ﬁadw WATCHMAKING

SHOP TRAINING
JOB GUIDES

LESSON 13

Factory Balance Hole Jewels and Roller Jewels

Sections 305 - 325

CHICAGO SCHOOL OF WATCHMAKING

2330 N. Milwaukee Ave. « Chicago 47, tilinois




this page intentionally left blank



MASTER WATCHMAKING

A Modern, Complete, Practical Course

CHICAGO SCHOOL OF WATCHMAKING
Founded 1908 by Thomas B. Sweazey

Lesson 13

Sections

305 to 325

FACTORY BALANCE HOLE JEWELS AND ROLLER JEWELS

SEC. 305—Olive Hole Jewels
The train jewels shown in the previous lessons
had holes through them, the walls of which
were straight. In balance hole jewels, there are
two types of holes; one type has straight walls

STRAIGHT HOLE

\\\\\\

N Fig. 13-1
A5 \\\\ g

as in the train jewels, figure 13-1, while the
other has curved walls and is called an olive
hole jewel, figure 13-2. The olive hole gives
a smaller bearing surface_without sacrificing

OLIVE HOLE

strengih and there is less adhesion of oil be-
tween the jewel hole and the pivot.

SEC. 306—Balance and
Cap Jewel Assemblies

‘ Balance hole jewels are used in

: connection with cap jewels as
bearings for pivots with conical
shaped shoulders such as are
found on the balance staff.
Figure 18-3 1@ a drawing of cone
pivots. In the lesson on train
jewels you learned that the side
and shoulder of the square
shoulder pivot came in contact
with the jewel. With a conical
pivot, the cone is never in con-
tact with the jewel. The bearing
surfaces are at the end and side.

Balance hole jewels are used
Fig. 13-3 as bearings for all conical pivots.

The name “balance hole Jewel” applies to these
jewels when they are used as bearings for the
balance staff. However, the same type of jewel
assembly is used in watches such as railroad

CAP JEWEL
watches where cap jewels are used on pallet
and escape wheel assemblies.

The cap jewel, figure 13-4, known also as the
end stone,. differs from either the balance hole
or train jewel in that it has no hole through it
but is a plain, highly polished surface, which
acts-as a bearing for the end of the pivot. The

- pivot projects through the balance hole jewel

and the only part of the pivot that comes in
contact with the cap jewel is the end. The cap
jewels, one of which is located at each end of
the balance staff, determine the amount of end-
shake for that particular balance staff.

SEC. 307—Relation of Balance and
Cap Jewels to Pivots

In figure 18-5 is shown the relation of the bal-
ance hole jewel D, balance cap jewel C, and
the ‘balance pivot. Here you can see that the
pivot is held in its central position by the hole
in the balance hole jewel and that it is kept
from extending too far through that jewel by
the cap jewel. In this assembly, each jewel is
burnished in a setting and the two settings
placed in one opening, the two lower jewels or
foot jewels in the pillar plate and the upper
jewels or cock jewels in the balance cock. The
balance jewel assembly in American watches
usually is a setting with a shoulder as shown in
figure 18-6. The setting for the cap jewel,
figure 136, generally has counterbored open-
ings for the heads of the jewel screws. Figure

13-6 also shows the position that they occupy

when fitted to the balance cock, C representing
balance hole jewel in its setting, B the cap
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Fig. 13-5
jewel in its setting, D the jewel screws, and A
a section of the balance cock.
SEC. 308—Chart to Determine
Proper Sideshake

Measure balance pivot with your micrometer
and use the following chart to obtain the proper
freedom or sideshake:

Pivot Measures in Use Jewel
100th of a mm with Hole

.05 06

.06 07

07 08

.08 09

09 10

10 11

q1 12

J2 13

13 A4

a4 15

Always test the jewel on pivot before replacing.
Jewel holes may vary in size slightly. If a
properly set balance jewel is placed over a
correctly shaped balance pivot, the pivot should
go through easily and extend through the jewel
about the same distance as its own diameter.
Should the pivot not extend through, it is liable
to bind when the movement is in such a position
that the pivot is running on the cap jewel.

SEC. 309—Removing Balance
Jewel Assembly

The following procedure is used to remove
American balance jewel assembly held in place
by jewel screws:

1. Remove jewel screws.

CAP JEWEL

CAP ﬁwﬂ.
SETTING

BALANCE JEWEL

BALANCE JEWEL
IN
SETTING

A=Baiance Cock

B—Cas Jewer In SevTing

C ~ Bauance Jewel In Setring
D~ Jewer Screws

Fig. 13-6
2. Place cock or pillar plate over large hole
in bench block.
3. Select proper size jewel pushers and force
balance and cap jewel out.

4. Separate balance jewel from cap jewel.

With a sharp knife, cut off the end of a piece
of pithwood to get a clean, flat surface and with
this wipe off any dirt or oil that may be on the
faces of the two jewels. When a watch has not
been cleaned for a long time or when a poor
grade of oil has been used, the surface of the
jewels may be covered with gummed or dried
oil which the pithwood will not remove easily.
In such instances, scrape clean the face of the
jewels with the end of a piece of pegwood cut
to a chisel shape, and then clean with cleaning
solution. Examine each jewel separately using
a double eye glass to determine if they are
cracked or broken, and whether or not the
balance hole jewel is chipped around the hole.
If cracked, broken or chipped, it should be
replaced with a new jewel.

Sometimes the cap jewel may be found with
a slight “pit” in the center of its flat surface
where it has been in contact with the end stone.
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If the cap jewel is cracked or “pitted”, it also
should be replaced.

Having examined the jewels to see that they
are perfect, cleaned the surfaces and pegged
out the hole in the balance hole jewel, you are
now ready to replace them in the balance cock,
but before doing so, be sure to test the balance
hole jewel on the balance pivot to see that it fits
correctly.

The main reason we insist that students prac-
tice upon better grades of watches, and those
which have not been worked upon by incom-
petent workmen, is so that they may be able to
acquaint themselves with the correct relations
and fittings of the associated parts. If, at this
time, you are working upon a watch that is in
first class condition, you can obtain a very good
idea of the proper relation of the balance hole
jewels and the pivots by testing each hole jewel
on the proper pivot.

SEC. 310—Replacing Balance and
Cap Jewel Assembly

Your first step in replacing the jewels will be
to insert the balance hole jewel in the opening
in the balance cock and to press it down against
the seat, using a jewel pusher. Having done
this, press the cap jewel in place using care to
see that the counterbores match on the jewels
and balance cock. Press the cap jewel down
firmly against the balance hole jewel and if
it is the correct size, the flat surface of the cap
jewel setting will be flush with the top of the
opening in the balance cock. Insert the balance
jewel screws and turn them down until tight.
Be very careful and avoid getting any scratches
or marks on the cap jewel setting. As you will
observe, this setting is stripped and burnished
on the top to a high polish. You should endeavor
at all times to protect this fine finish.

Having replaced the jewels, you should now
proceed to assemble the balance, making certain
that there is the proper amount of endshake and
that there is no noticeable sideshake on the
balance staff.

In filting a new balance hole jewel, try the
pivot to see that the hole is of proper size and
compare the shoulder height of the setting with
the old one. If this shoulder is not the same as
the old one, it will make a difference in the
endshake. The new setting must be of the right
diameter to insure its being neither too tight
nor too loose. If the old cap jewel setting was
of the right thickness, the new one should have
the same measurements. A variation in this

dimension will make no difference in endshake
as long as it is pressed down firmly against the
balance hole jewel setting, but if it is a flat
setting, it will make a difference in appearance
as the top surface should be flush with the
balance cock. Should the countersinking at the
end of the cap jewel setting be too deep, the
balance screw heads may not hold it firmly in
place and this loosening of the setting will cause
trouble in timing or rating or might even stop
the watch under certain conditions.

SEC. 311—Ordering Factory Jewels

To order a balance hole jewel from a material
house, it is only necessary to remove both sef-
tings, measure the pivot with micrometer, and
select or order a complete new jewel and set-
ting, allowing the difference between hole and
pivot size as listed in Section 308.

Example:

Pivot measure .11 mm

1-12s Elgin upper balance jewel hole .12

1-12s Elgin lower balance jewel hole .12

To replace cap simply select or order:

1-12s Elgin upper cap jewel

1-12s Elgin lower cap jewel
Always specify whether upper or lower balance
or cap jewel when reordering., Lower jewels
may not be of the same dimensions as the upper.
Compare shoulders and thickness of settings.

SEC. 312—Balance Jewels in Swiss Watches

As you have already learned, the American
manufacturers set their balance jewels in separ-
ate settings which fit openings in either the
balanee cock or pillar plate. In most makes of
Swiss watches, however, the balance jewels
are held in position by a slightly different
method.

By removing the balance cock and turning
it over, you will find that the jewel screws are
inserted from the lower side, extending up
through the balance cock, and are threaded
into the cap jewel plate. The outer edge of the
cap is beveled to mateh the inside of the regu-
lator. The balance jewel screws, inserted from
the lower side, extend up through the balance
cock and are threaded into the cap as shown in
figure 13-7. When the regulator is in place

Fig. 13-7
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and the cap drawn down by the jewel screws,
it is held securely owing to the faect that the
outside edge of the cap is larger at the top than
at the bottom and acts somewhat as a wedge
when drawn down against it.

Here the balance hole jewel shown is bur-
nished directly into the balance cock. This ar-
rangement of the balance jewels is at times
confusing to the beginner and occasionally
offers some obstacles in his readily assembling
such a Swiss movement, especially after he
has been working on American watches., The
novice can overcome the tendency to set his
jewel screws in from the top if he will do the
following: Assemble these parts by first laying
the cap in front of him in an inverted position,
place the regulator over the cap, turn the
balance cock upside down and set it so the two
screw holes are directly over the holes in the
cap, and finally, insert the screws from this side.

SEC. 312—Replacing Swiss Balance Jewel

To replace Swiss balance jewels, force out
the old jewel, open bezel with bezel openers,
select balance jewel of correct diameter and
hole size, replace and burnish (similar to Sec.
301, Lesson 12). However, in modern shop
methods, it is more practical to replace this type
of balance hole jewel and cap jewel with fric-
tion jewels.

SEC. 313—Swiss Friction Settings
Figure 18-8 illustrates the modern balance hole
and cap jewel assembly used in Swiss watches.
Here the cap jewel is held in place in the cap
jewel plate by friction and the plate is held in
place by two jewel screws set in from the under
side. The balance hole jewel is held in the
setting by friction and the setting is in turn a
friction setting set in the cock or pillar plate.
Replacing this type of jewel comes under fric-
tion jewelling.

Fig. 13-8

You may find old Swiss watches in which
the cap jewel is merely set under the cap with-
out being held in place by the bezel. This
naturally does not give the proper distance
between the cap jewel and the balance hole
jewel since the cap jewel then sets directly on
the balance hole jewel and the oil has a ten-
dency to spread away from the pivots.

SEC. 314—Balance and Cap
Jewel Assortments
Most watchmakers carry assortments of balance
hole and cap jewels to fit the more common
American watches. In the better arranged as-
sortments of balance hole jewels in settings
each bottle or capsule contains jewels for a
specified size of watch and with the assortment
is an index showing these makes and sizes. Thus
if you wish to replace the upper balance hole
jewel of a 16 size Waltham watch, find on the
index card the number of the bottle containing
the upper balance hole jewel for a 16s Waltham
movement. As explained in Sec. 308, if the
pivot measures .10 mm, you should select a
jewel with a .11 mm hole in order to get the
proper amount of sideshake. The jewel selected
will not necessarily fit exactly, and it must be
tried on the pivot before placing in the watch.

It is not necessary to carry a large assortment
of cap jewels as one bottle for each size is
sufficient. Nor is it necessary to subdivide the
sizes as one cap jewel will suffice regardless
of the size of the pivot, provided the setting is
of the correct diameter and thickness.

When ordering a single balance hole jewel,
state the make and size of wateh for whieh it is
intended, whether a cock or foot jewel, and the
size hole desired. Send in the old jewel with
your order. If not sure of the hole size, send in
the balance also. In shipping a balance or any
small part of a watch by mail, to protect it in
transit, always wrap it in watch paper and place
it in a small metal box or container. If a cap
jewel is ordered, give make and size of move-
ment and whether cock or foot jewel and send
in old jewel setting as a sample.

SEC. 315—Hamilton Balance
Jewel Assembly

Figure 13-9 is a cross section of a Hamilton
style balance jewel assembly. The balance
jewel setting, which is a friction setting, holds
the cap jewel in place. Remove and replace
with staking tool or jewel pusher.
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SEC. 316—Illlinois Balance Jewel Assembly

Figure 13-10 illustrates a type of balance and
cap jewel setting found in some models of
watches, namely, Illinois. The seftings are re-
moved and replaced by removing the jewel
serews and removing the settings from the un-
der side of the balance cock or pillar plate.

SEC. 317—Purpose of the Roller Jewel

The impulse from the fork is conveyed by means
of the jewel pin, or roller jewel as it is more
commonly known, and causes the balance to
turn. It is sometimes referred to as the im-
pulse pin. This pin or jewel is set in the roller
table by means of shellac and the roller is driven
on the lower tapered end of the balance staff
friction tight. The roller table is made of steel
or of softer metals such as nickel, oreide, ete.
In some models of watches using a composition
roller, the roller jewel is forced into place
without the use of shellac or cement.

Roller jewels are made of garnet, sapphire,
or ruby. Garnet roller jewels are softer and
are broken more easily than ruby or sapphire
jewels; the difference in cost is so slight that
it is advisable to use the better quality of roller
jewels for your repairs.

SEC. 318-—Shapes of Roller Jewels

There are several dif-
ferent shapes of roller
jewels. The so-called
half round is more the
AP shape of a D, as shown
HALF ROUND OR in figure 13-11. This
=D~ SHAPE type of roller jewel is

. used in the majority of

Fig. 13-11 modern watches. Occa-

TRIANGULAR OVAL
Fig. 13-12 Fig. 13-13

sionally you may find watches with triangular
shaped roller jewels as shown in figure 13-12.
These are used in some of the higher grades of
Swiss watches. Another type is the oval roller
jewel illustrated in figure 13-13.

SEC. 319—Types of Roller Tables

There are three types of rollers or roller tables
used in modern watches. Most of the older
models of watches are equipped with the single
roller as illustrated in figure 13-14, in front of
which has been milled out a small section called

SINGLE ROLLER
Fig. 13-14

the passing crescent. Another type, the two
piece double roller, congists of two separate rol-
lers. The larger one carries the roller jewel and
is known as the impulse roller, while the smaller
one contains the passing crescent and is called
the safety or guard roller. The balance staff
used with this type of double roller has two
shoulders and each roller is fitted to its re-
spective shoulder. In figure 13-15 the larger
of the two rollers contains the roller jewel
while the guard roller, which is below,
contains the passing crescent. While the
impulse roller is usually thought of as
being circular in form, any other shape will
perform as well provided it fulfills the function

<~ IMPULSE
{ P ROLLER

Ug-roiLer seweL
E_3<a— saFeTY ROLLER
T

TWO PIECE
DOUBLE ROLLER

Fig. 13-15
of carrying the roller jewel at the required dis-
tance from the balance staff and does not throw
the balance out of poise. The most common
form of double roller is called the combination
roller, figure 13-16. Here the impulse roller
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and safety roller are permanently connected by
means of a tube or pipe. They are held in place
on the balance staff by friction and the staff
requires only one seat similar to the one used
with a single roller.

SEC. 320—Gauging Roller Jewels

Roller jewels are gauged in hundredths of a
millimeter. Thus a roller jewel size 30 measures
80/100 mm across its greatest diameter.

The freedom or “shake” between the roller
jewel and the slot in the fork should be approxi-
mately .015 to .02 mm. Formerly, it was cus-
tomary to gauge the roller jewel by holding it
with the tweezers and trying the freedom or
shake by moving it back and forth in the slot of
the fork. Many a jewel has been snapped out
of the tweezers while doing this. A roller jewel
gauge used in combination with an assortment
of roller jewels in metric sizes has done away
with this troublesome test and has made the
selecting of the roller jewel a comparatively
simple problem for any watchmaker to master.
Figure 13-17 illustrates a roller jewel gauge
which consists of a series of leaves somewhat on
the order of a feeler gauge. Each leaf or feeler.
is stamped with a number which corresponds
to the number of sizes used in the roller jewel

Fig. 13-17

assortment. With this instrument you ean read-
ily gauge the width of the slot in the fork, and
allowing .01 to .02 mm for freedom or shake,
arrive at the correct size of jewel to select from
an assortment. It is not necessary to take the
watch apart te do this; merely remove the bal-

ance cock and balance and select the gauge, the
tip of which fits the slot in the fork without
shake but yet is not tight enough to stick, figure
13-18. With this gauge it is not necessary to
figure the amount of sideshake on the jewel;
merely select a jewel approximately .02 mm
smaller than the number on the particular

FORK GAUGE
c .
IN FORK}

MEASURING SLOT

Fig. 13-18
gauge that fits the slot. Example: Gauge
stamped 36, select jewel 34. It is advisable to
try jewel in fork slot before setting. The fol-
lowing chart gives the most common sizes and
their comparative sizes on the gauge:

Slot in fork measures Use roller jewel

28 26
30 28
32 30
34 32
36 34
38 36
40 38
42 40
4 42
46 44
48 46
50 48

SEC. 321—Preparation For Setting
Roller Jewel
A broken roller jewel is a frequent cause of
stoppage in a watch and it is an easy matter
for the master watchmaker to locate this
trouble. Suppose a customer brings a watch to
you for repairs. In your examination of the
balance staff give the watch a slight circular
twist to make the balance swing back and forth.
Should you find that while the balance oscillates
freely the fork does not move, you can feel
justified in making an estimate for a new roller
jewel., The jewel usually breaks flush with the
roller table and it is an easy matter to press the
remaining piece of jewel out of the roller with
a pointed steel wire or needle.

Before replacing the new roller jewel, remove
all old cement with a chisel-shaped piece of
brass wire. Brass is used because it will not mar
the surface of the roller yet it is harder than
the cement. Figure 13-19 illustrates a tool
which can be made from a piece of brass or
nickel wire about 2 mm in diameter and ap-
proximately 35 mm long. Figure 13-20 is an
enlarged view of this tool.

The hole into which the jewel is to be set
should be cleaned with a piece of pegwood
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sharpened to a long point. Twist the pegwood,
which has been dipped in alcohol, around in
the hole until all of the old cement has been
removed. Select a jewel to fit the slot in the
fork, and see that it is absolutely clean. Holding
the jewel in a pair of tweezers, dip it in aleohol
and press the jewel into pithwood. It is essential
that the hole in the roller and the jewel be
perfectly clean in order that the jewel can be
set securely. The main cause of loose roller
jewels is that the hole and jewel were not ab-

solutely clean or the cement had been over-
heated.

SEC. 322—Preparing Cement

Practically all roller jewels are held in place by
means of cement. Once in awhile you may find
one set in a composition roller without cement.
These jewels are pressed into position. Liquid
cement is not recommended for setting roller
jewels. You will find shredded shellac will
serve the purpose better and if prepared proper-
ly, is more easily handled. Prepare as follows:
Heat the end of a stick of lathe cement or
shellac in the flame of an alcohol lamp, turning
it over and over until the end becomes very
soft. Be careful not to burn it. Grasp a small
portion of the warmed cement with a pair of
tweezers and pull it out into a string of cement.
If you desire a thin string, pull it out rapidly and
for a thicker string, pull it out more slowly. It
is wise to prepare a number of these threads of
shellac for future use. See figure 13-21.

Fig. 13-21

but not on another, or perhaps they will work
all right on large sizes of watches but are not
very satisfactory for bracelet watches. With
other types it is neccessary to remove the roller
from the staff.

The combination tool shown in figure 13-22
will be found satisfactory for the average watch
and can be used for either single or double
rollers without removing the roller from the
staff. The combination tool holds the roller
table on the edge and conveys the heat applied
from the alcohol lamp to the table and jewel
while setting or adjusting.

To set a roller jewel, open the jaws of the
tool, figure 13-22, by pressing the button at
A and catch the roller between the grooved
jaws B with the balance above the flat faces
of the jaws. The hole which receives the roller
jewel should be ceni. red between the jaws and
toward the open portion of the jaws. In replac-
ing the jewel it will be necessary to turn the
combination tool over. Apply heat to the ex-
treme end of arm C with the flame of your
alcohol lamp, and when hot enough to melt
the cement, insert the end of a thread of cement
into the hole in the roller until it is completely
filled. After pulling the rest of the cement
away, apply heat to arm C again until cement
flows evenly in hole. While the cement is still
warm, insert the previously selected and
cleaned roller jewel into the hole with the
tweezers, pressing it through the warm cement
until the jewel is flush with the top of the roller
table. Warm again and touch the end of cement

Fig. 13-22
thread to the top of the jewel until it melts over
the end of jewel and roller table. Keeping the
roller warm, grasp the roller jewel with the
tweezers and move it up and down in order
that the cement will completely surround the
jewel in the hole. Remove and let cool and
then with the tool illustrated in figure 13-19,
remove all surplus cement from the face and
sides of the jewel and also from roller table.
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SEC. 324-Straightening Roller Jewel
The roller jewel must be so adjusted that the
flat side forms a right angle with an imaginary
line drawn from the center of the balance staff
through the center of the roller jewel. If after
setting the jewel you find the face at an in-
correct angle, it can be adjusted by grasping
the jewel with the tweezers and twisting it
around to the angle desired, figure 13-23. In
this case, the tweezers must be moved in the
direction of arrow C to line A-B. Do not try to
move jewel without preheating the roller table.

Fig. 13-23
The jewel, when viewed from the front and
side, should form a right angle with the roller
table. To straighten roller jewel file to the
shape shown in figure 13-24-1 & 2 a piece of
brass wire about 2 mm in diameter and mount

1 Fig. 13-24-1
-

MER

i f o ——— - -

ROLLER JEWEL
) &\

! }\1 . !

i Fig. 13-25
it in a small handle. In using this handy tool,
the end is heated with the alcohol lamp and
pressed against the jewel as shown in figures
13-25 and 13-26. The heat applied need only
be sufficient to soften the cement, after which
it is an easy matter to press the jewel into an
upright position. At first you may have a ten-
dency to press too hard, pushing the jewel until
it stands in the opposite direction. Repeat the
operation until jewel is correctly positioned.
After a little practice you will find the correct
amount of pressure to apply. Care must be
taken in applying heat to the roller in order
to avoid burning the cement. When the cement
becomes glossy and will spread, it will be of

the correct temperature. Never heat the roller
enough to cause it to discolor.

SEC. 325—Correct Length of Roller Jewel

The length of the roller jewel must be taken
into consideration when selecting one for either
the double or single roller. For a double roller,
the jewel must be long enough to extend
through the fork yet not long enough to come
in contact with the guard dart. This can be
judged by sighting across the guard roller.
Figure 18-27 shows the length of the roller
jewel. If the roller jewel extends down far
enocugh to come in contact with the guard dart,
the watch will stop. The roller jewel in a single
roller must be long enough to extend through
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the fork, figure 18-28, but not long enough to
rub on the balance jewel setting or plate.

Having set the jewel as directed in Section
328, its face square with the fork and perpen-
dicular to the impulse roller, take hold of it
with your tweezers while holding the balance
in wateh paper. Use your double loupe in
examining the jewel to see that it is solidly set.
Examine the edge of the roller table and the
roller jewel to see if there is any cement other
than that surrounding the jewel in the hole. If
there is, scrape off all excess using the chisel-
shaped brass wire. Examine and clean the
passing crescent on all single rollers. Clean and
brush carefully with soft brush. DO NOT USE
OIL ON THE ROLLER JEWEL.




note:

(Lesson 12 - 14 job sheets combined after Lesson 14)



