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You rnay hear i t  said that today with
interchangeable par ts  and the low c ost
of watch rnaterial i t  is a waste of t i rne
to make par ts  such as s tems and bal -
ance staffs, But there are rr lany old
watches you wil l  handle where i t  is irn-
poss ib le  to  ob ta in  the  co r rec t  mate r ia l ,
and even on sorne newer watches not al l
repai r  par ts  f i t  per fect ly .  To just i fy
the terrn Watchrnaker, you rnust be able
to repai r  a l l  makes and models of
wa tches ,  and  your  success  as  a  Watch*
maker depends upon your  abi l i ty  to
rnake or  a l ter  the requi red par ts  for
the watches you are re.pai r ing.

SEC. 520 -- Mal{ing a Square
Shoulder Pivot

I t  is  best  to  harden and temper your
own rnater ia l  for  pract ice.  Select  a
p iece  o f  d r i l l  rod ,  ha rden ,  po l i sh ,  and
ternper  i t  to  a deep b lue.  This  is  the
color  requi red for  p ivot  and staf f  work.

l .  P lace hardened and ternpered.  rod.
in chuck al lowing i t  to extend approxi-
mately 6 rnrn. Grind the end with a Hard
Arkansas s l ip ,  keeping i t  a t  r ight  angle s
to the work and moving i t  rapidly back
and for th as i l lust rated by arrows in

Z .  Burn ish  end  o f
s teel  p ivot  burn isher ,

rod with hardened
f igu re  3 l  -2  .

jt

3.  Tr t rna square shoulder  on
rod approxirnately 4/ LOA rrlrn
than the diameter of the f inished.
f i gu re  3 l -3 .  Th is  w i l l  a l l ow fo r
ing and pol ish ing.

end of
larger
pivot,

gr  ind-

jl
4. C ut square shoulder back to a

length of approxirnately 3 t imes the f in_
ishe-d. di3rneteq of pivot f igure 3t -4,

PIVOT
BURNISHER

f i gu re  3 l  -  l

HARD ARKANSAS
SLI P

F i g .  3 f  -  |
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Exarnple: Diarneter of f inished piv-
of to be .3 rnrn,
.3 rnrn rnult ipl ied by 3 equals .9 rnrn,
the length of the pivot.

5 .  Beve l  co rner ,  f i gu r  e  3 I  -4 .  Th is
is  a square shoulder  p ivot  in  the rough
and i t  now rnust b" ground and pol ished.
Grinding the pivot wi l l  reduce i ts diarn-
eter  s l ight ly ,  Therefore,  w€ a l low about
3/1OO of a rni l l i rneter for grinding and
l / lAA rn i l l i rneter  for  pol ish ing,  d.epend-
ing on the finished diaJneter-. Not rnuch
gr inding wi l l  be requi red i f  you are
c areful to cut a straight, srnooth sur -
fac e.

SEC. 521 -- Grinding and polishing

There are severa l  rnethods of  gr ind-
irg and pol ishing pivots. The rnethod
we wi l l  use is  o i ls tone powder wi th the
i ron gr ind ing s l ip ,  which we rnade in
Lesson ?,7.  3 'or  pol ish ing we wi l t  use
Diamantine with a boxwood slip.

I .  Mix a srnal l  quanti ty of oi lstone
powder with oi l  unti l  i t  is the consis-
tency of  th ick crearn.  Place a l i t t le  of
this corrrpound along the curved edge of
the gr ind ing s l ip  and p lac e s l ip  on the
underside of pivot as shown in f igure
3 t -5 .  Run  the  la the  in  reverse .

Z.  Move gr ind ing s l ip  rapid ly  back-
ward and forward until pivot attains a

dul l  grayfinish. The grinding corr lpound
can be rernoved with pithwood in order
to exarnine the work. Insuff icient grind-
i .g wil l  not leave a srnooth s.urfac e,
Excess ive  g r ind ing  w i l l  round  the  co r -
ner. Grind to within L/LAO nlrrr of the
f in ished d iarneter .  This  wi l l  a l low for
pol i  sh ing.

3 ,  F igu re  31-6  i l l us t ra tes  a  box -
wood sl ip which has been irnpregnated
along the top edge with Diarnantine f Z.
Run your lathe at high speed when pol-
i  sh ing and in  the d i rect ion of  arrow,
f igure 3 l  -6 ,  unt i l  you have a h igh pol -
i s h .

4 .  S ' i gu re  31*7  i l l us t ra tes  the  f i n -
ished p ivot .

GRINDING COMPOUND

slDE vrEw
F i g .  3 l  b
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DIAMANTI

,/

F i g .  3 1  6

NE

GRIND

F i g ,  3 1  8

slDE vlEw

You should be thoroughly farnilar
with the function of the square shoulder
pivot frorn your previous lessons, and
as a good workrnan you should exarnine
each square shoulder pivot in every
watch you repair,  Do this b"efore clean-.

ir-re thejv.at-c.h, and if , under a double
loupe, a pivot is found to be scratched
or rough, i t  should be ref inished in the
rnanner descr ibed.  Never  over look
this fact and if in doubt, polish the pivot
with Diamantine or pivot burnisher.

SEC. 522 -- Making a Cone Pivot

The f irst step in rnaking a cone or
balance pivot is to grind and burnish the
end of  the wire,

I . Grind end with an oilstone or
Hard Arkansas s l ip ,  f igure 31-8.

Z. Burni sh end with pivot burnisher ,
f igure 31 -9. The lathe is run at high
speed and the burnisher held squarely
against the rnetal.

3. Turn a square shoulder on the
end of the rod approxirnately 3/l0O rnil-
lirneters larger than the fi.Xri*h** {i*+:
e lqt  o f  p ivot ,  f igure 3 l  -10,

F i g '  3 t  I

BURNISH
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5.  The cone of  the balance p ivot  is
cut after you have rnade a square
shoulder pivot. Do not try to cut the
pivot and c one at the s arne tirne , The
dashed  l i nes  in  f i gu re  3 l - lZ  i l l us t ra te
the shape of the cone as i t  is being
forrned, Sorne workrnen use a round
graver  for  th is  purpose.  The length of
the cone is  le f t  to  the d iscret ion of  the
watchrnaker but is approxirnately the
sarne length as the pivot.

6 ,  The  o i l  cu t  i n  f i gu re  3 l  -13  i s
left  to the discret ion of the watchrnaker
but keep i t  about the proport ion shown.
B e v e l  c o r n e r ,  f i g u r e  3 l  - 1 3 .l_

I
I 

Fis.ar - rl

F i g .  3 l  l 2

F i g .  3 l  1 3

4. Cut back and rnake a square
shoulder pivot Z-l  /  Z t irne s as long as
the diarneter of the finished pivot, fig -
u r e  3 t - f l .

Exarnple: Diarneter of finished piv-
of to be .12 rnrn
. lZ rnrn rnult ipl ied by Z,S equals .3
r!11a, the length of the pivot,

7 . Round the straight edge of the
iron grinding sl ip sl ightly by draw f i l -
i ng  a t  A ,  f i gu re  3 l -14 .

9. Place oi lstone powder rnixed
with oil on grinding slip and while hold-
ing in  posi l ion .B,  f igure 3 l  -15,  run la the
in reverse nroving grinding sl ipforward
and backward rapidly, The cone is de-
terrnined. by the angle at which you hold
the gr ind ing s l ip .  A,  f igure 31-15,  i l -
lustrate s the angle which will give a
longer  cone.  B i l lust rates a shor ter
cone. I t  is only by practice that you
will be able to grind the pivot and cone
at the sarne tirne. Tf, pivot is properly
cut, i t  wi l l  not require much grinding.
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A

l-' __l
B

B
9.  Pol ish ing is  done wi th a boxwood

sl ip irnpregnated with Diarnantine to
which a l i t t le rouge rnay be added, f ig-
u re  3 I  -16 .  Move  boxwood s l i p  rap id ly
back  and  fo r th  as  in  f i gu re  3 l  -16 .  In
order to pol ish the pivot and cone at the
sarrle t ime, shif t  the boxwood sl ip to
d i f ferent  posi t ions as at  A & B,  f igure
3 l  -  I  5 ,  Th is  w i l l  g i ve  a  h igh  po l i sh  to
the pivot.

F i g u r e  3 t - I 7  i l l u s t r a t e s  t h e  f i n i s h e d
pivot.

F igu re  3 l - l 8  i l l us t ra tes  a  p ivo t  wh ich
is  too  shor t .

F igu re  3 I -19  i l l us t ra tes  a  p ivo t  w i th
too shor t  a  cone. F i g ,  3 l  1 8
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F i g .  3 1  2 l

F i g .  3 l  -  l 9

r  I  g .

F igure  3 l -20  i l l us t ra tes  a  p ivo t  wh ich

is  too long.

SEC. 523 - Straightening Pivots

In forrner yea.rs, a watchrnaker took

a great  deal  o f  Pr ide in  h is  work,  €  s*

pecia l ly  when cal led uPon to rnake a

balance staf f  for  a  repai r  job.  F"actor-

ie  s  seerned to det ight  in  seeing which

one could rnake the hardest balance

staff,  rnuch to the disrnay of a poorly

tr ained workrnan. An exc eptional ly

hard balance p ivot  broke rnore readi ly

than a soft one. A soft one would bend

in rnost  cases before i t  would break.

Balance staf fs  in  rnodern watches are

not  genera l ly  as hard as the ones used

f orrne r ly.

At t i rne s you wil l  be able to

st ra ighten bent  p ivots ,  and i f  proper ly

executed,  s t ra ightened p ivots wi l l  g ive

good serv ice,  For  th is  pt l rPose,  an o ld

pair of twee zer s ground to the shape

shown in f igure 3L -Z l  wi l l  prove vety

sat is factory.  The tweezers should be

hardened and ternpe red to dark straw

and the inside of the jaws highly Pol-

ished.  To be able to  s t ra ighten balance

pivots i t  is  neces sary to  have a large

select ion of  chucks.  I t  is  not  a lways

necessary to  rerr rove the ro l ler  tab le i f

the rol ler table has treen f i t ted t ightly '

F igu re  3 l 'ZZ  i l l us t ra tes  a  p ivo t  tha t  i s

bent sl ightly. To straighten, place

twee z'er s high upon the c one paral lel

wi th  the balance staf f ,  f igure 3L 'ZZ'  Be

sure the staf f  is  running t rue.  Reverse

the lathe rnotor and run it at fairly high

speed.  C lose jaws of  twee zer  s  unt i l  you

reach the posi t ion shown in f igure 3L -23 '

Tf. it straightens irnrnediately, the

chances of  the p ivot  funct ion ing proper-

ly are good. Do not feel badlY i f  the

pivot br eaks a s i t  wi l l  be a c onstant

c au s e of. tr ouble if the pivot doe s not

run true. After straightening, the pivot

rnust be burnished on the end and r€-

pol ished.  Tra in p ivots  are s t ra ightened

in the .saryle rrlanner.
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SEC. 524 * Reasons for Polishing Pivots

In  the genera l  repai r  o f  watche s,
c lean ing ,  e tc . ,  i t  i s  good  p rac t i ce  to
burnish the ends and the sides of al l
balance pivots. The highly pol i" i l I -
ba lance p ivot  decreases f r ic t ion and,  in
rnost instanc e s, the watch to be re-
paired wil l  take a better rnotion. Most
factory mater ia l  is  prec is ion rnade and
the rnajority of staff replac ernents can
be rnade quickly and easily with genuine
rnater ia l ,  In  replac ing a factory balance
staf f ,  i t  is  good pract ice to carefu l ly
check the pivots and be sure they are
burnished. and pol ished before replacing
in the watch.

C o U R T E S Y  o F  r x e  N o n r x  A x e R l c A N  W l t c x  T o o t -
A N D  S U p p r v  C O . .  C X t C n e O .  l L L l N o l S

F i g .  3 l  2 +

The p ivot  pol isher  i l lust rated in  f ig-
ure 3 l  -24 is  an excel lent  too l  f .or  bur-
nishing and pol ishing cone shaped pivots.
The T Rest  has been removed and the p iv-
o f  po l i sher  inser ted  in  i t s  p lace .  The
drive pul ley is mounted in a #50 wire
chuck and a srnal l  rubber belt  is used to
connect the drive pul ley and the pul ley on
pivot pol isher. The srnal l  thin plate at

A i  s one of. several interchangeable
plates required to accommodate dif fer-
ent sized pivots. The plate is thin enough
to allow the pivot to extend through the
hole,  the cone rest ing on the inner  s ide
of the plate, A srnal l ,  hardened steel
burn isher  is  used to f in ish the end and
s ide of the pivot. S orne watc hrnake r s
fastenthe pivot potisher to the bench and
operate i t  with a bow.

SEg. 525 * Making a Balance Staff

The order ing and replac ing of  a  bal -
ance staff in a rnodern watch is done
quickly and easily because of the
standardization of. watch rnaterial.  At
t i rnes you wi l l  f ind i t  necessaryto rnake
alterat ions on a new factory rnade staff .
It rnay be that the balance shoulder,
co l le t  shoulder  or  ro l ler  post  are too
Iarge. I t  is seldorn thatyou wil l  f ind a
staf f  needing a l l  o f  the se c orrect ions but
in order to have the Itknow howll, it is
necessary to  pract ice rnaking balance
staff s, There are t irnes also when you
wi l l  be cal led upon to rnake a balance
staff for a watch, usually one for which
no rnaterial is obtainable.

The differenc e between rnaking a
practice balance staff,  a balance staff
with a sample, and a balance staff with-
out a sarnple varies only in the rnethod
in which the dirnensions are obtained.
Balance staffs are always rnade frorn
high qual i ty  s teel  wi re or  dr i l l  rod,  which
has been hardened and ternpered to a deep
blue.

1.  P lace wire in  chuckand le t  i t  €X-
tend a little rrrore than the length of the
finished staff.

Z. Grind the end with a Hard Ar-
kansas sl ip, Burnish end with hardened
steel  burn i  she r  ,  f igure 3L -25 ,
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3. Cut a square shoulder onthe end
of wire for the balance shoulder, f igure
3l  -26.  I t  is  good pract ice to use the
balance wheel for this diarneter. As we
rnust grind and pol ish each section of
the balance staff, it is advisable to allow
approxirnately 4/ | OA rnillirnete r s for
this purpose (pivots excepted),

F i g . 3 1  2 7

4. Cur this shoulder back to proper
length as in  f igure 3 l -27.  This  length
and al l  lengths given in this section are
obtained with a rnill irneter gauge frorn
rrreasurernents given on your rnaster
work sheet.

5, Cut a sguare shoulder on end of
wi re for  co l le t  as in  f igure 3 l -27.

6. C ut c ollet shoulde r back to proper
length,  f igure 3 l  -28.  This  length is
actually deterrnined by the thickness of
the arrn of the balance wheel, as there
rnust be enough rnetal left up and above
the arrn of the balanc e wheel to allow for

riveting as indicated by the dotted line in
f igure 3I  -28.

7 , The undercut is rnade, after the
col let shoulder has been ground and
polished, by holding the graver in posi-
t ion as shown in f igure 3 l  -28,

8, Cut a square shoulder pivot on end
of wire, which is 2-l /  Z t irnes as long as
the finished diarneter of the pivot, in
f igure 3l -28, Rernernber to al low &p-
proxirnately Z or 3/lAO narn for grinding
and pol ishing.

9. Cut cone and oil cut and grind and
polish pivot as shown in f igure 31-39.

10.
shown

F l g . 3 1  2 9

Bevel corner of col let post as
in  f igure  3 l -30 ,
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F  i g .  3 l  3 l

I  l ,  Make a tapered cut  as shown in
f igure 3l -30 so that we rrray break the
staff off frorn the wire. The dotted line
at A is the length of the f inished staff
measured from the end of the f inished
pivot. Notice that the cut extends beyond
dot ted l ine A,  f igure 31-30.

LZ.  Break of f  unf in ished staf f  a t  B,
f igure 3l -3q. The next step is to f inish
the end to the correct length of our
balanc e staff . This rnethod require s the
workrnan to have a cornplete range of
chuck s ize s .

13.  Catchthe balance shoulder  in the
chuck of  the proper  s ize as in  f igure 3 l  -

31.  Rel ieve the tension in  the draw- in
spindle of the lathe and while running
the lathe in rever se hold the rniddle
f inger on a T rest and true the balance
staff. Quickly gra6 the draw-in spindle
with the left hand, which will tighten
chuck on balance shoulder,

14.  Wi th a Hard Arkansas s l ip  or
oilstone, grind off the end of the unfini sh-
ed staff to the proper length as illustrated
by dot ted,  l ine in  f igure 31-31,  Burn ish
end. This inay necessitate removing the
staff frorn the chuck several tirne s in
order to rneasure the length with a mi-
c  rometer .

It is impractical to use wire chucks
to rnake this end of the balance staff be-
cause the staff will not run true. In
order to have the staff run truer trs€ &

cernent chuck which has been hol lowed
out.

L5. Place cernent chuck in lathe and
make a deep cone shaped cut as inf igure
3L-32,  The center  of  the cone ind icated
by Arrow A rnust be tested with a needle
in orderto insure this point being abso-
lutely centered. Do not proceed unti l  i t
i s  c o r r e c t .

F i g .  3 l  3 2

15. Heat the cernent chuck with an
alcohol larnp and fil l hollow with shellac.
Then warrn balance staff by placing it
in warrn shellac untilthe cernent adheres

to the balance staff ,  f igure 3l -33, the
same way as it did the jewel settings in
L e s s o n  3 0 .

A
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l?. Place T Rest as close as possible
to balance staff and while cernent chuck
is stiil warm, true end of sta.ff using peg-
rpood or fingernail. Let cool.

18. Turn a square shoulder on end for
roller post as illustratedin figure 3 L-34
and rnark the length of rollcr post as il-
lustrated by dotted line.

F i g .  8 l  i l t t

19. Finish cutting roller past with a
slight taper which should rneasur€ ap-
proxirnately Z/ LOA rrurr frorn front to
back, f igure 3l*35r I t  is possible to use
a microrneter if you know the exact
rrleasurernent but in balance staff wclrk,
it is rnuch better to try the roller table
on the ead of roller post and grind and
polish the post rr:rtilthe roller table fits
approxirnately one*half of the thickness
of the roller table frorn the base of the
hub as indicatedby arrows in figure 31-
36.

ZO. Grind and pcltish hub.

ZL, Cut square shoulder pivot on end
of roller post Z-L/ltirnes the diarneter
of the finished pivot allowing approxi-
rnately a/ t 0Crnrn for grinding and polish-
i*9, figure 3 I -3 6.

ZZ, Cut cone, grind and polish pivot
as in figure 3 I -3 7.

F i g .  g l  -  g T
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23. Warrn cernent chuck with alcohol
larnp, rernove balance staff , and blean in
alcohol. In f i t t ing a cornbination rol ler,
the same procedure is  used as in  f igure
3l -36-  In  f i t t ing a two-p iece double
rol ler, two shoulders have to be cut as
in f igure 31-38 and both the irnpulse
rol ler and the safety rol ler should f i t  to
within one-half of the thickness of each
ro l le r  f ro rn the  shou lders ,  f i gu re  3 I  -38 .

The above instruction was given without
mentioning any grinding or polishing ex-
cept for the balance pivots. Rernernber
it  i  s nec e s sary to grind and pol i  sh the
balance shoulder, the col let shoulder,
and the rol ler post. Therefore, yournust
allow approxirnately 3 or +/taO rnrn for
grinding and pol ishing.

SEC. 526 - Making Staff to Sample

Figure 31-39 i l lust rates the proper
method of rernoving the balance staff
frorn the balance wheel by cutting away
the hub and then undercutting. Use this
rnethod. on all watches which have riveted
staffs in order not to rnar the balance
arrn.

F i g .  g l  9 9

Inrnaking abalance staff to a sarnple,
rnake a sketch as in f igure 3I -40 and f i l l
in the dirnensions of the pivots, balance

(The diameter of  the hub
should be le s s than the
width of  the balance arm)

ROLLER SEAT . - - - - -MM
LGTH. OVERALL------ MM

F i g .  3 l  $ 0

shoulder, col let shoulder and rol ler post.

To deterrnine the correct length of bal-
ance staff with broken pivot, allow ap-
proxirnately 3/10 nrrn for each broken
pivot. This will give you the total length
overal l .

l .  Select  wi re,  p lace in  chuck,  and
proceed as in  Sect ion 525.  Gr ind and
burnish end of  wi re.

Z. Hold. sarnple balance staff in po-
sit ion shown in f igure 3l-4L. The dotted
l ine A represents the distance frorn the
end of the pivot to the balance wheel
shoulder.

UPPER
LOWER
COLLET
WHEE L
HUB

PIVOT
a ,

SEAT
l l

llr-

-MM
MM

. .MM
MM
MM

L
M
N
o
P

R
s
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F i g .  3 l  t l l

3 .  Turn balanc e wheel shoulder,

Grind and polish.

4. Turn collet shoulder allowing
enough rnetal to extend through the arrn
of the balance wheel for r ivet ing. Grind
and pol ish.

5. Undercut balanc e shoulder.

6. Turn cone shape pivot and oi l  cut,
Grind and pol ish.

7 .  Cut  of f  s taf f  as in  Step 11,  Sec.
525 .

8.  Gr ind to proper  length,  Step 14,
S e c .  5 2 5 .

9. Cernent staff in cernent chuck.

10, Hold sarnple balance staff in po-
st i ion shown in { igure 3l -42. The dotted
line A represents the distance frorn the
end of the pivot to the roller table
shoulder.

I  I  .  Cut rol ler post. Grind and pol ish.
F i t  ro l ler .

tZ, Grind and pol ish hub.

13. Cut pivot, grind, and pol ish.

L4. Rernove frorn cernent chuck and
clean in alcohol,

SEC, 521 - Making Balance Staff
Witlout a Sample

Making a balance staff without a
sarnple is an accorr-rplishrnent enjoyed
by all good watchrnakers. The actual
process of rnaking a balance staff is the
sarne as given inSec , 525. I t  is advisable
to rnake a sketch the sarne as in Figure
3l -40 and f i l l  in the dirnensions as you
obtain thern. Before ascertaining the
dirnensions, rnake sure the upper and
lower balance jewels and cap jewels are
correct and the balance cock is not bent
up or down but is parallel withthe pillar
plate.

To obtain the different dirnensions
proceed as fo l l "ows:

Use a rni l l i rneter gauge or a degree
gauge which rneasures in hundredths of
a rni l l i rneter.

l .  To get the overal l  length of a
balance staff , rrreasure frorn the outside
of the upper cap jewel to the outside of
the lower cap jewel A. f igure 3l -43, Sub-
tractthe thickness of both cap jewels. B
andS- f igure 3l-43, which wil l  give the

over-all length of the balance stalf €x-
clusive of endshake, which can be ad-
justed later. This is writ ten as LOA
(Length Over-Al l) .  Mark the result on
your sketch.

Z. Measure,the distance betweenthe
c enter wheel and the pallet bridge D,
figure 3l -43 (or the upper plate and
balance bridge in case of, a ful l  plate

I
I

A

F i E .  3 f  t + 2
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movernent). Measute the thickne s s of
thebalance r i rn  E, .  f igure 3 l -43.  The
differenc e between the rneasurements !
& 

"f 
divided by two will give the

clearances between the lower edge of
the balance rirn andthe top of the paltret
bridge, andthe top of the balance r im and
center wheel, (or the lower edge of the
balance rirn andthe upper plate, and the
top of the balance r irn and balance bridge
in case of a {ull plate rnovernent}.

The rernainder of the instruct ions
wil l  use, as an exarnple,a thres-quarter
plate or bridge rnodel rnovement, and
rneasurernents wil l  be taken with the cap
jewels in  p lace.

3. Using the sketch you rnade of the
balance staff ,  rnark in the rneasurernents
as you determine therrr. Frorn the out-
side *rf the lower cap jewel to the top of
the pal le t  br idge,  f ,  f igure 3 l  -43,  p lus
one -half the difie i enc e betwe e rr :[16

thickness of,the r irn of the balance wheel
and the space between the center wheel
and the pal le t  br idge,  ( "*su l t  o f  Step Z) ,

PALLET BRIDGE

rqigqs the thickness of the lower cap
jewe1, Q,,,  f igure 31-43, equals the length
of the balance staff frorn the end of the
lower pivot to the balance seat, !- ,  f igure
3  I  -40 .

4. Frornthe outside of the lower cap
jewel to the top of the pal let fork, -E
figure 3l *43, 

_pln": one -half the thic kne s s
of the irnpulse rol ler lar clearanc€, H,
figure 3 I -43, 

nlg"_ the thickne s s of the
irnpulse rol ler ,  J ,_ f igure 3l -43, rninus
the thickness of the lower cap jewel C*
eguals the length of. the lower half  of
the balance staff frorn the end o{ the
lower pivotta the underside of the bal-
ance hub,,, ,  Y,,- f igure 3l -44,

5 . Subtract the re sult obtained in
Step 3,  T,  f igure 3 l -40.  f rorn the L O 4
of  the balance staf f , :? ,  f igure 3 l -40,  and
the re sult will be the length of the balance
staff frorn the end of the upper pivot to
the balance shoulder ,  W, f igure 3 l  -40.

6. ?he dif ference between W and V,
figure 3l -40, equals the thickn6s of II3
hub ,  P ,  f i gu re  3 l  -40 .

H
l

l-
J

l,

CENTER WHEEL

F i g .  3 l  -  t l 3
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7. Deterrnine the diarneters of
pivots by rneasuring the jewel holes with
a jewel hole gauge or balance pivots
which fit correctly. Make the straight
part of the pivot Z-I/Z tirnes as long as
the diameter, the cone the sarne length,
and the back cut at your disc retion.
Back cut rnay be rnade extrernely short
if necessary to leave the collet seat long
enough. Diarneter of the back cut should
be slightly less thanthe diarneter of the
coLlet seat.

8, Drop the col let on a tapered pin
and rnark the location, figure 3I -44.

Measure the diarneter of pin at this point
urith a rnicrorneter and rnultiply the r€-
sult  by the constant 1.05. This result
will be the finished diarneter of collet
seat.

F i g ,  3 l  l t r t

9, The roller seat should have a
slight taper {taper toward the lower
pivot) and have a finished size that will
perrnit the irnpulse roller to be pushed
within half the thickness of the roller.

10. After al l  dirnensions are obtain-
ed and entered onthe sketch, proceed to
rnake balance staff (Section 5251.

SEC. 528 - Making punches for Washer

Atthis tirne we willrnake punches to
be used in poising balance wheels, As
you proceed with watch repair work,
rnake these punches to fit different size

balance screws as you encounter thern.
The following dirnensions are suitable
for  a l6  s ize Elg in Watch;

l .  Turn down a square shoulder
about +/ t OOtfrs rrrm larger than the
thread.s of the balance screw, f igure 3l -
4 5 .

F i g .  3 l  r t 5

:*T-
A

:--L

F i g .  3 l  * 6

Z. Bevel corner of rod so that dia-
rreter il lustrated atA is slightly srnaller
than the head of the balanc e sc rew.
f igure 3l-46. Cut off  pi lot as shown in
f igure 3l-47. l larden and ternper to a
straw, The shorter the pilot the less
trouble you will have in rernoving the
washers. Obtain a srnal l  lead block or
rnelt sorne lead in a srnall rnaterial can*
Punch washers frorn very thin rnaterial

such as d ia l  washers,  f igure 3L-48,
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These washers are s l ipped under  the
heads of  the balanc e sc rews when poi  s ing
wheel, At t i rne s, when we are under -

cut t ing screws,  i t  is  a  good pol icy to  add
washers  to  the  oppos i te  sc rews  in  o rder
to keep the weight of the balance rnore
equal, and you wil l  not have to rnake as
rnany adjustments when bringing the
watch to t irne. The se punche s c an be
made in  any s ize you desi re and a work-
rnan rnay rnake his own t irning washers.
In  some cases where a pai r  o f  heavy
washers is  needed for  a bracelet  watch,
th in gold or  p lat inurn can be used.  Be-
cause plat inurn is the heaviest rnetal
known, washers rnade of this metal wi l l
have greater effect upon slowing up a
watch. Keep these punches handy and
use the washers when pois ing a balance
wheel or regulat ing a watch.

SEC. 529 - Car&oloy Gravers

Carboloy is the hardest rnetal rnade
by man. I t  is a very useful tool for the
watchrnaker. A carboloy graver wil l  cut
the hardest of balance staffs or sterns.
It  is extremely useful in rernoving a
balanc e whe el by c utting away the old
hub,  f igure 3 l -39.  This  rnethod is  wi th-
out a doubt the safest and rnost practical
way of rernoving the balance wheel frorn
the staff .  Before the advent of the carbo-
loy grave r , the watc hrnake r was c oD-
fronted at t i rnes with a balance staff
which was too hard' to be cut with an
ordinary graver. At t imes he would have

the hub c ut half way through and discover
that in the cutt ing process the steel had
become burnished rnaking a great deal of
extra work ia sharpening the graver or
drawing the ternper in the staff. With
the carboloy graver  you can d isregard
the hardness.  Keep your  carboloy
gravers sharp and use thern only  where
it  is irnpractical to use the ordinary
graver .  The c arboloy graver  i l lust rated
inf igure 3l -49 lnas a rernovable handle.
Carboloy graver  s  rnust  be sharpened
with a diarnond charged l"p or wheel.
Rernernber that because of the extrerne
hardness of  the carboloy graver  the
point  wi l l  break qui te  easi ly .  Therefore,
do not force the graver when cutt ing,

F i g .  3 l  t + 9

SEC. 530 - Fitting Pinions to Watches

I t  should be an easy rnatter blr now
to replace a p in ion in  a watch.  We are
not often c ornpelled to rnake a pinion

frorn p in ion wire as rnost  p in ions can be
obtained in the f ini  shed forrn frorn a
rna te r ia l  house .

n

@
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Although the average finished pinion

ordered from a rnaterial house should
fit there are tirnes when the pivots have
to be ground and polished to fit the bear-
ings or jewels. Sorne pinions rnay have
a square shoulder pivot on one end and
a  coneshape  on the  o ther .  F igu re  3 l -50
illustrate s the end of a blank pinion.

Blank pinions corne with any nurnber of
leaves  des i red  such  as  6 ,  7 ,  8 ,  9 ,  10 ,  and
12. The diarneters are gauged by a Stubs
Gauge,

F i E .  3 l  5 0

Pinions to fit watches can be cut frorn
pin ion wire as fo l lows:

I.  Select a blank pinion with the
sarrre nurnber of leaves as the sarnple and
the sarrre diarneter as rneasured with a
Stubs Gauge.

Obtain over-al l  length,

Obtain height of wheel shoulder.

Turn pinion wire to f i t  wheel,

t r ' igure 3 l -5I  i l lust rates the p in ion
leaves cut down to a tapered shoulder on
which the train vrheel is to be driven
fr ict ion t ight.

Figure 3L -52 i l lustrate s the pinion
leaves cut down for a wheel which r€-
quires r ivett ing. The shoulder pro-
trudes through the wheel enough to be
rivetted after undercutting.

z.

TRATN WHEEL

RCUT

F i g .  3 l  5 2

to rnatch
3 .

4,

TAPSRgD
SHOULDE R

\
UNDE

5 . C ut through leave s
length of sarnple pinion.

6, Cut,  gr ind,  and pol ish pivots,

7  .  Rep lace  whee l ,

SEC. 531 - Pallet Arbors

Figure 3 t -53 i l lustrates two types of
pal let arbor s. A i  s a fr ict ion type having
a tapered shaft which is driven into

pal let fork. B represents a screw type
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pallet arbor .  This i  s sc rewed into pal let
fork and is easi ly rernoved by catching
pallet arbor in a chuck and holding head
of lathe with left hand, carefully turning
pallet fork toward you. In replac ing
pa l le t  a rbors ,  i t  i s  necessary  to  ascer -
ta in the correct  one to be used,  us ing a
rnicrorneter. Any alterat ions of pal let
arbor are rnade the sarr le as for pinion
or balance staffs using square and/ or
cone shaped pivots.

SEC. 632 - Making a Stem from
a Sample

Fo r  s tern work i t  i  s  de s i rable to
have a good s lot c utt ing graver as i l -
l us t ra ted  in  f i gu re  3 l -54 .  Th is  g raver

can be rnade f rorn a regular  graver  #0,
the t ip to rneasure approximately .50
mrn . It is also po s sible to rnake a
graver  f rom a p iece of  square dr i l l  rod.
.Ffowever ,  a  carboloy graver  is  r€cotr r -
rnended in  preference to a l l  o thers.

l .  Select  a p iece of  dr i l l  rod s l ight ly
larger than the diarneter of the finished
hub of the sarnple stern.

Z.  Cut  of f  as in  f igure 3L-55,  the
length ove r -aII to be s lightly longe r than
the length of the f inished stem.

F l g .  3 l  -  5 5

3. P1ace in lathe and cut thread
(Le s son 29,  f igure 29 -34) .  This  thread
should be slightly longe r than the sarnple,
figure 3l -56, and of the sarne tap size as
c rown to  be  used .

4. Place threaded port ion in lathe
chuck and cut off  to correct length using
sarnple for  length A,  f igure 3 l  -57.

5. Rernove, harden, and ternper to a
b lue .
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6. Place threaded portion in lathe
chuck, f igure 31-58, and turn outside
diameter to the diarneter of the hub.

7 . Rernove frorn lathe and place hub
section in lathe chuckallowing the length
reguired for the winding pinion shoulder
to extend frorn chuck, figure 3l -59.

8 .  Turn ,p i l o t ,  f i gu re  3 l -6A ,  us ing
old stern pilot a.s guide for length.

9. Turn diarneter for winding pinion
using old stern as guide to length, figure
3 1 - 6 L

10. Measrere the width of the square
on the old stern and rnultiplyby the con-
stant L.39" The result is the diarneter to
turn for the winding square. This con-
stant can be used for any size winding
square. To find the exactdiarneter of a
circle circurnscribed about a given
square, rnultiply the length of one side
o{ the square bythe constant 1.41. }fow-
ever, for our purpose, we use the con-
stant L,39 which will allow the corners
of the square to be slightly rounded. as
in f igure 3 l  -62,

59

Exarnple: Length of
square equals ,95 rnrn,

pl ied by constant 1.39
t:rltan,.

\ir- 
- --tt'

F i g .  3 l  -  6 l

one side of
.9 5 rnulti -

equa ls  L .3Z

- r  r .  ! t . a t t a  a a a  t r  t a  a t a r r  t r r r  r \a - c - .  a  a  a l .  a l  t  a  a a  a . a  t  a a  a  a  a  a  r a - t - a :
_a_a_O.a_ .  l _ l  a  a  ! .  a  t  t  a  t  a  aa  a  a  a  a  t  a  a  t  al^a^r^t-a--a-a_a_t a t  a I  f  a a I  r .  r  r  O O I I  I  r  t- ,
- r  r  r  a  a  r  a  !  |  a  a  a  a  a  a  a  t  a  a  a  r  , , ,  a  a  o  aa_o-t. .  a o a t a a t a t  a a a a f a. r r  r  r  r-r-r l- ,
-a-a,a.a r a r a a a a I r ! r a ! a a a r r r1-r r-r-Jf^a-a-t a a a t a e a r a a o l a f a l a o r'o-t-r-r-r-,
- f ,a a. t  t  a a. r r  , l  t  t  a r t  a r a r 'r-r-r-o-r-r- j
f t a o a. t a a a a t a a a r a a a t t r r-r-r-r-r-l-,
_r^r-o a r a a a o t r  f  aa o a t r  r  a t  r- l- l -o-r-r- j
r _ . - t , l  a  a  a t  t  a  a  I  t  a  a  a  a  aa  aa  t  r  r  r  r -O -O- r
-a-a-a-a-a-a a a a I t a a a f a t a a a o a r a a a o o,_a_!-t-?-a_a t a r a l a a a a a a l a aa a a a t a a Ir . . a  l l a t a r a a a a a a r a a a a t a a a l a .
l - a ^ a - l - a t a  a a  t  a  a a  a a  a a  a r i  a a  I  a  r  a f  a  I
-f- f- .-a-ar a r a r t  a t  t  t  r  t  a a.a r.  r  r  r-r1'r ',  r . . 1 . .  

t  a l  ^  r . . . .  o .  I  !

f f i  lo{Z mmffi :
r r a a r  r r r r o r r r - j
r .  a a l t a a t a l f  a l r a a a t t f  t a a l r . t r
r . r . a a  f  a a  I  t  t o a a  i  a  t t t a  a  a  r  a a  a a  a  I' _ . - .  i  I  t a l  a a  t a l a r a a f  a ! a a t  a r  ! .  l .t a a a  a D a a a t a a a t a a l t l t t t o t a t o a
r l r r . . a r a a a a a a a a t a a r r o i o r r r r i
r t . a r a a t t a o a a a l o a a a a a a r a r a a a
r a_. r a I  a t  a a a a a a a a t a a t a a t a a , r  a It a . l t a t a t a a a t a a a a a a a a a t a a a  t ar . a  r r a a a r r f  a a a a O t t l t l a . t a r t a a .
i l a a a t t a a e a a a . a a a a a a a a f  l a a a a'  t  a  a a t a a t  a  a r a . a  r . . r  a  t l  I  r  a  t - . - i r.  l .  t a  r a a  a l a O a ' l l  a  t a l r a  a t  t  f  a  I  I'  4 .  r  f  r a  a a  a t  t r  t a  a a t a a t t  a . .  I  r a - a
a . t  t a t a l r t t t a t f  t a a a f  a a . r a a r a l
a a t t l a a l a a a a a a a a r t a t a l f  a f  o a t

r .  r  l  a  t  a  a  f  a  a  r  a  a  r  r a  a  a  a  a  a  r  o .  a  a  a i

\

/

I
/

l*--- ,9s milf ,f
F i g .  3 l  o a

I I. Turn clutch shoulder to diarneter
using old stern as a guide for length,
f igure 3 I -  63. pol ish arl  sulfaces f inish-
ing with 4/ A erne ry buff .

A+

F i g .  3 l  -  6 0
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lZ .  F i le  square on stern.  This  can be
done using a f i le attachrnent as i l lustrat-
ed in  f igure 3L -  64.  t r ' igure 3 l  -  65 i l *
lustrate s the four end posit ions of the
stena as the square is turned using the
index plate in the head of the lathe as a
guide. The square can be rneasured with
a microrneter and left  several hundred-
ths of a rni l l i rneter larger than the
finished square. To f inish draw f i le
square to proper thickne s s. Rernove
from lathe, pl?cing winding pinion
s houlde r in lathe c huc k and c ut s lot,
f igure 3I  -  66.

F i g .  3 l  -  6 7

SEC. 533 - How to Malre a Stem
Without a Sample

1. Turn down a rnetal plug until it
j us t  en te rs  ho le  in  p la te ,  f i gu re  3 l -67 .
At t i rnes i t  is necessary to round up the
hole in the plate with a broach before
rnaking this plug.

2 .  Se lec ta  p iece  o f  d r i l l  rod  s l i gh t -
ly larger in diameter than the plug and
of sufficient length for a complete stern.

3. Thread the end of stock the same
tap s ize asthe crownto be used and long
enoughto extend outside the watch case,

4. Rernove frorn chuck and place
threaded por t ion in  a chuck of  correct
size, Hold pillar plate in position shown
in f igure 3l -68 with the outer edge of
pi l lar plate at the base of thread. Make

FILING ATTACHMENT

F l g .  3 1  6 t |/ Fosr
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a rnark with the point of your graver as
indicated by dotted l ine A. This wil l  be
the winding pinion seat. Make a rnark
with the point of your graver as indi-
cated by dotted l ine B. This wil l  be the
pilot seat. Allow sufficient length frorn
this rnark for the length of the pilot and
cut  of f  as at  C,  f igure 31-68.

5. Rernove, harden, and ternper to a
blue.

6. Place threaded port ion in a chuck
and turnthe outside diarnetertothe dia-
meter of the plug or until it fits the hole
in plate snugly, f igure 3L -69.

7 . Rernove stern frorn lathe and
catch up on full diarneter of hub, figure
3  I  - 7 0 .

8, Turn pi lot to correct diarneter
and length,  f igure 31 -70.  I f  nece s sary,
a p lug can be rnadeto ascer ta inthe d ia-
rneter of the hole in plate for pilot.

10. Sl ide the clutch over a taper pin
and rrleasure the diarneter with a rnicro-
rneter at the point where the hole contacts
the pin. Mult iply this resultby the con-
stant I  .  3 9. Thi s re sult  wi l l  give the
diarneter  of  sect ionA,  f igure 3 l -72,  f rorn
which the square is to be f i led.

Fi le sguare on stern,

lZ. Cut slot in stern. To locate slot
insert stern into plate and with the wind-
ing and setting parts in place and in the
winding posit ion place a rnark on either
side of the point of contact between the
setting lever pin and the unfinished stern.
Be certain that the slot in stern is wide
enough and deep enoughto al lowa rnini-
rnurn of play when set lever screw is

t ightened.

r t
r__ A _--..-..*i

F i g ,  3 1  7 2

1t

9. Turn do'wn winding
shoulder until winding pinion
go on ,  f igure  31-?1.

pln1on

wil l  just
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SEC. 534 - Repivoting

I t  is not oftenthat we are cal led upon
to repivot a pinion or a balance staff.
This ,  however ,  was considered a. r l  EC -

cornplishrnent by the old rnaster watch-
rnaker but with today rs standardized
rnaterial i t  is more practical and profi t-
able to purchase a new staff or pinion.
At tirnes you rray find it profitable to
repivot  a p in ion,  especia l ly  in  c lock
work,

I .  Draw temper in pinion. Figure
3L-7 3 i l lustrates the rnethod by which a
copper wire is cr irnped on to the pinion
and heated until the pinion turns to a

l ight blue.

ALCOHOL FLAME

F i g .  3 l  7 3

Z. Plac e pinion in lathe c huc k and
rnake certain i t  is running absolutely
t rue,  f igure 3L -74,  I f  necessary,  cernent
in a hollow cernent chuck.

3 .  C e n t e r ,  f i g u r e  3 I - 7 5 .

4. Dri l l  hole sl ightly larger than
the diarneter of the finished pivot,
f i g u r e  3 L - 7 6 ,

5. Rernove from lathe and take a
blued pivot wire sl ightly larger than the
finished pinion and chuck up the lathe.
Turn down the diameter of this wire,

f igure 3L-77, unti l  i t  just starts into
ho le ,

F i g .  3 f  7 7

COPPER TUBE
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6. Drive pinion into wire as in
f igure 3l -?8 using a f lat face hol low
staking tool punch. At tirnes, it is neces-
sary to reverse this process and drive
the pivot wire in the pinion.

7, Rernnurrt pinion in lathe, figure
3I -79 , and finish pivot to the prope r dia-
rneter and length, f igure 3I-80.

The sarne process is usedto repivot
a balance staff .

SEC. 535 - Rebushing a Train Wheel

At tirnes a train wheel which is out
of true can be corrected with a rounding
up tool and cutter. The rounding uptool
which is used to round, up the teeth in
the wheel after the wheel is riveted to
'the pinion, is not used rnuch by the
watchrnake r rs c raft here in the United
State s ,

One of these tools is shown in f igure
3l  -81,  The wheel  to  be operated upon
is placed upon a srnall table at A between
two vertical runners with guard-pivot
centers. The cutter is f ixed at B to a
suitable arbor chuck in a srnal l  head C,
which is turned by hand-wheel D, a
supplernentary pulley E taking all strain
off the axis. The three rnilled-headed
nuts seen at F; G, and Hare for adjust-
ingi F for rnovingthe lathe-head so that
the cutter is in the sarne plane as the
axis of the runners, a posit ion which is
deterrnined by the pointer D; G for ad-
vancing the wheel against this cutter;
and H {or setting the plane of the wheel
to pass through the axis of the lathe-
head as indicated by the index K, The
tool is accorrapanied by a nurnbe r of
cutters to suit  the various sizes of teeth
as well  as of tables to support wheels of
diffe rent dirnens ions .

An enlarged view of the rnill cutter
is shown in f igure 3L-82. Section A-B
of the circurnference is cut away and
replaced by guide C-D made of spring
steel and f ixed to coincide with the edge

F i g .  3 l  8 0
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of the cutter at D and inclined at C in
order to cornpel the cutter t<l pass at
each rotation into consecutive spaces of
the wheel ,  Two screws are prov ided,  E
Jor setting the guide opposite the edge of
the cutter, and F for placingthe free end
of the guide opposite to the space between
te eth.

larger than the diameter of the train

wheel. Cut out a section as in figure

3I -83 so that the train wheel wi l l  f i t  in

without any side PlaY.

3, Cernent wheel in cernent chuck,

f igure 3 l -84.

TRAIN

WHEEL

4. Bore out ce'nter of wheel with
bor ing tool ,  f igure 3 l  -84.

5. Remove wheel from cement
chuck, boi l  and clean with alcohol.

BORE
OUT

! r r r t t t l  a J -

c

D
- - - - - r l l a

For the average
possible to true up a
following rrranner:

1. Rernove train

watchmaker, it is
train wheel in the

wheel frorrr pinion.

CEMENT
BRASS

Z. Select a cernent brass sl ightly
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F i g .  3 l  8 5

6.  Place a p iece of  brass wire in
lathe I center and drill hole slightly
srnaller than the train pinion, figure
3l -8 5, Turn shoulder unti l  whee I just
fits, leaving a srnall portion extending
through wheel so that i t  can be r iveted,
f i gu re  31  -86 .

8 6

8. A. Stake wheel to hub as in
f igure 31-89.  The punch used for  th is
operation wil l  leave indentations as i I-
lust rated by A,  f igure 3 l  *90.

B.  Broach ou t  ho le  in  whee l  and
replace on pinion.

F i g .  3 l  8 9

3 I  E E

7. Cut a groove leaving a short hub
as in  f igure 31-87,  $al r  o f f ,  reverse in
chuck of proper size andface off hub as
in  f i gu re  3 l -88 .

STAKING
PUNCH

WHEEL

F i g .  3 f  9 0
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SEC. 536 - Replaeing a Hook
in Barrel

'When 
the hook in the barr el bec orne s

broken or  worn,  the pract ica l  th ing to do
fromthe standpoint of t i rne is to replace
the barre l ,  At  t imes th is  is  impossib le
and i t  becomes neces sary to  replac e the
hook.

I  .  Loca te  cen te r  D ,  f i gu re  3 l  -91  .
This  wi l l  be the center  for  the hook.  I t
is found as fol lows:

A-B-C
T +B=P

D-

B
I
t-- -

Ti
A

F i g .  3 l  9 l

Z . Set a pai r of divider s to thi s
dirnension and sc r ibe a l ine on outside
o f  ba r re l  as  shown a t  D ,  f i gu re  3 l -92 , .

F i g .  3 l  9 2

3.  Center  punch barre l  as in  f igure
3  I  - 9 3 .

4,  Select  tap s ize,  dr i l l  ho le and tap
bar re l ,  f i gu re  3 l -94 .

5 .  Thread  a  p iece  o f  d r i l l  rod  as  in
f i g u r e  3 l  - 9 5 .

6 .  Turn  d ia rne te r  B ,  f i gu re  3 l  -95 ,

slightly srnaller than width A, figure
3 L  - 9 4 .

F i g .  3 l  9 3

F i g .  3 l  9 t +

7.  Shape as in  f igure 3 l  -9  6 to  a l1ow
for  the th ickness of  mainspr ing.  The
dashed l ines i l lustrate the r irn of barrel,

*_r +
f--rc

CENTER PUNCH

ROUND ANVIL
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F i g .  3 l  9 9

\ |  7 /y Fis.sr e6
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t....1
\ {
\::\\
\{ \ oLD sEcrtoN
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8.  Turn of f  thread as ind icated at  A,

f i g u r e  3 I - 9 6 .

9.  Cut  groove,  saw of f  end,  reverse
in chuck of  correct  s ize and f in ish end

as  in f igu re  3 l -97 .  The  hook  shou ld  now

be sl ightly longer than the thickness of
rnainspr ing,  f igure 3L -97 .

I  0 .  Sc rew in to barre l  f rorn the ins ide,

f i g u r e  3 1  - 9 8 .

F i g ,  3 l  1 0 0

t  4 .  Replace in  barre l  f rorn ins ide.

Screw in t ight ly  and cut  of f  excess at  A,
f i g u r e  3 l  - 1 0 0 .

SEC. 53? - Calculating Lost Wheels
and Pinions

To ftndthe number af teeth far aeenter
wheet, I f  the nurnber of leaves in the
fourth pinion goe s into the nurnber of
teeth in the third wheel eight t i rnes with-
out a rernainder, the leaves of the third
pinion rnultiplied by seven and a half
wi l l  give the teeth for the center wheel.

If the leaves of the fourth pinion go
into the third wheel seven and a half t i rnes
without a rernainder, the leaves of th"e
third, pinion rnult ipl ied by eight wi l l  give
the center  wheel  teeth,

T o  c a l c u l a t e  a m t s s i n E  t h i r d w h e e l  a n d
pinton.  When the c enter  wheel  d iv ides
by eight without a rernainder the quotient
wil l  be the nurnber of leaves for the third
pinion and nurnber of leaves onthe fourth
pinion mult ipl ied by seven and a half wi l l
be the nurnber of teeth for the third wheel.

A S

F i g .  3  |  9 8

I  I  .  Mark ver t ica l  and hor izonta l  l ine s
i n  f i g u r e  3 1 * 9 8 .

LZ. Rernove and shape hookto f i t  hole
rnainspr ing,  f igure 3L -99 .

13 .  Harden  and  temper  to  a  b lue .

BARREL

1 n



S e c t  i  o n  5 3 8 MASTER }YATCHMAKING L e s s o n  3  |

When the teeth in the center wheel
divide by seven and a half without ? re -

rnainder, the quotient will be the nurnber
of leaves for the third pinion, and eight
tirnes the leaves of the fourth pinion will
be the nurnber of teeth for the third
wheel.

To ealeulate a misstn9 four th wheel
and ptn lon.  Whenthe leaves of  the th i rd
pinion go into teeth of the center wheel
eiglrt  t i rne s without a rernainder, dividing
nurnber of teeth in the third wheel by
seven and a half will give the nurnber of
leaves for the fourth pinion.

Whenthe leaves of the third pinion go
into teeth of the c ente r whee I s even and a
half tirnes without a rernainder, dividing
nurnber of teeth in the third wheel by
eight wi l l  give the nurnber of leaves for
the fourth pinion.

Io f  tnd the nunber  of  t ,eeth f  or  the
fourth uheel when the wateh has an
1pr000 traIn. This rnay be done by corn-
paring the rnotion of the balanc e with
that of anothe r whic h i s known to have an
18,000 t ra in.  The v ibrat ions rnay be
counted for half  a rninute or rnore.

An  18 ,000  t ra in  ba lance  g ives  300
vibrat ions a rninute, or, i f  al ternate
vibrat ions are counted (which is rnore
c onvenient),  the re wil l  be 7 5 in half  a
rninute.

When the watch is found to be an
I  8,000 t ra in,  rnul t ip ly ing the e scape
pin ion by l0  g ives the nurnber  of  teeth
for the fourth wheel.

!

To.caleulate a mtssl .nE eseape ptnlon.
The teeth of the fourth wheel wil l  always
be divisible by either 8 or 9 without a
remainder and the quotient wi l l  be the
nurnber of leaves for the escape pinioyr.

The nurnber of teeth in the escaPe

wheel  wi l l ,  o f  course,  be f i f teen in  a l l
rnodern watches.

It  is seen that the calculat ions for

the teeth and pinions in a modern watch

train is a sirnple rnatter. For other

trains that do not carry second hands

the procedure is sonrewhat dif ferent.

SEC. 538 - RuIe for Calculating
Any Train of Wheels,

T r ains are divided into two c las se s ,
sirnple and cornpound. Sirnple gearing
consists of two or rr lore wheels Ereshing
di rect ly  in to each other ,  each oni ts  own
bear ings.  Cornpound gear ing consis ts  of
a ser ies of  wheels and p in ions,  two or
rrrore rnounted on the sarne staff.

In sirnple gearing, the dif fe rence
between the nurnber of teeth in the f irst
and last rnernbe r s of the train dete rrnine s
thei r  respect ive revolut ions,  i r r€sp€c-
tive of the nurnber of. rnernbers or the
nurnber of teeth in the other wheels; the
interrnediate wheels sirnply transrnit the
rnotion frorn one to the other.

In corrrpound gearing every rnernber
of  the t ra in enters in tothe calcu lat ions.
T o rnake the s e c alc ulations three thing s
are predeterrnined: The nurnber of
revolut ions the last wheel in the train
gives for one of the f irst;  the nurnber of

rnernbers that constitute the train; the
nurnber of leave s to be given to each
pinion.

Rule , - - The pr irne f actor s of the
product of each pinion and the nurnber of
revolut ions of the last wheel, rnult ipl ied
together and arranged in the nurnber of
groups corresponding with the nurnber
of wheels required, gives the nurnber of
teeth for  those wheels.
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For an exarnple we

train, frorh the center
18 ,000  t ra in  wa tch .

wil l  calculate the
wheel on, for an

This g ives us
th ree  3s ,  two  5s ,

as pr i rne factors s ix  2s,
and one Z.

First operation: The number of teeth
inthe escape wheel  is  f ixed at  15.  Each
tooth delivers two irnpulse s to the
balance; therefore,  d. iv ide 1g,000 by twice
the nurnber of escape teeth__30.
Exarnple:

30) t80oo(600
180

The nurnber of revolut ions required
of  the escape p in ion is ,  thereforJ,  500
per hour.

Second operat ion:  We wi l l  se lect  for
the nurnber of leaves inthe pinions: 9 for
the third; 8 for the fourth; ? for the es_
cape. The nurnber g selected for the
third is unusual, I t  is done for the pur_
pose of demonstrating the adaptability
o f  the  ru le  to  a l l  cases .

Multiply the pinions and revolutions
togethe r :

72
T

5A4
600

56'UT'10"--

Ascertain the prirne factors
nurnber:

of  th is

We will take for our first group two
3s  and  th ree  2s :

t8
z

3E-
z

3
3-9*

2

7?,

This gives us TZ teeth for the center
wheel .

9
I

We will take for the next group one
5, one 3 andtwo Zs, which rnult lpl ied to_
gether will give us 60 teeth for the third.
wheel .

'14re 
now have left one 7, one 5, and

one Z, which rnult ipl ied together gives
70 teeth for the fourth wheel.

Thi s c ornplete s the train, which it
wi l l  be seen is  correct  for  the purpose
requi red.  The center  wheel  has 7 z
teeth and as the third pinion has g leaves
the center wi l l  give i t  g revolut ions, The
fourth pinion has g leaves and as the third
wheel has 60 teeth, i t  wi l l  give to the
fourth 7 -I  /  Z revolut ions. Seven and a
half t i rnes 8 being 60, the center wheel
will give the fourth pinion sixty re_
volut ions,  which is  correct  for  carry ing
a second hand,  The escape p in ion having
? leaves and the fourth wheel ?0 teeth,
the four th wi l l  cause the escape to r€_
volve ten t imes,  The number Of  re_
volut ions wi l l ,  therefore,  be l0  t i rnes 6A,
o r  6 0 0 .

z)3a240A
z)rs lz00
z)7 s 60a
2 )37800
2 )18900
z)9 4sg_
3)+7 ?.1
3) 15_?5
3)I?5_
5)l ?_5*
s)35_

7
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3 l

{ -

KNEE PUNCH

02

C Y L I N D E R
STAKE

A

F is ,

B

F i g .  3 l  t 0 l

SEC. 539 - Fitting New Cylinder Plugs

F i g u r e  3 I - l 0 l  i l l u s t r a t e s  a  S w i s s
Cylinder. The upper and lower pivots
are rnade in the forrn of plugs A and B,
which are f i t ted into the cyl inder fr ict ion
tight. The upper plug is the longer of the
two and, in sorne cases, this plug rnay be
driven out far enough to admit the turning
of a new pivot. Cyl inder plugs are driven
out with a knee punch i l lustrated in f igure
3 l . l 0 Z .  A  c y l i n d e r s t a k e o r  a  h o l e  i n t h e
die plate is used to hold the cyl inder when
rernoving the plug, The hole inthe cylin*
der stake or die plate rnust be large
enough to allow the entrance of the plug
but not the cyl inder, A few l ight taps of
the knee punch is al l  that is necessary to
drive out the old plug. The new plug rnust
be rnade to fit friction tight without a
taper, l lse the rnicrorneter to rneasure
the old plug.

l .  Select  a p iece of  b lued dr i l l  rod
slightly larger than the diarneter of the
plug,

Z. Turn down outside diarneter to
p roper  d i rnens ion ,  f i gu re  3 l -103 .

Ll;
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te

;h

f ,

d

ct\

-

TLINDER
PUNCH

PLUG
a1fll-d'-

l

)

L

?

3. Cut,  gr ind,
shape pivot on the

4. Cut a square
to equal shoulder on
f i g u r e  3 1 - 1 0 5 .

and pol ish a con
end ,  f i gu re  3 l  -104 .

shoulder, the lengt
old plug and cut ofi

5. Turn plug
f in ish end,  f igure

F i s .  3 l  1 0 5

around in lathe an
3r -106 .

F i g .  3 l  1 0 7

6. Place plug in die plate of staking
set or cylinder stake and with a punch
shown in  f i gu re  31- t  0?  p laced  ac ross
the inside wal1s of the cyl inder, press
plug into plac e.

F i g .  3 l  1 0 6
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SEC. 540 - Additional Tools

There are any nurnber of additional

tools used in watchmaking by rnen who

have been at the bench a good many year s '

As you progress wi th your  pract ica l  ex-

perience you too, will acquire additional

tools. New tools wil l  be developed and

rnanufactured which will aid you in your

work. You wil l  becorne aware of other

tools and rnaterial systerns through the

catalogues of the supply houses. Other
watchrnakers will recorr:rnend tools.

You should read rnagazine art icles

and acqui re a good reference l ibrary of

old and new books.

The following illustrations and de -

scriptions are a few of rnany additional
tools necessary at one t irne or another:

F igu re  3 t -108  i l l us t ra tes  a  ba lance
chuck sornetirnes known as a ttbailontt

chuck. The pivot projects throughconvex
face of chuck and a hardened steel bur-
nisher c an be used to f inish end and
sides of pivot.

tu
EH

F i g .  3 l  1 0 9

Figure 3l  -110 i l lustrates a dr i l l
chuck for a watchrnakerrs lathe. It has
a capacity up to I /4".

F i g .  3 l  -  l l 0

Figure 3 l  - I  I  I  i l lust rates
device.  I t  is  used in  the head
lathe with a wire chuck, It
back seat in chuck for a jewel

other small piece s that lack
and reguire a shal low seat to

a stepping
stock of a
affords a
sett ing or
thic kne s s
set  in .

EF= EF= FF= -I==a

F i s .  3 l  l f  l

F  i g .

F igure  3 l -109  i l l us t ra tes  a  whee l
chuck.  These chucks are used to catch
up wheels on their largest diarneters
and corne in  d i f ferent  s izes wi th gradu-  r : -
a t e d .  s t e p s .  

-  r l g '

3 l  -  1 0 8
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F igure  3 l - l  l 2  i l l us t ra tes  a  3 - fawed
Chuck with a self centering sc roll rrov€-
rnent. Jaws are reversible.

F igure 31-1 13 i l lust rates a s l ide rest
with 3 sl ides. Top sl ide contains tool
post. Dials are graduated in t / t00 rnrn.

Figure 3l - l  l5 i l lustrates the wheel
cutting attachrnent bolted to a slide rest,
adjustable to any conceivable position.

F i g ,  3 l  l 1 5

Figure 3 l -116 i l lust rates an index
for wheel cutter with index holes up to
3  6 0 .

Figure 3 l  -  I
cutting, grinding

14 i l lustrates a wheel
and drilli ng attac hrnent.

F i g .  3 l  l 1 6

Figure 3t  - l  I  ?  i l lust rates
stock chuck holder.

a tail

F i g .  S l  l l {
Figure 3 l -118 i l lust rates an arbor

chuck for mounting wheels, saws, laps,
etc.

F i g .  3 l  l 1 3
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F i g .  3 l  t 1 8

F igure  3 l - l l 9  i l l us t ra tes  a
dri l l  chuck used with the regular
c huc k.

F i g .  3 l  l 1 9

F i g .  3 l  1 2 0

Figure 3l -120 i l lustrates an tt l , t t  tool

re st which is used in place of regular trTft

rest with face plate or 3-Jawed Chuck.

The se tools and rnany othe r s will
find their way into your shop as your
work requi res.  Make i t  a  pract ice to
keep abreast withthe t imes and endeavor
to have the best tools possible in order
to turn out the best work.

F is .  3 l  l 17

pivot
taper



note:

(No job sheets are associated with Lesson 31)


