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Sections 575-577 MASTER WATCHMAKING Lesson 33

SEC. s7$-lntroduction
This lesson has been prepared for the pur-

pose of assisting the student watchmaker in
utilizing the WatchMaster Watch-Rate Re-
corder to its best advantage. The relationship
between the record and the watch is explained
in some detail as a means of simplifying the
interpretation of unusual records. No attempt
has been made to reproduce exact.records which
are entirely indicative of a specific watch but
rather the principles of diagnosis are illustrated,

The text and illustrations are reprinted with
the permission of the Arnerican Time Produels,
fnc, of New York.

SEC. 57G-Generol Description
The lVatchMaster Watch-Rate Recorder is

a device which has been designed to record
every tick of a watch or clock on calibratecl
chart paper in z. manner whieh will give the
maximum inforrnation in the shortest practical
time. The calibration of the chart paper and
the speed of its movement have been chosen to
make an eruor of one second per twentyJour
hour day, the minirnum rvhich can be distin-
guished in a period of thirty seconds, and at the
same time, keep ihe recorded indication of
instantaneous variations, due to watch irregu-
larities, to a readable extent.

These principles take practical form in the
WatchMaster by wrapping the chart paper
around a drum which is rotated exactly five
times per second by a motor controllbd by a very
accurate constant frequeney. Since the escape-
ment in a normal watch operates exactly five
times per second when keeping*correct time, a
mark made on the chart paper every time the
watch escapement operates would fall in exact-
ly the same place for suceessive ticks. In order
to distinguish between successive marks and
hence successive ticks, the recording mechanism
is advaneed from left to right approximately
the width of a mark every revolution of the
drum. Therefore these conditions produce a line
of marks on the paper which develop from left
to right on the drunr and exactiy parallel to its
axis when the rate of the escapement action
and the rate at rvhich the drum rotates are
identical. A rvatch which is gaining produces
marks which eome slightly in advance of a com-
plete revolutibn of the drum between successive
tichs and hence produce a line of dots which
slant in the direction of drum rotation as the
recording is produced. This produces a line of
dots wlrich slopes upward from left to right as

the record is viewed. Conversely, a watch whieh
is losing produces marks which come slightly
behind a complete revolution of the drum be-
tween succersive tickr and hence produce a line
of dots rvhich slopes dorvnward from left to
right. The ehart paper is calibrated direetly in
seconds error per twenty-four hour day, and the
departure of the watch rate from eorrect time
is read directly frorn the chart paper.

SEC. 577:The Record ond How
to Reqd lt

The size of the recorded marks has been
chosen to be approximately the minimum which
can be readily seen by the unaided eye and stil l
be positive in its produetion. A line of such
marks immediately adjacent to each other re-
quires about thirty seconds of recording time to
be dependably readable to one second in twen-
ty-four hours when' the instantaneous errorg

"which exist in lnany watches are to be recorded.
The chart is ruled horizontally with parallel

lines which are the equivalent of five seconds
in trn'enty-four hours apart when the full width
of the two inch reeording represents a twenty-
four hour day. When the record slopes the dis-
tance of one space between any two of these
Iines while covering the full two inch width of
the fraper, the watch is indicated to be five
seconds in twenty-fours hours off time. When
the record slopes the distance between two divi-
sions, the error is indicated to be ten seconds in
twenty-four hours, and so on in units of five
seconds for each space covered. When the
watch is very nearly eorreet, errors of one sec-
ond can readily be distinguished.

For convenience in reading large eruors,
every sixth line has been made of double width
and the distance bet*'een the double width lines
is hence read as an error of thirty seconds or one
half minute per twenty'-four hour day. For
further assistance in reading large errors, the
chart is also ruled lengf,hu'ise to divide it in two
equal parts. This divides the observation time
by two and errors observed in either half repre-
sent the twelrre-hour performance and must be
doubled to obtain the twenty-four hour rate.

Figure 33-1 shows samples of typical records
illustrating the method of reading eharts.
Record A represents a u'atch u'hich is in exaet
a.greement rvithin the frequeney standard. The
record is exactly parallel with the lines on the
chart. Record B represents a r,r'ateh which is
gaining at the rate of twenty seconds in twenty-
four hours. Four five-.second spaces are csvered
in the full width of the chart. Record C repre-
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For example, a watch or clock which oper-
ates only four times per $eccnd will make only
four marks for every five complete revolutions
of the drum. This means that one and one-
quarter revolutions of the drum occurs between
succesive ticks, Hence, the first, fifth, ninth,
thirteenth, etc., ticks will produce marks at
the same position on the drum. The seeond,
sixth, tenth, etc., ticks will produce marks in
the same position and cne-quarter revolution
behind the first. The third, seventh, eleventh,
etc., will produce marks on the other side of the
drum and the fourth, eighth, twelfth, etc.,
will be three-quarters of a revolution behind
the first. The effect of this eondition
will be to ree.ord four separate lines of dots on
the drum. They will all be parallel and any one

Fig. 33-l

sents a watch which is losing at the rate of
thirty seeonds in twenty-four hours. Six five-
second ,spaces, or the space between two heavy
lines, are covered in the full width of the chart.
Record D represents the use of the length-wise
ruling. The left half of the chart covers three
five-second spaces but since the half chart is a
twelve hour indication, the error must be
doubled making this error thirty seconds in
twenty-four hours. By extending this record to
the full chart width as indieated by the dashed
line, the similarity ra'ith Record C is shown. The
errors indieated by records C and D are identi-
eal.

Watches will occasionally be found which
are running ver-v fast or very slow in one or
more positions. Records which indicate such
rates may make one or more complete spirals
around the drum. The size of the drum has
been chosen to include exactly one hundred
twenty five-second,spaces, hence a record whieh
made one complete spiral in the full width of
the chart would indicate an error of ten minutes
per day. Two spirals would represent twenty
minutes per day and so on. Any incomplete
spirals are read on the basis of five seconds for
each divi.sion in the usual way and added to the
error represented by the number of eomplete
spirals in the record. For example, figure 33-2
represents a watch whieh is gaining at the rate
of twenty-six minutes per day. The reeord
makes two complete spirals plus twelve large
(or seventy-t*'o small) divisions.

There are also many watches made which do
not operate five times per seeond when keeping
eorrect time. Many inexpensive watches and
rnost clocks operate only four times per second
while many small ladies' watches operate up to
six times per second. While the WatchMaster
is primarily designed to record the action of
watches which operete five times per second, it
will produee usable reeords from these cther so-
called "cdd beat" movements as well.

fis. 33-2
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for most of the odd beat movements are shown
at the rear of this lesson, together with a list of
most common makes and sizes using each beat.

SEC. 578-Wtiit Wotches
When the WatchMaster is used for timing

wrist watches of average commercial grad,e, it
is g:enerally unnecessary to make the complete
30-second record in each position. This is d,ue
to the f.act that very few wrist watches will re-
peat their instantaneous rates exactly from one
minute to the next and the average rate must
be used. The dial-up and crown-down positions
control the performance of a wrist watch when
worn and the average between the rates in these

Fie. 33-{

Fis. 33-3

of them may be used to read the rate in the same
manner as the complete line is used for five*beat
watches. Figure 33-3 represents a four-beat
movement which is keeping correet tirne.

The manner in which the record from a six-
beat movement is produced is similar except
that six marks are produeed for every five revo-
lutions of the drum. In this ease five sixths of a
revolution occurs between sueeessive tieks. This
results in six separate lines of dots any one of
which is usable in the regular manner. Figure
33-4 represents a six beat movernent which is
keeping eorrect time.

There are a number of other odd beats fre-
quently encounteretl. Records from these move-
ments are produced in a similar manner and
all are usable in the same way. Typical records
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Lesson 33 MASTER \trATCHMAKING Section 578

positions is a satisfactory basis for wrist watch
timing. Tnis two-position al'erag:e is obtained
by placing the wateh in the holder with the
dial up and the crown either to right or left.

The WatehMaster is started in the usual
manner and when the record reaches the longi-
tudinal dividing line, the watch is turned to the
crown-down po*sition without stopping the in-
strument. Each half of the record represents the
twelve-hour rate in 1.he respective positions used
and when the chart is read for its full width, the
twenty-four hour average is obtained. Reeord
A, figure 33-5, shows a wrist watch which has
been timed in this manner. The dial-up rate is
10 seconds per day slow and the crown-down
rate 80 seeonds per day slow. The twenty-four
hour average is read as 45 seconds per day slow.

Fis. 33-5

In order to make certain that a serious rate
error does not exist in one of the other positions,
it is desirable to guickly eheck the crown-right
and crown-left positions before bringing the
watch to time. Record B, figure 33-5, shows the
crown-righLand-left rates for same watch and
illustrates the method used in making these
quick checks. The rates are similar to the crown-
down rate indicating a satisfactory condition.
Record C, figure 33-5, shows a similar watch in
which the balance is out of poise in a manner
which does not affect the crown*down rate. This
watch could not be expected to keep good time
when worn and the error must be eorreeted be-
fore bringing to time.

The watch represented by Records .A and B
of figure 33-5 is in satisfactory adjustment for
timing and the dial-up, crown-down averag:e
rai,e is 45 seconds per day slow. Since wrist
watches generally run slightly slower when
worn than they do when perfectly stationary,
this watch should be adjusted somewhat more
than 45 seeonds per day faster. One position

only is necessary for this operation although
quick position checks are desirable to make
certain that other errors have not been intro-
duced by the timing operation.

Figure 33-6 shows the steps followed in
regulating the wateh and the use of short
reeords to obtain an indication of the ertent of
the adjustment. Record A shows bhe result of
the first atternpt. This record represents a rate

Fis. 33-6

approximately two minutes fast. Reeord B rep-
resents the next attempt-about 90 seconds
fast. After a further adjustment the full record
is made and the watch found to be one minute
fast in the dial-up position. This should be about
right for this particular wateh as the average
rvould then be about 80 seconds fast which
allows for the amount the watch will run slow
when rvorn and still have it gain slightly. This
is the desirable condition to achieve as a slightly
slow watch is unsatisfaetory.

All of the records shown up to this point are
representative of watches in good meehanical
adjustment w'here the time from "tick" to
"tock" is exactly the same as the time from
"toek" to "tick" and hence are in perfect beat.
Any departure from this time relationship is
evideneed by a double line of dots as shown in
figure 33-7. The separation between the two
lines is a direct measure of this "time" differ-
ence and hence the amount the watch is out of
beat dynamically (when it is running) .

When the watch has been placed in beat
statically, by visual inspection of the roller jewel
with respect to the line of centers of the balanee
staff, pallet, and escape wheel arbors, there are
at least two more factors which contribute to
the'idynamic beat condition. The first of thes€
is the relative amount of angular travel the pal-
let makes on either side of center, (pallet travel
is determined by the banking pin adjustment),
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Section 579 MASTER WATCHMAKING Lesson 33

and should be exactly the same on both sides of
center in order that the time of balance swing
on each side should be the same. The second
contribufing factor i-c the relationship between
the hairspring and the regulator pins. It is vital-
ly important that the spring be centered be-
tween the pins at rest and that both pins have
the same restricting value on the spring at all
motions normally encountered.

When all of these conditions have been met,
the balance and hairspring combination are in
the best eonditicn to oscillate freely and be least
affected by variable mechanical influenees. The
existence of this state of adjustment is evidenced
by a single line record which is clean and does
not show changes of time between suiceeding
ticks or ticks and tocks. In wrist watches of
ordinary commercial grade, it may be impraeti-
cal to attain this true state of tlynamic beat due
to the miscellaneous mechanical imperfections
normally present. With watches cf this type a
compromise ad.iustment which will produce a
double line record with a clear separation not
to exceed one small ehart division may be as-
sumed to be acceptable. Record B, figure 33-?,
is representative of such a compromise which
may be assumed to be satisfactory although ob-
viously not perfect.

Most watches have balance and hairspring
assemblies whieh are out of true dynamic poise
even though the balance wheel itself has been
carefully poised before adding the spring. Part
of this effect is due simply to lack of symmetry
of the collet and inner spring termination and
it can be reduced by counterpoise. A further
contribution to the apparent out-of-poise condi-
tion is made by the tendency of the spring to
sag when improperly supported.

SEC. 579-Out of Poise
In a carefully designed u'atch, the hair-

.spring pinning points have been chosen to pro-
vide the most support to the spring in the posi-
'r"ions which are most important. Most support is
given in the pendant-up position and the least in
the pendant-down. A sagging spring has the
same general effect as an out-of-poise balance
and the position which is affected the most is
loeated in the same manner. When all other
conditions are normal, this will generally be
found in the pendanLdown position. A slight
movement of the inner regulator pin in the direc-
tion of the spring body away from the stud will
be found effective in affording more support in
the pendant-down position with a, slieht im-
provement in the pendant-right and left rates.

The principles involved in locating the effec-
tive heavy side are as follows;

Fis. 33-7

Figure 33-8 shoqis the rates in one horizon-
tal and four vertical positions in a watch which
has the balance somewhat out-of-poise but is
otherwise in good condition. The heavy spot on
this balance is directiy down witb the pendant-
ufr and the balance at rest. in dead center. This
is the position with respect to the out-of-poise
eondition of the balance which produces the
fastest rate and the slowest rate is found direcL
ly opposite, in this ease with the pendant-down.
The pendant-right and left positions are not
appreciably affeeted by this out-of-poise condi-
tion and remain close to the raLe of the watch
in the horizontal position.

Figure 33-9 shows the rate of the same
watch in the same positions as in figure 33-8
with the heavy spot on the balanee moved half
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Fig. 33-8
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Lesson 33 MASTER WATCHMAKING Section 579

rvay between the six and the nine on the dial
rvith the pendant-up and the pendantleft rates
are norv fast and tbe pendant-right and pen-

develops in a direction away from the apparent
heavy spot as located above.

Many watches, particularly of the cheaper
grades, will be found with the regulator pins
spread too far apart in order to correct the
horizontal rate while leaving the regulator in
the center of its scale. The most serious error
caused by this manipulation appears to be the
increased position error eneountered.

Most cf the error encountered through this
condition is truly isochronous in that a differ-
ence in rate aecompanies a change in motion. In
this case the effect of the pins is reduced as the
motion falls off in the vertical position, thereby
making the full length of the spring to the stud
effeetive for a greater part of the time and thus
making the watch very much slower at the re-
dueed motion encountered in the vertical posi-
tions.

Figure 33-10, Records A, B and C, show
three positions of a watch having regulator pins
excessively far apart. The horizontal rate is
approximately correct, the pendant-down-and-
up rates are very slow.

Figure 33-10, Records A', B' and C', show the
same three positions after the regulator pins had

Fis. 33-10

Dial aP
Pendattt uP
Pmdant doutt
DiaI aP
?ndatt dowt
?enfoit up

Fis. 33-9

dant-down rates are slow, the errors in each
case being less than the maximum errors indi-
cated in Figure 33-8.

A eomparison between figure 33-8 and 33-9
indicates that the fastest rate on the watch in
the condition of figure 33-9 would be expected
with the pendant moved half-way left, (in other
words, the position corresponding to the lVz
on the dial uppermost) . Figure 33-9, Record F,
shows the rate in this position and this rate
checks exactly with the pendant-up rate with
the watch in the condition as shown in figure
33-8.

Figures 33-8 and 33-9 indicate the method
to be followed in determining the balance poise
error in any watch and offer a r€ady means of
making a correction which will bring the watch
within acceptable limits for its particular grade
in a minimum of time. For example, the watch
used in obtaining Records in figures 33-8 and
33-g has its balance arbitrarily thrown out of
poise by the addition of a single timing washer
under one balance screw-

The effects of lack of poise are the same
regardless of the cause. W'hen the obvious
mechanical conditions of rvheel poise and collet
center poise and pin support have been fulfilled
and an out-of--poise condition is still apparent,
the trouble will generally be found in the man-
ner in which the spring develops. This is cor-
rected by slightly altering the spring so that it

A DiaI up

B Pendant up

C Pendant left

D Pendant down

E Pendant right

F Pend. Ilalf left
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Section 580 MASTER WATCHMAKING Lesson 33

been elosed to the point where the action of the
hair-spring between them was proper. This, of
course, has the effect of making the watch run
faster in all positions but the change in the
vertical position rates is greater than the change
iu the horizontal rate. This has had the effect of
bringing the position error for this watch within
acceptable limits.

Fig. 33-l  t

A llial up--full n'ound
ll Dial up-2,1 hrs dorvn
C f)ial up-full rvound
D flial up-24 hrs dorvn
E Dial up*full wound
F Dial up*24 hrs dcwn

SEC, 58Q-lsochronism

Isochronism in a watch may be roughly de-
fined as the reiationship between the rate and
the arc of balance motion in any position. The
isochronous error may then be defined as the
difference between the rate of the watch full
rvound and the rate at the end of the normal
period between u'indings. This is generally 24
hours. This is most easily measured by taking
the rate rvith the main-spring v'ound an amount
equivalent to that after 24 hours of running and
then measnring the rate in the same position
with the mainspring ful ly wound. The dif fer-
ence bets'een these two rates is the isochronous
error of a wateh in the position tested.

Figure 33-11, Records A and B, shows the
full-wound and Z$-hour down rates of a watch
with a flat hairspring which, of course, has no
isochronai correction and always runs slower as
the motion decreases. Figure 33-11, Record C
and D, shows a comparable watch having a hair-
spring vvith an over-eoil r*'hich does not fuily
compensate the rate with decreased motion and
figure 33-11, Records E and F, shows another
watch in this same ciassification in which the
over-coil over-compensates for decreased mo-
tion, thereby making the u'atch run faster as
it  runs down.

From an inspection of these three records,
a quick method for comecting excessive isochon-
al errors in watches having over-coils suggests
itself ,  which may be also used advantageously
in bringing the horizontal and vert ical rates
closer together without resorting to the unde-
sirable method of altering the shape of the bal-
anee pivots. For example, a watch having a
hairspring with an over-coil runs somewhat
slower in all of the vertical positions than it
does in the horizar.tal positions. It rnay be
assumed to have an excessive isochronal error
which should, of course, be roughly checked in
the manner explained above.

W'hen the wound-down rate is found to be
considerably slower than the full-wound rate,
the coyrection is made by re-shaping the over-
coil slightly to have the straight part in the
center section of the eoil slightly closer to the
staff. If this conection is over-done the watch
will run faster as the motion deereases. How-
ever, a position fcr this over-coil section is easily
reached where the- isochronous error of the
watch is reduced to a tolerable value, in which
sase a watch in good condition will have vertical
rates extremely closc to the horizontal rate.
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SEC. 58t-The Hcirspring
The adjustment of the hairspring in the

watch is the greatest single factor which con-
tributes to the watch performance. Faulty ad-
justment of the hairspring and its relationship
to the regulator pins can be the source of most
of the erratie time-keeping u'hich a, watch in
otherwise excellent mechanical condition will
exhibit. Variations in rate in the vertical posi-
tions may occur when the spring is improperly
centered or when it is given insufficient support
in one position, thus allowing it to sag and pro-
ducing an spparent out-of-poise condition. Var-
iations in rate betrn'een dial-up and dial-down
may occur when the regulator pins are not
parallel. Variations in rate between the hori-
zontal and vertical positions may occur when
the over-coil is improperly formed or when the
regulator pins are too far apart. Generally er-
ratie behavior may be experieneed when the
spring is not centered between the regulator pins
so that the restrictive effect of the two pins is
unequal. Record E, figure 33-12, is indicative
of this condition.when the watch is in perfect
beat statieally. The effeet is further exagger-
ated by bending one of the pins away from the
spring at an angle. In addition to indicating a
greater departure from perfect beat, one line of
the record exhibits a slightly ragged tendeney,
due to spring hitting the pin at an angle and
sliding an unequal amount on succesive oscilla-
tions. Record D is indicative of this condition
which ean also be caused by lack of parallelism
between the pins in the direction of the staff,

f ie .  33-13

Reeord A is representative of & hairspring
which is not flat. This causes the flat sides of
the spring to hit thc pins at an angle and pro-
duces a tendency for it to slide on the pins un-
evenly and also causes the spring to move un-
evenly in the direetion perpendicular to its
plane. Records B and C are very eommon types
and are indicative of trouble at only one pin. In
general, a ragged upper line may be traced to
the outer pin and a ragged lower line to the
inner pin. None of fhese should be tolerated as
they all are indicative of faults which make an
otherwise good watch a poor timekeeper.

SEC. sBz*Mechonicol Fcults
Many of the common mechanical faults pro-

dnce characteristic records on the Watch-
Master. Some of these are occasioned by the
fact that most watches have some isochronal
error and henee the rate changes as the power
delivered to the balance changes. For instance,
figure 33-13 shows two ccnsecutive records for
a watch having a defective fourth wheel. The
fourth wheel revolves once per minute and as a
consequence, when it is out of round, or has a
bent arbor, the pou'er delivered to the escape
wheel will vary over the period of one minute
and will be accompanied by a rate ehange as
the power varies. A .qeeond hand which binds
or drags on the dial on one side and not on the
other is a common cause of this trouble.

Similarlg, &tr eseape wheel which is ouLof-
round or has any nrar or bur on its pinion will
cause a change ten times per minute (l5-tooth
escape wheel), Figure fiS-14, Reeords Ar B and
C, shows the typical records for these conditions.
When the wheel, itself, is out-of-round or not



Sectisn 582 MASTER WATCHMAKING Lesson 33

A
$I

i
a
a
I

r l* i
t
t

d
tt

ct
a
I
a
a

t
a

? . 3\ r !

{iz
E
r,*o

iE

B

f.o

t
t

A i
a
a
t
a
a
a
a
a

d
It

l-l

t
a
a
t
I
a
t
a
a
a

t
oz

Er,
a ?-t

Fis. 33-14

exactly centered on the arbor, the locking of
the escapement will vary as the wheel rotates
and, while there may be slight changes in rate,
the characteristie p*ttern consists of a periodie
widening and narrorving of the spaee between
the two reeorded lines. This may also take the
form of a single line which widens to a double
Iine and returns to the single line at the rate of
ten times per minute or five full cycles in the full
30 seconds of the WatchMaster Reeord. Figure
33-14, Reeord A, shows this condition.

When the pinion alone is defective, the
power changes as the rvheel rotates but the
escapement is not affected. The record then
shows a change of rate without change of
pattern. Figure 33-14, Record B, shows this con-
dition. When the pivot or arbor is at fault, the
power transmitted usually varies and the
escapement loeking changes as the wheel ro-
tates. This condition produces a re-eor{ which
changes rate and pattern both as shown on
Figure 38-14, Recorcl C.

In addition to these escape wheel faults,
occasionally watches are found with a mutilated
escape wheel tooth. This may result in the fail-
ure of the eseapement to lock on one or both
sicles as this tooth presents itself to the pallet.
Figure 83-14, Record D, shows the effect of this
eondition in a watch which is well adjusted in
all other respects.

Oceasionally, watches will produce reeords
which indicate one or more af these escape
wheel faults s,nd upon examination, the fault

Fig, 33-15

cannot be found. This trouble rHill then be
generally traced to a magnetized escape wheel.
This is partieuiarly true of a so-ealled non-mag-
netic watch which nevertheless has a steel
escepe wheel. When this eondition exists the
magnetism exerts a variable influence on the
hairspring and the watch records a pattern
which is similar to the escape wheel fault
records of Figure 33-14.

Figure 33-I5A is representative of watches
in which the balance motion is exeessive. This
usually occurs after the watch has been put in
first-class condition with the majority of its
errors eliminated or greatly reduced. The trou-
ble is ordinarily called "over-banking" and is
caused by the roller jewel unlocking the escape-
ment by hitting the pallet on its back side. The
proper coneetion for this trouble consists in
reclucing the strength of the mainspring rather
than by inereasing the friction, by flattening the
balanee pivot ends. Figure 33-158 shows the
same wateh after the mainspring had been re-
placed.

Watches which have low motion of the bal-
$llce wheel are generally unsatisfaetory time-
pieces and ate apt to be very troublesome in
service. While the eyg is a fairly good judge of
the extent of the balanee arc, the WatehMaster
reeord gives a definite indication of the effeet
of the particular motion in question on the per-
formance of the watch. In general, Iow motion
which affects watch performance produces
re:ords which are unsteady in direction and are
very eharacteristic of this eondition. Figure
33-16 shows a record of this type. Watehes
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which produce records having ttrese characteris-
tics are almost certain to be trcublesome and
should never be delivered until the eondition is
enmected.

All of the foregoing ehartg are indicative sf
wateh faults which a.re corectable by adjueL
ment and manipulation, These correetion$ are
part of the fini*hing a.nd timiug procedure after
the watch has been repaired.

There atre, however, a eertain number of
specific fault* which might be overlosked in the
repairing: prCIce*s $hich produee rerords indi-
catiye of tlreir existence. Sueh thingg ag loose
or cracked jewels, Ioose banking pins and losse
or improperly set roller jern'els produce raggled
reccrds which in some cflses a.re similar to
records produced by certain tfpes of hairspring
faults, but in general they will not vary between
positions as the hairxpring: rseords de. In any
event ragged, doubln records repre$ent wateh
faults which should not be tal*r*t*& and the
reccrds furnish a clue ta their correetisn *l-
though rnore than sne part may contribute to
the fault"

In addition to these specific faults excessive
slide in the escapement has the effest af pro-
ducing a ragged record wben it bng:ins to eause
trouble in the watch, ?his may exict in one cr
both lines of the record and ie an indication of
*'hich side to reduce the slide on. fn many older
watches in which the balanee pivots have be-
come slightly worn the xepar*tion between the
lines vary as the watch is moved through the
vertical positions. The lines will be closeat to*
gether, in general, in that position where the
balanee is over the pallet and escs,pe wheel, and
the separation will be greatest in th* position
directly oppoeite that point with the records in
the lrorizontal positions somewhere in between"
When this ccndition existe, it is well to make all
adjustrnents fo the escepement in the position
which brings the lines on the chart closest to-
gether, It is then trikely that all other position*
will be satisfactory"

In order to compensate for the we&r existing
in the balance pivats, it is sometimeg possible to
reduce the slide CIn CIne side of the e*capement
and increase it on the other and thus arrive at a
compromise which will produce a satixfaetory
operating ccndition in all positions without in-
terferenc*. Figure SB-17, Recordx B and ,{,
represents pendanLup and pendant-d"own for a
u'atch having somewhat worn balanee pivots
and which has been adjusted ta have a good *liq"^
escapement action in a hortusntal position, It is 55-lu
noted that interference is encountered in tl.re
pend*nLup position which makes an extremely
erratic reeord and in the pendant-down position

the lines have reparated considerably.
The slide in thix wstch was then adjusted in

thc pendant-up position until it was optimum,
arld the reeults are ehown in figure $3*1S. Note
that tlre records for the yarious po*itions have
becn brought very close to the s&me separation
and the action is extremely good in all positions.
This is aecomplighed without the necessity af
replaeing the *taff and possibly the jewels in
the watyc,h,
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SEC. 583-Odd Beot Movements

The W'atchMaster is primarily designed to
record the action of watches having 18000 beat
per hour trains. This means that the drum turns
at exactly 18000 revolutions per hour and the
comparison between the watch rate and the
machine rate is read directiy from the chart.
However, the very nature of the WatchMaster
design insures an adequately readable record
for any other beat up to at least double the
normal rate, or 36000 per hour. Most of these
so-called odd beats record multiple line records
around the drum, any of which are usable in
the regular manner. This condition exists for
all beat rates that are reducible to a small com-
mon fraction of the drum speed. For example,
a wateh which beats only four times per second
will make four dots in five revolutions of the
drurn. This means that one and one quarter
revolutions of the drum wili be made between
beats and every fifth beat will record at the
same position on the drum. The intervening
beats will record at evenly spaced intervals
around the drum, one-quarter revolution apart.
Thus, a four beat movement will record a paL
tern of four lines all equally spaced and parallel
to the drum when on time. From this fact, it may
be shown that any beat whieh bears a common
fraction relationship to the rate of the drum
with a difference of one between the numerator
and denominator will record a multiple reeord
parallel to the drum. The following table lists
these odd beats which will produce lines paral-
lel to the drum when on time.

The maximum number of lines whieh ean
be read is nineteen. Any beat which is eloser
to L8000 than the beats which produce nineteen
lines is read as one line with an off-time slope.

-.Any beats which are other than the exact ones
shown on the above chart produee the number
of lines shown for the nearest exact beat but
wiII have a slope which is representative of the
difference between the beat of the watch and
the nearest, beat shown. The amount of this
slope is determined by subtracting the value of
the nearest beat shown from the beat of the
watch, dividins this differenee by the exaet
beat shorvn and muli,iplying by 86400, the num-
ber of seconds in one day. This product will
represent the slope of the record for the beat
in question when keeping correct time. The sign
of the answer will determine whether the indi-
cated record is gaining or losing. Plus represerts
a gain and minus a loss. For example,20222 is a
relatively eommon beat for medium small size
Swiss ladies' watches. The nearest exaet beat
shown is 20250, whieh produces nine lines. The
correct time slope is determined as follows:

Ratio to
Beat 18000 Lines

l++t)0 4/5 4
15000 5t6  5
15428 611 6
t5' i50 7l8 7
16080 8/9 8
16200 9lt0 I
rffi63 tatfi 10
16500 L l  /12 1 l
16615 L2/L3 t2
16714 7,1 /L4 13
16800 L4tt5 !4
168?5 15/16 15
16941 16/ r?  16
r?000 r7  /18 1?
L7052 18/t9 18
171.00 ls /20 19

Ratio to
18000 Beat
4l zffi
5l4 27.500
6/5 21600
7 t6 210m
8t7 2A57r
9/8 20260

7ot9 2J#',O
11/10 19800
lzltt 19636
1:ilr2 19500
t4lr.3 19384
t5lr4 19285
L6lt5 79240
77 L6 19t?;6
LBILT 19058
19/18 19000

Beat of watch under test.(20?-22) - Nearest, exaet beat (20250) .,. -Tj,' 
of

X second per

2A222-?A25AX86400 :  28 X 86400 : - 120 seconds per day
2A260 20250

The eorrect record for a watch whieh is
designed to beat at the rate of. ?0222 per hour
is therefore nine lines evenly spaced around the
drum at a slope of 120 seeonds or 2 minutes per
day slow.
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SEC. 58+-Typicof Odd-Beot Chorts

The following chart^s have been iacluded to
show the on-time record for most of the eommon
types of odd beat movements. In reading a
watch rate of this type only one line is used and
the watch is fast or slow by the amount the
record departs from the on-time reeord shown.
Any watches having beats other than those
shown may be checked by referring to the
method outlined above.

Fis. 33-19
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Perfect Record - mr222 $,eats Per flour

Fis. 33-21

9 ltnca- 6 nin. 2{ aec. 'SLOIY" * indicatea t corrcct rlte.
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introduction to this ccction,

perfect Record _ 20,160 Beats pcr Hour

Fis. 33-22
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introduction to this tcction.
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note:

(No job sheets are associated with Lesson 32, Part 2)


