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Lesson 3tl MASTER WATCHMAKING Section 585

SEC. 5$s-lntroduction
Every watchmaker, whether he be engaged

iu repair or manufacture, can do his work better
and more efficiently if he has proper tools and
uses them intelligently. The PAUI-SON TIME-
O-GRAF is an electronic instrument which ean
be used to print on a paper tape a record of the
performance of a watch; this record may be
used to determine such factors as: rate, position
errors, isochronal errors and faulty actions of
the movement. TIME-O-GRAF cannot be'used
as a substitute for the skill and knowledge of
watehmaking, but it can give a clear, aceurate
and rapidly obtained record of the actions of
the watch under test and upon whieh watch-
maker's skill and knowledge may apply.

In making this expertly designed machine
only the finest of workmanship and materials
have been used. Everything possible has been
done to make it easy and convenient to set up
and operate. But it is important to remember
that this is a precision instrument and to take
full advantage of its potentialities, you should
know as much as possible about the machine.

You are urg:ed, therefore, not ortly to make
a thorough study of this lesson but to refer to
it often.

The taxt and illurtratione are reprinted
with Dermigaion of lferrry Paubon & Co.
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SEC. 586--Threoding the Printer
Tope

Figure 34-1 shows the threading of the
printer tape. Cut the end of the paper tape to
about a 45 degree angle; place the roll on its
roller in position and thread the end of the tape
betu'een the 3 /32" diametbr rod antl the top
surface of the cast aluminum printer frame.

DO NOT LIFT UP ON THE PRINTER BAR
when threading the paper tape beneath the
inked ribbon.

Connect the rubber covered cord to a
source of 110-120 volt, E0-60 cycle alternating
eurrent and turn the right hand knob to the
"ON" position and let the machine warm up for
at least 30 seconds. Then, turn the knob to the
"RECORD" position. As the machine then starts
you will start the paper tape forward in between
the rubber roller and the knurled driving roller'
Let the motor feed it on through, and with a
piece of pegwood guide the tip of the tape
under the inked ribbon and over the spiral roller.

Let the machine run until the tip of the
paper tape just extends beyond the inked rib-
bon, then turn the knob back to the "ON" posi'

tion.
Remove the knob from its post and lower

the cover of the maehine into place.
Place both knobs on their respeetive posts.

Fig. 34-I

Then, turn the right hand knob to the
"RECORD" position, and as the paper tape feeds
through, use a piece of pegwood and guide it
through the window in the case and under the
paper cutter bar.

Plaee a watch under the clamp of the
microphone with the watch crystal making eon-
tact with the metal button in the center of the
microphone and u'ith the right hand knob in
the "Record" position, the printer tape should
start to emerge. Turn the volume eontrol about
2/3 of the.way on and then the printer bar
should pull down with an easily heard click
with each tick of the watch.

SEC. 587*Construction ond Theory

The TIME-O-GRAF is a time differentiat-
ing rvatch rate recorder. Its basic principle is
the comparison of the rate of the watch under
test with an aceuratell' measured interval of
time and the printing of this comparison on a
paper tape so that the rate may be ascertained
therefrom or may be obtained by reference to
a calibrated dial.

IMPORTANT: It must b9 elearly under-
stood by every watchmaker that any watch rate
recorder will indicate the rate of the watch
during the period of the test only, hence it is
impossible to predict the full 24 hour rate of
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Fis. 34-2

a watch from any test covering less than that
amount.

The method by which the TIME-O-GRAF
makes the comparison between the rate of
the watch on test and the standard time is
shown in Figure 34-2. The unit which furnishes
the source of standard tirne eonsists of a quartz
crystal controlled oscillator which generates a
high-frequency voltage.of exceptional stability
and a frequency divider which divides this fre-
quency to a value which permits it to be used
to drive the synchronous motor of the compari-
son unit. The armature shaft of this motor, run-
ning at a speed, of 2?00 revolutions per minute
or 45 revolutions per second, carries a metal
drum which has a raised spiral on its surface.

The watch tate unit consists of a micro-
phone which picks up the tick of the watch
under test, an amplifier which amplifies this
tick, and a trigger tube which operates or
"fires" once for each tiek of the watch and
energizes a solenoid in the eomparison unit.
This solenoid pulls a, printer bar downward
against an inked ribbon and a paper tape which
rest lightly on the spiral previously mentioned.
Inasmueh as the printer bar can strike the spiral
at only one point, each stroke produces a dot
on the tape, the location of the dot depending
on which part of the spiral is under the printer

bar at the moment of contact.
It can be seen that if the spiral is made to

rotate at a constant rate of speed, the point at
which the spiral and the printer bar make con-
tact will move at a uniform rate across the tape.
In the TIME-O-GRAF the spiral, whieh has a
Iead of two inches, is made to rotate at 46 revo-
Iutions per second which causes the point of
contact to move from right to left aeross the
tape at a rate of g0 inches per second, If each
tick of the watch occurs EXACTLY one-fifth of
a second later than the preceding one, the spiral
will make exactly nine revolutions between
ticks and each dot on the tape will fall on top
of the last one. If, however, the watch is run-
ning slow, the spiral will turn slightly more than
nine revolutions between ticks and each dot will
fall to the left of the one preceding it. If the
watch has a losing rate of 43 seconds per day,
each tick will occur one ten-thousandth of a
second later than it should, and consequently
each dot on the tape will fall nine-thousandths
of an inch to the left of the preeeeding one. If
provision is now made to advanee the tape at a
uniform rate, the dots will also progress along
the long axis of the tape, forming a line thereon.
In the TIME-O-GRAF this motion of the tape,
which amounts to six inches per minute, is ob-
tained by a reduction geat and friction roller
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driven by the same synehronous motor which
drives the printed spiral.

Note that this line of dots may fall anywhere
from the right side to the left side of the paper.
Where it occurs depends entirely upon the time
relationship between the motor spiral and the
balance wheel in the watch. Thus, the location
of the line (to ttre right or left side of the paper)
is no indication of the rate of the watch.

The rates of the watch and the actions of
the escapement are determined by the slopes
and variations in the line.

Hence, from the above, we see that if the
watch is running slow the line of dots will slope
to the left, as in figure 34-3, and if the wateh
is running fast the line of dots will slope to the
right, as in figure g4-4.

Losing about 62' per day Gaining nearly 4' per day

Fig. 34-3 Fig. 34-,t

If one desires to calculate the rate of a,
wateh directly from the line of dots on the tape,
without using the Rotary Precision Dial, one
may proceed as follo$rs:-

Using the printed tape we find reference
lines are printed on this tape, figure 84-5-one
set spaced lr/z inches apart and the other set
spaeed Vs inch apart. The physical constants
of the TIME-O-GRAF are so chosen that a rate
of error of one second per day will cause the
printed record to travel V* inch across the tape
while travelin g 12 inches along the tape. Thus
a record which travels l/s inch across the tape
while traveling tyz inches along the tape indi-
cates an error of 8 seconds per day. The rate
may be calculated by the following formula:

R = A  x  9 6

fig. 34-5

Where R is the rate of the watch in seconds
per da-v, A is the distance in inches which the
record lra.s travelled across the tape, while B
is the distance in inches u'hich the record has
travel led along the tape.

SEC. 58&-Crystol Control
Agsures Accu ]ocy

Crystal Control: Nothing in the wide world
has the aceuracy of the quartz crystal control,
.your absolutely accurate. dependable time com-
parison. To depend upon anything but aecurate
time comparison is time wasted.

The U. S. Government uses crystal control
for aceuracy. The U. S. Bureau of Standards
can tell you of the acculaey of crystal control.
The world renowned clock at Greenwich, Lon-
don, England, universally famous for continued
accuracy, is under Crystal Control.

The Crystal Control is "natures own,"
scientifieally ground and set; natures vibrations
"like natureg own" keeps in step rnrith the stars
for accuracy.B
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34-5

SEC. 58g-lnstsnt Reoding oj Rotes
The ROTARY PRECISION DIAL, under

which the tape moves is calibrated in seconds
per day, gain or loss, and enables the user to
read the rate directly instead of having to
measure the angle cf the printed line and cal-
culate the rate.

The rotary precision dial on the TIME-O-
GRAF is il lustrated in figure 34-6. It consists

of seven parallel lines and is turned so that these
parallel lines become parallel to the angle made
by the line of dots issuing from tb.e machine,
Then the seeond. marks on the dial show in-
stantly the exact number of seconds per day,
gain or loss. When using the rotary dial ex-
clusively to ascertain the rates, it is not neces-
sary to use the calibrated paper tape inasmuch
as ordinary adding machine paper tape will
suffice for the printed record under these cir-
cumstances.

SEC. 5gO-Operotion
To use the TIME-O-GRAF intelligently it is

first necessary to understand the sequenee of
sounds produced by the eseapement in a watch.
We knou' that the sounds in a wateh which we
call the "tick" and the "tock" occur as the result
of the escapement action. These sounds are
caused by the parts of the escapement striking
or rubbing one another. An analysis of the
escapement action will clearly show tha;t not
one but several sound impulses oceur eac\ time
the escapement aetion ("tick" or "tock") oc-
curs.

A watch "TICK" eonsists primarily of five
major sounds. These sounds all occur within
about 11200th of a second. Figure 34-7 is a
graph showing the sequence of these sounds,
the height of the curve showing their compara-
t ive volumes.

The first sound, though not the loudest one,
occurs when the roller jewel comes around and
strikes the fork slot as in figure 34-7, No. 1.

The next sounds we hear are Nos. 2 & 3.
When we have an escapement model and move
the parts slowly, apparently the escape wheel
tooth begins l:ushing on the pallet stone face

A TICK

t2-3  45
o  !  t o  t !  t O

t  r /  t O O O  r *  s

o F  r  s f c .

Fig. 34-7
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immediately after the unlocking action causing
the fork slot to strike the roller jewel and push
on it. But in actual practice it does not work
that way because the pallet stone, having a
certain amount of drarv, forces the escape wheel
to move baekward a slight amount when it is
withdrawn from the locking face of the tooth,
and, inasmuch as the pallet stone is practically
jerked out of that position (due to the speed at
whieh the roller jewel is traveling at the time),
it throws the escape wheel backwards slightly.
Then, by the time the escape wheel overcomes
its inertia and starts forward again the toe of
the tooth may strike the pallet stone perhaps a
third of the way down its impulse face, the
impulse action actually beginning at that in-
stant. The loudest sound is depicted in No. 4
when the escape wheel tooth drops onto the
locking face of the other pallet stone. There is
a slight rebound to that which is followed by the
last sound as depicted in No. 5 when the lever
falls against the banking pin.

For an accurate watch rate record it is
nece-ssary for the printed dot to eome from a
clearly clefined part of the "Tick." The most
exact point on a watch "Tick" and the most
clearly defined point is the point designated in
No.  1 .

The trigger tube selects the part of the tick
from whieh the dot is printed. The exact part
of the tick that fires the trigger tube depends
upon the loudness of the tick. If the trigger tube
does not fire with the first (No. 1) part of the
tick, then it will fire with the next part that is
sufficiently loud to operate the tube. Since the
ticks of different watches vary in loudness, it
becomes necessary to adjust the volume contro]
on the machine so that it will pick up the No. 1
sound at all times yet not have the volume on

Fig. 34-7 (Cont.)

full enough to pick up unnecessary gounds as the
picking up of unnecessary sounds only serves
to confuse the action of the trigger tube, like-
rvise the printed reeord. Therefore, if the
machine is to be used for diagnostic puqposes,
the picking up of the No. 1 sound will give a
eontinuous record from u'hich a guite complete
diagnosis may be made.

Ifle then take this continuous record and
by analysing the position of the dots, the lines
they form, etc., conseeutively and relatively, we
are able to determine the condition of the
escapenent in detail and the rate of the watch
throughout as Iong a run as we may desire.

SEC" sg|-Diognosis of the
Printed Record

The methods of determining the overall
rates of the watch under test have been des-
cribed in Section 587 and Section 589.

Now we present a. few notations on the
reading,s and diagnoses of irregularities found
in the dots on the tape.

SEC. s9z-Excmples al Records
Before submitting any watch to the timing

machine for analysis, the watehmaker should
have made certain that the watch is in good
mechanical order throughout.

Many defects may be heard in the ear phone
and such should be corrected before any at
ternpt is made to obtain a good printed record.

Pivots should be in good condition and
jewels fitted coruectly, otherwise the printed
pattern will be irregular. The end-shake of
the balance especially must be conect in the
smallcr rvrist watehes and the escapement
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Loose Roller Jervel

Fis. 34-8
f.,oose Pallet Stones

Fis. 34-9

PROPERLY oiled in order to obtain a readable
record.

A loose rol ler jewel may be detected by
visual inspection, but at times one may be so
slightly loose as to have escaped notice.

Figure 34-8 is the record made by a ttl/*
ligne rvatch with a roller jewel very slightly
loose.

Loose pallet stones may also usually be de-
tected b.y a visual inspection, yet one often finds
that pallet stones which are apparently tight
(visually) will show to be loose, giving a record
similar to figure 34-9. A small amount of stone
cement is the remedy.

Quite often we will find watches about 6;r/"t
ligne in size that apparently keep time, but
which refuse to make a legible record on the
TIME-O-GRAF- An examination of many of
these u'il l di.selose a hairspl'ing which is out of
flat and a balance staff which has too much
endshake. The out of flat hairspring: causes the
balance staff to dance up and down or endwise
in its pivot holes and the timing machine will
pick up the sounds of that in preference to the
.sound of the roller jewel striking the fork slot
{as in f igure 34-7, No. 1). The obvious remedy
is to true the hair-spring and eliminate the sur-
plus end-shake in the balance staff.

The left  hand i ine of dots is usually the
record of the actiorr caused by the receiving
pallet stone-likewise the right hand line of dots
is usually the record of the action caused by the
discharging pallet stone.

Escape Wheel Out of Round B:nt Tooth in Escape Wheel

Fis. 34-10 Fis. 34-l  I

The escape wheel in the ordinary 18,000
beat watch makes one revolution in six seconds,
or ten revolutions per minute. Hence, errors in
the escape wheel may be easily recognized by
the fact that they should repeat themselves
every six seconds, or ten times per minute (ten
times per six inches of paper travel). The line
caused by an escape wheel which is out of round
due to its either being bent itself or having a
bent pivot will be curved, z complete cycle
.showing every six seconds. (Figure 34-I0) A
bent or damaged tocth in an escape wheel will
show a single displaced marked similar to that
shown in Figure ,34-!1, occurring €very six
seconds. A damaged leaf in the escape pinion
will make a record showing an error of much
longer duration, the duration of the eror being
nearly one second in length, and it also repeat-
ing every six seconds.

A bent fourth wheel or a fourth wheel out of
round will show as an error every 60 seconds or
every minute. This can be found only on a
machine that runs for a full minute or more, such
as the TIME-O-GRAF.

Presume now thet \r'e have a defect that
occurs once in every 60 seconds, If it be curved,
similar to that in figure 34-t2, we would assume
that the fourth v'heel or one of its pivots was
bent, as the record clearly shorvs it to be out
of round. If, instead of the record showing a
clearly cut curve, it shows defects of moderate
time duration, spaced at intervals of 60 seconds
apart, we may then examine further. When
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f i e . 3 4 - 1 2

Train Wheel
()ut of Round

the length of the record of the defect in a fourth
wheel is about t/2 ineh" of paper travel, we could
assume that it was a defective tooth in the
fourth wheel. If the length of the defect con-
sumed about 10 seconds of travel of the paper,
we would say that it was a defective leaf in the
fourth wheel pinion. That is easily understood
as the pinion leaf requires a longer time to pass
than does a single vrheel tooth.

Likewise, defects in the center seconds
mechanism of chronographs are easily located
with the TIME-O-GRAF. For example, we may
take a chronograph and with the center seconds
hand in its neutral or zero position, bring
the watch movement to time. We then push the
plunger which starts the eenter seconds har'd
into action and observe if the wateh records an]'
variation in rate. If so, we know there is some
defect in the action of the center seconds hand
mechanism when it is in action. We then may
push the plunger which stops the center seconds

hand, and any change in the rate of the watch
at thi,s point indicates a defect in the braking or
locking mechanism of the center seconds hand.

MAGNETISM never affects two watches in
the same manner. Hence, w€ cannot present any
"t3rpical" record showing magnetism. Watch-
makers are supposed to look for magnetism in
a watch n'itir their compass.

PRESSURE applied tc the movement, or to
the train briclges of nany of these thin watches
rvill eause a noticeable variation in the rate of
the watch.

We presume that the watchmaker has
properly cleaned and oiled the mainspring, re-
placing it if necessary; but if he has not, he
cannot be assured of a good rating of the watch.
A dry mainspring will seize, then release, giving
an uneven delivery of power to the train wheels.
(See f igure 34-13). CAU"ION: A mainspring
that is slightly too wide for the barrel will rub
the barrel or the c&F, and cause an irregular
rating of the watch.

If the movement of the watch shows a record
as keeping time, and the hands of the watch

Fis .34-13

Uneven Power
Caused By a
Dry Mainspring

I

I
I
I-l
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irrdicate a loss of tinre,-look well to the canon
pinion friction, and see that the setting bridges
do not bind on either the minute wheel or other
dial rvheels. Also see that the minute hand does
noi bind onto the hour hand, and the pipes do
not rub the holes in the dial in any position.

SEC. 593*Putting on Escopement
in "Besl"

The general rule for putting s,n escapement
"in beat" is to so place the hairspring collet that
when the escapement is at rest, the roller jewel

l ies on the l ine of centers. See figures 34-I"4 ancl
34-15.

To be sure that we ha.ve i t  in beat,  we release
the power from the train, even to the extent of
removing the ratchet wheel. Then we cerefullS'
acljust the position of the hairspring collet so
that when the escape wheel is moved forward,
the toe of the escape ra'heel tooth wil l drop onto
the receivin$ pallet stone ebout the center of its
impulse faee, (See f igure 34-14),  and l ikewise,
the toe of the e$cape wheel tooth wil l drop onto
the discharging pallet about the center of its
impulse face or a l i t t le beyond. See f igure 34-15.
When that condition exists the eseapement may
be said to be very closely "in beat." Thus, when
the hairspring collet is adjusted to that position,
i f  we "bank the escapement to drop,"  ( the
escapernent being otherwise in mechanically
good order), w€ wil l f ind that the TIME-O-
GRAF will give us a record composed of ap-
parent ly almost one l ine,  the two l ines being
pract icai ly super imposed upon each other.  See
f igure 34-16.

Fig. 3,+-16

SEC. 594 - The "Double" Line
PLEASE NOTE: In practically all small

Su'iss watches and in many other watches due
to variations in escapement design, it is prac-
tically impossible to obtain a reading of a
"single line" as in figure 34-16.

Thb workman mrist be his own judge as to
rvhen the watch is in "passable" condition.

A double iine on the record may be caused
by numerous things, including the improper
setting of a pailet stone, loosely fitting pivots
in the members of the escapment, as well as the
improper setting of the hairspring eollet.

However in an eseapement wherein the
pallets are properly *set, the roller jewel proper-
ly set and the escapement otherwise in good
order, a double line indicates that the roller
jewel is striking the fork slot on one side at a
greatel distance from the line of centers than
on the other side. Turn to Escapement drawing
No. 1, figure 34-7. If we move a banking pin
out a little for example, the one on the left hand
side of the figure, it rvill allow the lever to lay
over a little farther to the left which means that
the roller jewel will strike the fork slot on that
side, which in this case is the receiving side, a
little sooner or if you please, a little farther
from the line of centers on that side which
causes the machine to record the No. 1" sound
on that side in a new position or sooner as shown
by the appcarance of the line of dots a bit away
from their previous position. Following is an
example of how this may apply:-

In figure 34-17 we have the record of a 16
size Elgin first with the escapement properly
adjusted. At "A" we opened the banking pin
which controls the slide on the receiving .stone.

E!t
EI
EJ

{

F
li

Fis. 34-14 Fis. 34-15
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Here you rvill note the immediate &pp€ar"Anctl
of the line of dots macle by the receiving side
moving over to a new posit ion. Coincident with
this you wil l  note that the increment of the si ide
on the receiving stone of an escapement tends
to slo$' dos'n the rate of a watch slightly. Re-
turning the banking pin to its proper position at
"8," the l ine of dots produced by the receiving
side return to their former position, ancl the
x'atch resumes its former rate. Likewise, we
may open the bankiug p in which contro ls  the
sl ide on the discirargir:g prl let stone. This wil l
cause the l ine of dots mrde by the discharging
stone to assume a nel'r position as at "C." Here
we note that giving the discharge stone morrj
slide, lve tend to speed the rate of the watch
slightly. Returning this banking pin again to its
proper position, the line of dots controlled by
the discharging side return to their former
position, and the rate of the watch again returns
to its former rate as at "T)."

It is desirable to bring the two iines as close-
ly together as possible with the slide adjusted
to a nrinimurn with safety on both sides.

SEC. 5g5-Poising ond Adiusting
Much has been rvritten in the past years on

the matter of poising the balance wheel in a
rvatch, and great theories have been expounded
on the subject.

Fie. 34-I7

The grea-t majority of these are well found-
ed, brrt one notable fact becomes increasingly'
evident: many textbooks, yes, even instructors
in watchmaking, do not agree on even the fun-
damentals of hairspring work.

Not until the advent of the TIME-O-GRAF
with its continuous tape with instant reading
have we been able to solve there problems in a
practical manner.

The RATE of a balance can only be ehanged
iry some force u'hich gives an impulse tending to
turtr or retard its turning one lvay or the other.

When the balance is at rest and the hair-
spring idle, lve may say that it is in the NEU-
TRAL POSITION.

The FUNDAMtrNTAL RULE on rates is: A
push toward the neutral point speeds it up; a
pu,sh alvay from the neutral point slows it down.
This is true for either direction of the balance
swing.

Let us see horv this fundamental rule shon's
the effects of a balance which is out of poise.
(See f igure 34-18). I f  the heavy part of the
balanee is at the bottorn in the neutral position,
and the motion is less than one turn, the push ot
the heavy point is always toward the neutral
point making the watch gain. Conversely, if the
heavy part of the balance is at the top in z
neutral position, and the motion is less than one
turn, the push of the heavy point is always from
the neutrai point making the watch lose.

If the heavy point is at the side, the amount
of gain and the amount of loss may counteraet
each other.

In f igure 34-18 the balance is making a
swing of over one fuil turn. The heavy point in
going up from Z to the top on either side ceuses
a gain, but in going beyond the top to X or Y
the push of the weight is away from the neutral
point and causes a }oss. One might think that as
in the figure, as the upswing from Z to the top
of greater Iength thern the swing from the top
to either X or Y, the gain would be greater than
the loss. It does not work out that w&y, for the
travel from the top to either X or Y is nearer
the end of the swing and errors whieh show that
near the end of a swing of a balance are fzr
more effective than errors near the middle of
the slving. Mathematicians have shown that if
the arc from the top to X and from the top to Y
are each 40 degrees, and the heavy point being
at Z, the loss from the top to X will offset the
gain from Z ta the top. Hence, for a swing of



MASTER WATCHMAKING Section 595Lesson 34

* ; d

I
"i ro' 

F
I

220 degrees on a side, a poise error in the spot
indicated will not affect the rate. However,
should the arc of swing vary, either more or
less, the poise error will show itself causing the
rate to vary in turn.

Many watchmakers accept the statement
that all rvatches, even those with an overcoil
hairspring, have what they call a "natural
error" of losing some 20 seconds per day, in
some one of the vertical positions, which one it
may be depends on the position of the pinning
point of the hairspring to the collet.

There is nothing mysterious or occult about
the workings of a watch or adjusting it. There
i.s no such thing as an inexplainable "Natural
Error." There is a definite reason for any and
all errors and combinations of errors.

We ma1,- poise a balance wheel as carefully
as we please on the poising tool and oft times
rve put it in the watch and the watch behaves as
though it were out of poise. True, the fact that
we have poised the wheel only, does not mean
that we have poised the wheel with all its acces-
sories, some of which move in whole or in part
with the balanee in the watch. We all know
that we poise the wheel, and after that we apply
the hairspring to it. In figure 34-19 we have a
hairspring: at rest with L2 little dots on the coils.
Notice the dots are in a straight line. When that
hairspring collet is turned a half turn, as it must
when the balance canies it, notice the new
position of the dots, and suppose the collet is
turned a half turn in the opposite direction, the
dots would arrange themselves in a similar pat-
tern on the opposite side.

What occurs there, as you will notice, is that
an unpoised mass, namely about half of the
inner terminal of the hairspring plus certain
portions of the succeeding hairspring coils, has
been added to that balance staff. In other
words, we have introduced and added to that
balance an unpoised mass of material which is
simply, as the balance moves to and fro, wag-
gl ing back and forth.

fn connection with this, please bear in mind
that your hairspring must be true in the round
and in the flat. The least error in the inner coil
of the hairspring throws the entire timing of a
watch into a condition where it is almost im-
possible to adjust. The hairspring must be

f is .  34-18

Fig. 34-19

4

Fig. 34-20
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true. Yes, the rates of a watch can be altered
by tampering with the outer coil of the hair-
spring before or after it passes through the regu-
lator pins, but inasmuch as the watch factories
themselves do not agree on the proper shape for
an overcoil, we shall not set forth any definite
form that it should take. You can raise or lower
the outer coil of a hairspring with the point of
a tweezer, screw driver, tooth pick or anything
else, call that operation anything you please,
but if you adjust the outer coil of the hairspring
in aceordanee rvith the well known rules of
isochronism, it cannot be improved upon b)'
any nelr tricks or methods.

Also theorists will tell us that the center of
gravity of the hairspring shifts from sicle to side,
up and down, or through any intervening angle,
depending upon the position of the watch, nnd
the shift of that center of gravity will affect the
timekeeping, True, but it does so in an infinitesi*
mal manner. Likewise the "sag" of a hairspring
has but a very sligtrt practical affect on the
timekeeping. Even the unpoised pallet fork may
introduee a slight position error.

The pallet fork may be considered as being

practically "in poise" when thq assembly finds
itself in the positions depicted in figures 34-21
and 34-22. It is definitely out of poise in
the positions depicted in figures 34-23 and
34-24. In the position shown in figure 34-23
the weight of the lever adds to or detracts from
the power delivered to the roller jewel, depend-
ing an whether it is moving upwards (against
the foree of gravity) or downv'ards (being ae-
celerated by the force of gravity). NOTE that
when the watch is turned 180 degrees, so that
r,ve find the lever in the position as depicted in
figure 34-24, the conditions described in figure
34-23, as to power delivered are exzetly re-
versed. Concurrently, we must bear in mind
that in practical usage, the lever finds itself in
every conceivable angular position (figure
34-25, between the above described positions,
hence, the "out of poise" element contributed
by it, has el'ery coneeivable variation with posi..
tions.

Sometimes these small variations or errors
will tend to offset each other, and sometimes
they compound.

Thus we see that poising a balance wheel
on the poising tool, while quite necessary, only
stiffices to place rhat one unit of the eseapement
in a condition which may be described as "static
poise." That is quite insufficient-as it is imper-
ative, for good timekeeping, that we consider
the curnulative effects of the additional ele-
ments of the escapement. In other words, we
must bring this entire "mobile unit," and by
"mobile unit" we mean the completely assem-
bled and running escapement, with its accumu-
lated plus and minus erlors-we must bring this
entire "mobile unit" into a condition that shows
it to be in poise WHILE RUNNING.

We can do this only with the use of the
TIME-O-GRAF, as on it we can observe the
entire accumulation, summation or whatever
you wish to call it, continuously from one pori-
ticn to another, of all these infinitegimal erroru,
and correct them in one rimple geeture.

First, we know that if we have a balance
rvith a good motion, a motion with an arc of
(See figure 34-18) over 22A degrees on a side,
it will be very easy to detect the heavy side of
the balance by locating the position of the watch
when it has the greatest loss of time. lVe place
the w'atch in the mierophone of the TIME-O-
GRAF pendant up, and rotate the wateh slowly
while the machine is running. The TIME-O-
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GRAF' immediately tells us on the continucus
tape which position that watch is in when it has
the slowest rate. We know that in that position,
lvere the balance to be at rest, the heavy side of
the balance assembly would be down. Your at-
tention is called to the fact that when you rotate
that running watch in the rnicrophone of the
timing machine, you have found the heavy side
of the entire mobile unit, that is, of the baiance,
hairspring, all the other ctimulative errors, some
of which are very slight. Ifowever, ]rou have
absolutely and correctly located the heavy side
of the mobile unit simply, effectively and with-
out delay. This is the only method available
today for the watchmaker to make a poise test

on a running watch so that he may know at
once where to make the necessary adjustments,
Suggestion: If the watch has an over all losing
raten remove a little from the heav]' side of the
balance, or if it has an over all gaining rate,
weight may be added to the lighter side. By
these means in a very short time you can take a
watch that is in good mechanical order and
bring all of your vertical positions up to within
a variation of less than 3 seconds in 24 hours
in a good grade of pocket watch.

To -*ummarize: The rates of a watch in the
vertical positions ean be adjusted very closely
and rapidly by making use of the TIME-O-
GRAI' to determine the poise errors.

SEC. 596:Topes from
The watchmaker will oceasionally encoun,

ter a watch beating other than 18,000 beats per
hour (t ive beats per second).

Herewith is a list giving the beat of some
of the currently found odd beat watches.

BEATS PER HOUR
Agassiz, 8PCV
Agassiz, PCV, AO, Z ..........-...
Agassiz, 8AC
Audernars, 8"'
Coneord 1Yz"', 73/_!."', and "R. Cart" .-....
Elgin. "Slotv Train"
E lg in ,26 , / t
Gruen, some of the 121, LZl, t?6, 177 ....."
Gruen, 151
Gruen, 455, 457,459, 465, 467, 4Gg .. . . . . . .
Gruen,  106,  L07,109,  130,  133,  lg7,1Bg,

155 ,  159 ,  161 ,  L6g ,  191 ,  Lg3 ,  306 ,
30?, 327,329, 329,331, 520 .. ."._..". . .

Gruen, 105, 333, 840, 84I, BA5, Bb? . -". . . . .
Gruenn 305, 837, 839, 847, 8Og .---. . . . .
Haas, 8" '  round
Huguenin, 5 Y " '
l|Ieylan, 7"' and,
Meylan, 8" '
Nardin, 7"' .........^
Ornega, 11.5
Omega, 13.5 and 1?.8 .. .- . . . . . .
Omega,  30.10
Patek-Phillippe, 4"' ..........
Touchon,  4" '
Vacheron & Constantin, ?"' oval
Waltham, 18 size, old models
Waltham, L8 and lG and 14 size, , .SIow

Train"
W'altham, "400"

Odd Beot Movements
AII of these odd- beat watches can be rated

on the TIME-O-GRAF, although in most cases
the record for a watch with e zeta rate will not
consist of a single line, nor will it run straight
down the tape.

In determining the pattern made by any
odd beat watch, tlvo constants of the machine
must be known. These are the seanning speed
anct the rate of paper feed. The motor in the
TIME-O-GRAF runs at EXACTLY 2700 revolu-
tir:ns per minute or, 45 revolutions per second.
The leacl on the printing spiral is exactly z
inches. Thus, the scanning speed is exactly 4b
r.p.see. x 2" which equals g0 inches per second.
The paper speed is exaetly 6" per minute.

Some of the very early Roxbury made Walt-
hams were L4,400 beats per hour, or 4 beats per
second.

In this case the revolutions of the spiral per
beat are 45:4, or llr/ar revolutions.

As V* ret'olution of the spiral equals one
half an inch of scanning speed, this watch when
running on time will print four lines of dots one
half an inch apart, straight down the tape.
Figure 84-26.

If the escapement is slighily out of beat, the
record will appear somewhat like figure B4-ZT,
the lines being "paired off."

Some of the early 'nSlow Train" EIgins and
Walthams employed a 6g tooth fourth wheel
and a ? Ieaf escape wheel pinion, giving these
watches a beat of 16,200 per hour, or 4r/z beats
per second,

In this case the revolutions of the spiral per
beat are 45141./t, or 10 revolutions.

g " '

24,222
20,944
21 ,600
21 ,000
19 ,800
16,200
19 ,800
1.9,440
19,332.
19,800

20,160
20,222
20,940
20,222
20,1"60
24,944
20,??z
29,944
21 ,300
21,640
19,900
21,000
21 ,000
24,944
14,4A0

16,200
21 ,600
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Fig. 34-26
A 1{. i (Xl  lJc i t t

Fis. 34-27
A l4-(XX) Bear. r', 'hcn

"()ut  of  Beat"

A 19,332 B('at A 19,440 Bcat
Fis.34-28 Fig. 34-29

Thus, this 16,200 beat watch when running
on time will print exactly in line straight down
the tape very similar to the line made by an
18,000 beat.

Similarly, w€ find that the watehes having
19,332 beats per hour, allow the spiral to make
8.3/s revolutions per beat, thus, these L9,332 beat
watches wh€n running on time will print 8 lines
of dots straight down the tape, the lines being
t/a inch apart, figure 34-28.

The 19,440 beat watches allow the spiral to
make 8-t /S turns per beat, thus, the 19,440
beat watches when running on time will print
three lines of dots straight down t}l.e tzpe 2/3
of an inch apart, figure 34-29.

The 19,800 beat watch will allow the spiral
to rnake 8-ZlL1 turns per beat, thus the 19,800
beat watches when running on time will print
11 lines straight dorvn the tape 2/LL of an inch
apart, but it is rather difficult, on account of the
scattered position of the dots comprising these
Iines, to arrive at a quick diagnosis of the watch,
unless the watch is almost on time. The appear-
ance of the correct record made by one of these
watches is shown in figure 34-30.

The 21,000 beat watches, similarly, when
running on time, wiII make a record of 7 lines
straight down the tape, figure 34-31.Fis. 34-30

A I9.&X) Beat
Fig. 34-31

A 21.000 Beat

21000
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2tgoo

Fis. 34-32
The 21,600 beat watches, similarly, when

running on time, will make a reeord of two lines
one inch apart, straight down the tape, figure
34-32.

Now, for those who like mathema,ties, let us
look at a watch having 20,222 beats per hour,
whieh is 5.61720555 per second. We see im-
mediately that this watch will not print a,
straight line. 45 equals approximately

5.6!7?0555
8 and f/100 revolutions of the spiral per tick.
Now we can see that this one will print like a
normal 5 beat watch ercept that since the spiral
will make slightly more than en even number
of turns between ticks, the line will slope to the
left. Let us determine to what extent the line
slopes. The time between ticks is 3600,/20222
or .'t78024 seconds. Then .178024 x 90" per
second (the speed of the spiral) equals a travel
of 16.022L6" per tick. As 8 turns equals 16"
scanning, then 16.02216 minus 16 equals
0.02216" that each dot is displaeed to the left
of the previous dot. So, dividing the Z" of travel
by this .A22,L6 we get 90.25 ticks for the printed
Iine to travel once acros*s the 2" width of the
paper. In t ime, this is equal to 90.25 x .1?8024
which equals 16.06666 .seeonds.

And 16.06666 x 6"  equals  1.606" of  paper

60 GecJ
travel while the dots move two inches to the
left. We take a piece of paper and with a scale
measure carefully 2" across the paper from a
point and then up the paper 1.6" and rnake
another point, then draw a line conneciing these
two point.s, giving us & pattern of what the
record of this 2A,222 watch should look like
when the watch is running on time, figure 34-33.

With the paper travel of 1.6" while the lini
of dots crosses the 2" width of the paper, we
may also lay out the position of the line by ob-
taining its angle by trigonometric functions.

The 20,160 beat watches, when running on
time wil l  make a record resembling that in
figure 34-34.

A 21,600 Beat

A K,222 Beat

Fis. 34-33

A 20,160 Beat

Fis. 34-3{
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