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CPRELIMINARY TRAINING UNIT

The success of almost any pursuit in life depends, to a certain extent,
vpon a system of coordination between the eye, mind and hands. The
ability to coordinate the activities of these three facilities is developed

from infancy throughout life.

The successful pursuit of the arts, such as sculpture, music and painting,
requires an extremely high degree of coordination between a person’s eyes,

mind and hands.

It is the high degree to which this coordinative ability must be developed
in the watchmaker’s trade that makes it so necessary for the student to

apply himself to the following Training Unit conscientiously.

This unit is designed to develop finger dexterity and reasonable pro-
ficiency in the use of the basic tools of the trade. It is during the performance
of this unit that the student forms the correct habits relative to his working

position at the bench and its associated equipment.

Practicalwork . . . 40hours

Related theory . . . 8hours

BULOVAN SCIHOOL ¢/ WNTCHNAKIN G
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BULOVA SCHOOL of WATCHMAKING
PRELIMINARY TRAINING UNIT

*
Subject:

Finger Dexterity Exercises.

Objectives:
1. To develop finger dexterity.

2. To develop proficiency in the use of an eye glass, tweezer, and
screwdriver.

3. To accustom the student to the bench and the proper working
position.

Tools Required:

1 eye loupe (A) 1 balance block (D)
1 screwdriver (B) 1 balance screwdriver (E)
1 pr. tweezers (C) 1 holder (F)

Fig. 1

NOTE: A clean, orderly bench is a prerequisite to neat, accurate work.

Proficient use of tools is of prime importance where good workmanship
is desired. There is no substitute for practice in the many operations that
are a part of the watchmaking trade. The conscientious application of a

student to this training unit will immeasurably improve subsequent work.

SCIHOOL o WATCHMAKIN G
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OPERATION No. 1

In this operation actual plate screws
are used. These screws are to be inserted
in pillar plates each containing fifty
tapped holes.

Care should be taken in this procedure
to assure the formation of proper habits

pertaining to the actual use of the tools.

Fig. 2 and 3 illustrate the proper use

of tools needed for this operation.

Fig. 4 will serve as a guide in estab-
lishing proper habits relative to the work-
ing position and the location of the vari-
ous components which go to make up the

watchmaker’s working unit.

Fig. 3 (Use of Screwdriver.}

This entire operation consists of the
placement of the screws in the holes with
a tweezer and the seating of the screws

using a screwdriver of the proper size.

The completed plate will be graded

according to:

1. The condition of the finished work,
i.e., scratches, burrs, loose screws,

etc.

2. The time consumed in the actual

performance of the operation.
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OPERATION No. 2

This operation is performed in the same
manner as Operation No. 1, but a smaller
screw is used. These screws are actual
pallet bridge screws as used in Bulova
watches.

The grading of this operation is identi-
ccl with that of Operation No. 1.

OPERATION No. 3

This operation is again similar to the
preceding ones, but this time a still smaller
screw is used. These screws are actual
stud screws or jewel screws and will be
graded on the same basis as Operations

No. 1 and No. 2.

OPERATION No. 4

This operation deals with the insertion
of balance screws into bi-metallic balance
wheels. All balance wheels will fall into
one of two general types. The older type,
and a type not often used in newer
watches is the bi-metallic or two metal
type. As the name implies, this balance
is usually constructed of two dissimiliar
metals, brass and steel, and has an open
or cut rim. These constructional details
were used to minimize the effects of tem-
perature change on the hairspring.

In Fig. 5 a typical bi-metallic balance
wheel is shown, first without balance
screws installed and second, with balance
screws in their proper places.

The actual installation of the balance
screws is an operation requiring some
degree of skill on the part of a student.
First, the balance screws are put into the
slotted block and the block agitated until
the screws are laying in the slots head up.
Fig. 6A.

Place a balance wheel on the balance
olock with the balance arm down. Fig.

Fig. 5

Bi-metallic Balance Wheel
without screws.

SCHOOL o

Bi-metallic Balance Wheel
with balance screws inserted.

7A. Select a screw driver with a blade so
ground that a slight wedging action will
occur when the blade is pressed into the
screw slot. Fig. 6B. The small amount of
pressure thus created between the screw
slot and blade is enough to support the
screw without the aid of any additional
mechanical device. Fig. 7B. Pick up a
screw from the slotted block as shown in
Fig. 6A and insert in the desired hole in
the balance’ wheel. Fig. 7A and 7B.

In order to aid the student in the per-
formance of this operation, the blade of
the screw driver should be kept in near
perfect condition. If, during the procedure
the blade is broken, bent or deformed
in any way it should be reground to the
proper shape on a number 100 carborun-
dum wheel before any attempt is made
to use it further.

Throughout this operation care should
be token that the screw heads or the
balance wheels are not marred in any
way.

Grading of this operation will be based
on the same standards as the previous
operations in this unit.
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Fig. 6

Fig. 7

OPERATION No. 5

This operation is identical with the pre-
ceding one, with the exception of the bal-
ance wheels used. In this case a Bulova
10-AK, mono-metallic balance wheel is
used. This balance is illustrated in Fig. 8
and is shown with and without balance

screws installed.

This balance differs from the one pre-

viously used in that this rim is solid and

constructed of only one metal.

Temperature effects have been min-
imized through the use of a hairspring
whose elasticity remains reasonably con-
stant despite any normal temperature
change, there-by eliminating the neces-
sity for the weaker and more unstable
construction of the bi-metallic balance

wheel.

These balances should be handled in
such a manner that warping and distor-

tion is held at an absolute minimum.

Fig. 8

Mono-metallic Balance Wheel
—without balance screws.

Mono-metallic Balance Wheel
—with screws inserted.

BULOVA SCIHOOIL
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OPERATION No. 6

This operation deals with the cleaning
of the balance wheels used in the pre-
ceding operations, preparatory to their
use in succeeding training units.

When handling the various parts of a
watch, there is always the possibility of
these parts coming in contact with the
hands of the operator. This will invariably
leave a deposit of perspiration on the
metal. If this moisture is allowed to dry
and remain on the part, actual corrosion
will take place with subsequent damage
to the piece, thus rendering it useless for

further service.

In addition to body moisture there is
usually the problem of dust, grease, con-
densation and vapor reactions to mar the
surface and shorten the life of the

material.

With this in mind it is evident that all
precautions must be taken to assure a
clean, trouble-free job, and a clean bench

will aid greatly in this respect.

Following is a brief cleaning procedure
for watch parts in general and for balance
wheels specifically. A detailed discussion
of the complete cleaning service will be
found in Specific Training Unit No. 12,

Cleaning Procedure

1. Dip Parts in Soap Solution

2. Dip Parts in No. 1 Rinsing Solution
3. Dip Parts in No. 2 Rinsing Solution
4. Dry Parts in Box-wood Sawdust
NOTE: When a cleaning machine is

used, step No. 4 is eliminated and
the parts are spun dry in the machine.

Qil Spot on
Screw Head

Marred Slot and
Scratched Head

Favultless Saw Dust
Screw in Screw Slot

Finger Marks
on Screw Head

Examples of dirt, grease, etc. on watch paris.

BULOVA SCIHOOL ¢
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ghe balance wheel and hairspring unit is the
time-keeping element of a watch. The shaft on
which the balance wheel is mounted is known
as the balance staff. This staff is supported in
the plate and bridge by two pivots running in
jeweled bearings. The balance wheel is tast-
ened firmly to the balance staff by an opera-
tion known as “’Staking"”. '

SCIHOOL o7 WATCHNAKIN G
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BULOUVA SCHOOL of WATCHMAKING
TRAINING UNIT NUMBER |I.

SUBJECT: Staking Balance Staffs
OBJECTIVES: 1. To develop reasonable skill in staking balance staffs.

2. To familiarize the student with various types of staffs and the stak-
ing methods used for each of these types.

Practical work — 20 hours

Related theory — 4 hours
TOOLS NEEDED:

1 eye loupe 3 punches
1 pair tweezers 1 stump
1 staking stand 1 brass hammer
[—EYE LOUPE
rTWEEZERS

r HAMMER

|

STAKING TOOL

3 PUNCHES\—/\

Fig. 1

BULOVA
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o7raim'ng Unit Number .

A balance staff is the shaft on which the balance wheel is mounted.
The rotating axis around which the balance wheel oscillates is formed
by a line running through the pivots at each end of the staff. These
pivots fit into jeweled bearings and are lubricated by minute oil

reservoirs.

Fig. 2. Shows a typical balance staff with all parts named.

CONE \ UPPER PIVOT

COLLET RIVETING SHOULDER
SHOULDER\
COLLET
SEAT /BALANCE SEAT
onmes — S ——

" T——ROLLER SEAT

CONE \Lowen PIVOT

Fig. 2

In this entire course all reference to the staff

will be made using the names shown here.

BULOVA SCHOOL ¢ WATCHMAKIN G
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Two general staking methods are used in modern watches:

1. RIVETED STAFFS

In Fig. 3 several common forms of riveted staffs are shown.

AL .
‘ [
4 L

1 i —

A
YT

v T

STANDAARD RIVET TOP GROOVE SIDE GROOVE
TYPE TYPE 1YPE
Fig. 3

A. STANDARD RIVET TYPE

When staking a staff of this type the balance arm is brought firmly in
contact with the balance seat with a staking punch. Fig. 4A.

The riveting shoulder is now spread with a spreading punch to
facilitate the final riveting. Fig. 4B. The riveting shoulder is now
headed over with a flat punch, Fig. 4C, completing the staking opera-
tion. A detailed job breakdown of this procedure is included at the
end of the Training Unit.

SEATING
PUNCH

RivETimg
PUNCH

/u::»:‘ct N

$=CuLDES

-~ BALANCE
ARN

- BALANCE
SEAT
BALANCE
SEAT seat
STUMP
e

.STuMP
e

A v ¢
USE OF SEATING PUNCH USE OF SPREADING PUNCH USE OF RIVETING PUNCH
Fig. 4

BULOVA
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Two general staking methods are used in modern watches:

1. RIVETED STAFFS

In Fig. 3 several common forms of riveted staffs are shown.

I
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1
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STANDARD AIVET T0P GROOVE SIDE GROOVE
TYPE TYPE TYRE
Fig. 3

A. STANDARD RIVET TYPE

When staking a staff of this type the balance arm is brought firmly in
contact with the balance seat with a staking punch. Fig. 4A.

The riveting shoulder is now spread with a spreading punch to
facilitate the final riveting. Fig. 4B. The riveting shoulder is now
headed over with a flat punch, Fig. 4C, completing the staking opera-
tion. A detailed job breakdown of this procedure is included at the
end of the Training Unit.

_SEATING
ToeuNEw

BALANCE
'Y
TOBE SCA-

= BALANCE
SCAT LUl

BALANCE
STAT seat

STunP
e

L STump

A B c
USE OF SEATING PUNCH USE OF SPREADING PUNCH USE OF RIVETING PUNCH
Fig. 4

BULOVA
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B. TOP GROOVE TYPE

In Fig. 5 a Hamilton top grooved staff is shown. In staking this staff
the spreading punch must NOT be used. A flat punch is used first to
bring the balance arm firmly in contact with the balance seat. Fig. 5A.

The final riveting is now accomplished with another flat punch as
shown in Fig. 5B and C.

CIRT AR
PUNCe

oty
buNLe
nFCST U

RIVET NG )
SHOULDER AvtTeo
SwOULDER
M B:L;:C! Ba.awct
anu

T aaLanct
el
STUMP

. STuwe (S

A (] c
USE OF SEATING PUNCH USE OF RIVETING PUNCH RESULT OF RIVETING
Fig. 5

C. SIDE GROOVE TYPE
The Elgin side grooved staff shown in Fig. 6A is staked in exactly the

same manner as the Hamilton top grooved staff (see 6B and 6C). The

key point to observe here is that the spreading punch is NOT used.

/]~ SEATING
7 PUNCH

RIWETING

_RIVETING
PUNCw T PUNCH
NP AT
RIVETING IN POSITION

/SHOULDER

- . q/sm: GROOVE vere
| ) W
g Y _BALANGE BALANGE / sHouLoER
) ARM 7 ARM /
\ e
7 10 8E SEA- (T ~/ SEATEDON /nunc:
— R T N BALANCE et U ARM
sEAY \SALANC(

SEAT

%
Ve STump

A B c
USE OF SEATING PUNCH USE OF RIVETING PUNCM RESULT OF RIVETING
Fig. 6

b U LLOVA
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cgratlm'ng Unit Number 1.

2. FRICTION FITTED STAFFS

Fig. 7A shows a Waltham friction fitted staff. The staking process is
clearly indicated. A round nosed staking punch is brought in contact
with the roller seat. This insures that the hub seat can be brought into

positive seating position in the blue hub.

The Hamilton friction fitted staff is shown in Fig. 7B. The balance wheel
with the hub attached is placed on the stump and the staff is put into
position for staking. A flat faced punch is used to press the staff into
its seated position with the hub seat on the staff in positive contact with

the balance wheel hub.

STAKING PUNCH

IDENTIFICATION
bk SeAT /cnoovt
HUB (BLUED HUB SEAT

FOR IDENTIFICATION) /

HUB
BALANCE ARM

L\

7

\\\\\\\\:

STUMP

Fig. 7

BULOVA SCILOOL o7 WNTCHMARIN G SeRsiiGHE
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SUMMARY
o/t/ze
STAKING
PROCEDURE
on t/le
STANDARD RIVET TYPE STAFF
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SUMMARY of the STAKING PROCEDURE

Step 1. Select the proper stump and neces-
sary punches as follows:

a. The diameter of the stump hole must be
large enough to accommodate the
roller shoulder and small enough to in-
sure a firm support for the staff during
the staking operation. (See Fig. 8B).

b. The seating punch must have a hole
diameter very slightly larger than the
balance wheel shoulder so it will clear
this shoulder and rest only on the
balance arm when the wheel is seated.

c. The round nosed spreading punch must
have a hole diameter very slightly
larger than the collet shoulder and
small enough to contact the riveting
shoulder well in from the edge.

d. The flat nosed riveting punch must have
a hole the same diometer as the
spreading punch.

NOTE: An inverted punch may be used as a
stump in this operation.

Step 2. Place staking stand on the bench.

Step 3. Insert stump in the staking stand.
Fig. 8A.

Step 4. Place balance staff in the stump
with the balance seat up. Fig.8B.

Step 5. Place balance wheel on staff with
the balance arm down. Fig. 8C.

Step 6. Insert Seating Punch in staking
stand and lower it to the balance arm.
Fig. 8D.

BULOVA SCHOOL o WATCHMAKIN G
C/

Step 7. Force the Seating Punch downward
with the left hand until the balance arm
is in firm contact with the balance seat.

Step 8. Remove the Seating Punch and in-
sert the spreading punch in its place.

Step 9. Lower the spreading punch until it
contacts the riveting shoulder and hold it
firmly in place with the left hand. Fig. 8E.

Step 10. Spread the riveting shoulder by
tapping the punch several times with the
brass hammer. Rotate the balance in the
stump with the little finger of the left hand
while using the hammer.

Step 11. Remove the spreading punch and
insert the Riveting Punch in its place.

Step 12. Lower Riveting Punch to the rivet-
ing shoulder and hold it firmly in place
with the left hand.

Step 13. Head over the rivet by tapping
the riveting punch several times with a
brass hammer. Rotate the balance in the
stump as in Step 10 while hammer is being
used. Fig. BF.

Step 14. Remove the Riveting Punch from
the staking stand.

Step 15. Remove the staked balance from
the stump.

Stake the remaining balances using the
above precedures.

18
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on the STANDARD RIVET TYPE STAFF
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The balance staff and balance wheel form
an integral part of the timekeeping unit of the
watch.

The function of the staff is to support the
balance wheel and the function of the balance
wheel is to serve as an accurately oscillating
member of the timekeeping unit under the
control of the hairspring.

If this function of the balance wheel is to be
fulfilled it is necessary that it be mounted on
the staff in such a manner that:

The entire rim lies in one plane.

2. The plane in which the rim lies must be
perpendicular to the staff axis.

3. The entire rim must be concentric with
the staff axis.

The operation designed to establish this con-
dition is known as BALANCE TRUING.

BULOVA SCHOOL o7 WATCHMAKIN G
L/
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BULOVA SCHOOL o/ WATCHMAKING

TRAINING UNIT NUMBER 2

SUBJECT: Balance Truing

OBJECTIVES: 1. To enable the student to recognize the various conditions that
may exist in untrued balances, and to determine the proper
methods to be used in correcting these conditions.

2. To develop a reasonable degree of skill in the manipulative pro-
cedures involved in Balance Truing.

Practical work — 40 hours
Related theory — 8 hours

TOOLS REQUIRED: Balance Truing Calipers
Balance Truing Wrench
Eye Loupe

Pair of Tweezers

BALANCE TRUING CALIPERS

EYE LOUPE

4

\ TWEEZERS

BALANCE TRUING WRENCH

Fig. !

BULOVA SCHOOL ¢/ WATCHMAKIN G
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C(]-raim'ng Unit No. ».
PRACTICAL MANIPULATIVE OPERATIONS FOR BALANCE WHEEL TRUING

I. USE OF BALANCE TRUING CALIPERS

CONE

PIVOT
OF PIVOT ™.
.

IN HOLE
NOTICE CLEARANCE

Throughout the truing operation the balance PIVOT HOLE \\

is held in the balance truing caliper. These

. ) STUMP - HOLE
calipers are so constructed that the balance is IN STUMP
. . N TO FACILITATE
supported on the conical portion of the pivots. CLEANING

Fig. 2. Care must be taken that the pivot holes
in the stumps are kept clean to prevent damaged
or broken pivots.
Fig. 2
HINGE TYPE CALIPERS

A further consideration when mounting the balance in the hinge type calipers is the
alignment of the stumps with the staff.

In order to achieve this condition the stumps themselves must first be aligned. This
alignment is present when, and only when the bows of the calipers are completely closed.
Therefore, when mounting a balance for truing in these calipers, make certain that the
bows are closed, then, by using the individual stump adjusting nuts, set the stumps so that
the distance between them will be slightly less than the distance from cone to cone on the

staff.

With these adjustments properly set the balance may be inserted and trued with no
danger of damage to the pivots and with full confidence that indicated errors are due to
the condition of the balance wheel and not to faulty mounting.

UPPER BOW\ /lNDEX ARM

BULOVA




(gral'm'ng Unit No. 2.

SCREW-TYPE CALIPER

The screw type calipers are equipped with
an adjustable index mounted on a sliding bar
fastened to the frame. Fig. 4. The calipers are
held in the left hand in a position similar to
that of the hinge type. A thumb screw
mounted between the two halves of the frame
is used to open and close the calipers. This
screw is turned by the thumb of the left hand,
leaving the right hand free to hold and
guide the balance.

* W * * *

Fig. 5 Fig. 6

Lay the calipers across the four fingers Bring the thumb down over the calipers
of the left hand as shown in Fig. 5. so as to rest on the lower bow. Fig. 6.

Fig. 7

Lift the caliper to the correct position at N
the bench. Fig. 7.

MAKIN G

26
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graining Unit No. .

In the proper working position the forefinger is used to adjust the index arm and
also provides leverage for the thumb when opening and closing the jaws. With practice,
the moving of the index arm as well as the adjustment of the jaws can be performed with

one hand.

Fig. 8 Fig. 9

Fig. 8 shows the proper position of the calipers for truing in the flat.

When truing a wheel in the round the calipers are tipped forward as shown in Fig. 9.

* * * * .k

SPECIFICATIONS FOR A TRUE BALANCE WHEEL

Balance Truing is an important part of the watchmaker’s trade. The operation in-
volves the bending of the balance wheel rim until it conforms to the following requirements

of a true balance.
1. All parts of the rim must lie in the same plane. Fig. 10A.
2. The plane in which the rim lies must be perpendicular to the staff axis. Fig. 10A.

3. The entire rim must be concentric with the staff axis. Fig. 10B.

STAFF AX18

T
STAFF Awis . 90

PLANE OF \
BALANCE WHEEL '
RiM

BULOVA
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Il. TRUING BI-METALLIC BALANCE WHEELS
A. TRUING IN THE FLAT

The operation known as truing in the Flat consists of bending the balance wheel rim
until it conforms to the first two requirements of a true balance as illustrated in Fig. 10A,
namely

1. The entire rim must lay in a single plane.

2. The plane in which the rim lies must be perpendicular to the staff axis.

To perform this operation, place the balance wheel in the calipers in such a manner
that the conical portion of the pivots support the balance staff. See Fig. 2.

Adjust the index to a position just above the balance arm and as close to the end
of the arm as possible. Fix the space between the index and arm accurately in mind
and turn the balance wheel until the other arm is directly under the index. The space
between the index and either arm must be exactly the same. If any variation is noted
the arms must be adjusted until they are equal in height. This adjustment is accomplished
by grasping the rim with the thumb and forefinger and gently forcing the arm up, Fig. 11A,
or down, Fig. 11B as required.

o A

S\
N

Fig. 11A

BULOVA SCIHOOL

o/ WATCHMAKIN G
C/
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Fig. 118

Readjust the index to a position directly over the rim at the end of an arm so that
a narrow slit of light is visible between the index and rim when the calipers are held in
the proper truing position. F|g 12. Rotate the balance with the side of the right fore-
finger noting any variation in the width of the slit of light. Since the index serves as a
fixed reference point, any increase in the light space indicates a downward bend in the
rim. Likewise, any decrease in the light indicates an upward bend.

Fig. 12

BULOVA
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@ n- 't{‘ \

QO

N\
W\ -

Fig. 13

if a gradual bend is encountered in the rim it may be eliminated by pressing the
rim between the soft parts of the thumb and forefinger as shown in Fig. 13.

SO

), //l//»;u, - Z :‘ ‘
i ///////////////,//3_

" Fig. 14

If the bend is abrupt more pressure must be applied within a limited area of the rim
in order to eliminate it. This is best accomplished by using the very ends of the fingers
instead of the soft parts to exert pressure on the rim. Fig. 14.

BULOVA SCHOOI,
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Fig. 15A

In Fig. 15A a downward bend from the arm to the cut is indicated, and in Fig. 158
a similar bend in the opposite direction is shown.

=\
@
/@?? 64[) | 1 %&

|2 5 6 7 8 9
%/ SPACE DECREASES
1
}@Ml © @ @
|
5 6 7 8 9
Fig. 158

If a rim is found to be bent as in Fig. 16A, first straighten the bend nearest the arm,
Fig. 16B, using the soft part of the fingers. The remaining bend is straightened by rolling
the forefinger over the thumb from the bend to the cut, thus eliminating all bends. Fig. 16C.
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When a more pronounced bend than that shown in Fig. 16 is encountered it will be
necessary to develop the three fingered bend shown in Figs. 17A and 17B. In this bend
the first and second fingers are used to support the rim on either side of the bend while
the thumb is used to exert the correcting pressure in the opposite direction.

/
///

Al
/= |~ - !
0 J D -

-

Fig. 178

There are an infinite variety of bends, and combinations of bends possible in a balance
rim, but the principles outlined here will serve as a guide in their correction. Through
practice and experience the watch repairer will develop various finger movements to correct
any bends that may be encountered.

BULOVA
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B. TRUING IN THE ROUND

The operation known as “truing in the round” consists of bending the rim of a balance
wheel until it conforms to the third requirement of a true balance as given at the beginning
of this training unit. Namely: The entire rim must be concentric with the staff axis.

To perform this operation, readjust the index to lay just above the outside surface
of the rim as shown in Fig. 16.

CALIPER BOW D\

Fig. 18

Slowly rotate the balance, working from an arm to the cut. Any change in the index
clearance indicates a bend in the rim. Eliminate all bends as they appear, using a rim
wrench to achieve best result.

Fig. 19

In Figs. 19A and 19B the rim is bent out of true from the arm to the cut. To correct
the bend place the wrench on the rim as close to the arm as possible and bend the rim
outward for A and inward for B. The arrow on the wrench indicates the direction of force
applied and the arrow at the arm indicaies the direction the rim is to be bent.

BULOVA
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Fig. 20

In Figs. 20A and 20B the rim is bent at a point between the arm and the cut. Note
that the wrench is applied to the rim at the point where the bend begins.

Fig. 21

Examples of multiple bends are shown in Figs. 21A and 21B. Starting from the arm,
true the first portion of the rim as shown and then procede to eliminate the second bend
as if the first one had not existed.

The rim must not be twisted during this truing operation. Upon completion, the entire
rim must be perpendicular to the arms as shown in Fig. 22B. Any tendency of the rim to

vary from this condition (see Fig. 22A) must be corrected before the balance whee! can
be considered trued.
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Hl. TRUING MONO-METALLIC BALANCE WHEELS

I
/////; I /1/ 0

B T TT — 7,
AT SN\
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Fig. 238

TRUING IN THE FLAT

A. Because of the solid rim, the mono-metallic wheel can best be trued in the flat
using the three fingered bend discussed under “Truing of Bi-Metallic Balance Wheels” on
page 7. See also Figs. 23A and 23B above. If a rim of this type is found to be bent to any

appreciable extent it should be replaced.

B. TRUING IN THE ROUND

It is very difficult to correct any errors in the round on a mono-metallic balance
wheel. [f the wheel is found to be out of true it should be replaced.
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Turning on the watchmaker’s lathe is a fundamental part of the watch-
maker’s required skills.

Whenever a balance staff is to be replaced, good practice demands
that the old one be turned off rather than knocked out. New balance
staffs may frequently require dimension adjustments which also must be
done on the lathe.

Again there will be situations in which the entire staff or stem or some
other part may have to be turned by the watch repairman because ma-
terial is not available.

A thorough knowledge of the principles involved and a high degree of
skill in using the watchmaker’s lathe, sharpening hand gravers, and
measuring with precision instruments are necessary requirements in pro-
ducing high-grade watch repair work.
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BULOVA SCHOOL of WATCHMAKING
TRAINING UNIT NUMBER 3

CTS:
Care and Use of Hand Gravers
Reading the Vernier Caliper
Turning Brass and Steel
Removing Damaged Balance Staffs
CTIVES:

To develop skill in the use and maintenance of the tools and ec
ment required for these operations.

To familiarize the student with the proper methods used to ren
various types of balance staffs.

TOOLS REQUIRED:

1. Watchmakers Lathe 5. Arkansas Qilstone

2. Powerstat 6. India Oilstone

3. Motor 7. Assorted Hand Gravers
4. Grinding Wheel 8. Vernier Caliper

9. Set of Chucks

JLOVA
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PRINCIPLES AND PROCEDURES
/or t/le
CARE AND USE

of

HAND GRAVERS AND THE VERNIER CALIPER,

TURNING BRASS AND STEEL

and
REMOVING DAMAGED BALANCE STAFFS

BULOVA SCIHOOL ¢f WATCHMAKING
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GRINDING HAND GRAVERS

Hand gravers are hardened steel cutting
tools designed to shape metals revolv-
ing in a lathe. They are held in their
correct cutting position by hand. Gravers
are made in many sizes and shapes de-
pending upon the purpose for which
they are to be used. Satisfactory results
cannot be expected unless a graver is
charpened properly and used correctly.

In case the tool is improperly angled or
being shaped from an unfinished blank,
grind it to the desired shape with a No.
80 or 100 carborundum wheel.

When using a carborundum wheel, do
not over-heat the tool. This will draw the
temper of the steel, rendering it soft and
unfit for cutting.

Present the graver to the wheel so that a true flat
surface of the desired angle is achieved. See Fig. 1.

To prevent the wheel from wearing unevenly, be-
coming greoved, or glazed, move the graver slight- 7~ \
ly across the flat surface of the wheel. 7

Never allow the surface of the wheel to become
glazed with imbedded particles of metal.

Fig. !

BULOVA
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SHARPENING HAND GRAVERS

When touching up a prop-
erly shaped graver, stone
the graver lengthwise on a
combination India oilstone.
Use either the coarse or fine
side as tne condition of the
graver demunds. See Fig. 2.

If the graver is not well fin-
ished, it will be necessary to
stone the two cutting sides.
For best results hold the gra-
ver flat on the Arkansas
stone with the cutting edge
parallel to the stroke. Move
the graver back and forth
Fig. 2 lengthwise of the stone.

~
In Fig. 3 the graver is shown
being drawn across the sur-
face of the stone in order
to remove burrs from the
cutting edge.

Fig. 3

The graver must be held at a constant angle to the surface of the stone. A rocking motion
will round the cutting edges. Apply a coating of light machine oil to the India oilstone
and the Arkansas stone to float the small particles of metal, thus preventing the pores
of the stone from becoming clogged. Wipe the stone clean with benzine after using.

The final finishing is done on the Arkansas oilstone. Gravers sharpened in this manner
will have a keen cutting edge and will produce smoother work.

SCHOOL ¢ WATCHMAKIN G
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READING THE VERNIER CALIPER

The vernier caliper or slide gauge is graduated in millimeters. To be able to read to a
tenth of a millimeter, the vernier scale is added to the sliding jaw of the caliper.

It will be seen from Fig. 4 that there are two scales: the upper or millimeter scale (A), on
the fixed bar of the gauge and the lower or vernier scale (B), which is on the sliding head.
Observation will show that nine divisions on the millimeter scale have been divided into
ten equal parts on the vernier scale. Therefore when a division on the vernier scale lines
up with a line on the millimeter scale, it indicates that the vernier has moved in tenths of
a millimeter to correspond with the matching number.

CALIPER SCALE

CENTIMETERS

VERNIER SCALE

MILLIMETERS

Fig. 4

For example, Fig. 5 shows a setting where the number one division of the vernier scale (B)
matches the number one division on the millimeter scale (A).This indicates a reading of one
tenth of a millimeter. When the second line on the vernier coincides with the number two
division on scale A, the vernier has moved two tenths of a millimeter.

Fig. 6 shows the third division on scale (B) in line with the number three division on Scale (A),
indicating a reading of three tenths of a millimeter.

BULOVA SCHOOL o
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Fig. 5 Fig. 6

Therefore, whenever any one division of the vernier (B) becomes lined up with a division
of the millimeter scale (A), the number stamped under this vernier division will indicate
the distance in tenths of a millimeter that the vernier scale has been moved, correspond-
ing to the same distance that the caliper jaws have been opened.

When the vernier has been moved more than one millimeter on the millimeter scale (A),
the position of the zero point will indicate the amount of movement in total millimeters.

In fig. 7, the zero point is located between three and four: therefore the jaws have been
opened three millimeters plus a fraction of a millimeter. Since the six of the vernier (B) is
lined up with the nine on the millimeter scale (A), then the fraction in this case will be six
tenths of a millimeter. Adding the sixth tenths of a millimeter to the three millimeters, we
now have a total opening between the caliper jaws of three and six tenths of a millimeter.

Fig.7

Depth measurements are obtained by

using the opposite end of the caliper.

Slide the vernier (B) until it is exactly __B__
flush with the extreme end of scale (A) m "[H:‘HH"HH‘THU?
for a 0. mm reading. Since the scale is Y

also calibrated from this end, the sliding
vernier is adjusted to the desired depth
and the reading made as explained
above. In Fig. 8, the reading would bs
4.6 mm.

Fig. 8

BULOVA SCHOOL g7 WANTCHMAKING
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TURNING BRASS

The first turning operation is taught on brass held in wire chucks. This metal is used be-
cause it is softer and easier for the beginning student to work with.

Wire chucks are numbered in tenths of millimeters. The chuck number indicates the size
of the opening. For example, No. 32 chuck should be used with 3.2mm stock.

Select the chuck suitable for the wire ,
used. Chuck the wire in the lathe to
extend out from the chuck.

Position the tool rest so that it is parallel
and close to the wire. The finer the work,
the closer the adjustment should be. The
height should be adjusted so as to permit
the cutting edge of the graver to ap-
proach the brass slightly above center.
If chatter accompanies cutting, raise the GRAVER AT CORRECT
tool rest slightly. See Fig. 9. CUTTING POSITION

Fig. 9

Hold the graver firmly on the tool rest
as shown in Fig. 10.

Fig. 10 & |

Cut wire to the length shown in Fig. 11.

Fig. 11
Rechuck the blank so that about 1mm
extends imimm® from the chuck.

Lower the tool rest slightly. With the

cutting edge of the graver perpendicu-

lar to the wire, face off the work with a
Fig. 12 sweeping action. See Fig. 12.

BULOVA SCHOOL of WATCHMAKIN G
(/

46



Jraining Unit No. 3.

Remove blank from chuck. Mark off 10 mm
from faced-off end with a graver point.

Rechuck blank with the mark about 1 mm e
out from the chuck. With lathe turning
slowly, cut a reference ring at the mark. .[
Face off to reference ring as shown in
Fig. 13.
e Fig. 13
.]: Rechuck the blank as shown in Fig. 14. Tighten the

chuck just enough to prevent the blank from falling
out. With the lathe rotating, true the blank using a
slight upward pressure of the thumb nail. Tighten chuck
and examine trueness with an eye loupe.

Fig. 14
Mark off 6mm from the end. Turn to within 0.2 mm s —f
of the mark, using the full cutting edge of the graver. Tun
Move the graver along the work to prevent ridges — - L

until the shoulder is 2.1 mm in diameter. See Fig. 15.

t—s.uu——l Fig. 15
'r Square off to 6 mm as

shown in Fig. 16.

Fig. 16

Using about a No. 3 sharp pointed graver, rivet
undercut the square shoulder by presenting the
graver to the work as shown in Fig. 17. Feed graver
slowly and carefully. Exert only enough pressure to
secure free cutting action at the point. Fig. 17

BULOVA SCHOOIL of WATCHMAKIN G
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Gradually cut deeper into the seat until the side
cutting edge of the graver is against the shoulder as 7
shown in Fig. 18. This operation requires considerable
care and skill to avoid breaking the graver point.

l \ },Zum.r.avu
] 1‘

Fig. 18
i3 Mark off 4 mm and turn the next shoulder to 1.4
mm diameter. Square the shoulder to exact length.
See Fig. 19.
Fig. 19
With the graver previously used in rivet undercut-
ting, undercut the corner slightly. See Fig. 20.
P2 MME2 W a2 p .
vl T ] Fig. 20
2.1 V.4
S Mark off the next shoulder 2 mm. Turn this shoulder
to 0.7 mm diameter. See Fig. 21. When turning a
small diameter, it is best to begin turning at the end
and work toward the seat. Slightly undercut the
Fig. 21 corner. A deep undercut will weaken the pivot.

Rechuck, true, and tighten the work. See Fig. 22.

| —=mill

"l 3 MM
L =
Fig. 22
Mark off 3 mm and turn the taper shown in Fig. 23.
Fig. 23

BULOVA
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Reverse the staff and rechuck. True and tighten with ex-
treme care to secure a perfectly straight staff. See Fig. 28.

-

Fig. 28

Check the trueness of the staff by sighting a thin line of

N light between the full cutting graver edge and the hub. As

Fig. 29 the work is slowly rotated, this line of light should remain
constant, proving that the staff has been chucked true. See
Fig. 29.

Turn a taper on the lower part of the staff. The diameter
near the hub should measure 1.5 mm and the end of the
taper 1 mm. Slightly undercut the corner between the hub
and the tapered shoulder. See Fig. 30.

Fig. 30

Turn the cone with a rounded graver. The length
of the cone should be 0.5 mm. The length and the
diameter of the pivot should be 0.5 mm. See Fig. 31.

If the work has been accurately done, the distance
from the roller seat to the end of the pivot should
measure 5 mm.

BULOVA
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REMOVING DAMAGED BALANCE STAFFS

When the standard rivet type of staff is to be replaced, the old staff may be removed by
turning off the hub under the balance arm or turning off the rivet, swaged on top of the
balance arm.

In most cases the method of turning off the hub of the staff is preferred and has two
advantages. First, the balance shoulder of the staff which may be slightly spread due to
staking, will not be forced through the hole of the balance wheel. Second, the hub will
be easier to turn than the riveted shoulder because the staking process will have hardened
the metal of the rivet.

However, when the damaged staff cannot be replaced with stock material and must be
duplicated on the lathe, then the method of turning off the rivet should be used.

If the broken staff should be the top-grooved, side-grooved or friction type (see pages 6
and 7, Training Unit No. 1), the removing process does not require the lathe. These staffs
are removed with staking equipment by reversing the staking process.

1. TURNING OFF THE HUB of a standard type staff such as Bulova 10 AK.

Approach the hub so that the left cutting
edge of the graver tends to shave the
roller seat of the hub. The point of the

graver is held in the corner of the hub and NN Rgéks’ﬂ
roller shoulder. See Fig. 32.
GRAVER
y APPROACHING
\ ROLLER SEAT
N
\\\ Fig. 32
- TURNING OFF . .
ROLLER SEAT As the shavings begin to leave the
4 USE CAUTION hub, swing the graver slightly to

As GRAVER NEARS  the right. The point will now be
BALANCE ARM cutting deeper than the side cutting

Fig. 33 edge, forming a shallow V-groove.
See Fig. 33.
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As the metal of the hub is
turned almost to the balance
arm, the point of the graver
will break through, leaving a

loose ring of metal consisting \

of the thin outer portion of the Oy

turned-off hub. Care must be

used to avoid damaging the / GRAVER BREAKS
balance arm. See Fig. 34. THROUGH, RING

DROPS OFF.

___——PUNCH
ROLLER SEAT

/ TURNED OFF
RIVETED

Fig. 34

In most instances the balance wheel can be

‘// RING eased off the staff with the fingers. If the
N\ / O wheel does not come off readily, remove by
”>\\\\ //4'!? N\ BALANGE means of the staking set. See Fig. 35.
B
~STUMP

Fig. 35
2. TURNING OFF THE RIVET of a standard type staff.

Greater care must be used when turning off the rivet. Use the graver in the same manner
as in turning off the hub, being careful not to touch the balance arm. See Figs. 36

and 37.
////BALANCE ARM /////,BALANCE ARM
RIVETED METAL RING DROPS
/ GRAVER
cuucx/

GRAVER STARTING

Fig. 36 THE CuT CHUCK Fig. 37
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TURNING A BALANCE STAFF

There are many priceless heirlooms handed down from genera-
tion to generation and now in the possession of representative
people who place high values upon these watches. The largest
percentage of these are not in running order and the owners are
willing to pay well for the thrill of seeing these watches again tick
off the hours, minutes and seconds. Material for these watches
can not be purchased.

A watch that had a balance staff replaced by the use of imita-
tion material or poor workmanship, which caused the hole in the
balance arms to be enlarged, so that a genvuine staff can not be

used, must have a balance staff turned to fit the new dimensions.

Herein are the real reasons for the necessity for staff making, and
the watchmaker who can turn a balance staff with a sufficient
degree of accuracy so that the watch is restored to its original

running condition, will establish himself as high grade watchmaker.
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BULOVA SCHOOL of WATCHMAKING

TRAINING UNIT NUMBER 3A

Subject:

Balance Staff Turning.

Objective:

To develop skill and proper methods in turning balance staffs.
Practical work — 60 hours.
Related theory — 12 hours.

New Tools Required:

1 Alcohol lamp 4 Bellmetal slip
2 Millimeter micrometer 5 Iron metal slip
3 Polishing Block 6 Pin vise

7 Cement brasses

BULOVA
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Select a piece of steel wire, with a diameter slightly larger than the
largest diameter of the sample staff. In this case, stock of three millimeters
thickness will be used. Make a blank one tenth of a millimeter longer than
the sample. (See Fig. 1) Harden and temper this blank to a full blue color.
(See hardening and tempering)

—

£

=

|
]
!
<-

\

0.1 MM LONGER

Select a number 30 chuck which will fit the biank correctly. Chuck the
blank in the lathe to extend out from the chuck far enough so that the hub
of the staff can be turned. (See Fig. 2)

g
\ HUB /BALANCE SEAT

| N =
\ / ~——AMOUNT PROJECTING —
h DOTTED LINES INDICATE THE

TOP SECTION WHEN FINISHED
Fig. 2

-,

o WANTCIIN,
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BULOVA

Tighten the chuck just enough to prevent the staff from falling out while
the lathe is rotating. With the thumb nail, true the staff by applying a little
upward pressure on the underside of the blank while the lathe is in motion.
(See Fig. 3) Tighten chuck and with a loupe examine the blank for trueness.
This will insure that when the graver is presented to the blank, that very little
turning will be required to true it.

ROTATE IN THIS
DIRECTION
PRESSURE
\/ HERE
Fig. 3 P
=
"~

Clamp the roller shoulder of the sample staff in a pin vise. Place the
sample staff parallel with the blank, so that the balance seat can be marked
with a graver. (See Fig. 4) From this mark proceed turning the balance

shoulder.

BALANCE ?N VISE

P\MARK

Fig. 4

SCHOOL of WATCHMAKIN G

58




é7/'(1[lling Un[t ’Zuméer Ja

When you start the turning use the point of the graver to true the steel
blank, then use the full cutting edge of the graver moving it along the work
to avoid ridges. (See Fig. 5)

DIRECTION
OF CUT

T-REST

Flg. 5

Care must be used so as not to turn the balance shoulder too small.
Turn the balance shoulder on a slight taper until the small end fits into the
balance wheel hole. (See Fig. 6)

BALANCE
SHOULDER

BALANCE SEAT

Fig. 6

BULOVA
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Gradually reduce the balance shoulder by straightening out the taper
until the balance wheel fits. (See Fig. 7) The fit should be very close. Too
tight a fit will stretch the balance wheel hole and may distort the balance
wheel while riveting. Too loose a fit will put the balance wheel out of

round when riveted.

DOTTED LINES INDICATE
FINISHED SECTION OF STAFF

S8 66 6685

Fig. 7
Turn the hub of the staff, two hundredths of a millimeter larger in

diameter than the hub of the sample. (See Fig. 8) This operation may also
be done after upper part of the staff has been completed.

HUB

02 MM

Fig. 8

BULOVA

SCHOOL o WATCIHNMAKIN G
oy



cgra[n[ng Unit Number 3a

Put the balance wheel in position on the balance shoulder. Make a mark
with the graver approximately one tenth of a millimeter above the balance
arms. This determines the length of the balance shoulder. (See Fig. 9A
and 98B)

MARK
— /
/‘"i/ /
t BALANCE
SHOULDER -
THICKNESS OF
N BALANCE ARM : 0.1 MM
Fig. 9A Flg. 98B

From that mark proceed to turn the collet shoulder until the diameter is
two hundredths of a millimeter thicker than the sample. (See Fig. 10)

— <+ 0.1 MM

COLLET

1\ SHOULDER

BALANCE
R \ L SHOULDER
\'ﬂ\ BALANCE

ARM

rig. 10
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Use a sharp pointed graver to establish the undercutting for the riveting

operation by presenting the graver to the stock as shown in Fig. 11.

Fig. 11

Place the sample staff parallel with the blank, so that the length of the
collet shoulder can be marked on the blank with a graver.(See Fig. 12)

(7
4
S
(—— | 0000 P-4 — ‘/
! = MARKﬁ
I|-/‘/
COLLET
SHOULDER
Plg. 12
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From that mark, turn the upper cone and pivot. (See Fig. 13) Try the
jewel on the pivot frequently, using great care so as not to break the pivot
or jewel, until the pivot starts to fit into the jewel. This will leave enough
metal for grinding and polishing.

CONE AND
- /:_ ‘ PIVOT

J B

Turn the cone with a rounded graver as shown in Fig. 14.
A correctly formed conical pivot consists of approximately two thirds

cone and one third pivot. (See Fig. 15)
X
'3
i
%s

Fig. 13

Fig. 14

Fig. 15
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With a sharp pointed graver turn a back taper on the cone as shown in
Fig. 16. This operation requires considerable care and practice, so as not
to break off the fine point of the graver.

Turn a bevel on the upper end of the collet shoulder as shown in Fig. 17.

TURNING THE
BEVEL
DIRECTION OF CUT TO\
TURN BACK TAPER
Fig. 16 Fig. 17

Use an iron metal slip (See Fig. 18) charged with oilstone powder and
oil, grind the hub and collet shoulder (See Fig. 19) in order to remove all
traces of turning marks and to get the correct diameter. Clean off with pith
wood to remove all traces of oilstone. Absolute cleanliness is essential be-
fore starting the polishing.

POLISHING
SQUARE SHOULDERS

POLISHING
CONICAL PIVOTS

«— IRON SLIP

Fig. 18 Fig. 19

BULOVA
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With a sharp pointed graver turn a back taper on the cone as shown in
Fig. 16. This operation requires considerable care and practice, so as not
to break off the fine point of the graver.

Turn a bevel on the upper end of the collet shoulder as shown in Fig. 17.

TURNING THE
BEVEL
DIRECTION OF CUT TO
TURN BACK TAPER
Fig. 16 Fig. 17

Use an iron metal slip (See Fig. 18) charged with oilstone powder and
oil, grind the hub and collet shoulder (See Fig. 19) in order to remove all
traces of turning marks and to get the correct diameter. Clean off with pith
wood to remove all traces of oilstone. Absolute cleanliness is essential be-
fore starting the polishing.

POLISHING
SQUARE SHOULDERS

POLISHING
CONICAL PIVOTS <«— [RON SLIP

Fig. 18 Fig. 19

BULOVA SCHOOL of WATCHMAKIN G
(/

64 R TS



07;'(1!.!)1‘”5/ I,[IH'{ 7[11/”[)6’/' Ja

Use a bell-metal slip shaped the same as the iron slip and charged with
diamantine and oil, polish the collet shoulder and hub.

Grind and polish the upper cone and pivot to the correct size using the
rounded side of the oilstone and bell-metal slips. Try the pivot in the jewel
hole frequently to insure that the pivot is not made too thin.

Reverse the position of the unfinished staff in the lathe and chuck it on
the balance shoulder. (See Fig. 20)

&(

BALANCE
SEAT

Fig. 20

Tighten the chuck just enough to prevent the staff from falling out while
the lathe is rotating.  With the thumb nail, true the staff by applying a little
upward pressure on the underside of the hub while the lathe is in motion.
(See Fig. 21)

7
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Tighten chuck and with a double loupe examine the hub for trueness.
Place a graver on the underside of the hub by resting it on the T-rest,
allowing a thin line of light between the full cutting edge of the graver
and the hub. Rotate the lathe slowly. If the space between the graver and
the hub of the balance staff does not vary, the staff has been chucked true.
(See Fig. 22)

Use the sample staff as a gauge. Check the length of the hub and
correct, if necessary. (See Fig. 23)

SAMPLE STAFF

STOCK TO .
BE TURNED 7
{
| ' {
b N
/ — T PIN"VISE
LIGHT SPACE 1
TO CHECK V|
TRUENESS OF 1
STAFF. | : |
F \ ﬁ/z
HUB LENGTH
Fig. 22 Fig. 23

Turn the roller shoulder with a slight taper until its diameter is two
hundredths of a millimeter thicker than the sample. (See Fig. 24)

Undercut the roller seat very slightly so that when the roller shoulder
is ground and polished it will still remain a square shoulder. (See Fig. 25)

UNDERCUTTING

L

Fig. 24 Fig. 25
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Turn the lower cone and pivot using the old sample staft as a gauge.
(See Fig. 26) Use the same precautions as that used in turning the upper
pivot. Also see figure 35.

|

N —L

Fig. 26

With a sharp pointed graver turn a back taper on the cone as shown in
Fig. 27. Many staffs are now made without this back taper. (See Fig. 27A)

A

NO BACK TAPER

Fig. 27 Fig. 27A

Use oilstone powder for grinding and diamantine to polish the lower
balance staff to the correct diameters.

Stake balance wheel to staff and then burnish the ends and sides of
the pivots.

“WATCHMAKIN G
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Another method of turning a balance staff is as follows:

Chuck the steel wire in the lathe allowing it to extend out from the chuck
to include the full length of the staff and about two millimeters additional.

Using the previous method proceed to turn the upper staff. (See Fig. 28)

r ,,,,
-------- 3 ¢
) : !
,/’,l 1 : 1
e i) ' :
b N ~ : ' : :
\\14' 1 1
L : '
K N
LN‘N
- FULL LENGTH OF STAFF +2.0 MM N
Fig. 28

Rough out the lower part of the staff leaving it long enough to include
the lower pivot. (See Fig. 29)

_

L’f""""" ™

\

ROUGHING OUT LOWER PART OF STAFF
Fig. 29
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Insert a brass chuck into the lathe. Turn the end flat and true. Cut a
shellac reservoir into the end of the brass by resting the graver on the T-rest
facing the work. (See Fig. 30)

It is important that this shellac reservoir should be turned very accurately
with a sharp pointed graver, so as to remove any excess material which
would hold or locate the pivot off center and cause the staff to run out of
true. (See Fig. 31)

POINT OF GRAVER
TO START AT
EXACT CENTER

CORRECT

EMOVE
EXCESS
METAL

Fig. 30 Fig. 31

Start the cutting in the center or as near as you can judge it. If a circle
is formed, move the graver to the center of the circle to insure a dead center

point. Cut the shellac reservoir deep enough to take in the upper part of
the staff. (See Fig. 32)

Fig. 32
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Fig. 33 Fig. 34

While the brass chuck is in the lathe, warm the brass and pack the
hollow with shellac and then apply more heat so that the shellac is quite
soft. While the shellac is still soft, place the half finished staff in position.
With the pad of the finger tip and turning the lathe, apply a little pressure
to the staff, so that the pivot will be pushed into the point of the hollow.
(See Fig. 33) Keep rotating the lathe until the shellac is hard.

To true the staff, apply a little heat, just sufficient to allow the staff to
move. While the shellac is slightly softened, rest a piece of peg wood on
the underside of the staff. Rotate the lathe until the staff turns true. Allow
the peg wood to barely touch the roller seat during the truing operation
so as to insure that the pivot is held firmly in position in the point of the
shellac reservoir. Use the previous method to check if the staff is true.
(See Fig. 34)

Using the old staff as a gauge reduce the lower part of the staff to the
correct length as shown in Fig. 35.

B 2

D

= AN

)

— =
— o~ <

<
<

Fig. 35

GAUGE LENGTH OF
LOWER PART OF STAFF

Using the previous method turn, grind and polish the lower staff
To remove staff from brass chuck, heat brass until shellac is soft Re.move
shellac from staff by boiling it in alcohol. .

WATCHMAKIN
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If for some reason the old staff can not be used as a sample or is lost,
the following method is used for taking measurements of a balance staff.

Remove the upper and lower cap jewels of the balance cock and screw
the balance cock in position on the pillar plate. See that the balance cock
and pillar plate are parallel. If the balance cock is bent, it should be
straightened before any measurements are taken. (See Fig. 36)

BALANCE COCK

.

\
\

X

X

\
\

BENT BALANCE COCK

A
DN

Fig. 36

Measure the distance from the top of the upper hole jewel to the bottom
of the lower hole jewel and allow one tenth of a millimeter additional for
the protrusion of the balance pivots. (See Fig. 37)

—t—— VERNIER CALIPERS

N\ G
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The position of the balance wheel is measured from the lower balance
hole jewel to the top of the pallet bridge. Add to this measurement the
freedom necessary between the balance wheel and the pallet bridge. This
will usually locate the balance wheel, which will permit the required space
between the top of the balance arms and the balance cock for the hair-
spring collet and hairspring. Special consideration should be given to the
correct location of the balance wheel so as to allow for the hairspring and
collet. (See Fig. 38)

BALANCE WHEEL BALANCE SEAT

7

==}
B\
FREEDOM PALLET BRIDGE

Fig. 38

Next measure from the lower balance hole jewel to the top of the fork
and add the thickness of the impulse roller. To this measurement add the
freedom of the impulse roller. This will locate the position of the roller seat.
The key point of consideration here is that the fork and guard pin is
parallel with the pillar plate and that the end of the guard pin coincides
with the center of the safety roller. (See Fig. 39)

P ==

ROLLER

m —\—‘__TRQLLII'EIR SEAT

PALLET FORK
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The length of the collet shoulder is determined by the height of the

hairspring collet. The rest of the staff is left for the upper and lower balance
cones and pivots.

To determine the diameter of the collet shoulder, use the following
method.

Select a brass wire, with a diameter slightly larger than the hole in
the collef.’ Chuck the wire in the lathe. Turn the wire with a very slight
taper, until the collet fits friction tight on the brass wire. (See Fig. 40). The

position of the collet on the large side of the tapered wire determines the
diameter of the collet shoulder.

DIAMETER OF
COLLET SHOULDER

Fig. 40

To determine the diameter of the roller shoulder, turn the roller shoulder
on a slight taper until the roller table fits on the small end of the taper.
(See Fig. 41A)

Use the iron metal slip charged with oilstone powder and oil to grind the
roller shoulder until the roller table almost fits up to the roller seat. The space
between the roller seat and the roller table should not exceed double the
thickness of the impulse roller. (See Fig. 41B) Clean off with pith wood all
traces of oilstone. With the bell-metal slip charged with diamantine, polish
the roller shoulder.

TURNING
I - M GRINDING AND

POLISHING

"WATCHMAKIN G
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THE METRIC MICROMETER

Fig. 42

Fig. 42 shows a metric micrometer for measuring watch parts. The
table under the spindle is adjustable for height. The thimble is divided
into one hundred parts so that the micrometer can be read to a hundredth
of a millimeter.

The marks on the sleeve or barrel show the number of turns the thimble
has made. As each division on the thimble is moved across the index of the
sleeve, the space between the spindle and the anvil has opened one
hundredth of a millimeter. Therefore, a complete turn of the thimble
represents one millimeter and each division on the thimble as it passes the
index on the sleeve represents a movement of 1/100 of a millimeter.

Fig. 43 Fig. 44

Fig. 43 shows a setting where the tenth division coincides with the index
on the sleeve, indicating a reading of ten hundredths of a millimeter.

Fig. 44 shows a setting where one line on the sleeve is visible and the
twenty-eighth division on the thimble coincides with the index on the sleeve,
indicating a reading of one and twenty-eight hundredths of a millimeter

(1.28 M.M.)
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STEM MAKING

It is necessary for a watchmaker to know
how to make a stem when the stem bearing
is so worn that the old stem cannot be used
and a new one must be made to fit the new
dimensions, or when a stem cannot be pur-
chased from the material house, or when a
stem is needed for an old model watch and

parts are no longer obtainable.
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BULOVA SCHOOL of WATCHMAKING

TRAINING UNIT NUMBER 3B

Subject:

Making a stem

Objective:

To develop skill and proper methods in making stems.

iNew Tools:

-—
.

Screwplate
Taps

Twist drills

AowoN

Filing rest

- WATCHMAKIN G
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MAKING A STEM FROM SAMPLE

Select a piece of soft steel wire with a diameter slightly larger than the largest
diameter of the sample stem. Chuck the steel in the lathe to extend out from the chuck
so that the pilot, winding pinion and clutch wheel shoulders can be turned (see Fig. 1)

_______ e

T
WINDING PINION &
| CLUTCH WHEEL SHQULDER
—~

J/

Place the sample stem parallel with the blank so that the pilot seat can be marked
with the graver. (see Fig. 2) From this mark proceed to turn the pilot two hundredths of
a millimeter. (.02MM) larger in diameter than the sample, then corner undercut the
square shoulder.

Fig. 1

SAMPLE-STEM s

N |

MARK

N

Fig. 2

“WATCHMAKIN G
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Turn the rest of the blank which extends out from the chuck two hunc!redfhs of a
millimeter (.02MM) larger in diameter than the bearing of the sample. (see Fig. 3)

A

Fig. 3

Place the sample stem parallel with the blank so that the seat for the clutch wheel
can be marked with the graver (see Fig. 4)

If the sample is broken at the threads or setting lever slot, (this is the usual breaking
point) the section with the clutch wheel shoulder should be used to locate the seat for

the clutch wheel.
SAMPLE STEM /
/7

Fig. 4
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80 —— LT T T

BULOVA SCHOOL:


cocom
Rectangle


o%-r:[n/ng Unit num/)or 1b

Into this mark turn a slight groove by presenting the graver to the work so as to
turn a square shoulder for the seat of the clutch wheel. (see Fig. 5)

SEAT OF CLUTGH WHEEL_

_— |

/

Fig. 5

From this square shoulder, the square must be filed in the following manner. Remove
the “T" rest and replace with the filing rest. Adjust the filing rest so that the top of the
roller is level with the blank and approximately one-half inch away from the work,

Lock the head on the lathe with the index pin (which fits into the holes of the index
plate). Place a number three (No. 3) file, having a safe or non-cutting edge firmly on
the roller, with the safety edge of the file against the shoulder of the roller and on the
back taper of the groove as shown in Fig. 6.

STEM

ROLLER

SAFETY EDGE

“WATCHMAKIN G
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Apply pressure on the roller as you move the file back and forth, gradua'llyhhlzp;]ng
the file until it starts cutting the blank. Care must be used to see that the file is e ! :t
on the roller and against the shoulder of the roller. Take three or four strokes wit fhe
file. Make sure that the safety edge of the file does not touch the square shoulder °f_ the
groove during these first strokes. After this the safety edge of_ the file may b‘? permlt:red
to rest against the square shoulder of the groove so that the filing can be continued with-
out slipping past the square shoulder.

Take two more strokes with the file, then turn the headstock %2 turn (]89 degrees).
Care must be taken to lock the headstock with the index pin before continuing to ﬁ!e.
Repeat the filing on this side of the blank using the same procedure as before. C‘heck \A{lfh
a micrometer the diameter of the flat sides with the square of the sample. Continue filing
the same amount on each side until the diameter of the flat sides is equal to the square
of the sample. (see Fig. 7)

a
\

Fig. 7

Turn the headstock % turn (90 degrees) and proceed to file the third side of the
square using the same procedure as that used in filing the first side. (see Fig. 8)

2N

Fig. 8
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Turn the headstock % turn (180 degrees) and proceed filing the final side of the
square using the same precaution in checking the diameter as used when filing the second
side. Continve as before; filing the same amount on both sides (3rd and 4th side) until
the square is complete. (see Fig. 9)

Fig. 9

Place the unfinished stem on the bench and lay the sample stem parallel with the
blank. Mark the unfinished stem to indicate the length of the threaded portion (see Fig. 10)
and cut off the excess metal.

If the sample is broken at the setting lever slot, the section with the threads should
be used to mark the length of the threaded portion of the stem. If the thread of the sample
is broken the threaded portion must be made long enough to extend out through the
watch case to permit the crown to be screwed on.

A

T
, MARK
I
I

DN

\TO BE CUT OFF

Fig. 10
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Reverse the blank in the lathe (use another chuck to hold the beqring of the stem,
see Fig. 11) and turn the shoulder for the threads. The diameter of this shoulder is d?'
termined by fitting it into the screwplate two holes larger than the one to be used in
cutting the threads. (in some screwplates one hole larger than the one to be. fhreadfad
must be used to determine the diameter of the shoulder for the threads. Experience with
your own screw plate will enable you to determine the correct hole to use.)

Fig. 11

Turn a small taper at the end of the shoulder to permit the screwplate to start cutting
the threads as shown in Fig. 12.

TAPER

Fig. 12

- WATCHMAKIN G
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Cut the threads on the stem by turning the screwplate with the right hand and the
headstock with the other. Using plenty of oil, work the headstock backward and forward,
at the same time work the screwplate in the opposite direction, gradually cutting the
threads to the required length. Care must be taken not to cut the threads too rapidly as

the shoulder might be twisted off (see Fig. 13)

Before turning the slot for the setting lever, the unfinished stem must bz hardened

and tempered to a blue color.

- WATCHMAKIN G
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Chuck the stem in the lathe and place the sample stem parallel with the unfinished
stem, (as shown in Fig. 14 method A) so that the slot for the setting lever can be marked
with a graver. If the sample stem is broken at the setting lever slot, the sample stem
should be held parallel with the unfinished stem as shown in Fig. 14 method B.

METHOD-A

MARK

L//// ‘ PIN VISE

____________ j 2

Fig. 14

BULOVA SCHOOL g WATCHMAK]
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US"? a special graver, (as shown in Fig. 15) turn the slot for the setling lever to the
same width and depth as the sample stem. (see Fig. 16)

Fig. 15 Fig. 16

Use a triangle iron slip charged with oilstone powder and oil, grind the bearing and
pilot, in order to remove all traces of turning marks. Clean the stem to remove all traces
of oilstone. Absolute cleanliness is essential before starting the polishing.

Use a bell-metal slip charged with diamantine and oil, polish the bearing and pilot.

Chuck a female center in the headstock and a female center into the tailstock and
fit the stem between these centers. Care must be taken that the stem moves freely so that
when the grinding or polishing slips are used with a little pressure, the stem will find its
own level. (see Fig. 17) Grind and polish the square using the same procedure as that used
in grinding and polishing the bearing and pilot. This completes the stem made to match
a sample.

BULOVA
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MAKING A STEM WITHOUT A SAMPLE

Remove all the winding and setting parts of the movement, so that the diameters of

the pilot and bearing can be determined.

To determine the diameter of the pilot, select a twist drill so that the shank will fit

snugly into the pilot hole of the pillar plate (see Fig. 18)

Fig. 18

By selecting a larger twist drill so that the shank will fit into the opening in the pillar
plate, the diameter of the stem bearing can be determined, as shown in Fig. 19.

Fig. 19

- WATCHMAKIN G
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Select a piece of soft steel wire with a diameter slightly larger than the shank of the
larger drill. Chuck the steel in the lathe to extend out from the chuck so that the end of
the metal reaches the inside edge of the setting wheel teeth. (see Fig. 20)

Holding the pillar plate in this position, mark the seat of the pilot with a graver as
shown in Fig. 20. From this mark proceed 1o turn the pilot two hundredths of a millimeter

(.02 MM) larger in diameter than the shank of the smaller drill.

SETTING - WHEEL

MARK

Fig. 20

“WATCHMAKIN G

BULOVA SCHOOL ¢

89



(gr(u'm'ng VZ(m'[ Tluméer .3[)

Turn the rest of the blank which extends out from the chuck fvt/o-hundre.dfhs of a
millimeter (.02MM) larger in diameter than the shank of the larger drill. (see Fig. 21)

Using a triangle iron slip grind the bearing and pilot with oilstone powder and oil
to remove all turning marks, then clean the stem.

o

The stem blank may now be tried in the pillar plate to determine the proper length
{or the pilot. This should be done without removing the blank from the lathe chuck.

If the hole for th= pilot hos been drilled througt, care must be taken not to make
the pilot too long, or the pilot might interfere with a moving part and stop the watch. If
the pilot hole has not been drilled through, shorten the pilnt until the pilot seat rests on
ike pillar plate as shown in Fig. 22.

___________ “______\\‘x__.,..___. ’ ] . .PILOT - SEAT,

€
" Fig. 21

~

Fig 22

- WATCHMAKIN
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Mark off the seat for the winding pinion. (see Fig. 23-A) Should the wirding pinion
have a counterbore, the mark must be made at point B in Fig. 23, to allow the becring to
enter the counterbore as shown in Fig. 24. If the bearing is the same diameter as the wind-
ing pinion shoulder, there is no need for marking off the seat for the winding pinion.

SEAT_FOR_ WINDING_PINION _PILOT - SEAT
/

—l
f | |/ ______________ f-mm e
;'mmg;nj | MARK-B8

. {

S Fon

|

. |

Fig. 23

From this mark turn the shoulder of the winding pinion, until the winding pinion ﬁ.fs
on its shoulder. (If the bearing is the same diameter as the winding pinion shoulder this

operation is not necessary).

Mark off the seat for the clutch wheel (see Fig. 24) a little above the ratchet teeth
of the winding pinion. This will insure the meshing of the ratchet teeth of the clutch wheel

with the winding pinion after the square is filed.

SEAT FOR _CLUTCH WﬁEEL
///
/‘

2

Dy

" |

| |

|

' |

Z _-L

- T -
~

Fig. 24

-

WINDING PINION

COUNTERBORE
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Using the previous method proceed to turn a slight groove into this mark, then file

the square.

Select a tap that will fit snugly into the crown to be used. This will defc;r;;nt::;
number of the hole on the screwplate for cutting the threads of the stem. HAR
TEMPER the unfinished stem before turning the slot for the setting lever.

To locate the slot for the setting lever, insert the stem into the pillar plate and place
a mark where the pin of the setting lever touches the stem in the winding position. (See
Fig. 25) (have winding and setting mechanism assembled for this operation). Turn the
slot deep enough so that the setting lever pin will be free from the bottom of the slot and
wide enough to give it a little freedom. Finish the stem by polishing it, using the previous

method.
WINDING

PINION

SETTING
LEVER PIN

SETTING
WHEEL

CLUTCH ‘ @ CLUTCH
WHEEL (Q (ENGAGED)

Fig. 25
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NOMENCLATURE FOR WINDING & SETTING PARTS

\

2

2\
'\\
P % STEM AND CROWN
=

)2\

<
<

CLUTCH WHEEL

% WINDING PINION

SETTING LEVER (detent)

CLUTCH LEVER

CLUTCH LEVER SPRING

SETTING WHEEL

YOKE (set bridge)

MINUTE WHEEL
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Since the balance wheel and hairspring con-
stitute the timekeeping element in the watch,
it follows that the condition of the balance
staff pivots can add to or detract from its
timekeeping qualities.

Therefore, it is important at this time to make
a study of balance staff pivots and to ac- |
quire a skill necessary in preparing them to < '
operate at maximum efficiency.

4 Y
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TRAINING UNIT NUMBER 4

Subject: Burnishing Balance Staff Pivots.

Objectives: 1. To study the various types of pivot defects and the methods for
eliminating them.

2. To develop a high degree of skill in burnishing balance pivots.

New Tools and Materials Provided:

Jacot Lathe.
Dorrington Pivot Polisher.
Balance Chuck.

Hardened steel burnisher.

Heavy brass or soft steel tweezers.
Watch oil.

2/0 Emery cloth.

Fiddle bow.

© NO O A~ WLDd -~
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(g-rat.ning ur”.t no. 4 CLEARANCE FOR SIDE SHAKE

-UPPER ENDSTONE

BALANCE STAFF PIVOTS AND JEWELS: CLEARANCE .

FOR END SHAKE - ‘UPPER HOLE JEWEL

The jewel bearings in which the balance staff pivots
are mounted consist of a hole jewel and an endstone.

OLIVE JEWEL HOLE

,\
£

STRAIGHT ——LOWER HOLE JEWEL

PORTION OF PIVOT

LOWER ENDSTONE

END OF PIVOT

Fig. 1
The pivot itself is equipped with two bearing surfaces:

a. The straight part of the pivot which rides on the hole jewel when the watch
is in the “pendant up” position. See Fig. 2A.

b. The end of the pivot which rides on the endstone when the watch is in the “dial
up” or “dial down” position. See Fig. 2B.

END OF PIVOT
SUPPORTED BY
ENDSTONE

b

STRAIGHT PART
OF PIVOT
SUPPORTED BY
OLIVE JEWEL

Fig. 2A Fig. 2B

BULOVA SCHOOL o7 WATCHMAKING
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The clearance between the hole jewel and the straight part of the pivot is called “side
shake” and the clearance between the endstone and the end of the pivot is called “end
shake”. The purpose of any bearing is to reduce friction. However, no bearing can com-
pletely eliminate friction. Therefore, this friction must be taken into consideration when
designing or repairing a watch. Being a portable timepiece, a good watch must function
with a high degree of accuracy in all positions. This means that the frictional losses be-
tween the pivots and jewels must not only be minimized, but equalized insofar as possible
for any operating condition. More precisely, it means that the friction between the hole
jewel and the straight portion of the pivot must be as close as possible to the friction be-
tween the endstone and the end of the pivot.

The solution of the problems involving the equalization of frictional loss in various posi-
tions lies in the shape given to the pivot. If the pivot is designed so that the end offers as
much friction to the endstone as the straight portion does to the hole jewel, the problem is
solved within reasonable limits. This is accomplished by making the end of the pivot
almost perfectly flat. The edge is rounded just enough to insure an even surface without
ridges or burrs.

After the shape of the pivots has been established, the frictional losses must be decreased
as much as possible. This is best accomplished by burnishing the pivots with a steel bur-
nisher. It is the function of the burnisher to remove tarnish, slight scratches, burrs, super-
ficial rust and corrosion. The burnisher acts as a superfine file. The process of burnishing
also tends to work-harden the outer surface of the pivot. It must be emphasized that in
the event a pivot has other than superficial defects, the process of removing them may
reduce the diameter of the pivot so that it will not fit correctly in its jeweled bearing. The
excessive side shake that would result in such a case would interfere with the proper
functioning of the balance wheel assembly. Where pivot defects are too great, the watch-
maker would be well advised to replace the staff with a new one.

BULOVA
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PIVOT DEFECTS

For comparison purposes a correctly shaped pivot is shown in Figure 3A.

In Figure 3B is shown a bent pivot. This type of pivot causes erratic timing and may even
stop the watch.

In Figure 3C a scratched pivot is shown. This condition may be brought about by a broken
hole jewel or dirt in the hole jewel. This type of fault may also be present on the very end
of a pivot, which may be caused by a cracked or pitted cap jewel or dirt on the inner
surface of the cap jewel.

In Figure 3D is illustrated a pivot with a burr at its edge. This may be brought about by
burnishing the end of the pivot and neglecting to put the finishing touch to the whole
procedure by drawing the burnisher across the edge of the pivot. This fault may also
result from dropping the watch.

In Figure 3E are shown the pitted and surface-marked effects due to corrosion and rust.

In Figure 3F is shown a pivot with its end too rounded.
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ELIMINATION OF PIVOT DEFECTS

The Burnisher and Its Preparation

The object in burnishing is to reduce the friction between the staff and its jewel bearing
to a minimum. By use of a hardened steel burnisher the surface of a pivot will be made

smoother. In Figure 4 is shown a portion of a pivot as it might appear under a high
powered microscope.

The result of the burnishing is shown in Figure 5. The uneven and irregular surface
(Figure 4), is now smoothed out.

Due to the fact that many steel burnishers, as they are received from the tool manufacturer,
do not have the finish and flatness required for effective burnishing. It therefore, is necessary
to discuss the method of refinishing them. Generally, the lines are too rough and the edges
do not have the proper form.
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Preparing the Burnisher

1. Place the burnisher flat on the oilstone which is covered with a thin film of light
machine oil. Figure 6. It should be stroked at an angle of about 90° to the edge of
the stone. While using the lengthwise stroke, an in and out stroke along the length of
the burnisher should also be carried out. This technique will make sure that the entire
surface of the burnisher will be affected. Stone all four sides.

\<——-
N T

Fig. 6 INDIA OILSTONE

2. In order that the sharp edge of the burnisher may not cut a groove at the base of the
cone while burnishing, it will be necessary to round the edge of the burnisher. This
may be done on the large oilstone. While stroking lengthwise on the stone the bur-
nisher is rotated on its edge. Figure 7 shows the relationship that the burnisher will
then have to a pivot. The diagonally opposite edge is left sharp for the purpose of
burnishing pivots with square shoulders.

SHARP
EDGE
/ ROUNDED EDGE

Fig. 7
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3. The final stage in preparing the burnisher consists in putting on the lines. It is these
lines which convert the burnisher into a superfine file. The burnisher will now be able
to smooth out most defects and leave in their place a very even, mirror-like surface
which will produce less friction.

Hold a strip of 2/0 emery cloth taut on the surface of the oilstone, Figure 8. Lay the
burnisher on the cloth right angles to its edge. Using a moderately heavy pressure on
the burnisher, draw it along the cloth in one direction only. Lift the burnisher and re-
peat for a few more times. Lines should also be formed on the rounded edge. The
flat working surface of the burnisher with its lines is shown in Figure 8A.

\

Q -
N M ™——

Fig. 8A

[<¢— OIL STONE

EMERY
CLOTH

Fig. 8
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THE JACOT LATHE

The Jacot Lathe offers one of the very best means of burnishing pivots. Figure 9.

The pivot to be burnished is placed in a cylindrical groove of the spindle. This groove i