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Section 376 UASTER IyATCHMAKING Lesson 18

SEC. 376-How Haircprings Are Mode

r I t

I he study of the hairspring is a
fascinating subject about which many articles haye been written. In
our treatment we are restricted to the actual operations required. to
repair or adjust the hainspring whieh is furnished with the watch. No
attempt is made to delve into the many theoretieal diseussions and
problems.

Although the watehmaker usually buys his own hairsprings and is
not concerned with their manufacture, yet aimost €veryoue is curious as
to how a hairspring is made. The following description and the method
used by early watchmakers is therefore given to satisfy this curiosity.

?empered steel wire from which hairsprings are made is usually
Iow in carbon- It is first drawn round to a diameter slightly less than the
width of the fini.shed flat wire. It is then rolled flat to the required,
thickness' In drawing and rolling the wire great care must be exercised
to a'oid breakage or injury to the surface. Frequent annealing is
ne€essallr to prevent cracking. The reduction must be done a very litge
at eaeh drawing and if the rolling is not always begun at the same end
the wire will break. For this reason, in ttrawing and rolling the wire is
pa.rsed from a spool or arbor through the plate or rolls and wound, on-
to another arbor- It must then be unwound and wotnd. an the original
arbor before being again drawn or rolle<l. ?o produce a spring of a
required strength by bringins the wire to the proper dimensions is a
matter of extremely fine measurements. In an 18s hairspring, a differ-
ence of one ten thousandth of an inch makes a difference in time of six
minutes an hour.



Lesson lt MASTSR WATCHMAKING Scction 376

Fie. l8-l

Figure 18-2 will give you an idea cf how
the springs look when wound in the box.
They are then hardened and tempered to a
blue. 'Ihe boxes must be esamined after
each use and trued out if necessary. Every
imperfection in the chamber will be repro-
duced in the hardened springs,

When the hairsprings are to be
hardened and tempered they are
coiled in a box, usually of copper,
as shown in figure 18-1. A, figure

18-1, is a plan and B a perspective

view of a hairspring box. It is
provided with a hole in the center
through whieh projecls the end
of an arbor C, whieh is in turn
provided with & scre'w D. The
arbor is slotted for the reception
of the ends of the wires and the
screw hold.x them in place. The
box shown is for three springs and
has three slots each marked F,
through which the wire enters.
A cap is put down over the wire
and the arbor turned. until the box
is wound full. The spaces between
adjaeent coils will then be twice
the thickness of the wire. Wide
coil springs are wound up four
in a box; elose coil springs, two
in a box.

Fis. l8-2
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(Inse rt irr L e s son Text I 8)

Although hairsprings were originally made of steel, a variety of other metals and
al loys are used in present day spr ing manufactrrre" Steel  hairspr ings were sub-
ject  to temperature changes, magnet ism and rust"  Ear ly in our present century,
Dr" Char les Gui l laume, L9?,0 blobel  Pr ize winner in physics,  invented Invar ( f rom
"invar iable") ,  a nickel  a l loy which was non-magrlet i .c,  non*rust ing and l i t t le af-
fected by temperature changes" lnvar was used for mono-metal l ic  balance wheels.
La ter ,  in  19L3,  Dr .  Gu i l laume invented  E l invar ,  a  36% n icke l  a l loy ,  harder  than
Invar,  and which came to be widely used for hairspr ings.  In recent yearsl  r rd.nu-
facturers have pr:oduced ei lJoys of  h igher nickel  coir tent ,  such as the 4Z% Ni-Span
(l ,^ tl

Beryl l iurn,  one of  our l ightest  rnetals,  is  a lso ' : -sed for hairspr ings rvhen al loyed
with i ron,  copper,  cobal t ,  or  other rnetals,  The resul t  is  harder than El invar,
but other propert ies are about the sarne" Nivarox is one trade name for a beryl-
l iurn alloy hairspring.

Cther  meta ls ,  such as  phosphor  b ronze,  s ta in less  s tee l ,  n icke l  s i l ver ,  o r  s i l ver
al loys are u^sed for the manufacture of  special-purpose hairspr ings"
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SEC. l17-?urpose of the Hoirspring

Dr. Hook, irrt entor of the hairspring,

enunciated the celebrated maxinr, "IJt tensio sic vis" -'{;{g is the tension, so is the

power-" This principle is inherent in the hairspring and con-qtitutes its chief value

as a governor for a wateh.

When a watch is in beat, the roller jewel rvhen at rest is on a line drau'n from the

center of the balant3e .staff to the center of the pallet arbor- This is called "the l ine of

centers."

Let us suppose that a balance which is perfectly in beat is started from the line

of center.c. The first impulse delivered by the escapement moves the balance through

a short arc, producing a eertain amount of tension in the hairspring. The tension thus

set up is sufficient to carry the balance to an equal distance on the opposite side of

the line of eenters. fn passing to this point it receives another impulse u'hich adds to

that power and carries the balance sti l l  further. This action continues unti l i t reaches

the maximllm. The reason that the extent of the arcs of vibration does not increase
jnclefinitely aithough the impulses continue is that the balance meets with constantly

increasing resist.ance from various sources; resistance frsm the impact of the jewel

pin against the fork and the escape wheel tooth against the pallet stone; resistance

frorn the friction of the balance pivots in their jewels; resistance frorn the roller jewel

against the fork; from the pallets and escape teeth, etc- The greatest, however, is the

resistance of the atmosphere to the rim of the balanee and its screws. When the

point is reached where these various frictions ol'ercome thc forcg of the impulse, the

balance comes l.,o rest and the power acquired by this tension of the hairspring re-

verses the motion of the balance and returns it an equal distanee in the opposite direc-

tion.

As the impulses decrease in force the extent of the vibrations decreases in the

same proportiotr unti l, when the watch runs do11'n, they cease altogether.

You may have heard people say, "My rn'atch never stops except when I let it

run down." The truth of the matter is that the entire mechanism stops at the end of

each vibration of the balanee-in the averag;e watch 432,000 times every day.
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3fC. 3?8|-Exp€rim*nt in lsochronierr

Tn- balanee wheel of a

wateh ar the pendutrum of a clock oseillates {*wings back

and forth) in regular periods of time* depend,ing in ane

case up$n tlre diarneter and weight of the bslance tcgether

wittr the length and strength of the hairsprin g, and, in the

other upon the leng*h of the pendulurn,

?he ter'm "fsochrnnisrn" is *f Greek tlerivation and

means equaiity of ttme, referring expecialtry ts the pendu-

lum and the theorv, "?he bea , of a pendulum are iso-

chronal." It is irnportant thrit the *tudent understand

exactly wha* thi* mean* althtugh rve will not make any

ixochronax adjustments at this time. $u*pend frorn as hig&

an elevation as pos.sible a long piece of tight weight cord,

ar linen thread. A ceiting fixture is ideal* on the other

end of the cord approximaltely xix inches from the floor tie

a srnall weight, such as a 1? or l6 size wateh case. Obtain

a watch u'ith a xecond hand with which t* time the vibra*

tions of our improvi*ed pendulurn,
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STARTING POINT
Fig. l8-3

L. With the weight at rest, carefully pull weight

back about six inches and then release as shown

in figure 18-3.

2. Count the exact rtumber of times the pendu-

lum swings back and forth for 60 seconds, Make

a note of the number of vibrations.

3. Repeat steps 1 and 2 but this time pull pen-

dulum back about 36 inches or more, f igure 18-4.

4. Compare result*c. You will find they are the

same and from this experiment it is readill'

seen that the time required for the pendulum

to sn'ing thraugh the short arc of twelve inches,

ri- 7 2  - ?

A
I

I

I
STARTING POINT

Fig- l8-'*

figure 18-3, and the long arc of seventy-two
inches, f igure 18a4, is the same theoretically.

However, for all practical work we would have

to take into consideration the resistance of the

air and in watehes, friction of pirrots, etc. fso-

chronal adjustments in a watch are made in

order that the rvatch wil l have the same, or

nearly the same rate w'hether the balance and

hairspring are making a long or a short arc.

The longest arc will be founti when the main-

spring is fully wound and ihese arcs get shorter

as the mainspring unwinds.

J.

- lz:it'i
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SEC, l7g-Truing Hoirsprings in the Flot
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Truing a hairspring in the flat

is usually eseeuted with the hair-

spring and collet on the balance

wheel and the balanee wheel held

in a truing caliper. Release the jaws

of the caliper slightly so that the

balance will rotate freely. When

the coils of the hairspring appear

to rotate in the sarne plane when

spinning the balance in the caliper,

the hairspring is true in the flat.

When truing ttre hairspring in the

flat the bending should be confined

--we
Fb. r8-5

rRr
fig. 18-6

as much as possible to the elbow

near the collet. tr'igure 18-5 illus-

trates the coilg of the hairspring

when they are tilted up from the

pinning point. Figure 18-6 illustrates

the coils of the hairspring when

they are tilted down from the pin-

ning point. It is much easier before

placing the hairspring on the bal-

ance and making the final adjust-

ment to siip the collet over a taper
pin or broach as in figure 18-T and

levei the hairspring as close to the

dotted line as possible, using a p*ir

of fine-pointed hairspring: tweezers,

When making the final coryection

with the hairspring on the wheel

and the wheel in the caliper, eon-

centrate your observations on the

4 0r 5 inner coils, A hairspring

should never be trued in the flat

by twisting a coil in the manner

shown in figure 18-8.

- _ - - J -

{tC-:.I - '-. _3.=-J J

fis. l8J
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TAPER PIN
OR

BROACH
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{mute -  fnsert  1n }essotr ,  text  18 faciag Secttoa 5?9i

Truing Hairsprings in the Flat

As etated. in section 579, a hairspriag may be examined., errors in flat detected,
and. corrections made on a taper pin before putting on balaace vrheel. Final
examj-aation and mi".nor ad,justment are performed on t,he balance r,r;heel, With hair-
spring on the balance wheel asd in truing calipers, it is not possible to look
direet ly accross the f lat  of  the spr ing as th is v lew is obstmcted. by the r lm of
the balance wheel. The spring should be viened with the l ine of vision over the
rim of the wheel and in toward. the collet. This view rruil l  allo'.r; you to see half
of the spring from the collet to the fartirest edge of the spring, Viewlng fmm
this angle as you spin the irsheel slov,rly wil l shorir up any uobble that would
indicate the spring is out of f lat. f i i th experi.ence you should be able to pick
out the exact point  that  is  lovr or high. For def in i te ly loeat i .ng the posl t lon,
you may Lrse the ind.icator on the truing ealipers much the salre as you uould for
tn: . ing rxheels.

Correction for an out of f lat eondi-tion is at the elbow. The method used. depends
on how rnuch correction is necessary" ff spring is quii;e a bit out of f lat you ntay
grasp hairspr ing at  the elbow with f ine hairspr ing tweezers and t i l t  the body of
the spr ing in desired direct ion.  As an example,  in Fig.  l8-5 the lUustrat ioa
shol,{s the high side to be to your right. Grasping the halrspring at the elbow and
t i l t ing to your r ight  would lov;er that  s ide of  the spr ing-

.Another method., more comnronly used, is to press down on the inner coil on the bigh
side of the spring. fhis pressure should be applled. at a polnt not over a half
turn frorn the inner terminal pinniag point, The sane correctlon can be made by
lift ing on the inner coi1. The d.ecision on whether to l ift or press d.owavrard.
depends on the. l -oeat ion of  the error,  As an exarnple,  Fig.  1"8*6 shows a spr ing hlgh
on your lef t .  To correct  th is coadi t ionr you sh"ould i i f t  the inner coi l  at  the
low side. Fressi-ng d.orrnlsard on the left side would aot glve the d.esired. leverage
to make the corrective bend at the e1bow. These corrections rnay be made either on
the raheel oT on a taper pin. ltJhen truing on the wheel, the arms may interfere and
thus rnake it necessary to remove lhe spring

Even the nost experienced wateh repairmen may h.ave to rnake several attempts before
ihe spring is trued., BS there ls no way of saying how much pressure to apply in
rais lag or lovrer ing or hovr nrueh to t1 l t  the t lueezers,  etc.  I t  ur i l l  be necessary
to rely on your judgenent and cont inued. pract ice'r ; i l l  improve your judgenrent.
Keep ln mind that this is only one step in truing a hairspring. ?he spring nay
also be out of i;rue in the round or you may have rnored it out of rouad when maklng
correst ive bend.s for  f1at .  $ee sect ion 380 and sect ion 3Bb l -n lesson 19,

56 er66
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SEC. 380--Truing Hoirspringe in the R,ound

tTt
Iruing a hairspring in the

round is a difficult operatiorr requiring a great deal of

practice. rndeed, it requires an education of the eye to

deter:nine the difference between a spring that is per-

fectly true and one that is nearly so, and still more practice

to determine in what direction the greatest difference

exists. ?ruing the spring in the round should be done by

bending as nearthe pinning point as possible never extend-

ing beyond the first quarter eoil. Experts prace the balanee

and hairspring in a ealiper, spin the wheel and observe

the action of the first 4 or b inner coils of the hairspring.

rf these coils appear to move smoothly either away from

or toward the collet, the hairspring is said to be true in

the round. The hairspring should be true in the flat when

making this observation.
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Figure 18-9 illustrates a

spiral dra.wn to represent

a hairspring. A represents

the collet. When a hair-

spring is true in the round

the senter of the spiral

and the center of the collet

have the eommon eenter

at B. The slightest var-

ianee in centers will cause

the hairsprin g ta be out

of true.

Figure 18-10 illustrates
the center of the eollet at
ts and the. center of the
hairspring at A. These two

centers rnust be made to

coincide before the hair*

spring wiil be true. When

colleting a hairspring the

center coil* must be bro-

ken out enough to allow

the center of the collet to

be manipnlated over the
eenter of the spiral.
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iltote - fnsert ln losson tex'i; 18 facing
Fig. l-B*9 and. t ' ig, 18-10)

Tnring Hairsprings in tha Round

Siace the spring is a true spiral, the spacing between coils renains the safi le
throughout the body of the spriag. Truipg in the round is sirnply pJ.acing the eollet
in the eanter of  th is spiraled hairspr ixg,  As already nent ioned, correct lve bends
to rnove the collet into eeuter rnay be made at the elbour and in the first quarter
of the inner coil on1y, The only ti.rne it should" be necessary to make a bend
beyond the elbow itself is when it is necessary to alter the elbow by either maklng
it larger or sn?aller.

The prelirnirary work cf exarnination and correction is doae on a glass luork
surface, prefelably ground glass,  Fig" 18*15" The glass surface shouLd be raised
above your work bench at least a quarter inch by puti; ing legs und,er the glass.

I-ay the spring on the gLass surface and. look d^irecr)l]r down on it- Keep in mind
that the co11et ls round. and tle spring is a spiral" The soring, with collet
properly centered., shows an errer widening space between the coIlet and the first
coil, This space, starting with the elbow, should, increase for a full tura arrouncl
the collet and. this is what you look for when examj.ni.ng the spring, Keep j-n mind
the space betwees the collet and. the first eoil of the spring gradually gets wider.
At no two places is this space the same, ft should. ne?er deerease but always get
vl ider for  the fu lJ-  turn.  Sxamlne Fig.  19*3 t f ,esson i9){disregard the blolcen l ine
as i t  does not apply to th is discussion) "  You wi l l -  noie the above condi t ion"

Movlng the collet to the center of the spiral may t 'e C.one as follows; Grasp
spring with tweezers in spot from which correction is needed. and wj;th,a tapered.
pin or s imi lar  tool ,  push the col let  in direct lon to center,  As an e:a.rnplo:  Fig.
L9-7 shows point at which tweezers grasp the spriag alrd the directjon in which
the collet must be moved. (fne two black dots showing the centers must be brought
togetber) lthen you have rnoved. the collet to irha.t you believe to be center, exarnine
the spling to see that it is sti l l  true 1n flat. Make necessary comectj-ons. ff
eorrection is neeessary, the collet nay no longer be eentered,, so er-amina,tion and
possible coffeetion are again necessary. Check and recheck for trire in round and
f lat  unt i l  both are eorrect

Novr plaee hairspring on tLe balance wheel and examine again for truth in both
rouncl and flat, View both frorn salne positior. ff true, the coi,ls r, ir l l l  have a smooth
spiraling motion as the wheel is revoJved, Tf noi true, the eoiJs wilt surge toward,
and. araay from the cester, To determine the e:ract poirt of elror use lndicator olr
tnring calipers as explai.ned in section 580" Minor correciions may be performed, on
the balance uheel

56 eL67



Secfion 380 MASTER WATCHMAKING Lesson 18

Fis. l8- l  I

Turn balance r/+

turn and indicator

will appear to have

moved Va of the dis-

tance tretween coils,

f igure 18-12.

In order to teach

the student to make

the correct observa-

tions, place the bal-

arree and hairspring,

which is true in the

flat, in your truing

caliper and set the in-

dicator directly over

a coil of the hair-

spring in the position

shown in figure 18-11.

tNDtcATOR,

Fis.  t8-12
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SEC. 3$t-Lo€oting ond Correcting Bends

.n
I he student wil! find

it advantageous to make any necessary correetions

in the round and flat of the hairspring before

placing it on a balance wheel and making the spin

test. 
'When 

working in and around the eoils of a

hairspring use a piece of glass as the working

surfaee. Ground glass is preferable, figure 18-I"5.

This will drop the shadow of the hairspring: coils

allowing the workman to see each coil distinctly.

Use the best hairspring tweezers available and

keep the points protected when not in use. A small

pointed steel wire or needle mounted in a small

handle can be used to work in between the coils.

When making a bend in the coils of a hairspring

keep the tweezers vertical, and the pin as close as

possible to the tweezer points, figure 18-16.

Fis. l8-16
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In our work on hairsprings,

figure 18-I? wil l be used to

illustrate the following: Fine

pointed tweezers, taper pin,

and overcoil ing tweezers.

Figure 18-18 illustrates a hairspring

which has two bends in it, Rends of this

type are traced by foliowing the coil from

the center until a variation in space between

coils is encountered. When the exact point

of the bend is located study carefully before

attempting to make a correction. In figure

18-18 the first bend has been loeated and

the two dashes represent the points of the

hairspring trveezers which have been placed

at the bend. The dot represents the pointed

steel wire or taper pin. Holding the twee-

zers and pin close together and vertical,

carefully bend hairspring until spiral is

perfect again. A slight pressure on the

pin will move the center section of the hair-

spring. The second bend on the outside coil

is located by tracing the spiral from the

center coil. Place tweezer and taper pin as

shown and carefully bend coil in.

Fis.  l8-18

=

FINE POINTED
HAIRSPRING

TWEEZER

o
TAPER

PIN

Fis. l8-17

z=\
OVERCOILING

TWEEZER
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lYhen the eoils of the hair-

spring are spaced as in figure

18-19, the coils of the hair-

spring are again in a perfect

spiral. ?here are times when,

usuall5' due to an accident,

several coils of the hairspring

may be above 0r below the

plane in which all of the coils

should lie. Figure L8-20 illus-

trates a hairspring in which the

eollet and a few of the center

coils rise above the body of

the hairspring. This bend is

traeed by starting: from the

pinning point at the collet.

Study th.e bend carefully be-

cause it can be remedied easily

if you grasp the coil of the

hairspring precisely where the

bend is. Figure 18-21 illustra.tes

a cross section of three coils

of a hairspring, the eenter one

being the one whieh is twisted

or bent. In this case, lay the

hairspring on yolrr ground glass

plate and grasp the part of

the coil whieh is correct with

a pair of hairspring tweezers,

A, figure 18-21. With another

pair af tweezers, B, figure

18*21, placed as close as pos-

sible to the tweezer A, and

on the bent position, bend coil

in direetion of arrow, and all

coils again iie in the sarne

plane.

TWEEZER
-A-
-

Fis. 18-20

TWEEZER

Fie. l8-21


