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Definitions

To avoid misunderstandings,
the following definitions have been
adopted:

Noise
a combination ar succession of
sounds

Sound
a clearly-defined part of a noise

Daily
lasting 24 hours

Rate
the degree of timekeeping ability at a
given point of wind on the mainspring

Daily Rate
the amount of error indicated after
being worn for 24 hours

Vibration

the distance travelled by the balance
from ane extremity of its swing to
the othar

Oscillation

the sum of two vibrations, i.e. the
distance travelled by the balanco
from one extremity of its swing until
its return to the samea axtremity

Period
the time taken by the balance to
complete one oscillation

Frequency
number of oscillations per second

Mation

the angle of displacement of the
balance measured from the positlon
of rest to one of the extremities of
its swing

Isochronism

the aptitude of an oscillating body

to carry out oscillations of the

same duration independently of their
amplitude
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Introduction

The guality of a watch is determined
by two main factors:

1

the accuracy of its rate in various po-
sitions and at diferent temperatures
2

its ability to maintain this accuracy
over long periods.

A guality wateh meats both of these
essential requirements.

The ability of a watch to maintain its
original accuracy depends on a
combination of factars, the chief of
which is the quality of its parts
(balance and hairspring, time-train,
mainspring, jawels, etc.) and lubri-
cation conditions.

A thorough examination is therefore
nacessary to determine a watch's
ability to maintain its accuracy.

On the other hand the accuracy of the
rate can be tested very quickly

and objectively with the aid of a watch
rate recorder. Vibrograf is the

bast and most widely used machine
of its kind. The record obtained,

the "vibrogram", reprasants the
insfanianeous rate of the movement
under examination, i.e. the rate
measured at the point of wind of the
watch and on the condltions of
ochservation at tha time of the test,

However the measurement of the
instantaneous rate is not the
Vibrograf's only duty. It can be used
to dotect in a few seconds (or at

the most a few minutes) functional
defects such as ovarmotion, a

faulty escapement, variations in main-
spring power transmission, and

with an accuracy that in most cases
mahes It easy to locate the fault and
carry out the rapair,

The advantages offered by Vibrograf
are such that watchmakers and
manufacturers all over the world have

adopted it in preference to methods
of direct observation.

To get the best service out of your
Vibrogral, It I8 necessary to know
how it works and, above all, how fo
interpret the vibrograms correctly.

This instruction brochure is designed
to give the most important informa-
tion in a practical form without
requiring any specializad thearstical
knowledge on the part of the
watchmakar,

Instructions for starting the machine,
its handling and maintenance,

are given in our bocklat “Oparating
instructions” supplied with evary
machine.

Bibliography

The following manuals are re-
commended to watchmakers requiring
more detailed information:

“Joseph Bulova School of Watch-
making Training Manual”,

available through Authorized Bulova
Material Distributors

"The Watch Repairer's Manual”, by
Henry B. Fried

“A Practical Course in Horology”, by
Harold C. Kelly

“Watch Adjustment”, by H. Jendritzki
“llustrated Professional Dictionary
of Horology™, by G.-A. Berner

To this may be added articles which
have appeared in various Amarican
watchmaking journals, and those of
L. Defossez in the “Swiss Horological
Journal®,



unlocking impact

Operating principles of the
Vibrograf

The principle on which the Vibrograf
works iz that of the “Instanfancous"
comparison of the rate of the move-
ment being examined with a time
standard of rigorous accuracy, the
quartz oscillator.

The diferonce batween the rate of
the movement and the frequency

of the quartz oscillator iz charted in
the form of a printed record: the
vibrogram. This consists of a series
of marks whose genaral slant
indicates fast or slow, while the irre-
gularities in the placemant of the
marks indicate a malfunction or mal-
adjustment in the watch.

A reading device with a graduated
scale measures the slope of the vibro-
gram and thereby indicates the
instantaneouws rate in minutes and
seconds, easily and quickly.

The detaction of defects is based on
an analysis of the functions of ba-
lance and escapement.

impulsa

An examination of a lever escapement
reveals that three sounds take
place in the course of ona vibratlon:

the first sound occurs at the start
of unlocking the pallet stona,

when the roller jewel strikes the fork
slot, giving a ¢lear sound known as
"unlocking impact™;

a second sound is produced by the
escape wheel on the impulse

face of the pallet stone. This sound
is known as “impulse”. A secondary
sound, produced by the reduction

of the play at the roller jewel in the
fork slot, occurs Immediately there-
after, but is negligible;

a third sound occurs at the tima of
the drop of the escape whesl

tocth against tha locking face of the
opposite pallet stone. Another
sound is superimposed, caused by
the lever siriking the banking pins.
Tha combination of these two sounds
is callad the “drop”.

At a rule, tha drop is tha most
intense of the sounds. This can be
sean when the action of the escape-
maent is viowed by an oscilloscope.

The marks printed on the paper must
always correspond to the same
sound made by the escapement, If a
clear record is to be obtained.

This need is met by adjustment of the
volume control, which is able to
record only one of the sounds of tha
escapement, normally the
“unlocking”. For this reason voluma
contral is extremely important.

This adjustment is no problem with
tha Vibrogref: starting at minimum,

it is only necessary to increase tha vo-
lume control gradually until the vibro-
gram becomes clear (See page 11,§3)



Interpretation of 14 typical
vibrograms
(see picture on page 3)

Running accurately

Whaen the movement Is running
accurately, the vibrogram takes the
form of a vertical record made

up of either ane or two straight lines
parallel with the edge of the paper.

The position of the vibrogram with
relation to the edges of the paper is
of no importance,

Gain and loss

The slant of the vibrogram is the exact
indication of the amaunt the watch
is gaining or losing. This value can
be read in seconds and minutes on
the reading scale. Slanting to the
right indicates a fast rate, slanting
to the laft indicates a slow rate.

Correction

The movement may be left on the
Vibrograf watchholder.

In order to obtain the best possible
daily rate under nermal conditions

of wear, tha correction must allow
for ditferences in ratoe at all positions.
It Is not always advisable to obtain

a perfectly vertical line record.

For the same reason it is better to
carry out the testing with the main-
spring two-thirds wound (12 hours
from fully weund),
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Qut-of-beat

Cut-of-beal is the result of an unequal
duration of the two vibrations which
make up the oscillation. The two lines
appear on the vibrogram separated
by a gap.

The importance of this defect can be
estimated only by allowing for the
motion of the balance. The lower the
motion, the greater the gap for a
given beat problem.

Correction

The escapement is put in beat by
turning the collet on the balance

staff, untll the lines are sufficiantly
close together, preferably underd mm.

If the movement (s equipped with

a moveable studholder, the operation
can be carried out directly on the
watchholder.

Damaged tooth on escape whaeal

When an [rragularity recurs in every
filteenth mark of one of the vibro-
gram lines, this means that one of the
fitteen teeth of the escape wheel

|s damaged.

The irregularity frequently appears on
both lines of the vibrogram.

Correction

Change the escape wheal.

Over-maolion

The appearance of the vibrogram in
this case is that of a "staircase",

However, as the "bumping' is not
always continuous, the vibrogram may
also be composed of normal patterns
of marks and completely irregular
patterns whose scattered marks cor-
respond to the excessively fast rate
caused by over-motion.

This sort of vibrogram can be
produced by an escapement which
“catches".

Carraction

Replace the mainspring with a
waakar ona. Proper adjustment and
matching of the escapement.



Faulty escapement or damaged
pallet stone

The vibrogram is composed of two
linas, ona of which is regular and
the other badly printed with the marks
out of alignment.

This signifies that only one of the two
pallets of the sscapement is warking
properly,

Correction

Check the roller jewel, the pallets, the
impulse face or tha unlocking angle
which may be incorrect on one of the
pallet stones.

Escape wheel out of round and/ar
magnetism

The vibrogram consists of two lines
with waves occurring at regular
intervalss The flfteen marks between
the maximum peoint of one wave

and that of the next correspond to a
single turn of the escape wheal,
which has fiftean teeth. We may con-
clude that the escapa wheel is out

of round.

A similar vibrogram may be produced
by severe sideshake on the escapa
wheel pivots, or a bent escape wheel
pivot,

Carrection
Demagnetize. Check the sideshake

on the pivots or if necessary change
the escape wheel,

Variation in balance motion

‘When there is a variation in the
distance between the two linas of the
vibragram, this signifies that the
motion of the balance varies, the lattar
not being isochronous.

Correction

Check the [ewels and balance pivats,
the lubrication, {rain freedom,

and all the usual causes of motion
variation.



Dirty escapement or irregular
transmission and/or magnetism

A completely irregular vibrogram is
the result either of a dirty escape-
ment or of irregular transmission of
power, i.e. lack of all, binding of train,
or & wide mainspring.

In this case it is advisabla to continue
tha recording for some time and to
see whether the vibrogram presents
more precise characteristies.

Correction

Demagnetize. Clean and oil the
movement, chack the sideshake on the
pivots and see that the time-train
functions properly.

Balance-hairspring not
isochronous

‘When the slants of the vibrogram
differ widely between the horizontal
and vertlcal positions, or between

the various degrees of mainspring
wind, this means either that the
isochronism is inndequate or that the
play of the hairspring between the
curb-pins is too great.

Caorrection

Check whether the freedom of the
hairspring between the regulator pins
is not too great, whether the escape-
ment Is functioning normally and
whether the balance pivots and jewels
aro in good condition,

The problem of isochronism is very
important and at the same time

very complex, It Is therefore advisable
to consult the manuals referred to

on page 4.

Balance out of poise

If the vibrogram swerves sharply
during the change-over fram

the horizontal to the vertical position
or vice-varsa, it means thatthe balance
is not in poise.

This defect can also be combined
with an isochronal error.

Carraction

Bring tha balance into poise, or else
replace it with a complete balance
which has been vibrated, pinned, and
poisad. If there is also an isochranal
error, proceed as indicated above.



Excessive sideshake on the
pallet-arbor or balance pivots, or
defective train and/or magnetism

When the vibrogram takes the form
of an irregular wavy ling, it is usually
tha result of excessive sidezhaka
on the pallet-arbor or balance plvots,
orf of a defective train, or any com-
hination of these defects.

Correction
Demagnetize. Check the sideshake

aen the pivots and replace the faulty
parts, if any.

Variation in motion of balance,
poor transmission, loss of motion
and/or magnetism

If the vibrogram is a long wavy line,
it generally means that the

balance motion is irregular owing to
a variation In the driving power.

In order to locate the defect, continue
the recording over a long period, with
the paper moving slowly. Set paper
lever at 4 speed. The frequency of
the maximum points of the wavy lins
will indicate the faulty whaal,

Correction

Demagnetize. In every casa it is
advisable to begin by dismantling the
movement and cleaning and oiling it
thoroughly; then check the sideshake
of tha pivots and the condition of the
jewels. Replace any moving part that
the vibrogram shows to be defective.



Uses of the Vibrograi

In addition 1o checking the rate and
detecting defeets, tha Vibregraf

is the ideal instrument for the periodic
tasting of stock, whather of watches
or clocks.

The Vibrograf can be used to test
movements equipped with
escapements other than the jewelled-
lever escapement (Roskopt,

cylinder, detent, “tourhillan", sic.).

Accutron® slectronic timepieces with
& tuning-fork require a special
watchholder to obtain a readable
vibragram.

Elsctric watches can also be tested
easily with the Vibrograf, ramembering
that only the mechanical funciions
are recorded by the standard watch-
holder. As if is also recommended
to test the electric impulses, a special
induction plckup can be suppliad on
requestl.

There are other means of recording
electric Impulses of clocks or
watches, but it is advised to keep to
tha Instructions of the supplier of
the movements, or to consult an offi-
clal Vibrograf service agent.

The Vibrograf can also be usad with
an sarphone for acoustical tests.

Helpful reminders

Here are some raminders for the
watchmaker who wishes to achieve
the best results from his Vibrograf.

1

When the Vibrograf is installed, make
cartain it is placed on a solid table
or mounting and far enough away from
any noises which could influence

the record (motors, typewriters, air
compressors, ultrasonic machines,
elc.). Care must alse be taken to allow
sufficient ventilation so as not to
obstruct the alr slits on the machine,
2

Remember that the information given
on the vibrogram (as regards the line
quality may be inaccurate if the watch
‘IES badly placed on the microphena.

Find the best sefting for the volume
control by starting ai minimum
volume and increasing until the cor-
rect line appears. If scattered marks
appaar instead of a line, the machine
is not properly set for the beat of

tho watch; the correct setting must ba
found by operating the push-buttons
for beat selection.

4

When interpreting a vibrogram of
unusual appearance, remeamber that
a watch may have several defects

at tha same time, sach one having lts
own particular influence on the
marking.

5

Avoid preconceived ideas when inter-
preting vibrograms. Use this boaklat
as a guide.

6

To be able to draw valld conclusions
on the subject of isochronism, it is
nacessary to make several recordings
in the horizontal position, gradually
increasing tha degree of mainspring
wind: e.g. ona turn, two turns, four
turns and fully wound.

T

Faulty polse of the balance does not
affect the rate In horizontal positions;

in vertical or oblique positions

it exaggeratas any isochronal arror.
Vertical or ebliqua pasitions

must be used when attempting to
guisu by rata.

Vibrograms should be made before
and aftor each adjustment; it is then
possible to see, by comparing the
two records, whether the adjustment
has had the desired effect.

1"



The Vibrograf® is a product of
Portescap, makers of the famous
Incabloc® shock-absorbers for
weatches.

Distributed within the United States
by Watchmaster Products Division,
Bulova Watch Company, Inc.,

62-10, Woodside Avenue,

VWoodside, N.Y., 11377
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