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TIME AND TIMING

Bea thn minnies bow they runl

How mam e beur csmplats,
Hew many hours bricg about the day,
Baw miany tlays will up tha year

NE revolution of the earth on its axis in relation to a hxed
star has, on account of its pertect uniformity, been adopted
as the standard for measuring time. We are iold that three
barlevcorns make an inch, and thet the distance from the
Fquator to the North Pole is very near 1,000,000,000 centi-
v otors. But wo knew, prsitively, from the calculations of

the erlipses that one revolution of the earth is made in exactly the same

length of time now as 2100 years ago within 1504 part of a second.

The lime required by the earth in making cne revolution on its
axis, in relation to a fixed star, is calied a sidereal day, and is about }§65
ghorter than a mean solar day. This differance 5 caunsed by the earth’s
travelling sround the sun once a ye=ar, in what might be called the same
direction as it revolves on its axis. This, from our point of view, makes
the sun lose one round in every 366, as compared with the fixed stars.

Trus sun fime isthe time occupied by the warth in making ene ravalu-
tion on its axis in relation lo the sus, — that Is, from midday to midday,
as the sun passes the meridian, The duration of these intervals varies dur-
ing the yaar, bacause the earth's orbit around the sun is not ciroular, but
elliptical, with the sun in one of the foci, The earth travels faster when
it is in the part of this orbit which s neares the sun, on account of the
greater attraction of thet body. The variation of time during a year from
this cause is as grealas sevenioen minutos plug ar minus {rom mean tme.

Mean time is obtained by dividing a whols year in as many equal
parts as the numbes of solar doys it contains. If wa take one of these
wean solar days of 86,400 secords for a comparison, the sidereal day is
86,164.00 seconds long, or exactly 3 minutes 58.91 seconds shorter
than the mean solar day.
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To illustrate the general principles of timing, it may be of interast
to first make a comparison between the balance in a watch and the
pendulum in a clock, as both of them evidently perform the function
of measnring, o1 beating, time.

HOW THE PENDULUM WORKS

The pendulum, as we all kaow, tequires no special spring to bring it
fo ils center line, the perpendicular, as the force of gravity furnichos the
necessary power for doing this work in a very ideal way. When a pen-
dulum is put in molion, it malkes a vibration in a cerfain interval of
fime, in propartion In ils lenath, ragardless of its weight, because the
foree of gravity acts en it in proportion to its mass, The length of a
perdulum is reckoned from its center of suspeunsion lo its cenier of os-
cillation, which latter point is located a ghort distarce below the middle
of the bob, I & weight is added above this point, the clock will gain, be-
ause it raises the center of cscillation and has the same effect on the
limekeeping as raising the whole bob. which is equivalent to a short-
ening of the pendulum. If a weight is added below this poiat, it bas the
opposite effect, as it really lengthens the pendulum

Reasoning from these facts we come to the conclusion that we can
make a certain change in the rate of a clock in three diflerent ways.
We may make it gain (1) by mmising the bob, (2) by adding weight
above the center of oscillation, and (3) by reducing the weight below
that point.

An interesting fact in relatios to the pondulum, which may not be
generally known among walchmakers is that its rate of vibration varies
alighily with change of latitude, and also of altitude (that is, its height
above the sez level), making a clock lose at the Equator and at high
altitudes, and gain as we go nearer the sea leval and the Poles. This is
due parily to the distance from the center of the earth, which is greater
at the Equator than at the Poles, and partly to the centrilugal force
resulting from the rotation of the earth on itz axia,
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Both these faclors fend to make an ohbject weigh lesa (on a spring
balance), at the Equator than at the Poles, and also cause a change in the
rate of a clock. In a tabls on page 31 is given the value ol gravitation (g)
and the length of a peadulum beating seconds (1) for a few priaeipal
peints, and alss formulas by which these factors may be calculated for
any place on the earth of which the latitode is known. Ia view of these
facts we might state, as a fourth way of makirg a clock gain — although
nct a very practical one — is fo move it to a locality nearer the Pole,

HOW THE BALANCE WORKS

A balance differs from a pendulum in three fundamental respects:
firat, it i2 poised; consequently the force of gravity has no efect on it
excert aq it influences lhe friction on iks pivots; second, the oscillations
are contiolled by a spring instead of the force of gravity: third, a weight
added to a balance will increase its inertia and hence will always make
it vibrate slower, provided it is not thereby put out of peise. The retarding
elfect will be greater the farther the weight is placed away from its center
since the inertia of the balance doponds not enly on its weight bt also
on its diameter.

One difficulty encountersd in the first atlempt to make aceurate
pendulum clocks was the variztion in the dimensions of metals cansed by
differonce in temperature. All metals have the property ol expanding
with increase of lemperature, the different metsls showing a somewhat
diffarent rate of change. An alley of iron and nickel (64 parts of iran
and 30 parts of nickel) called Invar expands less than any other metal:
less than !¢ as much as iron — over the same temperature range.

In the timing of clocks the length of the pendulum is all-important.
In a watch the rafe is aliscted by the stiffness of the spring, as well as the
dimensions of the balance and spring. As tempersture zffects all these
factors, especizlly the stiffngss of the spring, it is aksolutely necsssary to
devise some means of compensation before reliable timepieces of sither
form ean be made.

So Bar as this problem applies to clocks, the mercury pendulum
proves tc be a very satisfactory solution, at least so lar as accuracy is
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comcerned. The bob of this pendulum is composed of one or more tubee
af glass or (ron, and these tubes are filled with mercury to a cerfain
height. When of prozer dimensions the expansior and contraction of
thiz eglumn of mercury raises or lowers its mass lo exactly compensate
for the change in the length of the pendulum rod due to verlations in the
tamperature

This methed, slthough very satisfaciory for clocks, cammol, of courss,
oe applied to watches, for obvious reascns, but for this purpose we make
uae of the property of the mpigll alluded to above, namely, the diHarenea
in the ratio of expansion in diffsrent metals

A number of holea are drilled radially through the hi-metallic rim,
and thase hales are tapped fo receive the balance screws. Umally about
twice as many koles are made in the rim as the number of sorews used
in the balance; this is done to glve opportunity for maving the screwa
in the linal adjusting to temperatures. The object in using screws in the
balance rim is twolold: firel, to provide the necessary weight (mass) in
the rim, and secomd, to have this wﬂight movahle for temperature ad-
justments, as stated above

EFFECT OF TEMPERATURE

Figuwies 1-7 inclusive show low change in lemperature alfects the
hi-mefallic rim of the balanco. With a rise in temperature, the free enda
of rim bend inward toward the conter thus reducng the affective insrtia
of the balance and compenmting lor the decrease in strength of the hair-
spring. This is the greatest source of error resulting from the temperature
change,

When a wateh is to be adjusted to temperatures, it is run 24 hours,
dial up, in a temperature of 90°F., and its rate compared with & standard.
It is then run 24 houm, dial up, io a lemperalure of 40°F. I it shows a
gain in the 40° temperaturs, a8 compared with the running m the 90°,
it is said to be under-compensated. This is remedied by moving soms
screws nearer the free ends of the rim.
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Figures 1-7 illustrate etfect of tempezature

ETEEL

BRALS

Figure 1

Figure 1 shows two bars of metal of equal leagths when at normal
temperature, The detted lines indicate the relative amount of expansion
of the two metals, steel and brass.

Figuss B

Figure 3 shews the efect of heat on the bi-metallic bar The greater
amount of expansion of the brass portion cauees the bar to curve upward.

STEIL
BRAES

I cold was applied instesd of heat the bar would be turned in the op-
posite direction as shown'in Figure 4. i To Seasg =
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Figure 5 shows a watch balance in which the arms and inner portion
of the rim are of steel. The ouler portion of the rim is brass, fused to the
gteel rim, the rim being serered at bwo points near thearm, thue allowing
freedom for the movement of the rim under the changes of femperature.
Figure 6 shows this balance under the influence of heat.

Figure 3

S \
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Figure 4

Figure 7
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This will, of course, result in a greater compensating elfect, becanse
the screws which we move neater the ends of the rim must travel a
gredler distance in or out in relalion to tho center of the balance whan
the balan=e ls exposed to changes of temperature. After the screws have
been moved, the movement is fried again the same length of ime, and so
on, until it runs the same in bolh lemperatures. When a screw is moved
in-one side of the balancs, 1t is, of course, recessary that the correspond-
ing scTew in the other side thould be moved the same.

NEW, IMPROVED WALTHAM BALANCE

Ie all new Walthanr movements a new hardened balance with an
ancut rim is used, (asillustrated in Figure B) with a new allay hairsaring
furnishing temperature compensation. This combination of balance and

Figue 8
Modem Waltham Balance
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spring is not alfectad by any uwsuzl magnetic field. Previous sttempks to
substitute a combination of this kind for the bi-metallic coampensating
balancz have been unsatisfactory, beth because the hairspring was so
weak lhal unless exnephunﬂl care was used n handling, it became de-
larmed and useloss, and hecause the balances made from alloys weaker
thar ztsel were pasily deformed and made useless,

Waltham haa cvercome these deficiencies by using, for the balancs,
a non-magnetic alloy that has nearly the same hardness as stesl in the
compensating balance, and by developing a new compensating hair-
spring alloy having practicelly the same strength as the hardened and
temperud stesl spring that has always contributed to the sass of repairing
Waltham Watches.

The mesn fims screws used in the Waltham balanese furnigk an
excellent means for acourate timing, as two, on opposite sides, can be

turned an equal amount in (making the watch rurn faster) or out (slower)
without ckanging the poise of the balance.

The following is the effect of cneshall turn of fwo mean time screws:

18 size and 16 size v v. 215 ssoonds per kour
Colonial Serics and 12 giza. .. ... ... = .2'-1 sacands per bour
Ogiseand 3-Osme...... ... <+ 1y iv....3 secands per kour
Towel Beriem:. . .o v voinioiieeini ... .33 seconds per kour
10 Ligne. 315 seccnds per konr
71{ Ligne rectangular.. . .......... ... .21 gaconds per kour
4 Ligne bagustte . aieieten o215 spoonds per hour
415 Ligne nemLha-quaue o s s i vie. 8% seconds per hour
635 Ligneoval....... Cem e e e s s BV BECORGS Der bowT
715 Ligne barral ]u-pa . 214 geponds per hour
B34 Ligne round ., . [ ... 213 seconds per hour
ﬁh Ligne round. . . . ... .5 seconde per hour

4 Ligne barrel ahape ...... .5  seconds per hour
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THE WALTHAM HAIRSPRING

All Waltham hairsprings are mads of Conel. Conel is the name of
a palented alloy invenled and developed by our gkilled metzllurgists.
In order to insure the atmes! in uniformity it is produced under strict
laboratory control from the time {t s first melied and castin an indaction
furmace to the time i is formed into halrsprings.

The name itsalf, Conel, comes from' two words con-stant and
al.asticity hecause the alloy maintains nearly constant elasticity (stifness)
with change in temperature. Actually the alloy is so made that hairsprings
from it will increase slightly in stifness with a rise in temperature o com-
pensate for the expansion of the balance,

U & stecl spring wers used with a continucus rim monomatallic
halarce whee! made, for example, out of beryviium copper, the watch
would lose approximately 6.2 seconds jor each degree Fahrenhsit rise in
tempsrahire.

A rise in temperature will expand the spring, increass the width,
length end thickness in the same proportion. The offact ol changee in
width and length cancel cul but the increase in thicknes will make the
spring stiffer, actually causing an increase in sate amoanling to about
(.78 seconds. This tendency to increase in stiliness, however, is swamped
by the drop in the modulus of elasticity, that is, most metals become in-
herently more yislding with temperature rise and the spring theradore
becomea lees etiff. The earmor in rate from this source is relatively large
and amounts to 6.3 seconds so that due to the spring alone there is a nel
lcss in rate of 5.4 seconds approximately for sach degree Fahrenheit rise
in temparature.

The remsining error 0.B7 sevonds comes from the expansion of the
balance which causes & lpss in rate when the temperature rises.

The use of Conel hairsprings in watches presents a big improve-
ment when compared with steel hairsprings in unadjusted watches. Un-
adjusted watches with stes] hairsprings and compensating balances have
twenty-four hour temperature errors which vary brom losing 12 saccnds
to gaining 1.2 seconds per dogros Fahrenheit change in temperaturs ar
a tolal of 2.4 seconds per day.

Since all walches with Conel hairsprings made from any ona lot of

the alloy have identical errors; and since no lot is used which kas a total
{wenty-four hour temperatute error of more than 0,4 seconds, pet degres
Fahrechei, all walches with Conel baimsprings have temperature errars
less than 1 /6 the error in unadjusted watches with sieel hairspringe

For Waltham's highest grade movements tha hairsprings are made
from carelully selectsd lots of Conel which have a fotal twenty-four
hour tempetature error of less than 0.2 second per degree Fahreaheit
change in temperature.

An especiz] advantage of the use of Conel hairaprings lies in their
application to small watches. In very small watches fitted with steel
hairsprings and compensating balances, even when the watches are
adjusted for temperature, the bwenty-four hour temperature errar cannol
ba made loss than 1.4 seconds per degree Fakrenheit change in temper-
ature because of the limitations inherent in the size of the compenzating
balance. With Conel hairsprirgs, sines the matariz]l does not have any
arror to start with, size has no effect upon the haimpring and even the
smallest watches have a twenty-four hour lemperature error of lese than
0.4 second per degree Fahrenheit change in temperatare.

Agsoeiated with the lack of a temperature ermor are other remarkable
propecties, Conel is rust-resisting, mare so than blued steal. Springs
made of Conel have a hardness
approzimating the hardness of a
stesl hairspring, Conel is not al-
fected by ordinary magnetic Helds.

To carrect for position ertor all
Waltham hairsprings are furnished
with overcsils. An overcoll, as
shown lo the left, is an outer ter-
minal curve of the hairspring made
in conformity with Phillip's theory.
This makos the center of gravity of
the hairspring csincide with the
canter of the balanece at evary glige
of it vibration and thus reduces ‘he
position errol.
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WALTHAM LEVER ESCAPEMENT

The proper action of the humar heart is no mere essential to insure
a sound and haalthy body, than is the proper adjustment and action of
the escapement to the reliable performance of the watch. [f the waich
sscapement is properly made and adjusted, il will not only run, —but
will run with marvelous accuracy. So the time-keeping qualities of the
waich are in large measure dependent on the condition of the escape-
ment. It is, thorelere; of great importance that every watchmakor should
acquire an intimate knowledge of all the actions that are involved in
{he kinds of escapements with which he has anything to do.

The only kind of escapement used in Waltham Walches ia the
detached lever escapement, sometimes designated as the anchor escape-
ment. This escapement requires no special introduction to watchmakers,
dor by extensive use, and by the test of time, it has been proved to be the
most practical as well as the most reliable lorm. We show some drawings
ol the lever sscapement that they may be convenient for relerence, and
an aid to a clearer understanding of the text (Figures 9-15).

The function of the escapement is to impart to the balance, reqularly,
and with as small loss as possible, the power which has been trans-
mitted through the tsaln [rom the malospring to the escape pinion In
the lever escapement this is accomplished by means of bwo distinct
actions: — first, the action of the escape wheel and pallel: second. the
action of the fork and roller pin.

Figure 9 is a plan view ol the Wallhamn Lever Escapemen!, as used
in the 16 sizo, 1899, and 18 siza, 1892 modsl, movements, drawn fo scale
L0 to 1, and giving the names of the prineipal parts and features. In same
models the eacape wheel ia staked solidly to the escape pinion; in otkers
iric&an tight to the shaft of the escape pinion, It has fifteen teeth, called

"Club Teeth” on account of their peculiar shape, resulting from the
additicn of impalse faces to the ends of the testh, and o distingaish them
from “raichet teeth,” the name given to a style of pointed teeth used on
escape wheels in an earlier form of lever escapement.
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In descriptions of this escapement the term “exposed pallels is
used. This means that the pallet stones are risible, with the active ends
stending out free from the body of the pallst, as distinguished fom an
aarlier form of pallst with “covored ctonos” got in slots runming in the
plane af the pallst,

THE PALLET ACTION
The action ol the sscape wheel and pallet includes the [ollowing

features: impulse, drop, lock, draft and slide, and we will consider briefly
what constitutes each one of these leatures.

Ths pallstis of thie kind called “sircular pallel” the dislonse fiom
the pallat arbor o the middle of the impulse face iz the same for both
pallet stones. Another kird of pallet is made with "equidistant lock;”
that is, the distance from the pallst arbor fo the point where the lock takes
place, is the same lor both pallet stcnes. The pallet is mounted on iis
arbor, which is located close to the periphery of the escape wheel,

A thecrefically correct digtance in relatien fo the diameter of the
escape wheel will not allow an excess ol clearance between the pallet
and the escaps wheal leeth when opposite the pallet arbor, and for that
reason the amount of stock in the pallet is made very small at that point.
The pallst is slotted for the two pallst stones n such a way as to maks the
inside corners of the pallei stonss reach over thies teeth of the escaps
wheel, and to make the outside corners of the stones reach over two
teeth and thres spaces of the wheel, with a amall amount of clearance in
each instance, which is called the “drop.”

One other impeortant point in relation to the slotting is fo direct the
slcts in the pallel in such a way as to make the locking faces of each of
the pallet stones present to the locking corners of the escaps whesl testh
a certain angle of ""draw" when the stcnes are in the position of "lock."”

To make this condition clear, refar to Figure 9, Suppose the escape
wheel is forced in the direction indicated by the arrow, but is prevented
from turning in that direction becauss the locking face of the R pallet
sttme is directly in the way ol a looth. The particulsr tooth which is resi-
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ing oo the pallet sione is exerling a cerlain pressure direcily towards
lhe pallet arbor. I the locking face of the palle! stone wore along the
line B, which is at a right angle to that line of pressure, there would be
no tendency jor the pallet to turmn in either direction, but being along the
line C, which forms an irclined plane in relation to the direction of the
pressure, the pressure applied by the escape wheel tooth will tend 1o

LOCHING FICE

pull the pallet slone toward the escape wheel. This action is czlled the
"d‘l‘.‘&il" or “dl:'a.’i.l".”

The turning of the pallat is, however, limited by the banking pin,
and the object of the "draw” is to keep the fork against the banking pin
all the tme that it is not in engagement with the jewel pin. This astion
of “draw’' is stmilar on the L stone: the only differences are, first, that

WALTHAM LEVER ESCAPEMENT
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the pressure of the escape wheel tooth is exerled in the direclion away
from the pallet arhor, instead of towards it and. second, that tha turning
of the pallet, which in this instance is in the opposite direction, is limited
by the other banking pin.

A glanes at Figure 9 will make it apparert that the impulse face,
which is formed by the sarface between the locking and the lel-off
comers, is at a ditferent angle cn the H irom that on the L stons. The
impulse angles ol the stones in the escapement, reprezented by this
drawing, are, cn the R stone, §° 30', and on the L stone 18°. The above
refers in sach instance to the angle of the impulse face in relation to a
right angle to the locking face, or to the body of the stons. From ‘his
condition and from the direction of the pallet stones in relation to the
body of the pallet, the factory names “'straight” and “'crooked"” have been
given to the R and L slones, respectively.

It books and treatises on the lever escapement, the names "'receiv-
mg" and “discharging’ are used, bul when, es ¢ matler of dact, both
pallet stones perform the functions of receiving and discharging, one as
much as the other, these names do not seem lo be appropriate: For our
part, we preler to use the letiers R and L lo distinguish onz stone from
the other, and these letters may easily be remembered as righ! and left,
this being the order in which the stones appear as we lock et the top
of the pallel wilh the fodk turned toward ©a.

The impulse or lift is divided between the escaps whesl clubs and
the pallet stones; the two togsther cause the pallet to turn through an
angle of 87 30; the lock amounts to 1° 30, making the total angnlar
motion of the pallet abeut 10°, This is the condition when the pallet is
“banked to drop,” that is, when the teeth of the escape wheel will just
barely pass by the let-off corners of the pallot stones as the fork comes
to rest against the bankings.

A certain amount of clearance, or freedom, has fo be added to this
to allow for cil elc,, so that the bankings have to be turned away from
the center line & small amount to allow for what ls called “'slide," thal is,
the pellet stone will slide a visikle amount into the escape wheal, alter
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the escape wheel tooth drops on fo the sama. The amount of slide shonld,
however, be very small, because it causes loss of power, by increasing
the resistance to unlocking, as, in order to unlock, the escape wheel
actually has to be turned backwards against the power of the mainspring,
and the amount of this reccil is in propertion 1o the lock and slide added
together.

It is important, therefore, to notice the action of every tooth of the
escape wheal on both pallet stones, te ascertain that each pallel stone
has scme slide on every tooth, and 1o allow only a small amtunt in the
place where it appears o be closest.

In small watch escapements the lifting angle is mcreased to about
10%, the lecking angle to 2° 30" and 30' allowed for “slide’’ making a
total swing of the pallet of 137,

MATCHING THE ESCAPEMENT

The term "matching the escapement” is used to designate the work
ol bringing the different parts of the escapement into correct relation to
gach other: in other words, 1o make the necessary moves in order 1o
obtain lke proper lock, drafl, drop, alide, fork longth, let-off, etc. The
best way of learning to do this work is to have a competent instructor
who is at hand ready to inspect and to give advice, The dilficulties are
not so great in deing this work, as in correctly determining what fo do,
in arder to bring about cerfain results, and also to know when the
escapemesnt is in a prope: conditicn. [t is difficult to give in writing &
comprehensive idea of how to do this work. We will, bewover, give =
{ew points which we trust will be useful to the beginner.

The first thing lo receive attention is the cendibion of the pivols
on the escape pinion, pallet arbor and balance staff, 1o see that they are
straight, and that they lit properly in their respective holes. [tis absolutely
necessary that each pivot should have some side shake, but it is also
very important to guard against too much side shake, as such an excess
causes loss of power and uncertainty in the action of tae sscapemant.
B desirable amount of side shake iz 008 mm., and it sheuld not exeead
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013 mm., and the emcunt ol end shake should bs hom 02 to .04 mm.
As soon as these peints have been found to be correct, we are ready to
try the "lock™ and the “drop.’’ In describing the pallet action, we made
the statement thet the lock should amount to bom 17 30" o 2°¢ A, de-
pending on the sizs of tha walch This slatement is, of course, of no
practical use unlass we ars eguipped with the necessary instruments for
measuring this angls.

We may, however, us= the thickness of the pallel stones for compari-
scn and oblain practically the same resalts, by making the amount of
lock equal to L5 the thizkress of the stone, from the locking to the let-off
corner. This corresponds very closelr to the above angular measure
ments. [f the pallet siones are to be moved, in order to cheange the amount
of lock, it is very important to first consider what will be the effect of a
certain move, besides the alteration of the lock. The drop, for example.
i affected very rapidly by moving the L stene, Hance, if the drops are
equal, we should make the change in the lock by moving the R stone,

[f the lock is too strong, and the drop is larger on the outside, the L
stone should be moved. I the lock io too strong, end the drop is larger
on the inside, it # necesszry to move both stones. Move the L stone out
a small amount, and move the R stone in until the lock is correct.

HOW TO MOVE PALLET STONES

The moving of the pallet stones in or out in the slote will alsc afect
the drakt feature of the sscapement; this is a point which we should bear
in mind whenever we make a change in the position of the pallet stones.
The effect from moving the R stone out i3 to increase the draft on both
stones, whereas i the L stone is moved oul and the R stone in, it will
decreass the drai,

To ascertain thet the escape wheel is correct, the lock and the drop
should be tried with every tooth in the wheel on both pallet stones. This
should be dons with the bankings adjusted close, so as to just permit the
testh to drop. The best way lo try this, is lo move the balance slowly
with the finger while the pallet action is observed tkrough the peep hcles.

Pege 10
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Alter completing the adjustment of the pallet action, the jewel pin
action is next to be considered. The fork should swing an equal distance
to each side of the center line when the pallet is banked lo drop If we
find that [t woves farther onone side than on the other, it will be necessary
to berd the fork cloee to tho pallet a oufficient amount to bring it in line.
This is called, "'to adjust the let-cff."”

The test lor the let-oll is to see that when the pallel is banked to
drop, the jswel pin is just as close to the corner of the fork, in passing out,
on ong side as on the other. This test is correct, provided that the fork is
of aqual length on both gides of the elot, as it should be. The test for the
fork length 15 that1t should allow the jewel pin lo pass out on both sides
when the pallet is banked to drop. This is the maximum length which
ie allowed for the fork.

The test lor short [k Is to move the balance so as to unlock the
pallat, then reverse the moticn and scc that the pallst is carried back
safaly to lock by the jewal pin. This should be triad an both pallet stomes.
It ia, however, customary to try the shake of the fork when the center of
the jewel pin is oppasite the corner of the fark, and not to allow the pallet
to unlock from this shaks.

To ensure perfect freedom in the jewel pin action, the jewsl pin
should be from .0l to 015 mm. smaller thar the siot in the lork. The saisty
action is alse acjusted, while the escopement is banked lo drop. The guard
pin should be made just barely free from the roller when the fork is
against the banking, and this should be tied carefully on both sides I
this is done carrectly, the roller will have the necessary clearance when
the bankings are opened to allow for the slide,

The operation of moving a pallst store requires @ great deal of ax-
perience before one is able fo do it satisfactorily. Special tocls called
“'pallet warmers'' have been devised for holding the pallet during this
operation. In the simplest form this toal consists of a small metal plate,
about as large as a 12 size barrel, with a wire handle by which it iz hald
while it iz heated. This plate chould have one or more heoles drilled in it
as clearancs for the pallet arber. This tool is provided with a spring
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SINGLE ROLLER ESCAPEMENT

All Waltham Watches Now Feature Exclusively the Double
Eoller Type of Escapemeal

LI
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I Figuss 12
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clamp for holding the pallet to the plate. The pallet is placed top side
down agaimst this plate, and the whole of it is warmed over the alcohol
flame until the shellac is soltened so the stones can be moved,

A good way to apply shellag, for the fastening of pallet stones, is
to warm some stick or button shellac over a Hame and pull it out m
long threods of aboul .5 mm. diameter. Shellac in this form is very con-
vaniani o vee, az it is only necessary, when the pallel is heated to the
proper temperature, fo louch the end of this thread to it at the placs wheare
tae shallac is wanted. With a little practice one can learn to deposit just
the right amount. After the pallet 15 celd, all shellac on the surlace should
be deaned ol carefully with a scraper made ol brass or nickel.

THE JEWEL PIN ACTION

The tork and jewel pin aclion involves two distinet functions: the
impulse and the unlocking. To lllustrate and make this statement clear,
wo will coneider tha different parts of the cscapoment in a normal posi-
tion as shown in Figure 10, The hairspring, controlling the balance, has
brought the fork, by means of the jewe! pin, to the normal porition of
rest,

This leaves the pallet (n a position whers the impulse facs of an
escape wheal tooth will engage the impulse face of one or the other of
the pallet elones, in this instance the H stone. Assuming the parts fo be in
this relation to each other it is evidenl that when power is applied to the
escape wheal, the escape wheal tooth, which is sngaging the R sione,
will cange the palle! to turn on its pivots. This impulse is tranzmitted 1o
the balance by the fork acting cn the jewel pin. The impulse being com-
pleted, the eacape tooth drops cff from the B stone, and the second ootk
forwerd comes to lock on the L stone, with the fork resting agains! the
banking, = shown in Figure 12. The fork alot s now in such a position
that the jewel pin may pass out perfectly free.

This condition is necessary because the impulse which was given
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fo the balance imparted ko that member a certain momentum, causing
it to cortinue to tura in that direction until this momentum is overccme
by the tension of the hairspring. During this part of the motion, which
takes place aite: the impulse, the jewel pin leaves the fork entirely.
However, the instant that the momentam in the balance is overcome by
the tension in the spring, the balance will start fo turn in the opposiie
diretﬂu&ﬂt’cm tendency of the spring being to bring the jewel pin to the
center .

Belore reaching this point, however, the jewsl pin has tv perform
the very impertant function of unlocking, At the complation of the im-
pulse we leit the fork restng on ths banking, with the fork slot in such
position that the jewel pin passed out perfeclly free. Figuring on the
assisfance of the dralt and the salety action, which will ke explained
later, we are justified in expecting that the jewel pin shall pass in to the
fock slot perfectly free. The instani the jowel pin has entered the sot,
ard comos in contact with the fork, the work of uzlocking begins.

It is to be noted, that for every tick of the watch, tha pallet and
fock s started from the condition of rest, by a sudden blow of the jewel
pio. Not only the pallei 18 started, but the whole trair has lo be staried
in the reverse dizection, against the power of the mainspring, to unlock
ths escape wheel, in order to roceive ancther impulse, The impulse on
tha L stone being completed, the pallst assumes the position shown in
Figure 9. The jewsl pin passing out on an excuision, the same as on
the other side, returns to unlock, receives a new impulse, and so an, at
the rate of 16,000 limes per hour [t is therefore evident that Ughtness, as
far as it is consistent with shrength and wearing quality, is an essential
feature in the comstruction of the several parts.

It was once considered necessary to aftsch a counterweight to the
pallet in cider to get it in poise. With the modern light construction
of pallet and fork, it haa baen proved beyond a doubt that the ordinary
form of countorpoise was worse than useless, inasmuch as it invaolved
an added mass of meial whose inertia must be overcome at each vibra-
tem of the balance.
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HOW THE SAFETY ACTION WORKS

The funchion of the salaty action is ta guard the escapement against
unlocking from sudden shocks, or outeids influences, while the jewel
pin is out o engagement with the fork. In clder watch movements this
guard duty is assigned to the edge of the table roller and the guard pin.
The passing hollow, & small cut in the edge of the roller, directly outside
the jewel pin, allows ths guard pin lo pase the center line during the
iewel pin action. Thiz form of safety action is called “single roller'” and
is shown in plan and elevafion in Figures 10 and 11.

Ag will be seen from this drawing, the edge of the roller is made
straight, or cylindrical, and the guard pin is bent in such a way as to
present a curved portion to the edge of the roller. The advantage gained
[rom this construction s that the guard pin can be adiusted forward or
back by mmply bending it at the base, without its action being in any
way altected by a reasonable amount of endwise movement of either the
balance staft or the pallet arbor.

The double roller escapement, Figares 12 and 13, presents a more
desirable form of safety action, for two rezsons: first, the intarsection of
the guard pin with the roller is much greater, making it periectly safe
ageinst catching, or wedging; second, ary shock, or jar, causing the
guard pin to touck the roller, will have less ellect on the running of the
walch, because the impinging takes place cn a smaller dismeler, The
diagrams, Figures 14 and 15, illustrate the above statemenis. The wedge
action of the guard pin when it is brought o the roller, is representad
by the lines C and D, which are al right angles lo the lines A and B, thus
forming langents to the points of contact. It will be seen that with the
single roller this wedge Iz 17°, whereas in the double roller it iz 307, a
very considerable dillersmce in favor of the double roller. Today all
Waltham Watches are made with the Double Roller Escapement.

PUTTING THE ESCAPEMENT IN BEAT

An escapemen! ls said to be in beoat when it requires the same
amount of power fo etart the balance in one direction as in the other.
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This should be tried with the mainspring only partly wound up, by
arresting the motion of the balance with a pointed ahject held between
the heads of two balance screws, and allowing the balance lo move
slowly, lirst ln one direction and thes in the other.

H it appears lo require more power, in order b let off on one side
than the other, it is said to be "out of beal'" and it should be corrected
by turning the hairspring collet & cerfain amount, on the balance staff,
until il takes the same amount of power to let off on one pallet stone as
on the other. This iz usnally done without removing the balance, by
teaching in over the fop side of the hairspring with a special tool made
of small steel wire and flattened 2t the end so as to enter the slot in the
collat. Great care should, however, be exercised in doing this work so
a8 to avold bending the hairspring out of true.

MAINSPRINGS

In customary design a spring iz expected to return, after removal
of the delorming load, to the same position it had prier to the applica-
tion of the lead. Tho mainepring of a watch is unigque bocause during
use it becomes permanently deformed. The walchmaker calls this
change, "seiting'’ meaning that, when removed from the bamel and
allowed to develop without restraint the spring has more turns than it
had initially. The space available in a watch for the spring is so small
that in order to get sulficient langth of spring to keep a watch running
for not less than 36 hours, the inner turns of the spring wound tight
agains! the arbor are stressed beyond the elastic limit of the material and
are, consequenily, deformed or "'set” Each suceseding winding of the
spring produces additional “set.’” Maturally the “set” produced by the
birst winding causes the greatest change from its original Jorm and the
amount of "'zat’' diminishes with surcssding winda AHemptling to pre-
vent “'setting’ by raising the elastic limit of the spring lowers the ductility
5o much that the spring breaks when wound around the arbor.
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The temperature range between which springs may be produced
that will not break nor se! excessively when wound up is small This
requires the use of lumaces for hardening and tempering the steal to
maintain uniform and constan! temperatures. Waltham mainsprings
sre heat freated in furnaces built especially for this purpose. The fur-
naces are supplied with the most accurate and censitive autlomatic
lemperature esontmlling instruments availabla,

WHY MAINSPRINGS BREAK

Breakage is one of the frequent mainspring complaints. As o watch
mainspring is highly stressed, it cannot bo expected to last forever. Fail-
are is generally brought about by the concentration of siresses at a
microscopic weak spot on the surface or edgs ol the spring.

Everyone knows that it requires less loice lo break a bar of metal
when there is & nick on its surface. In the same mannor surface eracks
can cauge gpring breakage Such cracks are aggravated by the continued
winding and unwinding of the mainspring and also by corrosion eflects
due to rusting,

The Waltham Walch Company assures itsclf that the steel uzed e the
bLest cbtainiable for the purpese; that it is free from discernible internal
defects; fhat the surfaces of its springs are frea from defects that can
function as nicks and causs premature breakage. Further, we call your
attention particularly to the sscond cause of breakage so that you, whc
handle these springs during the servicing of a watch, will use every
precaution lo prevent injury to any surdace of the spring

Another type of breakage again described as nick {or notch) failure
results from careless winding of a mainspring into the mainspring barmel
A kink aftects the coils beyond 11 and causes a spring, ctherwise without
discernible defect, to break promaturely. The Waltham Watch Company
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urges you never to wind a mainspring into a barrel by hand but always
to use 2 winding tool, available from any supply house. Unless a winding-
in tool is available, leave the malnspring in its barrel and clean it by
immersion in a suilable volatils cleaner followed by re-oling. Winding
in by hand, without making slight kinks in the spring, is extremely
difhicult.

We must emphasize again thal great care be used during the han-
dling of a mainspring to profect the surface from iajury by scratching.
Use extreme care to have the spring and its barrel free from dust particles,
Small abrasive particles betwsen {he coils of the spring can produce
soratches during the winding and unwinding of the spring in normal
uge which will cause premature hreskage.

The scientilic methods of manutacture and tests used by the Waltham
Watch Company assure the user thal Waltham mainsprings are frea
hom internal and extersal defocts. The Waltham Watceh Company has
recently installsd new eguipment and methods that make possible
mainsprings of uniform and dependable manufacture.

A mainspring should have sufficient power at the end of & 23-hour
run to make the watch motion properly, and yet it must not be so strong
as o overbank the watch when fully wound up. To meet these two condi-
tigns, a maingpring musl have a comparatively high temper.

HOW TO WIND MAINSPRINGS

Highly tempered springs require careful handling. A good spring
(maaning one of the proper temper) should nevar be wound on an arbo
gmaller than itz hub or barrel arbor. To bend it into a smallor curve is
dangerous, becanse, since i! is a good spring, it may not gtand the
treatment. A soft spring, even when abused, will not break neither will
it give a good motion lo the watch at the end of its run.
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A good spring should not bs wound on an arbor which has a pin
or hook long enough 1o project beyond the thickness of the spring at
the eye. There is no hole in the next coil, 50 when this second coil is
wound tightly over the protruding pin the spring may break if itis a
good ono.

When winding a mainspring into the shell or barrel, it should be
cciled on the winder only enough o ellow the spring to slip easily inlo
the barrel or shall. Do not cail I unnesessarily tight on the winder

To prove this, take an old spring and ceil it on the winder, bolding
it back firmly all the way; thon let it oul and draw it slowly between
thumb and finger and you will feel the kinks, especially at the inside
end. Any one of these short bends or kinks would break & good eor
properly tempered spring.

HOW TO MEASURE MAINSPRINGS

In the manulacture ol mainsprings, il is of the utmos inportance
thal the springs be made absolutely accurate to slated widths and thick-
nosees. The Waltham Watch Cempany has spared no expense to make
possible the manufacture of this product fo exact standards

For the final measuring of the linished spring, a specisl gauge with
metric graduastions is ased, which will quickly show, by the use of a
large index, a variation of .005 mm. As there are 25.4 mm. in one inch,
the sbsolute degree of accuracy insisted upon in the Waltham factory
is apparant.

Fer geuging springs, many walchmakers use a =plit gauge into
which the spring is placed, and the thickness or width is supposed fo be
indicated by a pumber oa the margin. As no twoe people would exert
the same amount of pressure in placing the gpring in the gauge, and as
constant use wouald wear away the metal, it ie apparent that such a
gauge is unreliable when used as a standard lor accurate measuring.

WALTHAM *» » »

Finer Amenican Raitwoad Watck

Lists have been furnished, giving the sizes of Waltham springs
corresponding to the numbers marked on these split gauges. However,
such lisis are nct always enlirely reliable as mentioned belore, We
strongly advocate that walchmakers use some reliable gauge, marked
with metric graduations, yiving in melilc lerms the sanact width and
thickness of the mainspring. Metric micromefers, made by standard
tool manufacturers, are good for this purposs U thay are provided with
the ratchet etop which limits the amount of force which can be applisd.

MAINSPRING DON'TS

Don't fail to provide yourse!ll with the best mainspring winder that
can be cblained. See that the hooks on all arbors of the winders are no
lenger than the thicknasa of the thinnest spring, and thus avoid kinking,

and, therefore, unnecessary breaking of mainsprings.

Don't use a mainspring that is too long because il Hlls the barral.
This preverts the barrel and the main whesl from making the required
number of revolutions, with the result that the watch will not run as long
as it shoald after sach winding.

Don't use a mainspring that is too strong, because it will sel, This
increases the chances of breakage with resultant injury fo the watch.

Dan't use a mainspring that is too wide. Bs sure that the tip and brace
do not extend beyond the limits of the cover and barrel.

Don't forget thal a mainspring should not eccupy more than one-
third the diameter of the barrel., Thie loaves bwo thirde to be divided

between the arbor and winding space enabling the watch to yun about
thirty-six hours.

Don't expect a maingpring is he flat i you pot it in the barrel with

the fingers. This method usually injures the spring, gives it 4 conical
form, and thereby increases the Iriction in the barrel.
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TABLE SHOWING THICKNESS OR STRENGTH OF MAINSPRINGS

Deanison Waltham Thicknsss Dexnison Waltham Thicknes: Denaiso Waltham Thickness
Ha, in Cantimetsrs N, tn Centmetsrs Mo in Centimeters
O 3 ot e e e iite ate b O 3. i . D20 Bid....... : . . J0i2
R, st S e e - T o M9 10 011
2 S U L e JE SR - - AT e T, P ol . 018 1 et 2 ; . 010

Olyg, P e T VI - ) - | T - S R e BT 1 1244, .. : : . 008

2 et R p v ] - 47 T i A PR o) ¥ |

3 _ ORTECEN S S 1 Bl . i 013

TABLE SHOWING WIDTH OF MAINSPRINGS

Deanisan Weltham Widihs Daurison Waltham Widikhs Danwison Waltham Widths
Ho, in Cantimetars Mo. in Centimetess No. in Centimuters
e 100 || B L) i e L ety Lty L g 1 31 .. 400
e 19 110 ! o o e G e R e azx.. A10
. 120 i A s e sraiw e e st 28aD 3. 420
4., 130 19.. e e £ . .280 .. 430
- e 140 B e ke 280 L 440
[ e -150 210, 300 36, 450
T B0 23 . 310 3T 460
8 . 170 23 320 a8 AT0
9. : ; . J1BO 24. . 330 39 480
10.. : . .180 25. . e 340 40.. 490
L 200 26 350 4] 500
G R ¥ PRI | 27 JA60 42 510
15. .240 - | ST 2590
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Don't bernd the innor or outer and of the mainspring with flat-nosed
pliers. Provide youmel! with specizlly mads rourd-nosed plisrs which
will give a circular form to these parts. This will prevent short bends and
will contract the inner coll, thus securing a closer fit fo the barrel arbor
without injuring the spring,

Don'| expect a poorly Etted maingpring to work. Uss a properly
fited flat mainspring witk rounded edges. This will produce the least
friction in the barrel allow ths greatest ameunt of power tn the train, and
give the best results as to time, service, etc.

Don't expect a mainspring to always endurs (1) extieme changes in
temperature, (2) straightening at full leagth, or (3) neglect lrom lack
ol cleaning and ofling,

Dor't expect a walch that needs cleaning or other repairs to run
satistactorily by mersly putting in 2 new mainepring.

Don't expoct a mainepring fo plow through tos much dirt.

CONVENTIONAL WATCH CLEANING METHOD

After the movement is taken apart, remove the balance jewels, and
also the escape and pallet arbor jewsels (if thess parts are cap jewelsd),
Belore taking these out, however, we should see if the sellings of the
hole jewels are marked for position. If they are not marked, make a small
dot near the edge of each selfing so they can be replaced correctly after
the cleaning,

The following is the order in which these seftings are marked ir
Waltham movemenls. In the lower plate they ire marked, as showr ir
Figure 16. The balance and the escape jewals are on the sides awsy from
the pallet, and the pallet arhor jews! it on the side towards the ceater of
the movemant. In the lop plate all the jewels are marked on the side
towards the center of the movement. Alter this has besn attended to,
put all the parts (except the balance) in benzine, to remove oil and greasy
matter. Aler the il is cleaned off, string a few pieces at a time oa &
wire loop isee Figure 17), and wash in hot water with a medium soft
brusk ard castile soap. While ths parts are on the loop, dip in a solution
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ol cyanide ol polassium for three to five seconds. Ringe thoroughly in
clean water, immorse in alechol for about ten seconds, followed by a
second rinse in aloohel. Dry in warm boxweood sawdust.

When the mainspring is taken out of the barrel, it should be handled
carefully, and no attsmpt made to straighten it. If the oil on it appears
gummy, it should be cleaned off tharoughly with benzine. If the oil iz in
good condition, it is necessary only to wipe the spring with a piece
of cleth by kclding it around the spring and sliding it along without
straightening the spring. Aftzr the spring is put back in tha barel
{(which ehould be done with a good mainspring winder), it should be oiled
with good gquality watch oil in sulficient quantity to insue thomough
lubrication without risk of spreading or the cutside of the barrel.

Figure 16

The escapement jewels, alter going through the bBenzine should
be taken, one at a ime, with a pair of specially prepared tweszers, to
avold their snapping off, and held zgainst a flat board, or a large
piece of cotk, and brushed thoroughly, one side at a time, with a fine
toothbrush dipped in alechel, After the brushing, dip the jewel In clean
aloohol, and dry between linen cloths.
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After going through this process,
we are reasonakbly sure thal the jewels
arc clean, but to make sbeclufaly
sure, we recommend a eareful rubbing
with & piece ol pegwood, which han
been pointed so as to go through the
holes, and also one which is specially
shaped for rubling the cupe in the
jowals.

The cleaning of the balance with
the hairspring requires special care,
ae i cennol be brushed salely. The
usual mothod i o put it on a hock and
dip it for a few seconds, first in water,
then in cyanide; rinse in water, dip in
alcohol and dry carefully in sawdust.
The balance may be bufled atler-
warde with a string ol chameis ohin
held in a wite bow, to brighten the
rim, as well as the sciews. After the
balance has been cleaned, it should
be examined caretully for any minnte
libre that mighi have caoght in the
balance screws, or particlas o} saw-
dust in the slots of the sorew heads.
When cleaning a balance, if the
jewel pin 18 set with sbellac, and also
when cleaning pallsts, care must be
taken nnt bo leave them in the alechol
too long, as it would dissclve the
shellac and loogen the jewels.

The best kingd of alcohol for
cleaning watch parts is commercial
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Figure 17

grain alcohol. We do ool recommend using either denatured o1 wood
alcobol for this purpose.

The cvanide solution referred to should be made in the proportion
of seven ounces, avoirdupais, to one gallon of waler, and this solotion
should bs renewed as soon as il shows a tendenoy to turn dark Cyanide
af polassiom is a virolent pr:li:cm_ and greal cara must be takan in han-
dling it. It is considered deadly i reaching an open scratch in the skin.
The fumss should also bo avoided. A good way of keeping beth tha
cyanide and alcohol for cleaning watches is in one gallon specimen or
candy jars, with ground glass covers, and marked with conspicusus
warning labels.

MODERM WATCH CLEANING METHOD

GENERAL — Cleaning machines, available ta the watch trade,
meke it possible to clean watch and instrument parts thoroughly in wire
mesh baskets, subdivided 80 as lo accommodate large and small parts
geparately. To clean a mainspring, without distorting itz shape, wips it
with fissue paper, saturated with bensol or carbon tetrachloride, Dipping
tt into any degreasing solution is harmful, resalting kequently in rupture.
The balance and hairspring unit deserves special attention. It should be
suspended on & wire loop and dipped in the cleaning sclutions.

FROCEDURE — Watch parte chonld first be strung on 2 wire or
placed into basket of cleaning machine and then immersed in solutions
in the following seguence:

1. Degreasing — Prelarably non-inflammakble carbon tetrachloride.
tolvent for grease, fat and cil, mixes with denatured alookol.

£. Hinse — Denatured alcobal.

3. Cleaning — Spap sclution, commercially known as "'Jewelry

Cleaners,” composed of soap, spirits ol ammonia, alcohol and
distilled water,

4, Firat Ringse — Tap water, to removs soap cleaner,
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5. Second Hinse — Distillad waler.

6. First Drying Ringe — Deratured alcohal

7. 8econd Drying Rinse — Commercial grain aleohal.
8. Drying — Dy air or electric fan.

EXPLANATION — Cleaning solutions containing volatile solvents
should not be allowed to stand ezposed fo air whes not in use; evapora-
tion of thege volatile solvents will decrease their cleaning efficiency,

Denatured alcokol is used as an in-between rinse, bacause it mixee
well with both carbon tetrachloride and water.

While the basket of the clearing machine is immersed in each of the
solutions, it should be rotated and stopped a few times to allow air trapped
in the basket to escape, After the basket is removed from a solution, il
should be kept in motion for & few seconds to expel any excess solution
belore resuming the cleaning procedure.

Following the last rinse in grain alcohal, the basket should be 1otated
in dry air or an electric fan may b= used o expedite the drying operation.

Once the watch parts ars removed from the basket, they must be
handled with the atmost care by means of tweesers. Touching any parts

with bare fingers or using pegwood in jewel holes will destroy the value
of thie cleaning procedure.

HOW TO OIL A WATCH

Belore final assembly of the movement, balance endstones ehould
be mounted on balance cock and pillar plate and respective capped
jewels oiled.

For the purpcee of relaining a sufficient amount of oil in the pivot
holes, we take advantage of a nataral phenomenon, which is called
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capillary action. Thiz acticn, roughly stated, is the lendency of liquids
to run in between surfaces which are nearly in contact, and also o run
upwards, quite rapidly, in very small tubes, against the force of gravity.

Capillary action is stiikingly ilustrated in the wick of a lamp in
which the close proximity of tho fibres, acting like capillary lubes,
causes the cil to run upwards through the wick as last as it burns st the
top. In view of these facts we shall endeavor to explain why a pivot
sometimes will run dry in a short time because of too much cil In the
pivot hole. Locking at Figure 18, we find that the hole jewel is convex
on the side towards the exdstone, Also, thiere is & vertain distance be-
tween the two jewels. This space is usnally made about 02 to 03 mm,,
and is for the purpose of providing a reservoir for the oil.

Huun 18

Friction Tyoe Helance Jewe) and Endiians

The convex shape of the hole jewel tends to eeep lhe oil around the
pivol, being attracted by the close apace nesrest the hole through the
capillary action relerred to above .
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To lubricale a capped jewsl place a small drop of oil in the oil cup
and feed it into the space between the jewel and the endstone with a
pointed wire, The amount of oil is determined by the size of the bubkle
that should cover approzimately 25 of the jewel diameter. If the size
of the bubble is too small, tha supply will luhricate for a short time, be-
cause it is subject lo drying and oridation. [f the bubble covers oo large
an area, the oil will ba drawn awey between the metal surfaces, leaving
pivet and jewel bearings dry and subject to wear.

After winding the mainspring into the barrel, a eulficient supply
ok il should be applied fo the surface of the coils and the bottom of the
barrel, Befare replacing the barrel arbor, the bearings should be lubri-
cated with & thia film of cil.

Winding arbor square and cluteh tooth should be lubricated with a
very thin film of white petrolatum. Setting and minute wheels need no
labrication.

Alter final assembly, all tiain jewels and bushings should be care-
fully ciled. The peint of tho oilor should contact the bottam of the jewel
or bushing ofl cup and the pivol simultaneously. This prevents any
lubricant from spreading onto the surface of the jewel or bushing. When
giling center lower bearing, a small drop of oil should be placed on the
cannon pinien friction groove assuring smooih selting ficlion.

Aller assembling the escape, a small drop of oil should be placed
onto the impulse surface of the pallet exit stone. The pallet should then
be moved back and forth until the escape wheel has made one revolu-
tion, thus lubricating each eacape wheel tocth with a thin Hlm of eil.

Do not oil the jewel pin nor the salety action.
It is difficult to prescribe an accurate guantity or cil drop size to
lubricate a waich beasing. Experienced watchm:akors will dotermine

{he amount they will use in providing a correct film on any bearing or
surface that needs lubrication.

Paga 12

CLEANING AND OILING EQUIPMENT

CONTAINERE FOE SOLUTIONS — Wide-mouthed, one gallon
glass eonlainers with tight fitting glass stoppers should be used for all
solutions. They should be filled about halfway in order to avoid any
possible spilling when the baskst of the cleaning machine iz set in

molion.

LUBRICANT — Supplies af watch oil should be stored hermetcally
sealed in a dry, ool place and protecied from direct Lght. It should
comply with the {following essential qualifications: —

1. It ghall lubricate.

2. Tt shall not spread.

3, It shall not easily evaporate or become gummy with age.
4. It shall not oxidize or corrode any metal i conlacis.

QIL CUP — A drop of oil should be placed in a conventional
transparent glass oil cup, provided with a cover. Theoilshould berenewed
daily to eliminate contamination by dust, or other foreign malter.

OILER — It 15 advisable to use a plaln ciler made kom sleel wire,
flattened out on the end and notched lightly in order te hold a small drop
of 0il at the tip. Sach wire oilers are sald by watch sapply hoases. The
pointer, used to fead oil between hole and cap jewels, can be made from
a fine needle or pivot broach. [t should be shaped to a fine, polished flat
point and all burrs removed. At all times, the oiler and pointer should be
cleaned by pushing the tip inlo a piece of leatherwood or elder pith.

HOW TO REMOVE A BROKEN SCREW
FROM A WATCH PLATE

Bitar all sther serews and steel parts are removed, suspend the
plate on a copper wire in a 6% solution of sulphuric acid. After ap-
proximately 24 hours, rinse in water and follow cleaning procedure.
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CASING

Before casing a movement, always ol the winding bar in the pendant,
where It runs in the sleeve, to prevent rust and squeaking, See that the
movament lines up properly with the winding bar in the cams, so il will
wind and back ratchet freely. It is sometimes necessary o remova the
winding bar and sleeve from the case pendant and enlarge the hole in it
to cne side or the other (with a round file) in order to get a perlectly
lres action. The length and position of the square on the negative type
winding bar should alse be inspected to see thal Loth the winding and
sotting actiom is right. [f the square is ton long, it may be shortensd by
filing without removing it from the case. I it is too short, it is necesgary
to remove the crown and turn in the sleeve nut until the action is right.

Ths forogoing does not apply to positive sel mechanism since thig
type of winding arkor is previously inserted in position In the movement
itsalf.

See that the crystal does oot touch the center, and that the hands
clear the dial and the crystal, as wall as cack other. After the cass is
closed, hold the walch to your ear and listen if the balance pivots will
"bump” clear on both endstones, as they should do, when the watch is
tipped from side to side. This will indicate i the case in any way inter-
feres with the freedom of the balance,

In casing small watches special aftention should be paid to the
following paints: — The winding crown on the end of the Winding
Arbor should have a cylindrical end reaching in the case. The hols in
the case for this bearing should be cnly slightly larger than the straight
pirt on the Crown end in the correct position. In this way the Winding
Crown will be supported in the case and dust prevenied from geftting
into the watch. The movemen! should be supported cnly on the case
sboulder provided for this purpese, and no part of the movement should
ever fouch the bollom of the case. The periphery of the wovement should
fit in the case so the watch will net fall out if held downwards without
bezel, but should be free encugh so it can be lifted out without fools.

WALTHAM * x +
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SOME HINTS ON MEASURING
AS APPLIED TO WATCHMAKING

The success of every undertaking depends largely on the akility to
figure out and make practical plans, as well as to work curteclly from
plans already made. The ordinary mathod, used in the past, s not well
adapled to our line of work in this scientific age; we should accustom
ourselves to speak in exact terms as well as o work correctly to given
measurEmeni,

Tt is doubtiess true that walchmaking is in greater need of exact and
systematic moasurements than any other trade, and it is also true, ganar-
ally, that the average apprentice gets very little, if any, instruction in the
art of moasuring. Itis a common idea thel expensive gauges and elabo-
rate instruments are required to produce first.class work; but often
we may have the essential things right before us without thinking hew io
apply them. It is the object of this artisle to point out to the watchmaker,
who wants to make things, how an ordinary micremeter (Figure 19) may
bo used for practically all kinds of measuring.

Due to the small dimensions of cur work, it is convenient to use a
small unit for our linear measurements. The Metric system is very prac-
tical in this respeci, using the millimoter, which is about 435 of an inch
(exactly 03937"), 22 a unil, and cubdividing tke same inlo Yy and
Y gp mm. The hractions we usually write in decimal form, for example:
4.30 mm. instead of 431 mm., and 5.76 mm. instead of 576; gy mm., sle.

The screw in modern micrometers (ses Figure 19] has a pitch of
Y4 mm., so one turn is divided into 50 parts, in arder in measure Yaa
mm., and, corsequently, we must turn the sorew two complste furns for
one millimeter, and the second turn should be read 55, 60, &5, elc.,
instead of 5, 10, 15, Tc avoid mistekes in the beginning, in reading the
micrometer, itis advisabloe to use a straight scale, as shown in illustration,
lo verity the result,

The micrometer here shown indicates 3.51 millimeter. The square
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scale veriliss the 38 millimeter; tho micromeler shows the extra 01
millimatar.

The only other thing {or the begianer to learn, in erder 1o uss the
micrometer successfully for linsar measurements, is to use as light a
touch as possible in applying it to the objects which are to be measured.
The unit for angular measuromentsis the degree, which equels 1450 parl
of a circle. The degree is subdivided into sixty minutes, and the minute

into sixty seconds. lastead of writing the words ‘degrees,” ‘‘minutes’’

and “seconds,” the symbals ° ', ', have been adopted; so, in order fo
denote one and one-half degrees, we write 17 30",

It may be well o point oul an error very common ameng walch-
makers to speak about linear messurements, such as the diameter of the
pivots and tnickness of mainspringe, eto,, as so many "degrees.”’ This is
entirely wrong, as such measurements should alweys be stated in frac-
tions of & millimeler or inch.

Figura 19
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THE TAPER SHOULDER DETACHABLE BALANCE STAFF

ON 16 S[ZE AND VANGUARD MODELS

DRIVE OUT THE STAFF ONLY — ALLOW EUE TO
REMAIN FIRMLY STAKED TO BALANCE ARM

This is an improved form of a defachable Balance
Staff that is certain 1o appeal to the watchmaker. It per-
mits changing a slall easily and quickly without bending
the balance arm or throwing the bhalance cut of gkapa.
The bevel seating in tha hub B fits precisely the taper
shoulder F on the staff, thus insuring a level balance.

To drive out an old #all, we recommend using a
tool asshown in Figure 23; 1o pul in a new staff, a puneh,
asshown in Figure 22, bringing the tapered shoulder on
the siaff to ite bearing in the hub. Tools designed for
these stafls can be obtained hrom watch toal manu-
facturers in sizes to fil regular staking tool sete. The
blue steel hub should always be left in the balance arm
when changing a staff.

WALTHAM > » *
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THE EASY-TO-HANDLE
WALTHAM HAIRSPRING STUD

In removing a walch balance, it is usnally necessary to hift it by the hairepring,
the stud of whica is left sttached io the balance cock. This method involves the
danger of posmible injury to the hairspring.

With the Waltham Triangular stud (Figure 24) such danger s avoided. It is
simply necessary fo tumn back the stud-holding screw erough to allow the stud 1o
gwing freely from its place, thus detaching the hairspring from the balance cock.

Aflar roplacing the balanca, screw the balance cock mio place, hold the
movament on edge and allow the stad to swing inte position. Then fasten info place
by ifs screw. This eliminates any danger of twisting the hairspring.

Ofher types of hairspring studs cannot be replaced without lirst assembling
the hairspring and balance unit to the balance cock. This offers & chance for oil fo
soread and dust to collec!. The Weltham hairspring stud avoids all these dangers
and in simpler and sasler to remove and replace.
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THE JEWELED MAIN WHEEL

The main wheal is ftted with two jowol bearings which turn on the
barrel arbar (Fig. 26). The barrel arbor (Fig. 25) is composed of two parts.
Fart 1, the outer member, is squared on ils upper end o receive the
winding wheel; an axial hole is drilled and tapped through its entire
length. Part 2, inner member, ie provided with a flange and square which
unites steel barrel solidly between the twe members.

Wken disassembling, hold stesl barrel belween thumb and index
finger, {asten winding whoel or pin-vise onto barrel arbor square and
turn caunterclockwise, A later tvpe barrel arbor (Fig. 28), consists of a
longer inside member, end of which is drilled and tapped for winding
whoal gerew,

Figure 27 shows barrel arbor and main wheel construction of loday
The jewsls are friction fitted into the main wheel and the bearing hole

IGEREIT
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Figure 27
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Flgure 28
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THE CONVENTIONAL RUNNING BARREL UNIT

Mulein Walthem Watches are being equpped with Tuning
barrel (Fig. 29), consisling of = karral, cover and arbar. o

Figure 30 shows jeweled running barrel used in medem 3 jewal
Vanguard watches. The barrel is staked to a pivoted shaft which runs
between two jewel bearings, friction fitted into pillar plate (lower) and
Eftw arbor (upper); latter s connected with mainspring hub by means

A sjuars,

Before taking apart mai ing should be complately disarmed o
avoid jewel breakage. When disassembling, barrol bridse should be
lifted off pillar plate without removing winding whee), which is factened
to outside arbor with a right hand threed. When removing barrs! bridge,
outsice arbor slides cut of hub square, permilting removal of winding
wheel by holding square with a pin-vise and turning covnterclockwise.

Figure 30



THE PENDANT SETTING MECHANISM

The Waltham Pendant Getting Mechanism, negative type (see Figure 31), con-
sists of the Shipper A, Shipper Lever B and Shipper Spring C. Figure 31 shows the
normal position of these parts with the satting teeth of the clutch in engagement with

the hand seiting wheels. If the watch is to be run cut of the case, the Shipper Bar D
should be pulled outward. Thin acting on the Shipper at E shilts the clutch from the .%,
setting to the winding pesition and leaves the setting wheels free. /,_,.,f'-‘ ]
The positive sefling used at present in most Waltham Waiches is similar to : © 8] | T

Figure 32 In this construction the Winding Arbor is made in one pisce with a threaded
end reaching throngh the case to rocsivo tho erowa. Thiz Arber can be removed or

[zstened to the movement by unscrewing ar Bghtening the selting lever screw =

] [}
N
: @)
) ! ‘ll.ll .
(V(®
/f 670 SETTING
[/ . Positive Type
I (L)
Hegative Type
Figura 31 Figura 32
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HINTS AND SUGGESTIONS

Make it 2 rule lo lest every watch for magnatism, A small pocket
compass, placed cloge to the balance when the walch is running, will
indicate by a vibrafing wotion if the balance is polarized. If it is, the
watch ghould be treated, cace and all, in a demagnetizer.

When repairing a walch inspect the balance pivats carefully to see
that they ere straight and in good condilion. Examine the endstones,
and if they show any wear polish off by using a2 small lap, made of tortolse-
shell about 30 mm. in diameter, mounted in the lathe, with = gmall
amount of fine diamond powder mixed with oil pul on the face of it By
holding the pitted endstone against this with a slight pressure, while the

lap is running at a fairly high speed, it can be made a8 good as new in a
very short time,

Afler this operation, if is imporfant to clean the endstone and setting
thoroughly.

Examine the balance to see that it is true and in poise. (As containing
directions fer truing and poising a balance, we wish to recommend a very
excellent article on this subject in a book issued by Kendrick & Davis,
Lebanon, N. H., entitled “Bock of Tools, No, 6).

Da not opon the bankings carsloecly. Bemember that the result of
sxcessive slide iz a dead loss of power. This lass incresses rapidly with
any deterioration of tho oll on the pallst stones,

Do not neglect to try the jewel pin to see if it is ast firmly, Even 2
slightly loose jewal pin ie a cource of trouble.

Do not open the curh pins on the regulstor. The hairepring should
fit between the pins, without pinching, and without play, to get the bes:
result in timing.

See that the hairspring is centered and flat, and has a sulficien
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amount of clesrance under all conditions, Bear in mind that ils regular

vibrations will be increased whenever the walch iz subjected to sudden
motiona or shocks.

Do not neglect ta remove any finger mark or greasy matter on the
plates caused by handling of the movemsnt. For this purpese, we find
a buff stick very useful, — a flat stick of wood, about 14 mm. wide,
covered on one side with buckskin, such as ls used for buffing, The end
is dipped in benzine, wiped off rapidly with a clean cloth, and used im-
mediataly for cleaning the top surface of the plates.

Do not expect a position adjusted watch to rate the same as it did
originally, aller any change or alleration has been made in the balance
pivots, or balance jewels. Even when the work is done with the grealest
care, these repairs may call for readjusting the movement.

Do not consider it a bad investment to put as much money as you
can attord info up-to-date locls. Do not ecnsider time wasted in keeping
your lools in good condition.

Do not neglect o keep abreast of the times by reading geod books
and papers perfaining lo the trade. At the same time, be mindful of
the iact thal you cannot learn walchmaking from bocks or by corre-
spuncence only,

We wish to emphasize to the young watchmaker the importance of
practice or training in ths various branches of his work. We would
recommend, as a profitable way of spending some leisure time, to take
a discarded balance and bend it out of shape, and then true and poise it
repeatedly for the purpose of gaining experience. We might state that
although a beginner may work on a balance all day, and still not succeed
in gefting itin vezy good order, an expert can do 20 to 25 in an hour, and
get them all good. This epplies equally well to the waork on the hairspring,
the escapement, the pivols, jeweling, and so on. In conclusion, nothing
but hard wark, consclentions application and etudy will over bring forth
a skillful and efficient craftsman.
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GENUINE WALTHAM MATERIAL

All Waltham partts are made to uniform sizes. Yor example all pivot
diameters are made within a iolerence limit of 005 mm. The Jewels,
Seftings and Bushings are made to the same folerance. Jewel Holes
are made to 00258 mm_, etc. This uniformity of meterial allows any watch-
maker to replace broken parts withoul filing iroubles.

A convenient, well-designed cabinet containing foar drawers to-
gethar with genuine meterial of every day use, in sealed-ab-the-lactory
rofill anvelcpes, is availabla at a great saving on the cost of the material
alene,

Not only is it a great value bul it saves the walchmaker's lime due
to the ease with which any piece of material can be selected. A post-
card will bring complets information.

MODERN TIMING MACHINES

All movements are timed on timing machines before they are cased.
The use of machines eliminates any chance of humen error because
all the oparator has to do is to put the movement into the machine and
ts remove it aker it is timed.

The maecking draws 2 record ol the rate of the movemeat upon a
paper chart during the thirty seconds that the mevement is in it. Move-
mente that are not entirely perfect, even though they will run, will not
time on the maching. Thersfore, singe the machine will time only move-
ments whose parts function properly, the successiul use of Hming ma-
chines by the Waltham Wateh Company indicates that Waltham watches
ara parfect when they lsave the factory,

MAGNIFYING PROJECTORS

Projeciors are used at the Waltham Walch Company to insure that
the form and shape of parts with irregular contours (such as watch

plates, pallets and wheels) are held to correct dimensiona, The partto be
checked is placed upon lhe stage of the projector which throws an image
of tho part, enlarged 100 times, onto a screen upon which rests a master
plate made of glass which has the exact outline of the part engraved
upon it. The two images must conform exactly in order fo be accepled
by the Inspection Department.

THE SIZE OF A WATCH MOVEMENT

Az 5 matter of interesting information relating to the descrphion
of American watch movements, as being of certain designated 'sizes,"
let us say that this system of measuremert is identical with that estab-
lished and used by English watchmakers, and relates lo the exirems
diameter of the pillar plate. Being English, its unit of measurement is
the Englisk inch, and the zers, or starting point, is one inch plus five-
thirtieths of an inch (154;), which is the diameter of an 0size movement.
Each 4, of an inch added to this measurement represonts the size of a
movament. Therelore, 134 plas %4q will be the diameter of a one size
movement: a six size should measure 11'4q, a btwelve size 1175y, an
eightesn size 1245, el

NOTE: In oider to express this in millimeters we must multiply
by 294, which is the metric equivalent of an inch, sothe general formula
will be (3840 4 SIZE/40) % 25.4: and fhe formula for 12 sire, (%44,
+1244) * 254 = 39.8 millimeters.

The Ligne was originally accepled abroad as the unit of cubside
measurement on walch movements,

Divided into 12,12 (douziemes) this sub-division figures as unit lor
thickness of plates. 1 ligne = 12/12 = 2.296 millimetsra.

Most manufacturers have abandoned this obsolete method o
measurement, replacing it advantagecusly with the metric system.
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USEFUL NUMBERS MEASUREMENTS RELA
TO WATCH MOVEME
Latitudaes -1 ]

i i A 953 | o 89 Size | Lignes | MM. |[Inches || Size | Lignes In
N Tm . L i > .mu 43| mrzj m 315 2?,-ﬂ 3-35‘ ? Ez a'm B I-E 1'4 1
i i e e L L i R s t 26/0| 375 A 46 333 o 16.52 | 37,26 |1
_ o 950.60 99,359 250 | 413 | 932 | 367 10 | 1689 | 3810 |1
Greenwich ... ,.. ... , 51" 31 981,17 99 413 24/0 | 4.50 | 1016 400 11 1726 | 3894 |1
Stockholm ... ... .. ... 59" 21* 98] 83 99 441 230 | 488 | 11 00 433 || 12 | 1764 | 3980 |1
ThePoles ............ an° 983 10 99 F09 920 | 5.26 | 1l 86 467 || 13 | 1802 | 4064 | |
¢ = latitude o0 wool dam| il s Re RS 1
% L= 20/ 84 a7 2. 34 1
g - "ﬂl“?hﬂl ﬂfﬁ“ﬁ;ﬂ“ in B A 190 | 638 | 1440 | 67| 18 | 1814 | 4318 |1
| = length in cms. of 2 pendulum beating seconds. 180 | 676 | 1524 | 600 || 17 | |951 | 4402 |1
T = fime in seconds. 170 713 | 1608 633 18 | 1930 | 4488 | 1
o - gngasu + D.0052 sin *4) 160 | 75 | 1694 | 667 | 19 | 2027 | 4572 | 1
150 | 788 | 1778 700 || 20 | 084 | 4656 |1
S e Y 140 | 8125 | 1862 3| 2 (202 | 4742 |1
(_) i - 130 | 864 | 1948 /7 | 2 | 2139 | 4826 |1
g 126 | 901 | 2032 | 800 | 23 | 2177 | 9030 | }
a = 3.14159265 : 110 | 938 | 2116 | 833 24 | 2215 | 49006 | 1
(_) =0 90| 1013 | 2285 | 900 | 25 | 228 | 5164 |2
w 80| 1051 | 23.70 g3 |l 27 | 2a27 | 5280 |2
Number of seconds m 24 hours = B6,400. gg %? g %55 ! %‘g 28 23% | g ﬁ 2
The effect on a pendulum from change of latitude of ane degree E 40 | 43 | 24 2 o
amounts to from a fraction of a second, near the Equator, to 4 sec. E,g }é g? %?E { %‘g 31;} ﬁ% ggﬁ %
34 24 husre. Tha Sollowing lgures arainxousd sumbecy, et fhs s 30| 1239 | 2784 |1100| 32 | 23518 | 3872 |3
leval. 20| 12.76 | 2878 | 1.133 33 23.53 | 57.58 | 2
Between Washingloa, D. C., and New York (1° 50') 8 sec. in 24 0| 1314 29864 | 1.187 24 25,90 | 58.42 | 2
s B 38 im] 2 2a 282
* , 2 13 84 gl ; 5] ; 3 i
E'BIWI!EI:I W&ﬂ’hmq’rﬂﬂ, D C,, Md Mﬂﬂhﬂﬂl Eﬂt T} 24 gEer. i.l:l H 3 ]{ﬂ 33.13 13‘5? 3? ﬂ?.bl | Eﬂ Eﬂ z
hours. 4| 1464 | 3302 |1.300|| 38 | 2740 61 BO |2
EBetween New Orleans and Montreal (157) 85 sec. in 24 hours. 8| 15.02 33.88 | 1.333 | 39 27.78 6266 | 2.
6| 133 | 3472 |1.367 || 40 | 28715 | 6350 | 2

SRR E e SRR 8855808388038k

Between Equalor and Poles (30°) 3 min. 44 sec. in 24 hours.

WALTHAM *» » * Far ﬁmﬂm Standandized Waitek

ot
B
)
[
e



MEASUREMENTS RELATING TO WATCH MOVEMENTS

Size Millimeters| Inches Lignes Size Millimeters  Inches Lignes Size Millimelers|  Inches
.20 2440 1 6,0 75 38 9092 7y 43 55 1 7539

28/0 6.77 2665 ig 25 94 1.0213 45 12 1.7763
733 2885 ag 26 51 1 0437 1 19 45 68 1 7984

7.90 3110 12 4,0 27 07 | 0857 L2 46 28 1 8208

26/0 8.46 3331 I 27 63 1 0877 i 46 81 | B429
a 02 3881 14 78 20 1102 || a 21 47 37 1 8649

9 59 2776 % 2.0 98 76 1 133 | 1 47 94 1 BAT4

24/0 10 15 3996 13 99 .33 1 1547 b 48 50 1 9094
| 1672 4220 1§ 29 89 1 1767 3 23 49 07 1. 9318

11.28 4441 i 1 30.45 1 1988 22 49 63 1 9539

22/0 11.84 4661 F 31 02 1 2216 1 50 19 1.8759
12 41 4886 14 31 .58 1.2433 15 a5 50 76 | 9984

12.67 5106 1§ 3 32 15 12657 ¥ 51.32 2 0204

20/0 13 53 5323 i 127 1 2877 23 51 B8 2.0425
14 10 5551 - 1327 1.3008 1% a7 52 45 2 0649

14 66 5772 15 5 33 B4 1.5391 | 3¢ 53 01 2. 0870

18/0 15.23 5996 1 2% 40 1 3343 - 53 58 2.1094
1579 | 6217 +: 34 97 13767 24 29 54.14 2.1314

| 16.38 6437 a7 7 3553 1 3988 1 54 71 2 1839

160 16.92 6661 16 36 09 14207 | " 55 27 2.1759
17 48 6381 1 36 66 1.4433 3 3] 55 83 21980

18 08 7106 b 9 37 22 1 4653 25 56 40 2 2204

140 18 61 7306 a, 37 79 1 4878 1 56,06 2 2425
19 17 7547 17 g 35 1 5098 L 33 B7 83 | 2 2640

19 74 T 14 11 38 91 1 5318 i 5809 | 22870

13/0 20 30 7992 14 19 48 1 5343 25 58.65 23090
20 87 8216 35 40 04 1 8763 1 5 5022 23314

21 .43 8437 18 13 40 61 1 5988 1 59 78 2 3535

100 21 99 8657 | 1 41 17 1 6207 A 60 34 23755
22,56 15 41 73 1 6429 27 a7 60 91 23980

23 12 a1 33 i5 47 20 1 6653 Y 81 47 2 3200

&0 93 B9 9326 19 42 86 1 6874 1, 52 04 2 4428
24 25 9547 iy 43 43 17098 8 39 62 60 2. 4645

24 8] ‘a760 14 17 43 99 1 7318 28 6316 | 24806

:
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