear-pair subassemblies 
must be such that the wheel will not slip on its shoulder, and that the radial 
and face run- outs will not exceed the tole rances specified .  

The third and fourth wheels ,  which transmit very small moments , are 
s et on the pinion with a negative allowance of 0 . 0 - 0 . 01 mm.  Large r nega­
tive allowance s  increases the radial and face run- out s .  

The c enter wheel , which transmits a larger moment than that trans ­
mitted by the third and fourth wheels, is s taked to the pinion shoulder (in 
addition to the negative allowance ), although the s taking increases the radial 
and face run -out for the wheel (see Table 1 ) .  As  the escape wheel works in 
impact it is also staked even though it transmits small moments . 

TABLE 1 

Permissible radial and face run- out for "Pobeda"  wristw atches 

Subassembly 

Center wheel. . . . . . . . . . . • . . . .  

Third and fourth wheels . . . . . . . .  . 

Escape wheel. . . . . . . . . . . . . . .  . 

3 80 

R un- out. mm 

R adial 

Up to 0 .02 
0 . 015 
0 . 01 0  

Face 

Up to 0.03 
0 . 02 
0 . 02 



Narrow fitting tolerances are imposed on the parts in order to ensure 
the reliable setting of the toothed wheels on the pinions and mimimum radial 
and face run -out . The central hole of the wheels is die -shaved with a toler­
ance of 0 . 0 05 mm on the diameter and 0 . 005  to 0 . 0 1  mm run -out relative to  
the wheel circumference .  

Pinions are machined on Swiss- type automatic screw machines with a 
fitting- diameter tolerance of 0 . 005 to 0 . 0 1 0 mm .  

The assembly o f  the wheel and pinion consists in fitting the wheel on the 
pinion, staking, alignment of the wheel in the face plane , checking the as ­
sembly tightness and the radial and face run -out . 

FIGURE 16 .  D-246 pedal-operated press 

Wheels  are pressed on the pinions using hand - or pedal -operated table 
presses . The D-246  pedal- operated table press is the most versatile press 
for this type of work, and its design is the most advanced. It is used both 
for fitting the wheels on pinions and for fitting the balance on its s taff. Stak­
ing can be carried out in the same operation and this arrangement is used, 
for example,  in assembling the center-wheel subassembly.  

The D-246 press (Figure 1 6 )  comprises a cast- iron body ( 1 ), a hollow 
spindle ( 2 ), a plunger ( 3 ), a fork ( 5 )  and a lever ( 6 ), the last two being linked 
by an adjustable joint. 

Fork ( 5 )  is connected through stones ( 8 )  to nut ( 9 )  which is screwed on 
the spindle (2 ) .  Lever (6 ) is connected to the pedal through rod ( 7 ) .  
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Weights ( 1 0 )  are mounted on the upper end of plunger ( 3 ) .  Bracket ( 1 1 ), 
mounted on the upper face of the body ( 1  ), and plate (4 ), fastened to the 
front of the body, carry two rods which in turn mount the pawls ( 1 2 )  
and the levers ( 1 3 ) . 

Plunger ( 3 ), togethe r with weights ( 1 0 ) ,  is held in the upper position by 
pin ( 1 4 ) which is s upported on the pawls ( 1 2 ) .  

An exchangeable die is inserted in a hole in the lowe r  part o f  the 
body, and is fastened in place by sc rew ( 1 5 ) . Three trays ( 1 6 )  which 
hold the two parts and the ass embled subassembly, are fastened to the 
lower part of the body. Fork (5 ) and lever ( 6 )  are mounted on supports ( 1 7 )  
and ( 1 8 ) .  Spring ( 1 9 )  holds the spindle (2 ) in the upper position. Pressing 
and staking punches are fastened in the lower part of the hollow spindle and 
the plunger,  respectively. 

The pinion (or s taff ) is placed on the die using pincers and the wheel to 
be mounted is placed on it. When the pedal is pressed, fork ( 5 )  lowers 

s pindle (2  ) ,  and the spindle punch presses the wheel 
onto the pinion. Simultaneously, the lower face of 
nut ( 9 )  engages the pins on the levers ( 1 3 ) , and these 

56 I cause the pawls ( 1 2 )  to release pin ( 1 4 ) . Plunger ( 3 )  
falls ,  under the action o f  weight ( 1  0 ) ,  strikes punch ( 6 )  
(see Figure 1 7 )  and stakes the assembly. The im­
pact is adjusted by changing the weights . The spindle 

FIGURE 17 . W orking parts 
of the die: 

1 -body ; 2-guide ; 3-stop; 
4-die plate ; 5 -pressing 
punch; 6-staking punch. 

travel is adjusted by nut (9 ), and its lift is limited 
by screw ( 2 0 ) .  The production rate is 4000 sub­
assemblies per shift. 

Figure 1 7  shows the punches and die for fitting 
and s taking the center wheel of "Pobeda" wrist­
watches . 

If the fitting diameter of the pinion or staff is very 
small ,  the wheel is first firmly m ounted on a hub 
(Figure 1 8  ), and the hub bed wheel is then m ounted 
on the staff or pinion. After the wheel has been fitted 
on the pinion, it is aligned in the face plane on the 
P- 32 instrument (Figure 1 9 ) .  The wheel ( 1 )  t o  be 
inspected is clamped between the c enters ( 2 ) , and 
is rotated by a driver .  Face run- out is noted on the 
s cale of the built-in dial gage ( 3  ) .  The wheel is 
aligned by hammer (4 ) .  The dial gage and hammer 
are s et near the wheel rim . 

The driver together with the pulley is driven by 
the electric m otor through a belt transmission. 
Wheels and balances with diameters between 4 and 

1 5  mm can be aligned on the P- 32 instrument . The dial - gage scale has 
divisions of 0 . 0 1  mm . The wheel revolves at 1 2 0  rpm and the electric motor 
at 1 5 00 rpm . The production rate is 1 5 00 subass emblies per shift. 

Radial run- out wheels is inspected using either a comparator or a spe­
cial dial gage (Figure 2 0 ) . 

The instrument consists of a bed ( 1 ) , a gear pair ( 2 )  with handle ( 3 ) ,  a 
driver disk (4 ) ,  a pair of fixed centers ( 5 ), and a dial gage ( 6 ) mounted in 
an adjustable b racket ( 7  ) . Parts and subassemblies are inspected between 
male or female centers . Small parts are rotated manually. 
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Each escape- wheel subassembly is inspected for external diameter run­
out and pitch accuracy, simultaneously, on a profile projector at a magnifi­
cation of l O OX, with the aid of the attachment shown in Figure 2 1 .  The 
escape- wheel subassembly ( 1 ) is placed in the standard watch movement (2 ) ,  
using pincers . The upper jewel is mounted in a movable clamp (3 )  which 
fits into a special cutout made in the standard movement. 

FIGURE 18. Wheel-hub >Ubassembly 

FIGURE 19. P�32 instrument for aligning and for checking the face run-out on sub­
assembled wheels and balances 
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FIGURE 20. Instrument for radial-run-out inspection of wheels 

FIGURE 21. Profile-projector attachment for measuring radial run-out and pitch 
accuracy of escape wheels 

TABLE 2 

Wheel-assembly testing moments 

Subassembly 

Center wheel . 
Third wheel . 
Fourth wheel . . . . • . . . . . . . . . • . •  

Escape wheel . . . . • . • . . .  , • . . • • •  

Testing moments 
for K-26 w atches, 

g. mm 

1650 
470 
390 
150 
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Testing moments 
for K-36 watches, 

g. mm 

2500 
800 
800 
600 



The subass embly is loaded and unloaded by lifting the clamp ( 3  ) , thus 
compressing spring (4 ). The attachment is mounted on the projector table 
in such a way that the position of the wheel tooth on one of the pallets of the 
standard- m ovement pallet lever is shown on the screen. 

A s caled drawing on tracing paper or glass ,  with lines which indicate 
the permissible limits of the wheel-tooth radius and impulse - face length, 
is placed on the screen. 

Tightness of the assembly of wheels on pinions is checked by random 
inspection on the device described below. The pinion is clamped in the 
collet of the device used,  and a moment-creating weight is suspended from 
the wheel (see Table 2 ). The assembly is considered satisfactory if the 
wheel on the pinion does not slip under the weight. 

Barrel Ass embly 

The barrel assembly consists of the barrel body itself (Figure 2 2 ,  a ), 
the cap (Figure 22 ,  b )  the arbor (Figure 22 ,  c ), and the mainspring with 
brace (Figure 2 2 ,  d ) .  The mainspring i s  supplied t o  the watch plant i n  a 
finished state . The radial and face run- out of the ass embled barrel must lie 
within specified limits . The maximum permissible radial run- out for the 
gear rim of the "Pobeda " wristwatch barrel is 0 . 0 1 5  m m .  The m aximum 
permissible face run- out on the rim circumference is 0 . 02 mm . These re­
quirements are very strict, if we take into account that the tightened spring 
causes the arbor to make full use of any radial clearance of the arbor in the 
barrel .  In order to satisfy such requirements , the radial clearance of the 
arbor in the barrel must not be more than 0 . 005 to 0 . 0 1 0  mm, which is 
achieved by boring the holes in the barrel and cap on th::: S - 7 9  copy-boring 
machine . 

b 

FIGURE 22. Barrel subassembly: 

a-barrel body; b-cap; c-arbor; d -mainspring. 
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Before the holes are bored, the cap is pressed into the barrel body on 
the D- 246 press . Slip is avoided by providing a negative allowance between 
cap and barrel ( 0 .  02 to 0 . 03 mm for the barrels of the "Pobeda " and "Zvezda" 
wristwatches and 0 . 04 to 0 . 0 5  mm for the "Molniya" pocket-watch barrels ) .  
The barrel height must be held accurately during the pressing operation 
(Figure 2 3 ) , and is inspected by means of a vertical dial gage or micro­
meter. 

The holes are bored and the bosses faced (Figure 2 4 )  on the S- 7 9 machine, 
which copies the arbor dimensions . 

FIGURE 23. Barrel body with pressed-in cap 

\l\l\7 8 

FIGURE 24. Boring holes and facing 
bosses in the barrel body and cap ac­
cording to the arbor dimensions 

FJGURE 25. S-79 copy-boring machine 
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The S - 7 9  machine (Figure 2 5 )  operates as follows . Headstock (2 ) is 
mounted on bed ( 1  ) . The barrel with cap is clamped in the collet ( 1 9 )  in 
the headstock spindle .  

MMiP U . S . S . R. Plant Inspection chart 

Syn1bol 
Subassembly 

For assembly Category 5 Shop name 

K-26-UZ 18 
Barrel and cap 

- 5 -
with arbor 

Name of operation 
Inspected par a- Inspection means � 

Inspection of clearances and meter (dimen- Scale divisions Drawing num- ��  tightness of cap fit sions and toler- Name and measure- ber of de vice � '2 .... t) ance) ment limits 0 
Dr awing of the part to be w g. 

inspected ·� c: (/) ·� 

1) Clearances : 
0.01-0.03 Instrument for 0.001 mm MS 100 

0.005-0.010 clearance ± 0.03 mm - 3415 

�� - measurement. - T-3745/54 
- Special cen- - T-3802/11 

� �  rae: '"'-"n� ter leg """:. "·"" � I <::) � . 'J.!JirO.t� c::; 2) Radial run- Special instru- 0.001 mm 100 � out ment ± 0.03 mm 

3) T ightness Instrument for MS-3636 5-7 II of cap fit inspecting � � � the cap fit c:::; 
0.1-0.fZ � tightness 

-� 4) External Magnifying 2.5 X 100 
inspection glass 

5) Dimensions : Dial gage with 0.01 mm 5-7 
0.04-0.15 additional 10 mm 
0.10-0.17 table with 

hole 

A special slide ( 3 )  which carries a rocker bracket ( 4 )  hinged 011 axis ( 5 )  
i s  mounted o n  the bed.  Spindle (6 ) carries the boring tool ( 7 )  and slides in 
two bearings in bracket ( 4 ) .  The spindle is prevented from rotating by 
arm (8 ) and pin ( 9 ) .  A hardened steel plate ( 1 0 )  i s  fixed to  the top of bracket 
(4 ) .  Two blocks ( 1 1  ) , held in  pos t ( 1 2 ) which is  fixed to  the slide , contact 
the plate on their faces .  The position of the blocks is adjusted by screws ( 1 3 )  
and locked by screws ( 1 4 ) .  Spring ( 1 5 )  maintains contact between the plate 
( 1 0 )  and the blocks ( 1 1 ) .  The distance between the axis of spindle (6 ) and 
the axis of hinge (5 ) is equal to the distance between the axis of spindle (6 ) 
and platform a .  

The radial clearances (between the arbor and the barrel holes ] are 
established by means of the blocks (1 1 ): the blocks are positioned so that 
the cutting edge of the boring tool is displaced to the left of the spindle axis 
by a distance equal to half the diameter clearance when the block contacts 
plate ( 1 0 ) .  The barrel is fastened in collet ( 1 9 ), the machine is started 

3 87 



and an arbor is positioned between one of the blocks ( 1 1 )  and plate ( 1 0 ) .  
This displaces the plate to the left by a distance equal to the arbor diameter. 

�tP:II 
FIGURE 26. Assembled barrel 

Since the tool spindle is at the bracket 
half point, the tool is displaced by a dis ­
tance equal to half the arbor diameter. 

A hole bored by this method has a dia­
meter equal to the sum of the arbor dia­
meter and the preset clearance .  The 
clearance between arbor and hole is 
therefore a fixed quantity . 

A constant axial clearance between 
barrel, cap and arbor is also achieved 
by copying the arbor dimensions . When 

stop ( 1 6 )  contacts plate ( 1 8 ) , the tool faces the inside boss of the barrel 
body (Figure 24 ) .  When an  arbor is  inserted between plate ( 1 8 )  and stop ( 1 7 ) 
(Figure 2 5 ), the tool faces the inside boss on the cap (Figure 24 ) .  

After these operations, the barrel , cap and arbor are  ass embled and 
the dimensions of the assembled barrel as well as the tightness of the cap 
fit are inspected (see inspection chart for "Pobeda " wristwatch barrels ) .  

The barrel is then dismantled and the parts washed and dried .  
Finally, the spring is  inserted into the barrel body and its outer extremi­

ty is fastened to the barrel . The arbor is then ins erted and the inner ex­
tremity of the spring is fas tened to it . The spring is wound one or two 
barrel revolutions to check the reliability of its fastening and, finally, spring 
and arbor are lubricated, and the cap is assembled (Figure 2 6  ) .  

Pallet-lever A s s embly 

The pallet-lever subassembly consists of the lever ( 1  ), the staff (2 ), the 
guard pin ( 3 ) , the receiving pallet (4 )., and the discharging pallet ( 5 )  (Figure 2 7  ) . 

3 

FIGURE 2 7. Pallet subassembly : 

1 -lever; 2-staff; 3-guard pin; 
4-receiving pallet; 5-discharging 
pallet. 
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FIGURE 28. Fastening the staff and 
guard pin to the pallet lever 



FIGURE 29. Fixture for pointing guard-pin end 

FIGURE 30.  Attachment on profile projector for mounting the pallets in the pallet lever 
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A s sembly begins with the pressing-in and the riveting of the guard pin in 
the pallet lever,  using a hand press or the pedal - operated D-246  press 
(Figure 2 8 ) .  

The guard pin i s  then set manually, by means of pincers , both with 
respect to paralelleity to the lever plane and relative to the center line of 
the fork slot. The guard-pin extremity must not deviate from the center 
line of the slot by more than ± 0 . 0 3  mm . The reliability of the guard -pin 
mounting is checked by random sampling in a special inspection device .  

Next, staff ( 1 )  is  pressed into pallet lever ( 2 )  on  a hand press or  on the 
pedal -operated D-246  press . The reliability of the mounting is inspected 
(5 "/o sample ) in a special device .  

The guard -pin tip is then pointed using a bench- type hand press and a 
special fixture (Figure 2 9  ) .  The pallet lever ( 1 )  is  located by  its staff 
journals in the steel bearings (2 ), and clamped between the plunger ( 3 )  and 
its spring-loaded counterpart . A profiled circular cutter (4 ) ,  ground to the 
desired shape of the guard-pin tip, is also mounted on the press . When the 
plunger, together with the pallet, is lowered, the cutter planes or shaves 
the pin tip . 

Guard -pin pointing is followed by the preliminary setting (in the device ) 
of the pallets in the pallet-lever slots . Their exact setting is  performed 
in a profile projector, on whose table ( 1 )  the attachment (2 ) is mounted 
(Figure 3 0 ) .  

The attachment consis ts o f  a lower plate ( 3 ) , an upper clamp ( 4 ) ,  levers 
( 5 )  and ( 6 ) , and setting pins ( 7 )  and ( 8 ) .  A drawing of the pallet lever and 
banking pins on tracing paper or glass is fastened to the projector s creen. 
The pallet lever is mounted in the jewel bearings of the lower plate ( 3 )  and 
the upper clamp (4 ) ,  and is pressed by pincers against one of the banking 
pins . The pallet position is projected on the screen through the central hole 
of the plate and compared with the drawing, on which the limits of the pallet 
position are marked out. The pallet is displaced along its slot by levers ( 5 )  
and ( 6  ) .  This method o f  positioning and inspecting the pallets is very ac­
curate and quick. The pallets are now fixed in position in their slots by 
molten shellac which flows into the free space in the slots , the lever being 
heated to 7 0 - 8 0°C on a special brass plate.  

A s sembly of the Balance 

The balance subass embly includes the balance wheel with screws , the 
balance staff, and the double roller with impulse pin (Figure 3 1 ) . The bal ­
ance subassembly must be poised, its screws must be tightly screwed into 
the wheel,  and the double roller and wheel must be reliably fastened to the 
staff . The assembly operations are as follows : mounting the screws on 
the balance wheel using adjusting washers under the four compensating 
sc rews (Figure 32 ,  a ), mounting the balance wheel on the staff and stak­
ing (Figure 32 ,  b ), s etting the balance wheel in the face plane (Figure 32 ,  c ), 
mounting the double roller on the staff (Figure 32 ,  d ), and static poising 
(balancing) of the subassembly (Figure 32, e ) . 

A mechanical s crewdriver is used in certain wateh plants for mounting 
the screws on the balance wheel . Its use much simplifies the performance 
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of this complex operation, and increases the production rate for the oper­
ation by about 50  o/o . 

The mechanical screwdriver consists of the screwdriver proper, a 
DT- 7 5  electric moto r ( n  = 2800  rpm ) with a flexible shaft, and an RVN-20  

vacuum pump with a common air duct for 1 5  
to 2 0 mechanical screwdrivers (Figure 3 3 ) .  

An  aluminum body encloses the screwdriver 
mechanism and the total weight is less than 
1 5 0  g. The body is eas ily dismantled for clean ­
ing. The screwdriver guide shaft ( 1 )  is con­
nected at one end to the flexible shaft at the 
electric motor, and at the other end to the collet 
holder ( 3 )  and collet ( 4 )  through the friction 
coupling (2 ) .  When operation is to begin, the 
m otor and pump are switched on, the screw­
driver is gripped by the right hand so that the 
thumb is on the trigger ( 5 )  and the balance is 

FIGURE 31. Balance subassembly held on the table by the left hand. The collet 
nose is brought near the head of one of the 
screws , which are spread on an inclined table ,  

and the collet is  opened by  pressing on  the trigger .  The screw head is 
sucked into the collet housing and the trigger is then released. The screw­
driver collet nose and the screw rotating with the collet are brought opposite 
one of the holes in the wheel and the screw is screwed in it . Pressure on 
the trigger opens the collet and the screwdriver is withdrawn. The entire 
operation takes a fraction of a second . 

��E- ��1*�1 �:�· ��WI -�==±==U.J==!====� T i--oo2----l 1 
b c 

a 

0.02 
d e 

FIGURE 32. Balance assembly : 

a-mounting the screws ;  b-mounting the balance wheel on the staff; c-setting the balance wheel in the 
face plane; d-mounting the double roller on the staff; e-staric poising. 
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Valve ( 6 )  has been provided for cases where defective screws (with a 
tight thread or none at all ) are in the collet, and have to be removed.  The 
spindle nose is inserted into the valve cone ( 7 )  and pressure on the valve 
brings it opposite the hole in tube (8 ) .  The vacuum in  the tube sucks the 
screw out of the collet housing (the collet being open ) and it falls into the 
valve pocket .  Spring ( 9 )  then returns the valve to its initial position. 

FIGURE 33. Mechanical screwdriver for mounting screws on 
balance wheels 

A n  automatic machine for m ounting screws on the balance wheel of 
"Zvezda" watches is in use at the Penza watch plant (Figures 34 and 3 5 ) .  

A turret head o n  this machine has 1 0  balance housings i n  which the bal­
ances are held by springs . The turret head is imparted a reciprocated 
motion in a longitudinal direction by a cam . It is indexed 36°  each time it 
is withdrawn, so that one screw is mounted in each of the 1 0  balances . 
A fter one complete revolution of the turret head, the shafts on which the 
b3.lance wheels are mounted are indexed by an angle which depends on the 
balance design .  In the case of the "Zvezda" balances , which have 1 2  screws 
regularly distributed on the wheel circumference ,  the indexing angle is 30° .  
All  the balances are indexed by the same angle and the mounting cycle is  
repeated .  The machine stops automatically after all the screws have been 
mounted.  
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FIGURE 34. PR-151 automatic machine for mounting screws 
on the balance wheel 

�� 
FIGURE 35. Kinematic diagram of the PR-151 automatic machine 



The magazine must accurately position the screw relative to the machine 
spindle collet .  The turret head, in turn, must accurately cente r the balance 
hole with respect to the screw in the collet .  

The magazine (3 ) ,  is displaced vertically between guideposts by means 
of a lever ,;_nd cam (see Figure 3 5 ) .  It is lowered when the turret head is 

.. 

withdrawn, and the casette with the screw 
is fed to the collet .  It is lifted when the 
turret head approaches,  making it pos sible 
for the collet to rotate the screw. Spindle (2 ) 
has a friction coupling which prevents 
breakage of the screw in cases of tight 
threads . The cam shaft ( 5 )  mounts cams 
which control the motions of the turret head, 
the magazine mechanism ,  and the closing 
of the collet. The machine handles 10 bal -
ances in 2 minute s .  Screws are placed in 

FIGURE 36. Double roller w ith impulse pin the cas ette manually, and each screw thread 
is inspected during loading. The machine 
is driven by an electric motor .  After the 

screws have been assembled, the balance is directed to the electroplating 
shops for gold-plating .  

The balance wheel is  mounted on its staff in  the same way as  wheels are 
mounted on pinions (D-246  pedal-operated press ) .  The balance staff is  in­
serted into the housing of the lower die with its shoulder serving as support­
ing surface .  

FIGURE 37 .  Device for static posing o f  the balance-wheel subassembly 

After the balance wheel has been placed properly on the chamfer of the 
corresponding shoulder, the press is actuated .  

Mounting of the wheel on the staff is followed by setting the balance in 
the face plane which is perform ed in two stages :  preliminary (using pincers ) ,  
and final (P - 32 instrument ) (Figure 1 9 ) . The face run-out whose permissible 
value is 0 . 02 mm is checked by the same instrum ent simultaneously with the 
setting ope rations . 
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The double roller,  with the impulse pin previouslj pressed into it (Fig­
ure 36 ) ,  is set on the staff on a D-246  pedal - operated press . Shellack is 
melted into the joint afte r the pi.n is pressed into the double roller in order 
to increase the tightness of the ass embly. The position of the impulse pin 
relative to the recess and the central hole of the roller is inspected in a 
profile projector, and the tightness of its mounting is checked in a special 
devic e .  

The balance wheel i s  positioned, using pincers,  i n  a die i n  the lower shoe 
of the pres s .  The roller is positioned ,  again using pincers , on the balance 
staff and is pushed against the shoulder of the balance staff by means of a 
punch mounted in the press spindle (see Figure 32 ,  d ) .  

The run- out o f  the safety (guard ) surface ( 0 . 0 1 5  mm allowable )  i s  in· 
spected using a dial gage (see Figure 2 0 ) . 

The unbalance in the balance wheel, due to inaccuracies in the manu­
facture of parts and in their ass embly, is, to a certain extent, corrected by 
statically "poising" the subassembly (Figure 37 ). The balanc e - staff journals 
are placed on knife edges made of ruby (see Figure 32 ,  e )  and an oscillating 
motion is manually imparted to the wheel . If the unbalance of the wheel is 
considerable ,  it will stop rapidly with the heavy part coming to rest at the 
bottom . The balance is then removed from the knife edges ,  and the weight 
of the screws in the heavier part is reduced (or the weight of the screws 
on the oppos ite side increased )  by removing or adding adjusting washers . 
The operation is then repeated ,  until the balance wheel is clearly in the 
indifferent state of equilibrium . Static poising is followed by fitting the 
hairspring, and by dynamic balancing in the P- 12  instrument. 

Ass embly of the Hairspring and Collet 

A properly stabilized hairspring has the shape of an A rrhimedean spiral . 
The inside end of the hairspring (2 ) is fastened to a brass bushing ( 1 )  (Fig­
ure 38, a ), called the collet .  Pincers are used to introduce the end of the 

] 
b 

a 

FIGURE 38. Setting the hairspring in the collet 
and stud: 

a-setting the inside end in the collet; b-setting 
the outer coil in the stud. 
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hairspring into the lateral hole in the collet and it is locked in place by the 
tapered pin (3 ). The hairspring is aligned (in the plane ) and its terminal 
curve is simultaneously bent .  The inner terminal curve is so made that its 
initial part does not come in contact with the collet when the hairspring is 
twisted 3 3 0°, while,  at the same time ,  its distance from the collet does not 
exceed a value equal to the spiral pitch (Figure 3 9 ) .  

The outer end o f  the hairspring is fixed t o  the stud . 

Ass embly of the Balance and Hairspring 

The ass embly of the b a l a n c e -h a i r s p r i n g  system involves mount­
ing the hairspring with collet on the balance staff, establishing the system 
period, fastening the outer end of the hairspring to the stud, shaping the 
outer terminal curve, and dynamical ly balancing the entire system.  

The D-246  press , which was used for  the double roller, is  also used for 
mounting the hairspring and collet on the balance staff (Figure 40, a and b) .  
Hairspring and balance are simultaneously aligned in the face plane . 

b 

FIGURE 40. Balance-hairspring assembly : 

a-balance with staff and double roller; b-hairspring with collet. 

The oscillation pe riod of the system is established by the P- 1 2  instru­
ment (see th� section on "Watch adjustment" ) .  The period of os cillations 
is marked on diagram paper and compared with the standard period for the 
instrument. The period of the system being tested is adjusted by varying 
the hairspring length (the hairspring has a reserve of 1 . 5  to 2 outer turns ), 
until it coincides with that of the standard .  The system is vibrated in a 
horizontal position . 

After the hairspring has been brought to size,  the outer end of the hair­
spring is fastened to the stud in the same P- 1 2  instrument (see Figure 38 ,b ) .  
The end (2 ) o f  the hairspring is introduced into the hole in  s tud ( 1 )  and is 
fastened to it by the tapered pin (3 ) . 

Devices which do not require removal of the hairspring from the balance 
staff are used to shape the outer terminal curve . The shaping is performed 
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in two steps . A knee bend is first made which raises part of the coil above 
the hairspring plane, and the terminal curve is then formed according to 
the shape required. 

The inner and outer terminal curves of the hairspring are necessary in 
order to bring the center of gravity of the hairspring as clos e as possible 
to the axis of revolution of the balance wheel . 

After the hairspring has been fitted on the balance, the system is dyna­
mically poised, the center of gravity of the entire system is made to lie on 
the axis of revolution of the balance wheel.  The poising operation is per­
formed in the P- 1 2  instrument where the balance - hairspring system operates 
in a reference watch movement . The unbalance of the system is checked in 
four vertical positions . Correction is made by removing or adding adjust­
ing washers under the balance screws . Static poising brings the daily 
(24 hour)  error of the system down to 3 to 5 min, and dynamic poising in 
the P - 1 2  instrument reduces the error to som ething of the order of 5 seconds "' .  

WATCH ASSEMBLY 

Wrist- and pocket-watches are assembled from as many as 140  to 1 5 0  parts 
parts . Subassemblies ar e assembled in the mechanical shops in which the 
parts are manufactured .  This closed- cycle organization of the production 
process has several advantages :  simpler production control , elimination 
of repeated inspection operations , increas ed responsibility of the mechanical 
shops for product quality, etc. The assembly shop performs the basic as ­
s embly ope rations , and also the preliminary assembly of separate subas ­
semblies :  screwing the dial-leg screws into the plate, fastening the bal ­
ance cap (with jewel ) on the balance co<..:k and mounting the regulator, mount­
ing the keyless wheel and click, etc . A s  these preliminary ope rations do 
not require much work (man-hours ) ,  it is not expedient to include them in 
the cycle of basic assembly operations . 

The hand- setting movement is also assembled in an operation which is 
not included in the cycle of basic ass embly operations . The ass embled unit 
is washed after this ope ration. 

In all Soviet watch plants ,  the basic ass embly operations are performed 
using the conveyor-belt system. The method of team - system ass embly for 
separate ass embly operations , formerly used,  has been replaced by a new 
and more advanced method using a closed conveyor-line assembly cycle with 
fixed rate.  A ssembly by the earlier method included 7 operations performed 
by highly qualified specialists . Ass embly on an intermittent conveyor line 
includes 1 1  to 1 2  operations requiring assemblers of only average qualifi­
cations . Some of the operations relating to the escapement and balance 
subassemblies are performed outside the conveyor line . 

The idea of conveyor-line ass embly is not new. It was us ed for alarm ­
clock assembly as far back as 1 9 30  in the second Moskva watch plant. Move­
ments being assembled were transferred from one workplace to the next 
by conveyor belts . 

In 1 94 8  the same plant applied the conveyor system to the ass embly of 
pocket watches . A new type of conveyor line, called a n  i n t e r m i t t e n t  

• Poising is treated in more detail in the section '"Watch adjustment'" . 
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c o n v e y o r  l i n e  by its designers , was developed in 1 95 0  at the Penza 
watch plant . This conveyor line moves intermittently (whence its nam e )  
with a definite rate (frequency) adjusted from the foreman ' s  control panel 
in the course of the workday. 

Intermittent-conveyor-line design. The conveyor consists of a row of 
wood panels ( 1 00 X 8 0 mm ), every second panel carrying work holders on 
which the watch plates are mounted (Figure 41 ). The table carrying the 
belt is so designed as to ensure a more comfortable position for the ass em­
bler .  The work holders are disposed in  such a way that the ass embler can 
work either on the left- hand or on the right-hand holder.  This arrangement 
allows the ass embler to conclude an operation when the work is on his right­
hand side if he was not able to conclude it while it was at his left. This 
feature is also neces sary for certain complex operations which are per­
formed during two dwell periods . One workplace is assigned for every 
four wo rk holders , on one side of the conveyor bench . 

FIGURE 41 . Intermittent conveyor line for the assembly of pocket- and wristw arches 

The holder on which the watch plates are mounted consists of a body 
(fastened to the wood panel by its base ) ,  a ball -and- socket joint, a fork and 
a fram e .  The plate i s  mounted in the fram e so that parts can b e  installed 
on it from both sides . If the fork is lifted, one can rotate the frame with 
the plate by 1 8 0° in the fork hinges ,  afte r which the fork can be lowered 
again. The frame is locked by pins mounted on the work-holder body (Fig­
ure 42 ). The raised fork can rotate in the horizontal and vertical planes 
because of the ball - and - socket joint . The ass embler,  by rotating the fram e 
with the m ovement to be ass embled in the vertical plane , can conveniently 
operate on it or inspect it. The frame is provided with additional holes and 
pins used for fastening assembly fixtures such as a press for hand fitting. 

Conveyor-line work planning. Conveyor-line ass embly is split into oper­
ations requiring the same amount of time ,  called the dwell time.  A n  oper­
ation requiring more time is entrusted to  two assemblers . The work-holder 
bodies are accordingly given alternating colors . The dwell time in the as ­
sembly of "Zvezda" watches in the Penza watch plant is 1 . 5  minutes on the 
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average , being 1 .  7 5  min at the beginning and the end of the workday. The 
conveyor-belt speed is controlled from the control panel.  Two breaks of 
1 0  min each are introduced in order to reduce fatigue . 

FIGURE 42 . Work holder for conveyor-line watch assembly 

Three signal lamps are located at each wo rkplace .  A green light shows 
during the work period, a red light during the belt motion, and a violet light 
during the 1 0  sec preceding belt m ovement. Certain plants use a red light 
only (Figure 4 3 ) .  The ass embler ' s  workplace is illuminated by the general 
lighting system and there is additional local illumination using fluorescent 
lamps . Fluorescent light has the advantage of reduced reflections from the 
shining surfaces which most watch parts have and the operator 's  eyes are 
less fatigued. The main shortcoming of fluores cent light is a certain flicker 
which is undesirable for accurate work. Every workplace is provided with 
a push button for calling the foreman. When the button is press ed, a lamp 
lights on the foreman' s  control panel , indicating the corresponding work­
place . A fter the end of each operation the watch movements being assembled 
are covered by a dustproof plexiglass cap . When the workday is finished, 
the conveyor belt with the movements is cove red by tin hoods and sealed.  

Before the ass embly begins , the plate with the previously ass embled 
hand- setting movement is fastened rigidly to the work holder. The watches 
are then assembled in the following sequence .  

F i r s t  o p e r a t i o n  

Wheel-train assembly 

The center, third, fourth, and escape-wheel subass emblies are set on 
the plate.  The assembler mounts the train (central ) bridge with the keyless 
(winding) wheel already m ounted.  He first sets , using pincers ,  the center 
pinion since it has the longest journal , and then proceeds with the other 
pmwns . The bridge is then screwed onto the plate with two screws using 
a mechanical screwdriver .  The ass embler then inspects the axial clearances 
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of each gear pair and the face run- out of the wheels . The magnitude of axial 
displacement is measured on a dial gage , but a trained ass embler can judge 
it by touch. If the axial clearances are larger than specified, which rarely 
happens , the jewels are displaced by a hand press mounted on the conveyor 
bench. Face run- out is inspected visually. 

FIGURE 43. Assembler's workplace 

After the axial clearances and the face run- out have been inspected, the 
ass embler directs a jet of air at the center wheel, causing it to rotate . 
Quality of train m esh is assessed from the speed of rotation of the escape 
wheel and from the noise pattern. 

The tolerances on the pinion journal diameters and the jewel holes guar­
antee the desired radial clearances ,  and accordingly thes e are not inspected. 

S e c o n d  o p e r a t i o n  

Setting the barrel and the barrel ratchet wheel 

The assembled barrel is set on the plate and held by a separate bridge 
on which the click has already been mounted .  The ass embler inspects the 
radial and axial clearances ,  and the quality of the mesh with the center 
pmwn. The barrel ratchet wheel is then set.  The barrel ratchet wheel, 
set on the barrel arbor, must not wobble as this could lead to its coming 
into contact with the barrel and meshing incorrectly with the keyless wheel 
and the click. After the subassembly is assembled, the places of contact 
between the keyless wheel and the cap are lubricated .  

The ass embler checks the quality of mesh of the whole kinematic chain 
from barrel to es cape wheel in the following manner:  by rotating the wind­
ing crown, he winds the spring till rotation of the gear wheels sets in. When 
winding of the mainspring is now stopped,  the escape wheel stops for a mo­
ment, and then makes several turns in the opposite direction under the re ­
versed action of the spring. The larger the number of these reverse 
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revolutions, the better the mesh or, in the assemblers ' language, the 
easier the "rolling".  The number of reverse rotations of the escape wheel 
in "Zvezda" wristwatches must be not less than 4 .  

5 

FIGURE 44. Schematic diagram of the instrument for checking quality of mesh 

In certain cases the mesh quality is inspected by m eans of the instru­
ment shown in Figure 44. The driving force of the instrument is supplied 
by the spiral spring (2 ) (hairspring) .  The instrument scale ( 7 )  is graduated 
in g.  mm, according to the moment developed by the hairspring, when it is 
twisted from oo to 1 5 0° .  The scale us ed for wristwatches is graduated from 
0 to 1 5  g.  mm . The hairspring (2 ) and the hand ( 3 )  are mounted on axis ( 1 ) .  
The second extremity of  the hairspring is  fas tened to  the lever (6 ) .  The 
barrel of the watch movement to be inspected is meshed with barrel (4 ) . 

In the absence of load the hand ( 3 )  and the pointer on lever (6 ) are disposed 
opposite each other on the scale .  A xis ( 1 ) rotates in  bearings (5  ) . 

The instrument hairspring is loaded by rotating lever ( 6 )  to the right 
from its initial position .  Hand ( 3 )  is set  at zero.  The hairspring moment, 
transmitted to the watch m ovement through barrel (4 ) ,  increases in propor­
tion with the angle of twist till the transmission being inspected begins to 
rotate . 

A t  the instant rotation begins the maximum hairspring m oment is shown 
on the scale by the pointer of lever (6 ). Hand (3 ) begins to rotate together 
with barrel (4 ), and stops when the moment on barrel (4 ) becomes equal to 
the friction mom ent in the train . This moment is  calculated as the differ­
ence between the readings of the lever indicator (6 ) and hand (3 ) .  This 
instrument, the refore , determines the friction losses in the wheel train . 
The starting moment was found to be roughly twice the friction moment. 

T h i r d  o p e r a t i o n  

Mounting the pallet lever  and inspecting the relative position 
of the escapement-wheel teeth and of the pallets 

The assembl er inserts the lower journal of the pallet subass embly into 
the cap jewel , locks the bridge in position with two pins and, after inserting 
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the upper journal into the bridge jewel , press es the bridge firmly against 
the plate and tightens the screw. The axial clearances in the jewels are 
inspected using the same method as was used for the wheels . Radial clear­
ances are not inspected. 

FiGURE 45. "Zvezda'' w atch movement after 
the third operation 

After the axial clearances have been inspected and any possible skew 
corrected, the ass embler checks the height position of each escape-wheel 
tooth on the receiving and discharging pallets . The locking, run-to-bankings 
and drop angles are then inspected visually. To that end, the spring is wound 
by 1 !- to 2 turns of the winding crown, and the pallet fork is displaced from 
one banking pin to the other using pincers ,  until the escape wheel has com ­
pleted one full revolution. If the escape wheel has a large radial run- out, 
it can happen that the "run- out" tooth on the escape wheel does not free the 
pallet impulse face,  and the watch stops . Conversely, it could happen that 
the short escape-wheel tooth has a very small locking angle with the pallet 
which does not ensure the action of the escapement guard devices (guard 
pin, horns , and double roller with impulse pin ) .  

A part from the axial clearances,  the ass embler inspects the clearance 
between the tooth heel and the pallet back face .  The value of this clearance 
for the dis charging pallet (Figure 46 ) is 1 ° 3 9 ' 3 0 " (drop angle ) or 0 . 077  m m .  
This operation takes twice the time required for the previous operation, 
and it is therefore performed by two ass emblers in parallel at the same 
time .  Figure 4 5  shows a "Zvezda" watch movement after the third assembly 
operation. 

F o u r t h  O p e r a t i o n  

Mounting the lower balance endstone cap and the balance 

This operation is preparatory to the fifth operation. The plate is rotated 
to a dial- side-up position and the place where the cap is to be fitted is cleaned 
by an air jet. The cap with the jewel is mounted,  and the plate is returned 
to its former position. The balance and hairspring assembly is then set on 
the plate, the journal is carefully introduced into the lower balance end­
stone cap jewel and is covered by the balance cock on which the regulator, 
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the upper cap and the stud screw have already been mounted. The ass embler 
adjusts the axial clearance between the balance journals and the jewels by 
introducing washers between plate and cock, or by bending the cock some­
what, to which end it is  provided with a special reces s .  

F i f t h  o p e r a t i o n  

Establishing guard clearances between the pallet fork and the double 
roller. Removing the balance from the movement 

In order to establish the necessary clearance between the es capement 
guard pin and the double - roller safety surface,  the ass embler winds the 
spring until the fork contacts one of the banking pins . Then.  using pincers ,  
h e  draws the fork away from the banking pin until the guard pin comes 
into contact with the roller safety surface.  The magnitude of the clearance 
is determined from the magnitude of the fork (pallet )  deflection from the 
banking pin . The fork is then displaced to the second banking pin, and the 
procedure is repeated .  

FIGURE 46. Position of the escape-wheel tooth and 
the receiving pallet during locking 
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If the clearance is too large or too small, the pallet lever is removed 
from the movement and the guard pin is shortened or drawn out. After the 
required clearances have been set, the assembler inspects the clearances 
between the horns and the impulse pin. 

The operation of the escapement will now be described briefly in order to make clear the question of the 
clearances. The lever escapement (as do all other escapements) performs two functions : it periodically 
transmits impulses to the balance in order to sustain its oscillations, and it periodically unlocks the wheel 
train for rotation, as can be seen from the intermittent motion of the seconds hand . The seconds hand is at 
rest for roughly 0,95 sec, and in motion for the remaining 0.05 sec. Escapements must be designed so that 
their functioning is not disturbed by sudden external jolts, and they are therefore provided with special guard 
devices. 

The lever escapement of " Pobeda" 1�atches is shown in Figure 46. 
When the escape-wheel tooth is on the receiving-pallet locking face, the fork contacts the left-hand 

banking pin and the balance moves in a free oscillation to the left of the equilibrium position. If the escape­
ment functions properly, that is if there are no sudden jolts, the balance will introduce the impulse pin into 
the fork notch when it returns to its equilibrium position. On overshooting the equilibrium position, the im­
pulse pin knocks the fork 3' to the right ( locking angle). The escape-wheel tooth passes from the locking 
face of the receiving pallet to its impulse face and rotates the pallet lever by the impulse angle of 7'40' 
( 5'40' pallet angle + 2' tooth angle). The fork notch in turn transmits the impulse to the balance, which 
moves in a free oscillation to the right of the equilibrium position. Under the action of the drawing force on 
the discharging pallet, the pallet lever travels an additional angle ( 0'50'), called the run·to·bankings angle, 
and reaches the right-hand banking pin. 

Assume that the escapement has a short guard pin and that the fork under the influence of a sudden jolt 
has receded from the left banking pin so that the escape-wheel tooth has passed from the locking face to the 
impulse face of the receiving pallet. The moment transmitted by this tooth will then rotate the pallet fork 
through 8'30' ( 5'40' + 2' + 50') until it engages the right-hand banking pin. The balance, on returning to 
the equilibrium position, will no longer be able to introduce the impulse pin into the fork notch. The pin 
will instead strike the outer surface of the fork horn and the balance will stop (Figure 47, a). 

a b 

FIGURE 47. Action of the guard devices: 

a-premature throw of the pallet-lever fork, guard pin being short; b-guard pin engages the 
roller (safety surface) preventing fork rotation; c-horn engages the impulse pin. 

A blow of this nature usually breaks the impulse pin. In order to prevent watch stoppage and the acci­
dental passage of the pallet fork from one position into the other, a guard pin of suitable length is mounted 
in the fork, and the balance double roller has a cylindrical guard surface with a recess. When a sudden jolt 
occurs, the fork leaves the banking pin but the guard pin touches the safety surface and prevents the escape­
wheel tooth from slipping onto the impulse face (Figure 47, b). A clearance is specified between the guard 
pin and the safety surface in order to avoid unnecessary friction during normal functioning of the escapement. 
The angular value of this clearance must be smaller than the locking angle. The clearance is usually between 
0,03 and 0.05 mm (see Figure 46). 
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In order to make possible the rotation of the pallet fork from one banking pin to the other in normal 
functioning, a recess for the passage of the guard pin is made in the roller safety surface. The recess is lo­
cated on the same radius as the impulse pin. It might happen that a sudden jolt occurs at the moment the 
guard pin has entered the recess (Figure 47, c). Then, the preventive functions pass to one of the fork horns, 
which will engage the impulse pin and prevent the escape-wheel tooth from passing to the pallet-impulse face. 
The clearance between the horns and the impulse pin must therefore be smaller than the locking angle. 

This clearance, however, must be larger than the clearance between the guard pin and the safety roller. 
This is specified in order to enable the impulse pin to pass freely past the horn and enter the fork notch when 
the guard pin contacts the roller safety surface. Friction between the guard pin and the double roller, when 
they come into contact, must be a minimum, and the contacting surfaces are therefore finished to a class 10 
or 11  surface finish. 

The guard clearances for the guard pin and the horns are thus fixed as 
a function of the locking angl e .  

While setting the guard clearances,  the as sembler inspects the relative 
positions of the impulse pin, the safety surface of the double roller, the 
guard pin and the fork horns in the vertical plane (Figure 48 ) . After the 
escapement has been adjusted, the balance is removed from the movement. 
The operation is performed in parallel by two assemblers . 

FIGURE 48 . Vertical clearances: 

a-between fork and double roller; b-guard 
pin and impulse pin; c-horns and impulse 
pin ; d-guard pin and plate. 

S i x t h  o p e r a t i o n  

Lubricating the watches 

The parts which are lubricated are the balance-staff bearings , the train 
axes ,  and the pallets . The pallet-staff jewels are not lubricated, but the 
staff itself is rubbed with oil . Only well-cleaned surfaces should be lubri­
cated. 

Oil is introduced into the watch m ovement by means of an oil dispenser 
(Figure 4 9 ,  a ) .  It is made o f  stainless steel with tips o f  different shapes 
and dimensions (Figure 49, b) .  Oil is stored at the workplaces in closed 
oil receptacles (Figure 5 0 ) .  
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Lubricating oil reduces and stabilizes friction, reduces (and sometimes 
prevents ) the wear of surfaces in friction, and protects the surfaces from 
corrosion. 

a 

No. 1 No. 2 

0. 1  
b 

FIGURE 49. Tool for lubricating watch movements : 

a-oil dispenser with base; b-tips. 

No. 3 

Watches operate for several years without oil replacement. The oil, 
while at first tending to run, is yet mostly retained in the bearings . How­
eve r, in the course of time it oxidizes,  thickens , and collects mechanical 
and other kinds of dust.  Lubricating oils used in watches must the refore 

have a high lubricating capacity, chemical and 
physical stability, and optimum viscosity . Certain 
grades must also have a wide temperature range 
of application. 

High lubricating capacity is necess ary for the 
reduction of friction, and thus of wear on the fric ­
tion surfaces . Mineral , vegetable and animal oils 
differ in their lubricating capacity . NIIChASPROM 

FIGURE 50.  Oil receptacle investigations es tablished that the coefficient of 
sliding friction for a steel - glass mating pair is 

reduced from 0 . 28 ,  for dry friction, to 0 . 2 1  when mineral - oil lubrication 
is used, and to 0 . 1 6  with bone oil . Bone and vegetable oils are , on the other 
hand, more prone to oxidation than are mineral oils .  Watch movements are 
lubricated using compound oils made up of fractions from the vacuum dis ­
tillation of mine ral and bone oils ,  and synthetic additives .  Various grades 
of watch oil are manufactured, and the grade to be used in each case is 
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determined by the speed of rotation and the contact pressure of the friction 
pairs . The grade is determined by the pe rcentage ratio of the basic com ­
ponents and additives ,  and is characterized by the physicomechanical prop ­
erties listed in Table 2 .  

TABLE 2 

Physico mechanical properties of watch oils 

Acidity number, 
Engler viscosity 

�� 1 
mg per 1 g of oil, • M 

GOST 33-53 .S � E 
Oil grade Use according to :::l 0 rl 

E o.. E-< GOST 5985-51 , 
at 5o•c at 2o·c !:l (/.) ';( 

0 0 "' 
maximum n. <.)  E 

MBP-12 Balance and pallet be arings of wrist-
and pocket-watches . . . • . . . • . .  0.18 2 .8-3.2 8.4-9.6 -20 

MZP-6 Train bearings of wrist-and pocket-
watches . . . . . . . . . . . . . . . . .  0.18 3.3-3 .6 1 0.9-11 .9 -20 

MTs-3 Barrel subassembly of 1<rist-and 
pocket-watches and alarm-clock 
bearings • •  0 • • •  0 0 0 • •  0 • • • • •  0.18 3 .\}-4.2 13.3-14.3 -15  

PS-4 Alarm-and table-clock springs . . . • 0.40 4 .5-4.9 - -
RS-1 Keyless work subassembly . • . . . . .  0.8 - - -

The amount of oil used in lubrication must be s trictly controlled,  as an 
unduly large amount could impair watch operation. Thus, if oil drops are 
pres ent in the pallet- arbor jewels , an additional moment must be applied 
in rotating the pallet lever to overcome the liquid friction in the oil layer. 

S e v e n t h o p e r a t i o n  

Movement starting (preliminary) 

The assembler sets the balance with the hairspring in the lubricated 
jewels in the cock and plate, fastens the hairspring stud, inspects the clear ­
ances between the balance wheel, the hairspring and the parts lying near 
them,  preliminarily sets the hairspring in the plane and with respect to the 
center, and establishes the clearance in the regulator curb pins . 

E i g h t h  o p e r a t i o n  

Movement starting (final ) 

The hairspring is finally and accurately set in the plane and on cente r.  
Figure 5 1 ,  a shows the method of setting the outer terminal curve in the 
plane by means of pincers , and Figure 5 1 ,  b shows the curve position after 
the s etting. The plane of the terminal curve is parallel to the lower plane 
of the balance cock. 
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Incorrect positioning of the outer terminal curve in the horizontal plane 
upsets the shape of the whole hairspring, and the turns become irregularly 
disposed (Figure 52 ,  a and b ) .  

b 

FIGURE 51.  Setting the outer terminal curve of the hairspring in the plane 

a b c 

FIGURE 52. Setting the outer terminal curve of the hairspring according to center 

The hairspring is returned to its normal shape by manipulating the outer 
terminal curve, using pincers (Figure 5 2 ,  c ) . If necessary, the inner ter­
minal curve is also modified and the ass embler then sets the final clear­
ance between the regulator curb pins . 

The total clearance between the hairspring and the regulator curb pins 
(Figure 5 3 )  must be between 50 % and 1 0 0 %  of the hairspring thickness .  By 
rotating the regulator to its extreme positions, the assembler checks the 
clearance established and the correct position of this sector of the outer 
terminal curve; the curve in this s ector is then adjusted if necessary. 

The assembler now "centers " the escapement. With the mainspring 
completely unwound, the balance must be so positioned that the impulse pin 
will lie on the line connecting all centers while being inside the fork notch 
(Figure 54 ) .  The pallet fork must be positioned equidistantly from the two 
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banking pins and must contact the escape-wheel tooth on the impulse face 
of the receiving or  dis charging pallet. Only under these conditions will the 
watch m otion be regular .  To s et the impulse  pin on the line of centers in 
the equilibrium position for the balance and hairspring, the hairspring collet 
must be rotated on the balance staff. Finally, the ass embler s tarts the 
m ovement by winding the mainspring 2 to 3 turns of the winding crown. 
This must start balance oscillations without any additional mechanical 
prompting. The ninth operation, being complex and crucial , is performed 
in parallel by two assemblers . 

Figure 5 5  shows a " Zvezda " watch movement after the eighth operation. 

FIGURE 53. Clearance between the terminal curve and the 
regulator curb pins 

FIGURE 54. Centering the 
escapement and balance 

FIGURE 55.  "Zvezda" w atch movement after the 
eighth operation 

N i n t h  o p e r a t i o n  

Mounting the motion work and the dial 

The ass embler rotates the m ovement on the work holder from the bridge 
to the dial side, places the cannon pinion on the cente r pinion, checks the 
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frictiontight fit of the cannon pinion on the center pinion. He then checks 
the smoothness of rotation of the cannon pinion, sets the minute wheel, 
checks the mesh with the cannon pinion, and places the bridge . He then 
slips the hour wheel onto the cannon pinion and adds a washer to which he 
gives a spherical shap e .  The dial i s  s e t  after the motion work has been 
assembled.  If the dial is to be fastened by screws it is necessary to ensure 
a uniform clearance in the dial holes between the latter and the hour wheel 
sleeve and the seconds hand axle ,  respectively. 

T e n t h  o p e r a t i o n  

Setting the hour, minute and second hands 

The ass embler places the hour, minute and second hands , aligns them 
in the plane and bends the end of the minute hand . The hands must not touch 
each other or the dial during rotation, must sit tightly on their axles and 
indicate the time in a coordinated manner. 

E l e v e n t h o p e r a t i o n  

Inserting the movement in the case 

The ass embler charged with this final operation removes the watch move­
ment from the conveyor work holder and inserts it into the case .  He then 
places the bezel and checks if the minute hand does not touch the crystal . 

The watches thus assembled are s ent to the adjustment section. 
The assembly staff consists of 19 ass emblers : 3 for the preparatory 

operations ,  14 for the intermittent conveyor line, and 2 for adjustment and 
inspection. The conveyor-line servicing personnel consists of a foreman, 
a material supplier and an inspector. 

Intermittent conveyor lines considerably reduce the man-hours required 
and puts less strict demands on the worker ' s  skill . The general ass embly 
is improved and the need for complete tool s ets at each workplace is elim­
inated.  Each workplace is equipped only with the tool for performing a spe­
cific operation and with a stock of parts sufficient for the daily production 
schedule .  Parts are stored in plexiglass boxes .  The number of assembled 
watches is counted by a counter mounted on the control pannel . 

WATCH ADJUSTMENT 

Watch adjustment aim s at guaranteeing watch accuracy for a long time 
and is achieved by varying the moment of inertia of the balance and the 
length of the hairspring. 

The period of free oscillations of the balance is expressed by the formula 

( 5 )  
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where T = oscillation period of the balance ,  sec; 
J = moment of inertia of the balance ,  g .  mm . sec2; 
k = hairspring m om ent per radian of rotation, g. mm . 

Inserting the value of the moment of inertia of the balance (J = mr2) and 

the moment of the hairspring ( k = 7:.�) in (5 ) , we obtain 

where m = balance mass; 

T= 41tV3 ·m · rZ ·L (6 ) E · b · ha 
r = radius of gyration of balance;  
L = length of hairspring; 

b and h = width and thickness of the hairspring c ross section, respectively; 
E = modulus of elasticity of the hairspring material . 

It is seen from ( 6 )  that the period of the balance oscillations increases 
with an increas e in the moment of inertia of the balance wheel and with the 
hairspring length, and decreases with an increase in the modulus of elasti­
city and the cross - sectional area of the hairspring. The hairspring thickness 
has the greatest influence on the os cillation period: the period decreases 
by a factor of 2V2 when the thickness is increased by a factor of 2 ;  it in­
creas es by a factor of only V2 when the length is doubled .  

As  was mentioned earlier, the balance- hairspring system is  preliminarily 
adjusted during its assembly by altering the hairspring length . This oper­
ation, called vibration, is performed with the help of the P- 1 2  instrument 
and a special head . 

Before the watches are marketed,  they are tested and inspected accord­
ing to the specifications es tablished by GOST. The maximum permis sible 
daily (24 - hour ) error for wristwatches is (GOST 6 5 1 9 - 5 3 )  30 sec for class A 
and 45  sec for class B in any of the four testing positions : dial up, crown 
down, crown up , and dial down . 

This test is preceded by the adjustment of the watch in six positions : dial 
up, dial down ,  crown up, crown down,  crown right, and crown left. Maxi­
mum daily error after this adjustment is 20 sec for class A and 30 sec for 
class B .  

The balance period i s  a function o f  th<' balance and hairspring dim ensions 
and the modulus of elasticity of the spring only, and is independent of the 
amplitude of the oscillations . This quality is called i s o c h r o n i s m  and 
is expressed by formula ( 5 )  which holds for the case of free damped oscilla­
tions , when the balance -hairspring system does not receive oscillation­
sustaining impulses . 

. Influence of impulses on the balance period. An external force acting 
for a short period of time on the balance -hairspring system changes its 
oscillation period .  The variable force (impulse )  transmitted from the main­
spring through the lever escapement which acts periodically on the balance 
constitutes such an external forc e .  Random jolts are another example of 
period- changing forces . 

We will now examine the influence ,  on the period, of the impulses trans ­
mitted from the lever escapement . The balance motion at any moment will 
be called d e s c e n d i n g  if its direction is from ·cne position of maxim urn 
deflection toward the equilibrium position, and a s c e n d i n g  if its direction 
is from the equilibrium position toward the position of maximum deflection. 
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As was shown above , the escape - wheel tooth is unlocked and the impulse 
transmission begins before the equilibrium position is reached .  Impulse  
transmission ends after the equilibrium position has been passed.  

It was found that the period in a descending m otion decreases if the force 
acts in the direction of motion of the balance ,  and increas es if it acts in the 
opposite direction. 

The unlocking forc e,  acting in the direction opposite the balance motion, 
therefore increases the oscillation period .  This increase will be the small­
er ,  the nearer the unlocking to the equilibrium position . Escapements 
with a minimum angle of rotation for the pallet lever are to be preferred in 
this respect. 

The period of  an ascending motion increas es if the force acts in the direc­
tion of motion of  the balance ,  and decreases if  it acts in the opposite direc­
tion .  

The impulse transmitted to  the balance afte r the equilibrium position 
therefore increases the oscillation period .  The longer the contact path for 
the escapement and balance ,  the greater the influence of the impulse on the 
period, and therefore the angle of rotation of the escapement must be a min- ­
imum . It also follows that the half- periods of the ascending and descending 
motion are not equal . 

Changes in the value of the impulse lead to a variation in the half-periods , 
and thus in the period of the balance .  A constant period of oscillation can 
be obtained by stabilizing the value of the impulse transm itted .  

Special devices ,  called i m p u l s e  s t a b i l i z e r s , are  used in  certain 
watches for this purpose .  A constant amplitude (5° maximum variation) is 
achieved by means of such stabilizers, and the watches operate under s teady 
conditions achieving an accuracy of 1 to 2 sec daily error. The influence 
of impulse variation on the oscillation period is more pronounced for small 
amplitudes .  In some cases period variations occur without amplitude varia­
tion as, for instance ,  with a nonpoised balance wheel . 

In m ost cases ,  variations in the balance period are a consequence of 
amplitude variation and are a result of the fact that the oscillations of the 
balance interacting with the escapement are not i s  o c h r o n  o u s  , in other 
words , the periods of the forced oscillations of the balance depend on their 
amplitude .  

If the watch is  adjusted at  some mean amplitude, the period will, as a 
rule,  be larger than normal for small amplitudes ( 1 4 0 - 1 7 0° ) ,  and less than 
normal for large amplitudes (280- 320° ) .  The watch will lag in the first 
cas e ,  and advance in the second . 

The caus es of variations in the amplitude, and therefore in the period, 
are numerous . Some of the most important ones are: 

variation of friction in the bearings; 
unbalance in parts of the balance subassembly; 
different positions of the hairspring between the regulator curb pins and 

the shape of the terminal curves; 
variation in the value of the moment transmitted from the mainspring; 
variations in the lubricant properties ;  
action of magnetic fields; 
variations connected with inaccuracies found in the ass embly of  the wheel 

train , the escapement, etc . 
We will examine the influence, on the accuracy of the watch, of the above ­

listed factors . 
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Variation in bearing friction. The largest variations in the amplitude 
occur in the following two cases :  1 )  when the watch position is changed 
from horizontal to vertical; 2 )  at maximum and minimum spring tension. 

The decrease in amplitude accompanying a change from horizontal to 
vertical pos ition of the watch is due to the increase in the friction moment 
in the bearings . In the horizontal position (dial up or down ) the balance 
staff rests with its spherical heel on the endstone face and the friction mo­
ment is  very small becaus e of the very small friction radius . In vertical 
position of the watch the balance rests with its two staff journals on the 
cylindrical surface of the jewel bearings . The friction moment is much 
larger than in the first case because of the much larger friction radius , 
equal to the journal radius . 

In order to reduce the difference between the friction moments at hori­
zontal and vertical pos itions of the watch, the jewel hole is rounded, using 
a radius equal to two hole diameters , and a small land is formed on the 
balance-staff heel . The rounding of the jewel hole also reduces the influ­
ence of the oil on the watch movement. 

Variation in the moment transmitted. It was mentioned earlier that 
change in the moment transmitted from the mainspring causes a sharp var­
iation in amplitude .  The m oment of the mainspring in its middle working 
range is roughly proportional to the deflection angle .  The value of the am ­
plitude for a completely wound spring (4 to 5 turns ) and good assembly is 
2 80- 320° .  I t  drops to  140- 1 7 0° when the spring is  wound 1 to  1 . 5 turns . 
Watches adjusted at 2 to 2 . 5  turns will therefore advance at the beginning, 
and lag at the end (after 24 hours ) .  Interference with isochronism is most 

FIGURE 56. Balance with dis-
placed center of gravity 

clearly apparent in this last cas e .  In order to 
reduce the difference between the two winding 
extremes,  the maximum and minimum m oments 
of the spring are made as near to one another as 
pos sible: the maximum difference between them 
must not exceed 2 5 "/o .  

Pocket-and wristwatch springs are calculated 
for a minimum of 45 hours watch ope ration per 
winding. 

Unbalance of the balance-hairspring system, 
or displacement of the center of gravity relative 
to the axis of revolution, is one of the main factors 
producing the s o - called position error in watches . 
This displacement occurs in spite of the high ac­
curacy of manufacture of the balance and hairspring 
(geom etric dimensions) ,  and in spite of the s tatic 

p01smg. The displaced center of gravity q (Figure 5 6 )  causes an addi­
tional moment during balance rotation which influences the watch in a man­
ner which depends on its pos ition.  A rule exists for the determination of 
the position of the center of gravity of the balance:  

1 .  If, when the balance passes through its equilibrium position, its 
center of gravity is situated below the axis of revolution, the watch will 
advance at an amplitude of 1 4 0  to 1 7 0° ,  and lag at an amplitude of 2 8 0  to 
320° .  

2 .  If, when the balance passes thrr ugh its equilibrium position, its cen­
ter of gravity is situated above the axis of revolution, the watch will advance 
at an amplitude of 2 8 0  to 3 2 0° ,  and lag at an amplitude of 140  to 1 7 0° .  
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If the center of gravity is situated on the horizontal diameter, the watch 
will not have a position error, as can be seen from the formula 

(J) = - 43 200 · pi/ · COS � · S (If>), 

where (J) = daily (24 -hour ) watch error; 
P = balance weight; 

( 7 )  

l = distance between the center o f  revolution o f  the balance and its 
cente r of gravity q; 

k = moment of hairspring when it is wound one radian; 
� = angle between a vertical line passing through the balance center 

and the ray passing through the balance cente r and its center of 
gravity; 

S (<1>) = an alternating slowly convergent series arranged according to 
increasing values of the amplitude . 

The function S (<1>) is shown in Figure 5 7 .  The daily error will b e  zero 
in the following three cases :  

1 .  for � = 90°; COS � = 0; (J) = 0; 
2 . for l = 0 w = O; 
3 .  for <1> = 220°; S {<t>) = 0; (1) = 0. 
The daily error will be smaller, the smaller the balance weight and the 

higher the hairspring moment . It is seen from Figure 5 7  that small devia­
tions of the amplitude value from the value at point <1> = 2 2 0° cause large 
changes in the function S (<1>) and therefore in the daily error .  It is  there­
fore more expedient to operate in the amplitude range from 305  to 320° ,  
since a variation in the amplitude over this range has almost no influence 
on the value of S (<1>) , and therefore on the daily error.  

1 
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FIGURE 57. The function S (<%>). 

The unbalance of the balance wheel is inspected in the following watch 
positions : crown up, crown right, c rown down, crown left. The influence 
of the escapement unbalance and clearance fluctuations on the watch error 
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is simultaneously inspected in each of these positions . The adjustment 
technique in the positions indicated is as follows : the balance screws are 
arbitrarily numbered as shown in Figure 59 ,  the numbering beginning from 
the screw oppos ite the hairspring stud in the equilibrium position of the 

h =0.01r0.12 balance .  The spring is wound 1 to 1 . 5  turns,  and 
an amplitude of 140  to 1 7 0° is set .  Time indica ­
tions from the P- 12  instrument in each of the posi­
tions are recorded and the position of the center 
of gravity, or the heavy balance sector, is found 
from the recording. The balance wheel is poised 
by reducing the weight of  the screw in the heavy 
zone or increasing the weight of the opposite screw. 
This is done by placing, or removing, adjusting 
washers located under the screw heads . Dimen-
sions for the washers us ed in "Zvezda " and "Pobeda" 

FIGURE 58. Balance-adjusting balances are given in Figure 5 8 .  Washers of var-
washers ious thickness are available . Two washers 0 . 0 1  mm 

thick will make the watch advance (or lag) 20  sec 
in 2 4  hours; 0 . 02 m m  and 0 .03  mm thick washers will produce 40 and 
60 sec effects respectively, etc . 

Example of the adjustment of a " Pobeda" watch. 
The following daily errors were recorded in tests on a P-12 instrument : 
1. At small amplitudes ( 140 - 1 70.) : 
Dial up -20 sec, advance ; 
Dial down -26 sec, advance ; 
Crmvn up - 60 sec, advance ; 
Crown right - 80 sec, advance; 
Crown down + 40 sec, lag; 
Crown left + 60 sec, lag. 
2. At large amplitudes (280- 320°) :  
Dial up -35 sec, advance ; 
Crown up + 30 sec, lag .  
T h e  difference between the errors i n  the two horizontal positions (small amplitudes) is : 

- 26 - ( - 20) = - 6 sec ( advance) .  
The average error in the two horizontal positions is : 

- 20 + ( -26) 
2 = - 23 sec (advance). 

The average error in the four vertical positions (small amplitudes) is: 
( -60) + ( :80) + 40 + 60 

= - 1 0  sec ( advance). 

Using a special table we find that the weight of screw No. 4 should be reduced. 
Since the average error is negative in the two positions, the watch will advance. This should be taken 

into account when re-poising the balance. If we reduce the weight of the screw in the heavy sector, we also 
reduce the moment of inertia of the balance, and the re-poised watch will advance even more. In such 
cases the inverse procedure is used, of adding to the weight of the opposite screw ; this will both poise the 
system and improve its oscillation rate. As a rule, the displaced center of gravity does not coincide with the 
position of any of the screws and it is usually necessary to reduce or increase the weight of t\vo adjacent screws. 

The center of gravity of the balance is most conveniently dete rmined by 
means of a differential instrument . A nomograph consisting of coordinate 
axes ,  a number of concentric circles , and a diagram of the balance and 
screws of "Pobeda" watches ,  is traced on the instrument scale (Figure 5 9 ) . 
The origin of the coordinates is located at the balance center,  and the axes 
are directed along the lines connecting screws 1 and 9, and 5 and 1 3 .  This 
selection of the axes corresponds to an equilibrium position of the balance 
with the crown up . Points of intersection of the axes with the concentric 
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circles are marked in seconds and in mm (adjusting-washer thickness ) .  
Two "mobile " coordinate axes (metal wire s )  are mounted in  front o f  the 
scale .  

The instrument panel has four knobs , located in  two pairs and provided 
with scales with 24 divisions each, numbered 0 - 2 0 - 4 0 - 6 0 - 8 0 - 1 00- 1 2 0  sec 
to the left and to the right. A diagram of the watch in the appropriate test 
position in the P- 1 2  instrument appears below each scale .  

Balance, view from the cock side 

1 0 

� 1 0 � 
FIGURE 59.  Instrument for the determination of the magnitude and direction of displacement of the center 
of gravity of the balance-hairspring system 

The right- hand knobs are kinematically connected with the horizontal 
m obile coordinate axis and the left- hand knobs are connected with the ver­
tical axis .  Rotation of a knob by a definite number of seconds on its scale 
produces  a displacement of the corresponding mobile axis on the nomograph 
by the same number of seconds .  Each knob displaces the axis it is asso­
ciated with independently of the other. Daily errors of up to 2 min can be 
marked in each of the four positions on the nomograph. 

The center of gravity of the balance is determined as follows : 
1 .  The differenc e between the daily errors in two opposite directions 

(for instance ,  c rown up and crown down ) is determined in the P- 1 2  instru­
ment at an amplitude of 1 4 0  to 1 7 0° .  
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In the example considered earlier, this difference will be - 6 0 - (+4 0 ) = - 1 00 .  
The two right- hand knobs are rotated until the mobile abscissa is lowered 
from ordinate 0 to ordinate 1 00 sec . 

2 .  Next, the difference between the daily errors in the other two oppo­
site directions - crown right and crown left - is calculated. In  our case :  
- 8 0 - (+6 0 )  = - 140 .  The two left-hand knobs are rotated till the mobile or­
dinate is displaced from abscissa 0 to  abscissa 140  sec to  the left. The 
point of intersection of the two mobile axes determines the center of gravity. 
In our case, this will be point A which is in the zone of screw No . 4 and on 
the circle indicating a washer thickness of 0 . 08 mm . 

Instead of removing a washer 0 . 08  mm thick from under screw No . 4 ,  it 
is better to remove a 0. 04 mm thick washer, and to add a washer of the 
same thickness under the opposite screw, No . 1 2 .  In this way the os cilla­
tion frequency is not disturbed.  The weight of screw No . 4 could also be 
reduced by drilling the head .  

After the balance system has been poised, the daily errors are deter­
mined again in the P - 1 2  instrument. If the position adjustment gives satis ­
factory results , a fine adjustment is performed by means of the regulator.  
It is recommended that watches be set for a 5 to 10 sec advance in horizontal 
position to compensate for the watch lag in the vertical positions . 

The following results were obtained after a washer 0 . 04 mm thick had 
been placed under screw No . 12 and an identical washer had been removed 
from under screw No . 4 :  crown up +40 s e c  (lag), crown down + 3 0  s e c  (lag),  
crown right +30 sec (lag),  crown left +4 0 sec (lag) .  The watch lagged in 
all positions , and therefore it could be adjusted by means of the regulator.  
After this fine adjustment, the daily errors of the watch in the various posi­
tions were: 

Position of the crown up down right left 
Daily error +5 sec - 5  sec -5 sec +5 sec 
This accuracy is considered satisfactory. The spring is then fully wound 

and the watch is finally tested in horizontal and vertical positions at an am ­
plitude of 2 8 0  to 320° .  

Influence of  the clearance in the regulator curb pins and of the hairspring 
terminal curves on watch accuracy. The function of the regulator curb pins 
is to alter the effective length of the hairspring, and therefore the watch 
motion. The daily watch motion can be altered within the l im its of ±3 min 
by displacing the regulator to its extreme positions . The regulator with 
curb pins was designed for fine adjustm ent of the watch during overhaul, 
this being a much simpler and more reliable operation than changing the 
balance weight. GOST specifies that the regulator of a new watch should not 
be displaced from its central position by more than 1 / 3  or 1 /4 of its maxi­
mum travel.  

The clearance between the regulator curb pins and the spring consider­
ably influences the watch motion. This influence depends on the balance 
amplitude .  Some clearance between the pins is of course necessary to pre­
vent the pins from touching the hairspring when the regulator is rotated.  

The influence of the clearance between the regulator curb pins on the 
watch motion as a function of the amplitude is best illustrated by the follow­
ing examples .  

Let the hairspring b e  situated, i n  the equilibrium position of the balance, 
at an equal distance from the two pins and with considerable clearance (Fig­
ure 60, a ). 
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At small amplitudes, the hairspring will touch the pins neither in coiling 
up nor in uncoiling, i . e .  the effective hairspring length (L}, plus the length 
from the curb pins to the fastening stud (IlL} will participate in the operation. 
With larger amplitudes ,  the hairspring will touch one or the other of the pins 
at times and either the entire hairspring length (L + IlL), or its effective 
length only will participate . Since the balance period increases with the 
hairspring length (see formula ( 6  ) ) , for the situation under discus sion, it 
will obviously be smaller at large amplitudes than at small amplitudes .  

Beginning 
of arc 

a 

terminal curve 

b 

FIGURE 60. Shapes of the hairspring outer terminal curve : 

a-flat spiral; b-Breguet spiral. 

Regulator 
curb pins 

If the hairspring contacts one of the pins in the equilibrium position of 
the balance ,  then the effective hairspring length will participate at small 
amplitudes and the entire hairspring length ( L + D.,L)  will participate at 
large amplitudes for a considerable part of the oscillation. 

The balance period will then be smaller for small amplitudes than for 
large amplitudes . The position of the hairspring between the regulator curb 
pins will have no influence on the watch motion, if it is fastened rigidly 
between them.  This system is used in certain watch designs but its use has 
been restricted by the complications it causes in its use .  

The gap between the regulator curb pins is established a s  1 . 5  t o  2 tim es 
the hairspring thickness to ensure correct functioning of the balance sub­
assembly and minimum influence of the clearance on the watch accuracy . 
A total clearance of 50  to 1 00 o/o of the hairspring thickness for both sides 
of the spiral gives the neces sary freedom , that is, allows the displacement 
of the regulator curb pins without disturbing the position of the hairspring 
terminal curve, and a clearer display of the balance equilibrium position, 
on the other hand . 

Pocket- and wristwatch hairsprings , as mentioned earlier, present inner 
and outer te rminal curves . Their function is to bring the center of gravity 
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of the hairspring nearer the axis of revolution of the balance .  The most 
widely used of the various possible outer terminal curves is the one shown 
in Figure 60 ,  b .  The curve is plotted according to the points whose coor­
dinates are given in Table 4 .  

TABLE 4 

Coordinates of points on the outer terminal cutve of wristwatch hairsprings 

No. of points z y No. of points z " 

I +2.71 0  0.000 I I  - 0.936 + 1 .9 1 0  
2 +2.710 +0.284 12  - 1 .330 + 1.545 
3 +2.600 + 0.813 13 -1 .600 + 1 .082 
4 +2.370 + 1 .300 1 4  - 1 .710  +0.556 
5 +2.030 + 1 .720 15 - 1 .710 +0.140 
6 + 1 .612 + 2.040 1 6  - 1 .625 -0.515 
7 + 1 .1 1 0  +2.260 1 7  - 1 .490 - 1 .030 
8 + 0.597 + 2.360 1 8  - 1 .250 - 1 .502 
9 + 0.064 +2.330 1 9  -0.786 - 1 .814 

1 0  + 0.462 + 2.170 20 - 0.273 - 1 .950 
21 0.000 - 1 .985 

In some watches, the outer terminal curve lies in the hairspring plane,  
its end of course being led between the pins . The c enter of gravity of such 
a hairspring is farther from the axis of revolution and therefore such watches 
are harder to adjust to a higher degree of accuracy ( 1 0  to 20 sec ) .  

Best results are obtained in  the adjustment of  watches with such a curve 
if the place where the hairspring passes between the pins is at a distance 
of 9 0° or 2 7 0° from the place where the inner terminal curve ends (Figure 
6 0, a ) . 

The inner terminal curve is made so that its initial section will not touch 
the collet when the hairspring is coiled up 3 3 0° . Its effective length thus 
remains constant. The inner terminal curve lies in the hairspring plane.  
When the watches are adjusted, attention should be paid to the correct posi­
tioning of the hairspring relative to the balance .  

THE P-12 WATCH TIMER AND ITS USE 

The P- 1 2  watch timer  (Figure 6 1 )  was designed for testing watch accur­
acy and for measuring the oscillation rate of the balance - hairspring system . 
It consists of a microphone, an amplifier, an electromagnet, a paper- tape 
recorder, a synchronous electric motor, and a s troboscope (Figure 6 2 ) .  

The sensing device us ed i.s a piezoelectric microphone which transforms 
the mechanical impacts in the balance system into current pulses .  The 
microphone is specially m ounted to permit watch testing in six different 
positions . The oscillation rate is determined by a head which works on the 
same principle as the microphone . 

The amplifier is a separate unit. The current puls es are amplified and 
a thyratron activates the electromagnet and through it the recording device 
or the stroboscope neon lamp . 
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The synchronous electric motor is fed from the frequency-stabilized a .  c .  
mains ( 1 2 7  v, 5 0  c ) . Test results are either recorded on a paper strip or 
visually obse rved on the stroboscope. Inspection is carried out by checking 
the frequency of the balance - hairspring system by means of the stroboscope 
disk.or the printing device driven by an a. c. s ourc e with quartz-stabilized 
frequency. The instrument operates as follows . 

FIGURE 61 .  P-12 watch timer 

�� Mains ll0/127/220v Stabilized-frequency mains 
127 v 50c 

FIGURE 62. Block diagram of the P-12 watch timer : 

1-microphone; 2-amplifier ;  3-electromagnet; 4-armature ; 
5-carbon ribbon; 6-paper tape; 7-drum with six helical pro- ­
jections; ? -synchronous electric motor; 9-stroboscope . 

The synchronous m otor ( 1 )  (Figure 6 3 )  drives the drum (2 ) with six heli­
cal projections , and the paper- feeding mechanism ( 3 ) .  The electromagnet 
attracts the armature (Figure 6 2 )  each ti me it is energized by a current 
pulse .  The armature presses the carbon ribbon and paper strip against the 
drum and the helical projection leaves a series of dots on the moving paper 
strip . If the helical projection on the drum is at the same position for each 
armature stroke , all the dots will obviously be located on the same straight 
line parallel to the strip edges (Figure 6 6 ,  a ) .  If the watch is fast ,  the 
second stroke will come before the projection has had time to return to its 
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initial position, and the dots will form a line inclined to the right. If, on 
the other hand, the watch lags , the line of dots will be inclined to the left. 
The daily error for the watch is determined from the slope of the line, with 
the aid of a special rotatable scale and the general shape of the line (it is 
not always straight ) makes it possible to draw conclusions as to the probable 
watch defects . The error determined by the instrument is not the actual 
24 -hour error but a relative error which corresponds to the condition of the 
watch movement at the m oment of testing. If the daily error  is more than· 
± 1 0  min, the inspection is conducted by means of the stroboscope .  The 
s trobos cope disk (Figure 6 3 )  is rotated by a synchronous electric m otor at 
a speed equal to half the drum speed. A neon lamp , l ighting up when the 
electromagnet closes its circuit, is fastened to the disk. A scale is placed 
in front of the disk and, if the watch is accurate, the lamp is always lighted 
up at the same disk position relative to the scale .  I f  the watch i s  fast,  the 
lamp flashes on the disk will move clockwise;  if it lags , they will m ove 
anticlockwise .  The preliminary test of the balance -hairspring system (dur­
ing the assembly ) is also conducted by means of the stroboscope. The ac ­
curate final test is recorded on the paper s trip . Chronometers and very 
accurate watches are inspected using a slower s trip speed ( 1 / 1 0  of the 
s tandard speed ) .  This increases the slope of  the line , and the result read 
on the instrument scale should be divided by 1 0 .  

IY 
r!GURE 63. Kinematic diagram of the P-12 instrument: 

1-synchronous electric motor, 2 -drum with helical projections; 
3-paper-strip feed drum; 4-carbon-ribbon feed drum; 5-stro­
boscope disk. 

Analysis of watch-timer recordings . The recording pattern can se rve 
not only for determining the watch accuracy, but also for determining the 
ass embly quality. Before considering this aspect, however,  we must have 
an idea of the noise pattern accompanying balance operation.  Figure 64 
shows three positions of  the lever es capement in which noise is produced.  
Figure 64 ,  a shows the "locking" position of the pallet and wheel when the 
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balance ,  moving in a free descending motion toward the equilibrium posi­
tion, s trikes the right side of the fork notch with the impulse  pin. This is 
the first impact, producing noise A ,  which we will call the unlocking noise .  
This i s  the most accurate and clearly defined noise .  

a b c 

FIGURE 64. Three lever-escapement positions causing noise in watches 

The pallet lever in rotating through locking angle, draws the es cape­
wheel tooth back. A new, slight noise ,  B,  is superpos ed on the unlocking 
noise . 

The escape - wheel tooth then passes from the locking to the impulse face 
of the pallet, the ensueing impact producing the so- called impulse noise ,  C .  
This instant i s  shown i n  Figure 6 4 ,  b .  I f  the impulse pin has considerable 
clearance in the fork notch (above 0 . 1 ) , additional noises are produced which 
are weaker than the impulse noise .  Figure 64 ,  c shows the instant when 
the pallet lev e r  strikes the right-hand banking pin . A strong noise,  D, is 
produced and is followed almost immediately by a noise E of roughly the 
same intensity caus ed by the dropping of the escape -wheel tooth on the dis ­
charging-pallet locking face .  The resultant noise is known a s  drop noise 
and is the most intense of all .  The three dominant noises are thus : un­
locking noise A ,  impulse noise C ,  and drop noise D .  

To permit the watch accuracy to b e  evaluated from the recording, the 
dots printed on the strip should all correspond to the same nois e .  It is 
preferable that they correspond to the unlocking noise because it has the 
most accurate period . 

Figure 6 5  shows oscillograms of watch- movement noises . The letters 
correspond to the noises discussed above . 

The voltage necessary for triggering the thyratron is shown on the oscil ­
logram by a dotted line . Sound D in the left- hand oscillogram will obviously 
actuate the electromagnet. In the case of the higher nois e level shown in 
the right oscillogram , the voltage necessary for triggering will be attained 
both in A and in D. Thyratrons are cha racterized by the fact that they can 
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produce only a specified number of pulses per second, which number is 
only slightly higher than the number of balance oscillations . Therefore, 
only the first noise A - the unlocking noise - will actuate the electromagnet 
and cause the appearance of a dot on the paper strip . 

If the amplification is too high, the instrument will print extraneous 
noises and thus distort the indications .  This must be kept in mind when 
analyzing the recording. 

"-'0. 015 sec 

FIGURE 65. Oscil!ograms of watch noise 

a b c d 
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FIGURE 66. W arch-timer recordings 
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Figure 6 6 ,  b shows a recording of a watch which is fast by 5 sec in 2 4  
hours . The two half -periods o f  the balance are equal . The hairspring i s  
well poised .  One continuous line is obtained o n  the diagram . 

The watch recorded in Figure 6 6 ,  c lags by 1 5  sec in 2 4  hours . Two 
adjacent lines appear on the diagram, and they indicate a ce rtain one - sided­
ness in the oscillation . The watch motion is even. The distance between 
the lines will be greater, the smaller the amplitude of the balance oscilla­
tions . 

In Figure 6 6 ,  d the watch is fast by 2 5  sec in 2 4  hours . The fork is im­
pacted with one of the pallets being in different positions . This is probab ­
ly due to a small drawing angle,  or a chipped pallet edge . 

The watch recorded in Figure 6 6 ,  e is fast by 1 0  sec in 2 4  hours . The 
escape wheel has pe ripheral run- out. Pe riodic waves on the diagram gener­
ally indicate incorrectly produced toothed wheels . The defective wheel is 
easily located from the band speed and the distance between adjacent waves . 

The watch recorded in Figure 6 6 ,  f exhibits a "knock" , as can also be 
observed from the peculiar noise in the watch. The watch advances at each 
knock and the recording line moves to the right. 

Figure 6 6 ,  g shows a case of disturbance of isochronism upon changing 
of the watch position from horizontal to vertical . The daily error is zero 

a 

b 

e 

FIGURE 67 . W atch-
timer recording for 
various positions of 
the watch 

in horizontal position, while the recording correspond­
ing to the vertical position is increasingly inclined to 
the left as a result of the gradual drop in amplitude .  
The balance i s  nonisochronous . The recording may 
revert to the vertical position if the amplitude becomes 
stable in a new position, and the balance is well poised .  

The recording in. Figure 66 ,  h is characte rized by the 
so- called varying e rror, where the balance does not re­
ceive sufficient energy and the amplitude is not constant. 
The mesh between the center wheel and the third pinion 
is defective . Figure 6 7  shows a watch recording taken 
in the following positions : 

a- horizontal, the watch advances 5 sec; 
b- vertical; crown left, the watch lags 30  sec;  
c - vertical, crown up, the watch lags 8 5  sec;  
d- vertical , crown right, the watch lags 30  sec; 
e- vertical , crown down, the watch advances 85 sec .  
The daily m ean error for  the vertical positions will 

+30 - 8 5  +85 +30 
be: 

4 
= 1 5  sec (lag) .  

A change from horizontal to vertical po sition will be 
accompanied by a change in the various indications of  
+ 5 - (- 1 5 )  = + 2 0 sec .  A change from vertical to hori­
zontal will be accompanied by a change of - 1 5  - ( +5 ) = 
= - 2 0  sec .  The balance is the refore unpoised,  and the 
amplitude of the vertical position is less than 2 2 0° .  It 
was mentioned earlier that the watch will lag at small 
amplitudes if the center of gravity is above the balance 

staff, and vice versa .  It can be easily determined which screw must have 
its weight reduced in order to correct the unbalance .  

Recordings such as those described above make i t  possible to  identify 
ass embly defects in the main elements of the watch movement: the balance ,  
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the escapement, the wheel train, and the barrel and mainspring. Examples 
could be cited to illustrate other assembly defects encountered, such as the 
seconds hand brushing the dial, defective jewels ,  etc .  

I t  was earlier mentioned that the m easurement of the oscillation rate for 
the balance-hairspring system is accomplished on the P- 1 2  watch- tim er 
with the aid of a special head (see Figure 6 9 )  provided with a standard watch 
movement (Figure 68 ). The lower journal of the balance to be adjusted ( 1 )  
is set in a fixed bearing consisting of two suitably mounted rubies .  The 
upper journal is supported in the hinged bearing (2 ) with similar rubies .  
To  ensure correct positioning o f  the impulse pin in  the pallet-lever fork 
notch, especially afte r the hairspring length has been altered, the table 
carrying the standard watch movement can be rotated about axis (3 ) , which 
is coaxial with the balance s taff . The head is provided with a piezoelectric 
microphone, and its operation is basically similar to that of the normal 
instrument, the only difference being that the head body is additionally 
equipped with chucking and cutting devices for the hairspring and stud and 
can therefore perform the following operations :  adjustment of the hairspring' 
length to achieve the proper oscillation rate ,  pinning of the hairspring end 
in the stud, and cutting the superfluous ends of hairspring and pin. Rubber 
padding between the standard watch movement and the table reduces the 
absorption of sound puls es by the head mas s .  The procedure is as follows 
(Figure 6 8 ): 

FIGURE 68 . Standard watch movement of the P-12 watch-timer head 

1 .  The balance with hairspring is mounted in the bearings . 
2 .  Lever ( 6 )  which opens jaws ( 1 2 )  is pressed downward. The stud is 

set, oriented relative to the hairspring, and then clamped in the jaws by 
the release of lever (6  ) .  Lever ( 6 ) is then displaced late rally in the direction 
of arrow m .  This displaces jaws ( 1 2 )  to its extreme working position, ad­
justable through screw ( 9 ) .  

3 .  Eccentric ( 7 ) is rotated t o  position C ,  thus opening jaws ( 1 2 ) . The 
hairspring end is drawn by pincers through the jaws introduc ed into the stud 
hole through the feeding jaws ( 5 ) , and finally into the slot in pin (4 ) ,  where 
it is fas tened by rotating the wheel (3 ) .  

4 .  Lever (6 ) i s  pressed again, freeing the stud which i s  then aligned 
with the hairspring. The stud is then clamped again . 
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5 .  The hairspring is clamped by rotating eccentric (9 ) from position C 
to position A .  

6 .  The balance is s tarted, and the correct interaction between balance 
and escapement achieved by rotating wheel (2 ). The hairspring is then 
freed slightly by rotating the eccentric to position B .  

7 .  Vibration is checked b y  means o f  the stroboscope .  The hairspring 
length is varied by rotating wheel ( 3 )  and winding the s uperfluous hairspring 
onto pin (4 ). Wheel (2 ) is simultaneously rotated to maintain the correct 
interaction between the balance and escapement. 

8 .  A fter the hairspring length has been thus determined, the hairspring 
is clamped in jaws ( 1 1 )  by rotating the eccentric (7 ) back into position A .  

9 .  The hairspring pin is introduced into slot ( 8  ) ,  and lever ( 6 )  is shifted 
to position n. The pin is then introduced into the s tud hole . 

1 0 .  The superfluous length of the hairspring and pin is cut off by the 
knife ( 1 0 ) . Jaws ( 1 1 )  and ( 1 2 )  are then opened, and the upper bearing ( 1 )  
and the balance are removed from the head.  

FIGURE 69 .  P-12 w atch-timer head 

When the hairspring has an outer terminal curve, the latter is shaped 
in the next operation (not on the watch- timer head ) .  

Technical data of the P- 12  watch timer: 
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1 .  Recordable daily errors : 
a )  a t  normal strip feed: ± 1 0  min; 
b )  at slow strip feed: ± 1 min; 
c )  using the stroboscope:  ± 48 min (the ray being displaced by 1 8 0° in 

3 sec ) .  
2 .  Recordable number o f  oscillations per hour: 9 , 000 ,  1 2 , 000 ,  1 4 , 400 ,  

1 8 , 000 ,  1 9 , 8 00,  2 1 , 6 00 3 6 , 000 ,  1 8 0 ,000 .  
3 .  Number of  os cillations per hour observable by s troboscope :  9 ,  000 ,  

1 8 , 000 ,  1 9 , 800 ,  3 6 , 00 0 .  
4 .  Current supply o f  synchronous electric motor: frequency-stabilized 

a .  c. mains 1 2 7  v, 50 c .  
5 .  Current supply of the instrument amplifier :  1 1 0 / 1 2 7 - 22 0  v.  
6 .  Stroboscope-disk diameter: 7 0 mm .  
Other instruments are also  in use for watch-accuracy inspection. The 

PPCh-4 watch timer, which also records the daily error on a synchronously 
rotating drum is an example .  Either diagram paper or a plexiglass s leeve 
is placed on the drum . The diagram paper with the printed recording is 
torn off after the recording is completed , while the line recorded on the 
plexiglass sleeve is easily erased.  

The working principle of  the PPCh-4 watch timer is  the same as that of 
the P- 12  watch timer. 

INSPECTION OF POCKET AND WRISTWATCHES ACCORDING TO GOST 

After the watches have been assembled on the conveyor line, and adjusted 
on the P - 1 2  or PPCh-4 watch timer,  they are sent to the inspecting-testing 
station, where they are subjected to extended accuracy and reliability tests . 

The watches are tested in six positions in the first testing cycle ,  and in 
four positions in the last cycle,  all in accordance with GOST requirements . 
The tests run in the inspecting-testing station establish the actual 24-
hour error in each of the positions . The watches are wound daily, and the 
time indicated on the dial at each winding is recorded. The time indicated 
by the watch is compared with that indicated by a chronograph or a standard 
watch, and the result is recorded in a notebook. Some plants us e a me­
chanized system for feeding the watches to  the operator workplace: the 
watches are put, dial up , in open boxes ,  1 0  watches per box, and are placed 
on an intermittent conveyor belt at exactly the same time (accuracy 5 sec ) . 

The conveyor belt is s taffed by 1 0  operators . A shield with ten windows 
is installed above the belt in such a manner that only one specific watch is  
seen from each window. Thus, the operator occupying the sixth position 
will see through his window only the watch placed in the sixth cell of the 
box. The watch readings are recorded on a card. 

This type of organization for the recording of watch indications frees 
the operator from the need to compare these indications with those of a 
chronometer or a reference watch. 

The conveyor rate is maintained automatically by a reference clock pro­
vided with a special contact device for s ending pulses to the conveyor con­
trol panel . 
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After the watches pas s accuracy tests in the various positions, they un­
dergo a test which determines their time of operation from one winding, 
and they are inspected for absence of external defects . A certificate of 
standardized form is then written out for each watch, the watches are packed 
in boxes and sent to the finished-products s torage area from where they 
are eventually shipped .  

W atch-accuracy inspection chatt 

Initial 
posi- First day Second day Third day Fourth day 
tion .... . 0 :0 " 

g g. .9 
No. co bO bC bO co .s -8 �  -8 �  "" " -5 �  -§ �  ·� ""  >- �  0 ·� >. �  >. �  >. �  � u c 0 

� 8 � � � g � 8 � g � � 0 " � "' � � � "' � � ::l CIJ •.-1 0 "' " "' � � � "' " "' � Q � \;1 � � � � -o " -o " . � � -o " � � -o " u 

I 1 155 1�5 
+030 ! !35 

-O
so 1 135 0 l l ss 

+20 38 Rejected 

2 1 3ss 1345 
_ 0

1 0 1 34S -0 !350 
+DOS 1 31S -035 37 Approved 

3 !4° ! 41 0 
+010 1 420 

+020 1440 
+ 020 1 520 

+ 040 38 . 

4 122S 1240 
+ 02S 1 24S 

+DOS !3 10 
+02S 1 34S 

+D35 36 . 
s 1250 ! 310 

+020 1 340 
+030 1 4os 

+02S 1420 
+D IS 36 " 

6 1305 !310 
- DOS 1320 

+010 1340 
+ 020 13S5 

+DIS 37 " 
7 1220 1225 

+DOS 1 2so 
+02s 1310 

+020 1320 
+DID 38 " 

8 1 24S 1 225 
- 020 ! 220 

- DOS 12 10 
+ 010 1 23S 

+o25 37 . 
9 1 4os 1 415 

+ ol D 1 450 +035 !S ID 
+020 1 440 

- 030 37 " 
1 0 1240 1220 

-020 1 230 
+DI D 1 240 

+01 0 1 2so 
+ 01 0 38 " 
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CONC LUSION 

The manufacturing processes of all engineering industries are continuously 
being improved:  old processing methods are replaced by new and more 
advanced methods , and manual operations are mechanized and automatized. 

Research and design work on the development of new, highly productive 
machining and assembly processes is being conducted by the watch industry 
in all possible directions . The latest achievements of science and techno­
logy are being applied: ultrasonic frequencies,  1 00 kv electrostatic fields,  
radioactive isotope:> ,  and electronics . · Automatic lines and unit-built ma­
chines are being intrbduced into production, and automation of finishing, 
assembly and adjusting operations is being developed.  

An  automatic line for machining wristwatch case middles is already in 
existence ( 1 9 5 6 )  and is in use in the p roduction of "Pobeda" watches . The 
line was designed for an output of 3 , 000 parts per shift, or 1 . 8  million parts 
yearly on a two- shift basis . The over-all line productivity exceeds six times 
the productivity of its component equipment. The line is divided into two 
sectors : the first sector performs the six turning operations , and the sec­
ond sector the four drilling and countersinking operations . Each part is 
fed into the work zone of the next machine after it has been machined on the 
previous machine of the line and is rotated if necessary by automatically 
operated fixtures and rotating attachments . The machining cycle is 8 sec :  
4 sec are spent on the actual machining, and 4 sec on transportation. Mag­
azines are installed at the beginning of the line and between its two sectors , 
their functioning being to feed (for some tim e )  an uninterrupted flow of machining 
blanks to the second sector if the first sector has stopped for any reason. 

A 0 . 5  to 1 o/o sample is inspected within the line. Five part samples are 
removed at the end of each sector and fed to automatic inspecting instru­
ments . 

Chips are removed from the machines and the working surfaces by com­
pressed air.  Should a drill happen to break, the sector stops automatically, 
and a light signal indicates the place of breakage . 

The line elements are so designed that the separate units or sections can 
be readjusted to form a flow line which will turn out case middles or lids 
and bezels of various size s .  The line process remains basically unchanged 
if the case middle is manufactured by precision casting or by press forming. 

Automatic lines are a natural stage in the development of mass -produc­
tion methods and processing means . An  automatic line sharply increases 
the productivity and radically alters the structure and planning of p roduction 
in the given sector. The automatic line has replaced machine lines in which 
the different types of machines were interconnected by various transporting 
devices,  allowing a flow of parts . 

A problem which must be solved in the nearest future is the manufacture 
of watch parts requiring a small number of operations , such as the hairspring 
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collet and stud, or the cannon pinion, in u n i t - b u i 1 t machines ,  which 
will perform in one machine all the operations necessary fon the manufac ­
ture of the part (turning the blanks, drilling and countersinking holes , mill­
ing slots and faces ,  and deburring) .  Such methods increase productivity by 
approximately four times  because of the reduction in the auxiliary time re­
quired for mounting and fastening the part, starting and stopping the ma­
chine, and removing the part. Parts machined in one chucking are also 
m ore accurate,  and the losses in the setup are reduced .  

Unit-built machines should also be used for performing a group of oper­
ations on parts requiring a large number of operations , such as plates ,  
bridges ,  balances ,  pallet levers , etc . F o r  instance ,  all the milling oper­
ations in the manufacture of  the pallet lever should be performed by the 
same unit-built machine . 

Automatic equipment is being designed for the electroplating shops . Au­
tomatic machines will not only replace the manual dipping of parts (now used 
in c o p p e r, n i c k e l  a n d  z i n c  p l a t i n g ), but will also perform the 
preliminary operations , the basic electroplating operations , and the rinsing 
operations which follow plating. 

A h e r m e t i c a l l y  s e a l e d  m e c h a n i s m  f o r  t h e  a u t o m a t i c  
p a i n t i n g  o f  a l a r m - c l o c k  c a s e s  i n  a 1 0 0  k v  e l e c t r o s t a t i c  
f i e l d  i s  i n  t h e  d e s i g n s t a g e . A n uninterrupted flow of cases is subject­
ed to surface preparation, painting and drying operations in succession. 

Painting in an electrostatic field has an advantage over spray painting 
in that it wastes less of the expensive enamels and it also gives a better­
quality coating. The tim e  taken by the operations is also reduced.  

A n  a u t o m a t i c  m a c h i n e  f o r  g r i n d i n g a n d p o l i s h i n g  t h e 
c a s e  p a r t s  o f  w a t c h e s  i s  a l s o b e i n g  d e s i g n e d . Its introduc ­
tion will not only increase the production rate by 2 to 3 times ,  but will als o 
considerably improve work conditions. 

Washing operations represent a considerable fraction of the work expend­
ed in watch production. Parts are washed after individual operations and 
als o before being returned to p rocessing from the s tores where they are 
kept in an oiled s tate . Almost 2 00 washing operations are included in the 
manufacturing p rocess of wristwatches . One watch plant uses, with con­
siderable success , a 20 kc ultrasonic vibrator for washing of parts in soap 
s olutions . The washing time in an ultrasonic installation is reduced to a 
third or a fourth in comparison with the usual methods . The quality of the 
washing is bette r and the amount of washing solution used is smaller .  

Considerable effort is als o being invested in t h e  m o d e r n i z a t i o n  o f  
m e t  a 1 - c u t t i n g  m a c h i n e s  . This is a field which does not involve large 
expenses or extensive experiments . 

The improved versions of the S - 8 1A and S - 5 7A machines which are being 
designed have orientable spindle stops ,  higher speeds and spindles which 
are free of belt-created radial stresses . The machine productivity increases 
by about 2 0 o/o . 

The improved S - 5 0  machine has 1 2  camshaft speeds instead of 6 ,  and the 
cycle time is variable from 5 to 1 2 8  sec .  The machine is driven by a high­
frequency electric motor revolving at 1 2 , 000 rpm . Productivity is increased 
by about 30 %.  

A dditional attachments are being mounted on the S - 8a and S - 1 5  machines ,  
which stop them automatically the moment the specified part dimension is  
attained .  The productivity of these machines is increas ed by about 1 5 %. 
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Assembly operations involving detachable and nondetachable joints con­
stitute from 4 0  to 5 0 o/o  of the work involved in watch manufacture . Attempts 
to m e c h a n i z e  a n d  a u t o m a t e  t h e  s e o p e  r a t i o n s  are therefore 
only natural and machines resulting from thes e efforts which are already in 
operation are the D- 246  press and the P- 32  instrument. 

An experimental five - spindle automatic machine has been designed and 
built to replace the S- 1 9 5  press (Figure 1 3 ,  Chapte r X )  for pressing home 
jewels in plates and bridges . This machine performs the following oper­
ations automatically: oriented feed of the plate or bridge from the magazine 
to the pressing s tation, oriented feed of jewels from the magazine , pressing 
of jewels into plates in successive order and, lastly, removal of the plate . 

An  experimental prototype of a semiautomatic machine for the final as­
sembly of  the barrel subassembly has been built. 

The winding crown will be automatically screwed onto the stem, in­
creasing the production rate for this operation by 1 5 0 o/o . 

The balance - hairspring system will have its os cillation rate adjusted 
automatically in the new P- 34 electronic timer .  This instrument achieves 
an adjustment accuracy of 5 sec, compared with the 15 sec achieved on the 
average on the P- 1 2  timer.  

Static poising of the balance wheel will be realized in a standard move­
ment to an accuracy of 1 min,  compared with the accuracy of 4 to 5 min 
achieved by poising on knife edges .  The time taken by this operation will 
also be reduced to one half or one third of the time required at present. 

The inner and outer terminal curves will also be made in a m echanized 
process which will produce a more regular geometrical shap e .  The means 
of fastening the hairspring in the collet and stud will be changed.  This will 
considerably simplify the eighth ass embly operation - the m ovement starting. 

The guard clearances between the pallet lever fork and the balance double 
roller will be established without the balance . The position of the pallet 
lever horns and the guard pin in the movement will be determined by the 
projection method .  The lever position will be projected on  the s creen of a 
profile projector installed at the workplace and compared with a drawing 
placed on the screen. This method will increase the rate and accuracy of 
the assembly operations and make unnecessary the mounting of the balance 
in the fourth operation. 

Lubrication of the watch movement will be performed by a device which 
will feed specified amounts of oil to specified points in the m ovement. The 
bridges will be set by pneumatic devices . 

All parts requiring a large number of operations such as the plate , dial, 
balance ,  case, etc, will be processed by the now-line m ethod.  In many 
cases this will require changes in the methods of processing the parts . For 
example ,  the manually operated machine used for printing s cales on dials 
will be replaced by an automatic machine, dial-surface polishing will be 
automated,  etc.  

The basic technical measures listed above, in conjunction with organiza­
tional measures ,  such as the fixed time rate for operations, and with con­
siderable broadening of specialization and cooperation between various ele­
ments of the p roduction, will make it  possible to raise the level of watch­
manufacturing technology. 
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APPENDIX 1 

Table of the values of 4>: 

The first column gives the value of z to the first decimal place and the numbers 
at the heads of the columns are the second decimal. The columns other than the 

first give the values of <t>.r• 

0 I 2 3 4 5 6 7 8 9 

0.0 0.0000 0.0080 0.0 1 60  0.0240 0.0320 0.0398 0.0478 0.0558 0.0638 0.07 1 8  

0. 1 0786 0876 0956 1034 1 1 14 1 1 92 1 278 1 350 1 428 1506 

0.2 1 586 1 664 1 742 1 8 1 8  1896 1974 2052 2328 2206 2282 

0.3 2358 2434 25 1 0  2586 2662 2736 28 1 2  2836 2960 3034 

0.4 3 1 08 3 1 82 2386 3328 3400 3472 3544 361 6 3688 3758 

0.5 3830 3900 3970 4038 4 1 08 4 1 76 4246 431 4 4380 4448 

0.6 45 1 4  4582 4648 47 1 4  4778 4844 4908 4972 5034 5098 

0.7 5 1 60 5222 5284 5346 5408 5468 5528 5588 5646 5704 

0.8 5762 5820 5878 5934 5910 6046 6 1 02 6156 62 1 2  6266 

0.9 63 1 8  6372 6424 6476 6528 6578 6630 6680 6730 6778 

1 . 0  6826 6876 6922 6970 70 1 6  7062 7 1 08 7 1 54 7 1 98 7242 

1 . 1  7286 7330 7372 74 1 6  7458 7498 7540 7580 7620 7660 

1 . 2  7698 7738 7776 7814 7850 7888 7924 7960 7994 8030 

1 . 3  8064 8098 8 1 32 8 1 64 8 1 96 8330 8262 8294 8324 8364 

1 .4 8384 8414 8444 8472 8502 8530 8558 8584 861 2  8638 

1 . 5  8664 8690 87 1 4  8740 8764 8788 88 1 2  8936 8856 8882 

1 .6  8904 8926 8948 8968 8990 90 1 0  9030 9050 9070 9090 

1 . 7  9 1 08 9 1 28 9 1 46 9 1 64 9 1 82 9 1 98 9216 9232 9250 9266 

1 . 8  9282 9298 93 1 2  9328 9342 9356 9372 9386 9398 94 1 2  

1 .9 9426 9438 9452 9464 9476 9438 9500 9512 9522 9534 

2.0 9544 9556 9566 9576 9586 9596 9606 9616 9624 9634 

2. 1  9642 9652 9660 9668 9676 9684 9692 9700 9708 97 1 4  

2.2 9722 9728 9736 9742 9750 9756 9762 9768 9774 9780 

2.3 9786 9792 9796 9802 9808 9812 981 8  9822 9826 9832 

2.4 9836 9840 9844 9850 9854 9858 9862 9864 9868 9872 

2.5 9876 9880 9882 9886 9890 9892 9896 9898 9902 9904 

2.6 9906 99 1 0  9912 99 1 4  9913 9920 9922 9924 9926 9928 

2.7 9930 9932 9934 9936 9938 9940 9942 994 1 9946 9948 

2.8 9949 9950 9952 9954 9955 9956 9957 9958 9960 9962 

2.9 9963 9964 9965 9966 9967 9968 9969 9970 9971 9972 

3.0 9973 9974 9975 9976 9977 9978 9978 9979 9980 9980 

3 . 1  9981 9982 9982 9983 9983 9984 9984 9984 9985 9985 

3.2 9986 9986 9987 9987 9988 9988 9989 9989 9990 9990 

3.3 9990 9991 9991 9991 9992 9992 9992 9993 9993 9993 

3.4 9993 9994 9994 9994 9994 9994 9995 9995 9995 9995 

• To four decimal places 
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APPENDIX 2 

TABLE 1 

The profile elements of gear wheel teeth 

Gearing elements Symbol 

Module m 

Number of teeth % 

Transmission r atio i 

Center distance A 

Pitch radius rw 

Angular pitch t�., 

Tooth-face radius Pw 

Radius of the circle drawn through 
the centers of the tooth-face arcs r, 
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Basic relationships 

2rw 
m = -

t.w 

. Zw l = -
Zp 

A _ (tw + tp) m  
-

2 

m · Zw 
rw = -2-·-

l = 36()0 \'1 z.w 

Taken from Table 3 

r, = rw - t., -where f., is taken 
from Table � 
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Gearing e lements Symbol 

External diameter Dw 

Addendum hw 

Dedendum Hw 

Root diameter dw 

' 

Fillet radius Pw 

Radius of the circle drawn through ' 

the centers of the fillet arcs r..� 

Tooth thickness at the normals to 
the tooth-face arcs (maximum s,� 
tooth thickness) 

Arc thickness of tooth on pitch circle Sw 
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TABLE 1 cont'd 

Basic relationships 

Dw = 2 (r, cos p + 

+ V p��- r;· slnZ P). whereL: P -
= L: a - 7 

cos a - r� + r; - P,� 
2 ·r.,� ·r, 

Dw hw= T - rw 

fw " ' m Hw = 2 = 2 - 1 ,57 m 

dw = 2 (rw- Hw> 

' dw m T ( S 'w ) Pw � T 1 tw - sln T 

, dw , rw =T + Pw 

Sw = 2 (Pw- r, cos p), where 

P - a - ..!l:! '  
4 • 

r7.,+ r; - P! cos a =  2·rw·r, 

- 'lw 1t ·m 
Sw - 2 - 2 - 1 .5-m 



Dimension 

Module 

Number of teeth 

Transmission ratio 

Center distance 

Pitch radius 

A ngular pitch 

Tooth-face radius 

TABLE 2 

The profile elements of pinion teeth 

Symbol 

m 

Z p 

j 

A 

Tp 

to p 

Pp 
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Basic relationships 

2rp 
m = -

Zp 

-

. z ... t � -
Z p  

A - (zw+ zp) ·m - 2 

m ·z p 
rp = -2-

0 36()0 
tp = -

Z p 

For pinions with For pinions with z <  10 z >  10 

Pp - 0.10 · m  p p = 0.83 · m  



Dimension Symbol 

Addendum hp 

External diameter Dp 

Dedendum Hp 

Root diameter dp 

' 
Fillet radius P p 

Radius of the circle drawn through ' 

the centers of the fillet arcs 
rp 

Chordal thickness of tooth at 
pitch circle 

So 

Arc thickness of tooth on pitch circle Sp 
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TAJlJ.E 2 cont'd 

Basic relationships 

hp = 0.675 m hp = O.BOO m 

D p = 2 (rp + hp) 

Hp = hw+ 0.4m 

dp = 2 (rp - H p) 

( 1roo ) sln --
, dp zp . Pp = 2 1 20° ' 1 - sln --Zp ( 100° ) sin --, d p  zp 
Pp = 2 · . I OSO 

I - sm --Zp 

' dp ' 
rp = 2 + Pp 

6QO 
Sp = Zp · Sin- ; Zp 

72" Sp = Zp · sln -
Zp 

- I -S = 3tP 
- 2 -Sp = S t p 
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" � 0 OJ -� E ·5.-s ;i t) � 
6 

7 

8 

9 

1 0  

I I  

1 2  

1 4  

16  

1 8  

TABLE 3 

Basic dimensions of toothed wheels as a function of the number of pinion 
teeth and the transmission ratio for m = 1 

I 
Transmission ratio "' 

" bO ·� c: OJ 0 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 0 ',j 

� 0. 16 0. 16 0.17 0 . 17 0.18 0.18 0.19 0. 1 9  0.20 0.21 
T80 T82 T83 T.84 1 .86 T88 T.89 T90 IT2 1.94 P w  

� 0. 1 5  - 0. 16 - 0. 17  - 0. 18  - 0.19 -

1.90 -
1 .93 

--
1 .96 

- T9§ -
2.02 

-
Pw  - - - - -

� 0. 1 4  0.14 0.15 0.15 0.16 0.16 0. 17  0. 17  0.18 0.19 
2.00 2.02 2.04 2.06 2.08 2.10 2.12 ill 2.16 2.18 P w  

� 0. 1 3  - 0. 14  - 0. 15 - 0. 16  - 0.17 -

2.10 
-

2.14 
-

2.18 
-

2.22 
-

2.26 
-

Pw  - - - - -

� 0.12 0.12 0.13 0.13 0 . 14 0. 14  0.15 0. 15 0. 16 0.17 
2.25 2.27 2.29 2.3T 2.33 2.35 2.37 2.38 m 2.43 P w  

� 0. 1 1  - 0.12 - 0. 13 - 0.14 
2.35 

-
2.39 

-
2.43 

-
2.47 P w  - - -

� 0. 1 0  0. 10 0.1 1 0.1 1 0 . 12 0. 12 0. 1 3  
Pw  2.45 2.48 2.50 2.52 2.55 2.58 2.60 

� 0.08 0.08 0.09 
P w  2.70 2.72 2.75 

� 0.06 0.06 0.07 
Pw 2.90 2.93 2.96 

� 0.04 - -

m - -
P w  - -

APPENDIX 3 

Approach for milling toothed wheels and pinions with tooth height 

h0 = 2 .17 m 

Gear module, mm 0. 1 0. 1 2  0.15 0.20 0.25 0.30 0.40 

Tooth height h0, mm 0. 217  0.26 0.33 0.43 0.54 0.65 0.88 

Milling-cutter diameter,mm Approach, mm 

1 0  1.45 1.6 1 .8 2.0 2.3 2.5 2.8 
1 2  1.6 1 .8 2.0 2.2 2.5 2.7 3.1 
15 1.8 2.0 2.2 2.5 2.8 3.0 3.5 
18  2.0 2.2 2.4 2.7 3.0 3.4 3.9 
20 2.1 2.3 2.6 2.9 3.2 3.6 4 . 1  
24 2.3 2.5 2.8 3.2 3.6 3.9 4.5 
30 2.5 2.8 3.1 3.5 4.0 4.4 5.0 
35 2.7 3.0 3.4 3.9 4.3 4.7 5.4 
40 2.9 3.2 3.6 4.1  4.6 5.0 5.8 
45 3.1 3.4 3.8 4.4 4.9 5.4 6.2 
50 3.3 3.6 4.1  4.6 5.2 5.7 6.5 

4 3 8  

10 

0.22 
1.95 
0.21 
2.05 
0.20 
2.20 
0. 19 
2.30 
0 . 18  
2.45 

0.50 
1.08 

3. 1 
3.4 
3.9 
4.3 
4.5 
5.0 
5.6 
6.0 
6.5 
6.9 
7.3 



"" w 
CD 

��� or 

0°00' 
0''01 ' 
0°02' 
0°03' 0°04' 
O'OS' 
O'OG' 
0°07' 
0'08' 
0°09 
0°1 0' 
0° 1 1 '  
0°12' 0° 1 3 '  
0°14 '  
0° 1S '  
0°16 '  
0°17 '  
0°18 '  
0°19 '  
0°20' 
0°21 ' 
0°22'  
0°23' 
0°24' 
0°2S' 
0°26' 
0°27' 
0°28' 
0°29' 

-

t.R ��� Ill 

0 0°30' 
0.08 0°31 ' 
0. 16  0°32' 
0.24 0°33' 
0.32 0°34' 
0.40 0'3S' 
0.48 0°36' 
O.S6 0°37' 
0.64 0<38' 
0.72 0°39'  
0 80 0°40' 
0.88 0°41 ' 
0.96 0°42' 
1 .04 0°43' 
1 . 12  0°44' 
1.21 0°4S' 
1.29 0°46' 
1 .37 0°47' 
1.4S 0°48' 
l .S3 0°49' 
1 .61 0°50' 
1 .69 0°SI ' 
1.77 0°S2' 
1.8S 0°S3' 
1 .93 0°S4' 
2.01 0°SS' 
2.09 0°56' 
2. 17  0°S7' 
2.2S 0°S8' 
2.33 0°S9' 

M? ��� t.R ��� liT liT 

2.41 J OOQ ' 4.82 1 °30' 
2.49 ! 00 1 ' 4.90 1 °31 ' 
2.S7 1 °02' 4.98 I '32' 
2.6S !003' S.06 1 °33' 
2.73 1 °04' S. l4 1 °34' 
2.81 I 00S' S.22 I 03S' 
2.89 1 °06' S.30 1 °36' 
2.97 1 °07' S.38 1 °37' 
3.0S 1°08' S.46 ! 038' 
3. 1 3  1 '09 ' S.S4 1°39' 
3.21 1 ° 10' S.62 1 °40' 
3.29 101 1 ' S.70 1 °4 1 ' 
3.37 J0 12' S.78 1°42' 
3.4S I 0 ! 3' S.86 1 °43' 
3.S3 1014 '  S.94 1°44' 
3.62 10 1S' 6.03 1 °4S' 
3.70 1 °16' 6. 1 1  1 °46' 
3.78 1 °17' 6.19 1047' 
3.86 1o 18' 6.27 1°48' 
3.94 1 °19 '  6.3S 1°49' 
4.02 1"20' 6.43 ! 'SO' 
4.10 ! 021 ' 6.SI 10S 1 '  
4.18 1 °22' 6.S9 I0S2' 
4.26 1 °23' 6.67 1 °53' 
4.34 1 °24' 6.7S I0S4' 
4.42 I 02S' 6.83 I0SS' 
4.SO 1 °26' 6.91 I0S6' 
4.S8 1 °27' 6.99 1 °57' 
4.66 1 °28' 7.07 l0S8' 
4.74 J C29' 7. 1 S  I0S9' 

APPENDIX 4 

AR as a function of the angles ll� and ll"( 

t.R ��� t.R ��� t.R ��� t.R "� t.R ��� t.R ��� t.R liT liT Ill liT liT •r 

7.23 2"00' 9.64 2°30' 12.0S 3°00' 14.46 3°30 ' 16.87 4°00' 19.27 4°30' 21.68 
7.31 2°0 1 ' 9.72 2'31 ' 1 2. 13 3°01 ' 14.S4 3°31 ' 16.9S 4°0 1 '  19.3S 4°31 ' 21.76 
7.39 2°02' 9.80 2"32' 12.21 3°02' 14.62 3'32' 1 7.03 4°02' 19.43 4°32' 21.84 
7.47 2°03' 9.88 2°33' 12.29 3°03' 14.70 3'33' 17. 1 1  4°03' 1 9.SI  4°33' 21.92 
7.SS 2°04' 9.96 2"34' 1 2.37 3'04' 14.78 3°34' 17.19 4°04 ' 19.S9 4°34' 22.00 
7.63 2°0S' 10.04 2°3S' 1 2.4S 3°0S' 14.86 3'3S' 17.27 4°0S' 1 9.67 4°3S' 22.08 
7.71 2°06' 10.12 2°36' 1 2.S3 3°06' 14.94 3°36' 17.35 4°06' 19.7S 4°36' 22. 16 
7.79 2°07' 10.20 2°37' 1 2.61 3°07' IS.02 3°37' 17.43 4°07' 19.83 4°37' 22.24 
7.87 2°08' 10.28 2'38' 1 2.69 3°08' IS . IO 3°38' 17.SI 4°08' 19.91 4°38' 22.32 
7.9S 2°09' 10.36 2°39' 12 .77 3'09' 15. 18  3'39' 17.S9 4'09' 19.99 4°39' 22.40 
8.03 2°10 '  1 0.44 2°40' 12.8S 30 J O' 1 S.26 3'40' 17.67 4°10' 20.07 4'40' 22.48 
8.1 1 201 1 '  10.S2 2°4 1 '  12.93 301 1 ' IS.34 3°41 ' 17.7S 40J J '  20. 1S 4'41 ' 22.S6 
8.19 2° 1 2' 10.60 2°42' 13.01 3°12' 1S.42 3°42' 17.83 4°1 2' 20.23 4°42' 22.64 
8.27 2° 13 '  1 0.68 2°43' 13.09 3' 13 '  1S.SO 3°43' 17.91 4°1 3' 20.31 4°43' 22.72 
8.3S 2°14 '  10.76 2°44' 13.17 3° 14'  IS.S8 3'44' 17.99 4°14 '  20.39 4°44' 22.80 
8.44 2' 1 S' 10.8S 2°4S' 1 3.26 3°IS' 1 S.67 3°4S' 18.07 4° 1S ' 20.48 4'4S' 22.88 
8.S2 2°16 '  1 0.93 2°46' 13.34 3'16' 1 5.7S 3°46' 18. 1S  4°16' 20.S6 4°46' 22.96 
8.60 2°1 7' 1 1.01 2°47' 13.42 3° 17' IS.83 3'47' 18.23 4°17' 20.64 4°47' 23.04 
8.68 2°1 8' 1 1 .09 2°48' 13.SO 3°18' IS.91 3°48' 18.31 4°18' 20.72 4°48' 23. 1 2  
8.76 2' 1 9' 1 1 . 1 7  2°49' 1 3.58 3°1 9' !S.99 3°49' 18.39 4°19' 20.80 4°49' 23.20 
8.84 2°20' l l.2S 2°50' 1 3.66 3'20' 16.07 3°SO' 18.47 4°20' 20.88 4°50' 23.28 
8.92 2°21 ' 1 1 .33 2°S I ' 1 3.74 3°2 1 '  16. 1 S  3°S1 ' 18 SS 4°21 ' 20.96 4°SI ' 23.36 
9.00 2"22' 1 1.4 1  2°S2' 1 3.82 3'22' 16.23 3°S2' 18.63 4°22' 21.04 4°S2' 23.44 
9.08 2°23' 1 1 .49 2°S3' 13.90 3°23' 16.31 3°S3' 18.71 4°23' 2 1 . 12  4°S3' 23.S2 
9. 16  2"24' I I.S7 2°S4' 1 3.98 3°24' 16.39 3'S4' 18.79 4°24' 21.20 4°S4' 23.60 
9.24 2°2S' 1 1 .6S 2°SS' 14.06 3°2S' 1 6.47 3°5S' 18.87 4°2S' 21.28 4°SS' 23.68 
9.32 2°26' 1 1 .73 2"S6' 14 . 14 3°26' 16.SS 3'S6' 18.9S 4°26' 21.36 4'S6' 23.76 
9 40 2°27' 1 1 .81 2°S7' 14.22 3°27' 16.63 3°S7' 19.03 4°27' 21 .44 4°S7' 23.84 
9.48 2°28' 1 1 .89 2°S8' 14.30 3°28' 16.71 3°S8' 19. 1 1  4°28' 21.S2 4°S8' 23.92 
9.S6 2°29' 1 1 .97 2°S9' 14.38 3°29' 16.79 3°S9' 19.19 4°29' 21.60 4°S9' 24.00 



..,.. ..,.. 
0 

6� 61 

5°00 ' 
5°01 ' 
5°02' 
5°03' 
S004 ' 
S00S ' 
S00S' 
S007' 
5•os· 
S009 ' 
S0 W '  
S0 l I '  
S0 1 2 '  
S01 3' 
5 ° 1 4 '  
S0 I S '  
S0 1 6' 
S" 1 7 '  
S01 8 '  
S01 9 '  
S020' 
so21 • 

5°22 '  
S023' 
5°24 ' 
5°25' 
5°2S' 
5°27' 
5°28' 
5°29' 

6R 

24.08 
24. I S  
24.24 
24.32 
24.40 
24.48 
24.S6 
24.S4 
24.72 
24.80 
24.88 
24.9S 
2S.04 
2S. I 2  
25.20 
25.29 
2S.37 
25.4S 
2S.53 
2S.61 
25.69 
2S.77 
2S.8S 
25.93 
26.0 1  
26.09 
26. 1 7  
26.25 
26.33 
2S.4 1 

6� 6R 61 

5°30' 2S.49 
5°3 1 ' 2S.57 
5°32' 2S.S5 
5°33' 2S.73 
S034' 2S.81 
S03S' 26.89 
S"3S' 26.97 
S037' 27.0S 
5•3s · 27. 1 3  
S039 ' 27.21  
S040' 27. 29 
5°4 1 ' 27.37 
S042 ' 27.4S 
S043' 27.53 
S044' 27. S I  
S045' 27.S9 
S046 ' 27. 77 
S047' 27.8S 
S048 ' 27.93 
5°49' 28.01 
5°SO ' 28.09 
S05 l ' 28. 1 7  
5°S2' 28.2S 
5°53' 28.33 
5°54' 28.41 
S055' 28.49 
5°5S' 28.S7 
5°57' 28.65 
5°58' 28.73 
5°59' 28.81 

6� 6R 6� 6R 61 61 

S000' 28.89 S'30' 31.30 
S00 l '  28.97 6°31 ,  31.38 
S002 ' 29.05 S032' 31.4S 
S003 ' 29. 1 3  S033' 3 1.54 
S004 ' 29. 21 S034 ' 31 .S2 
soos· 29.29 S035' 31 .70 
S00S' 29.37 S036' 31.78 
S007' 29.45 S"37' 3 1 .8S 
S008' 29.S3 S038' 31 .94 
S009' 29.SI 6°39' 32.02 
so w• 29.69 s·4o' 32. 1 0  
S01 I ' 29.77 S04 l '  32. 1 8  
6° 1 2 '  29.85 S"42' 32.2S 
5· 1 3 '  29.93 S'"43' 32.34 
6°1 4 ' 30. 0 1  S044' 32.42 
S0 I S' 30. 10 S04S' 32.50 
6° 1 6 '  30. 1 8  S04S' 32.58 
S017'  30.26 S047' 32.SS 
S0 ! 8 '  30.34 S048' 32.74 
6°19' 30.42 S049' 32.82 
S020' 30.�Q so so· 32.90 
S02 l '  30.S8 S0S I ' 32.98 
S022' 30.6S 6°S2' 33.06 
S023' 30.74 S053' 33. 1 4  
6"24' 30.82 S054' 33.22 
6°25' 30.90 6°SS' 33.30 
S02S' 30.98 6°5S' 33.38 
6°27' 3 1 .06 S057' 33.4S 
6°28' 3 1 . 1 4  S058' 33.54 
6°29' 31 .22 6°59' 33.62 

Appendix 4 cont 'd 

6� 6R 6� 6R 6� 6R 6� 6R 6� I!.R 6� AR 61 61 61 61 61 61 

7°00' 33.70 7°30' 36. 1 1  s·oo· 38.51 8°30' 40.9 1  9"00 ' 43.31 9°30' 45.71 
7°01 ' 33.78 7°3 1 ' 3S. I 9  s·o J ' 38.59 8°3 1 ' 40.99 9"01 ' 43.39 9°31 ' 45.79 
7°02' 33.8S 7°32' 36.27 8°02' 38.S7 8°32' 41.07 9·o2· 43.47 9°32' 45.87 
7°03' 33.94 7°33' 3S.35 s·o3' 38.75 8°33' 4 1 . 1 5  9°03 ' 43.55 9°33' 45.9S 
7°04' 34.02 7°34' 3S.43 s·o4' 38.83 8'34' 4 1.23 9'04' 43.S3 9°34' 4S.03 
7°05' 34.W 7°3S' 3S.SI s·os· 38.9 1 8°3S' 41 .31  9'05' 43.71 9°35' 4S. I I 
7°0S' 34. 1 8  7°3S' 3S.S9 soos· 38.99 s•35' 4 1 .39 9"0S ' 43.79 9°3S' 46. 1 9  
7°07' 34.26 7°37' 3S.S7 8"07' 39.07 8°37' 4 1 .47 9'07' 43.87 9°37' 46.27 
7°08' 34.34 7°38' 36.7S 8°08' 39. IS 8°38' 4 1 .S5 9"08 ' 43.95 9°38' 4S.3S 
7°09' 34.42 7°39' 36.83 8"09 ' 39.23 8°39' 4 1 .63 9"09' 44.03 9°39' 46.43 
1 7°0' 34.SO 7°40' 36.91 8° 1 0 '  39.31  8°40' 41 .71  9· w· 44. 1 I 9"40' 4S.SI 
]OJ I '  34.S8 7°4 1 '  3S.99 8"1  I ' 39.39 8°4 1 ' 4 1 .79 9" 1 1 '  44. 19 9°4 1 '  4S.S9 
7° 1 2' 34.66 7°42' 37.07 8" 1 2 '  39.47 8°42' 4 1.87 9" 1 2' 44.27 9°42' 4S.S7 
7° 1 3' 34.74 7°43' 37. 1 5  s·I3' 39.55 s•43' 4 1 .95 9" 1 3 '  44.3S 9°43' 46.7S 
7° 1 4 '  34.82 7°44' 37. 23 s · I 4 '  39.S3 8°44' 42.03 9 ' 1 4 ' 44.43 9°44' 4S.83 
7°1 5 '  34.91 7°45' 37.31 S" IS'  39. 7 1  8°45' 42. 1 1  9"1S'  44.SI 9°45' 4S.91 
7° 1 6 '  34.99 7"46' 37.39 s·I6' 39.79 8°46' 42.19 90 1 6' 44.S9 9°46' 4S.99 
7°17'  35.07 7°47' .37. 47 8' 1 7' 39.87 8°47' 42.27 9"17'  44.67 9c47' 47.07 
7°1 8 '  35. I S  7°48' 37. S5 8" 1 8 ' 39.95 8°48' 42.35 9"1 8' 44.7S 9"48' 47. 1 S  
]OJ9 '  35.23 7°49' 37. S3 8" 1 9 '  40.03 8°49 ' 42.43 90 1 9' 44.83 9°49' 47.23 
7°20' 35.31 7°SO' 37. 7 1  8"20' 40. 1 I 8°SO' 42.SJ 9"20' 44.91 9°SO' 47.31 
7°2 1 '  35.39 7"S I ' 37. 79 8'21 ' 40. 19 8°S I '  42.S9 902 1 '  44.99 9°5 1 ' 47.39 
7°22' 3S.47 7°52' 37. 87 s·22' 40.27 8°S2' 42.S7 9°22' 45.07 9°52' 47.47 
7°23' 35.55 7°S3' 37.95 8°23' 40.35 8°S3' 42.75 9°23' 45. 1 5  9°53' 47.55 
7°24' 35.63 7°54' 38.03 8"24' 40.43 8°54' 42.83 9°24' 45.23 9°S4' 47. S3 
7°25' 35.7 1 7°55' 38. 1 1  s·25' 40.51 8°55' 42.91 9"25 '  45.31  9°S5' 47. 7 1  
7°2S' 35.79 7°5S' 38.19 8"26' 40.59 8°56' 42.99 9"2S' 45.39 9"56 ' 47.79 
202]' 35.87 7°57' 38.27 s·21' 40.S7 s·57' 43.07 9"27' 45.47 9°57' 47.87 
7°28' 35.97 7°58' 38.35 s·2s· 40.75 8"58' 43.15 9"28' 45.55 9°58 ' 47.95 
7°29 ' 36.03 7'59' 38.43 8"29 ' 40.83 8°59' 43.23 9"29' 45.63 9o59' 48.03 



""" 
""" 

�� �R �� �R �� �R �� �R �� �R �� tq 61 61 61 61 �1 

10°00' 48. 1 1  10°30' 50.50 1 1°00' 52.90 1 1°30' 55.30 12°00' 57.70 1 2°30' 
1 0'0 1 ,  48.19 1 0'3 1 '  50.58 1 1001 ' 52.98 1 1°31 '  55.38 12°0 1 '  57.78 1 2°31 '  
IQOQ2' 48.27 10°32' 50.66 1 1 °02' 53.06 1 1°32' 55.46 1�02' 57.86 1 2'32' 
10'03' 48.35 1 0°33' 50.74 1 1°03' 53.14 1 1 '33' 55.54 12°03' 57.94 1 2°33' 
1 0'04' 48.43 1 0'34' 50.82 1 1°04' 53.22 1 1°34' 55.62 1 2°04' 58.02 12°34' 
1 0°05' 48.5 1 1 0°35' 50.90 1 1°05' 53.30 I I 035 ' 55.70 1 2°05' 58. 10 12°35' 
10"06' 48.59 10°36' 50.98 1 1°06' 53.38 1 1°36' 55.78 12°06' 58. 18  12'36' 
IQOQ7' 48.67 10'37' 51.06 1 1°07' 53.46 1 1°37' 55.86 12°07' 58.26 12°37' 
10°08' 48.75 10°38' 5 1 . 14  1 1 '08' 53.54 1 1°38' 55.94 12°08' 58.34 1 2°38' 
10°09' 48.83 10°39' 51 .22 1 1°09' 53.62 1 1°39' 56.02 1 2°09' 58.42 12°39' 
1001 0' 48:91 10°40' 5 1 .30 1 1°10 '  53.70 I I  040' 56. 10 12°10' 58.50 1 2°40' 
1 0' 1 1 ' 48.99 10°4 1 '  51 .38 1 1° 1 1 ' 53.78 1 1 °41 '  56.18  1 2' 1 1 '  58.58 1�41 ' 
10012' 49.07 10°42' 5 1 .46 1 1012'  53.86 W42' 56.26 12°12 '  58.66 12°42' 
10013' 49. 15 1 0°43' 51 .54 1 1°13 '  53.94 1 1°43' 56.34 12°13' 58.74 12°43' 
1001 4' 49.23 10'44' 51 .62 1 1° 14 '  54.02 1 1°44' 56.42 12°14' 58.82 1 2°44' 
10015' 49.30 10°45' 51 .70 1 1015 '  54.10 I I  045' 56.50 1 2°15' 58.90 '1 �45' 
10016' 49.38 10°46' 51 .78 1 1° 16' 54.18 1 1°46' 56.58 1 2°16'  58.98 12°46' 
100 17' 49.46 1 0°47' 51.85 1 10 17 '  54.20 I I  047' 56.65 1 2°17 '  59.06 12°47' 
10018' 49.54 10°48' 5 1 .94 1 1018 '  54.34 1 1°48' 56.74 1 2°18'  59.14 1 2°48' 
1 0' 19 '  49.62 10°49' 52.02 1 1°19'  54.42 1 1°49' 56.82 1 2° 1 9' 59.22 1 2'49' 
1 0°20' 49.70 10050'  52. 10  1 1°20' 54.50 W50' 56.90 12°20' 59.30 12°50' 
10°21 ' 49.78 10°51 ' 52.18 1 1 °21 ' 54.58 1 1°51 ' 56.98 1 2°21 ' 59.38 1 2°51 ' 
10°22' 49.86 1 0°52' 52.25 1 1°22' 54.66 1 1°52' 57.06 1 2°22' 59.46 1 2°52' 
10'23' 49.94 10°53' 52.34 1 1°23' 54.74 1 1°53' 57. 1 4  12°23' 59.54 1 2°53' 
1 0'24' 50.02 1 0°54' 52.42 1 1 °24' 54.82 1 1°54' 57.22 12°24' 59.62 12°54' 
1 0°25' 50. 10 10°55' 52.50 1 1°25' 54.90 1 1°55' 57.30 12°25' 59.70 12°55' 
1 0'26' 50. 1 8  1 0°56' 52.58 1 1 °26' 54.98 1 1°56' 57.38 12°26' 59.78 12°56' 
1 0°27' 50.26 1 0°57' 52.66 1 1'27' 55.06 1 1°57' 67.46 1 2°27' 59.86 1 2°57' 
10°28' 50.34 10°58' 52.74 1 1°28' 55. 14  1 1°58' 57.54 1 2°28' 59.94 1 2°58' 
1 0°29' 50.42 10'59' 52.82 1 1029' 55.22 1 1 °59' 57.62 1 2°29' 60.02 1 2°59' 

N ot e : When 6B or 61 is negative , �R should likewise be taken as negative . 

Appendix 4 cant' d 

�R �� �R �� �R �� �R �1 61 lq 

60. 10 13°00' 62.49 1 3'30' 64.86 1 4°00' 67.27 
60. 18  1300 1 '  62.57 1 3°31 '  64.96 14'0 1 '  67.35 
60.26 13°02' 62.65 1 3°32' 65.04 14°02' 67.43 
60.34 13°03' 62.73 13°33' 65. 12 14'03' 67.51 
60.42 13°04' 62.81 13'34' 65.20 1 4004' 67.59 
60.50 13°05' 62.89 1 3'35' 65.28 14°05' 67.67 
60.58 1 3°06' 62.97 1 3'36' 65.36 14°06' 67.75 
60.66 1 3°07' 63.05 1 3'37' 65.44 14'07' 67.83 
60.74 13°08' 63. 1 3  13'38' 65.52 14°08' 67.91 
60.82 1 3°09' 63.21 13'39' 65.60 14 09' 67.99 
60.90 1 3010' 63.29 13°40' 65.68 14° 10 '  68.07 
60.98 13°1 1 '  63 . .37 1 3'41 ' 65.76 14°1 1 '  68. 15 
61.06 13°12'  63.45 13'42 ' 65.84 14'12 '  68. 23 
61 . 14 13° 1 3  63.53 13"43' 66.92 14°13 '  68.31  
61.22 13°14'  63.61 13°44' 66.00 14°14'  68.39 
61 .29 13'15' 63.68 13°45' 66.07 14'15 '  68.46 
61.37 1 3°16' 63.76 13'46' 66. 15 14°16'  68.54 
61 .45 1 3° 17 '  63.84 13'47 66.23 14°17 ' 68.62 
61.53 1 3C I8 '  63.92 1 3°48' 66.31 14°18'  68.70 
61.61 1 3° 19 ' 64.00 13'49' 66.39 14°19' 68.78 
61 .69 1 3'20' 64.08 1 3'50' 66.47 14°20' 68.86 
61.77 13°21 ' 64. 1 6  1 3'51 ' 66.55 14°21 ' 68.94 
61.85 1 3°22' 64.24 13 52' 66.63 14°22' 69.02 
61 .93 1 3°23' 64.32 13'53' 66.71 14°23' 69. 10 
62.01 1 3°24' 64.40 1 3'54' 66.79 14°24' 69. 18  
62.09 1 3°25' 64.48 13 55' 66.87 140Z5' 69.26 
62.17 1 3°26' 64.56 13'56' 66.95 14°26' 69.34 
62.25 1 3°27' 64.64 1 3'57' 67.03 14°27' 69.42 
62.33 1 3°28' 64.72 13'58' 67. 1 1  14°28' 69.50 
62.41 1 3°29' 64.80 13'59' 67. 19  14°29' 69.58 



APPENDIX 5 

Table of thread-cutting conditions 

Thread diameter, D . 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.7 0.9 

Thread pitch 0.075 0.075 0.10 0.10 0.125 0.125 0.150 0 . 175 0.225 

Cutting speed v for taps in 
LS63-3 brass . · · 2 2.5 3 3.5 4 4.5 5 6 7 

Cutting speed v for chasers 
in U7AV steel · 4.2 4.8 5.5 6 7 7.5 8.5 9.8 1 1 .5 

APPENDIX 6 

Table of basic times for lapping metallic parts orr the S-15 machine. 

ij 
[] � :a � 0 -
0 � s z s ·;;: 
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.... :. 0 0. 
� "0 
� � Q) ·� S -"  "' � i5 s 

Allowance 0 .02 mm. Surface-finish quality , class 9-10 

I 1.5 2 2.5 3 4 5 6 8 

Basic lapping time, minutes 

- - - - 0.42 0.62 0.85 1 .05 1.55 
- - - 0.38 0.48 0.70 0.95 1 .20 1 .70 
- - - 0.44 0.55 0.80 1.05 1 .35 1.90 
- - - 0.48 0.60 0.90 1 . 15  1 .5  2.15 
- - 0.38 0.55 0.65 1 .00 1.30 1 .65 2.40 
- 0.30 0.44 0.60 0.75 1 . 1 0  1.50 1 .9 2.70 

0.2 0.34 0.5 0.65 0.85 1.25 1.7 2.15 3.1 

0.22 0.38 0.55 0.75 0.95 1 .40 1.9 2.4 3.5 

0.24 0.40 0.6 0.85 1.05 1.55 2.1 2.65 3.9 
0.27 0.47 0.70 0.95 1.20 1 .75 2.40 3.00 4.4 
0.30 0.54 0.80 1 .05 1 .35 2.0 2.7 3.4 5.0 
0.35 0.62 0.92 1.20 1 .5 2.3 3.1 3.9 5.7 

0.40 0.70 1 .03 1 .35 1 .7 2.6 3.5 4.4 . 6.5 
0.45 0.80 1 .1 5  1 .5 1 .9 2.9 3.9 4.9 7.3 

0.50 0.90 0.30 1 .7 2.2 3.2 4.3 5.5 8.1 
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APPENDIX 7 

Table of polishing times for pinion teeth 

Number of pinion teeth, J 
Allowance , Module m 

6 7 8 10 12 14 16 18 20 mm mm 

Polishing (basic) time Tp,min 

0.08 0.017 0.019 0.021 0.024 0.027 0.031 0.034 0.037 0.040 
0.10 0.019 0.021 0.023 0.027 0.030 0.034 0.037 0.041 0.044 
0.12 0.02 0.023 0.025 0.029 0.032 0.037 0.040 0.044 0.047 

0.005 0. 14 0.022 0.024 0.027 0.031 0.035 0.039 0.043 0.047 0.051 
0.16 0.023 0.026 0.028 0.033 0.037 0.041 0.046 0.049 0.054 
0.18 0.024 0.027 0.029 0.034 0.039 0.043 0.048 0.052 0.056 
0.20 0.025 O.D28 0.031 0.036 0.040 0.045 0.050 0.054 0.059 
0.25 0.028 0.031 0.034 0.039 0.044 0.050 0.055 0.060 0.064 
0.30 0.03 0.033 0.036 0.043 0.048 0.054 0.058 0.064 0.070 

0.08 0.024 0.027 0.030 0.035 0.039 0.044 0.048 0.052 0.057 
0.10 0.27 0.030 0.032 0.038 0.042 0.048 0.053 0.057 0.062 
0.12 0.029 0.032 0.035 0.041 0.046 0.052 0.057 0.062 0.067 
0.14 0.031 0.034 0.038 0.044 0.049 0.055 0.061 0.066 0.072 

0.01 0. 1 6  0.032 0.036 0.040 0.046 0.052 0.059 0.064 0.070 0.076 
0.1 8 0.034 0.038 0.042 0.049 0.054 0.061 0.067 0.074 0.080 
0.20 0.036 0.040 0.044 0.051 0.057 0.064 0.071 0.077 0.003 
0.25 0.039 0.044 0.048 0.056 0.062 0.071 0.078 0.085 0.091 
0.30 0.042 0.047 0.052 0.060 0.067 O.o76 0.084 0.091 0.096 

APPENDIX 8 

Table of polishing (basic) times for journals and shoulders machined on the S·Sa machine. 

A llowance on the diameter = 0 .01 mm 

I I Length of the surface machined � :; 6 � � a  < 0.7 0.8 1.0 1.2 1.6 2.0 2.6 3.0 3.5 4.0 5.0 0 " 
ni .S 8 o ..c:: c.s Polishing (basic) time, Tp, min " "'"  

0.2 0.01 6  0.01 7  0.019 0.021 0.024 0.028 - - - - -
0.3 0.017 0.019 0.022 0.025 0.027 0.033 0.038 0.042 - - -
0.5 0.021 0.028 0.027 0.029 0.034 0.04 0.046 0.051 0.056 - -
0.8 0.026 0.027 0.031 0.035 0.040 0.047 0.054 0.061 0.067 0.073 0.082 
1 .0  0.028 0.029 0.034 0.038 0.043 0.052 0.059 0.065 0.072 0.078 0.085 
1 .5 0.031 0.034 0.038 0.043 0.049 0.059 0.067 0.075 0.082 0.089 0.103 
2.0 0.035 0.038 0.043 0.048 0.054 0.064 0.074 0.083 0.092 0.100 0. 1 10 
3.0 0.040 0.043 0.049 0.055 0.064 0.075 0.085 0.096 0. 1 07 0. 1 15 0 . 129 
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APPENDIX 9 

N-3418 standard for w ashing watch partS and blanks 

Working material and 
Holding time, Temperature, 

Operation composition of washing 
min ·c 

solution 

Chip removal 
Three consecutive gasoline " Galosha" GOST 443-41 0 .5-1 15-18 

washes gasoline 
Drying in sawdust Beech or palm sawdust 
Blowing off with pure cool air Pure air from a compressor 18-24 
Hot-air drying 
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EXPLA NA TORY LIST OF ABBREVIA TED NA MES OF U . S . S . R .  

Abbreviation 

ChMTU 

Gla vchasprom 

GOST 

MKhP 

MMiP 

MPTU 

NIIChasProm 

Orgavtoprom 

Orgmashpribor 

OST 

INSTITUTIONS, ORGANIZATIONS, ETC .  
A PPEA RING IN THIS TEXT 

Full name 
(transliterated )  

C hernaya Metallurgiya. 
Tekhnicheskie Usloviya 

Glavnoe Upravlenie 
Chasovoi Promysh­
lennosti 

Gosudarstvennyi Obshche­
s oyuznyi Standart 

Translation 

Technical Specifications for 
the Ferrous Metallurgy 

Main A dministration of the 
Watchmaking Industry 

All-Union Gove rnm ent 
Standard 

Ministerstvo Khimicheskoi Ministry of the Chemical 
Promyshlennosti Industry 

Ministerstvo Mashino­
stroeniya i Priboro­
stroeniya 

Metallurgicheskaya 
Promyshlennost 1 •  Tekhni­
cheskie Usloviya 

Nauchno -lssledovatel 1skii 
Institut Chasovoi Pro ­
myshlennosti 

Kontora po Organizatsii 
Stroitel 1 stva Predpri­
yatii A vtomobil 1noi 
Promyshlennosti 

Kontora po Organizatsii 
Stroitel 1stva Predpriyatii 
Mashinostroitel 1noi i 
Priborostroitel 1 noi 
Promyshlennosti 

Obshchesoyuznyi Standart 

445 

Ministry of the Machine­
Building and Instrument­
making Industry 

Technical Specifications 
for the Metallurgical 
Industry 

Scientific Res earch Institute 
of the Watchmaking In­
dustry 

Office for the Planning of  
Construction of Plants 
for the Automotive In­
dustry 

Office for the Planning of 
Construction of Plants 
for the Machine - Building 
and Instrument- Making 
Industry 

A 11- Union Standard 



Abbreviation 

Ts MTU(TUTs Mo ) 

TU 

TUKhP 

VNIITOMASh 

VTU 

Full name 
(transliterated )  

Ts vetnaya Metallurgiya . 
Tekhnicheskie Usloviya 

Tekhnicheskie Usloviya 

Tekhnicheskie Usloviya 
Khimicheskoi Promysh­
lennosti 

Vsesoyuznoe Nauchnoe 
Inzhenerno- Tekhni­
cheskoe Obshchestvo 
Mashinostroitelei 

Vremennye Tekhniches ­
kie Usloviya 

446 

Translation 

Technical Specifications 
for the Nonferrous 
Metallurgy 

Technical Specifications 

Technical Specifications 
for the Chemical Industry 

All- Union Scientific Tech­
nical Society of Mechanical 
Engineers 

Provisional Technical 
Specifications 
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