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THE ELECTRIC WATCH
REPAIR MANUAL

by HENRY B. FRIED

Thig is the first book on the repair of
electric watches and it is fitting that Amer-
ica’s leading horological educator-writer

should be its author, In preparing thia
book on electrical watches, the author calls
up;m his long Experlannﬂ as an educator
in infroducing a subject normally strange
to the watchmaker, Logically, he has di-
vided this book into two parts, The first
soction is an orientation to the basics of
electricity and basic eleetronics as applied
to horology. The second delves directly

into the repair of e currenily mad i . =
e i ey By HENRY B. FRIED

In the first section, using his well-known Certified Master Watehmaker, Head, Department of Horvology,
gkill -as a draftaman, he illustrates the (reorge Westinghouse Vocational and Technieal High School,
basics of electricity in simple terms, al- New York City
‘ways associating these with watchmakers' Technical Director, Awerican Watchnakers Institute.

concepts and images so that the subject
never seems strange or elusive, In this
manner, he uses the most simple electric
clocks as his mod { instruction so that,
agide from learning t olectrical values
and ideas, the reader is also given instrue-
tion in the moat popular electric battery-
powered clocks as well. |

The use of electrical meters — the volt,

ohm, ampere — i easily grasped through
srmple analogies and excellent igometric ,
drawings. The use and principle of the
diode, transistor, capacitor-condenger, re-
: aigtor in watchies and clocks are readily
‘. understood by the reader. Spark suppres-
- El%%{ its prmmpleﬂ and methods are simi-
1 yjr;rna[md For example: to explain the
and its prineiple as
elﬁcks and adacm:mlc

usa uf r;he capac:tur
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INTRODUCTION

Ele;:trle watches are now an accepted segment of the wateh
Induatr:-:r. Therefore, the watchmaker is being exposed to them
in ever-increasing numbers. This writer was quick to sense the
!':aad of supplying instruction in the servicing and repair of
th&a_a_timepiece&; He also realized that the watchmaker was usn-
familiar with the elements of electricity and electronies, This
would cause the watehmakey to shy away from these new.ﬁmn-
pieces. Therefore, the author undertosk to ereate -a basic
course of instruction in the elements of electricity and elec-
renlcs: orienting this with watchmakers’ everyday concepts
for easier understanding and acceplance, .

Th‘_ua, the Instruetion in basic electricity also includes the re-
pair af popular electric clocks and those using transistorized
pendulums and balances. In this manner, the watchmaker is
led gradually from the most simple alectrical {deas to prm.:-
tIgaJ electrical-electronic horological applications. The reader
Wﬂ_l profil. most first veading the seclions, “A Watechmaler's
Guide to Electricity’. Then he may begin the expositions on
the electric watches in the second section.

th-The- author wishes to thank the many manufacturers of
: ese Limepleces for their technical assistance with models anid
Snstructinm. The author also wishes to thank M. Murray
h::::: :f tha EIeEtmnim Department of the Georgs We&ting:-
i o¢, and Tech. H.S.‘fer his snggestions and checking

€ manyseript on electricity and electronics, and to thark

Mr. Joseph Tallal of the Horologieal ) - ;
{;}r;;:? g gical Department of this school
Aushing, NY. Henry B. Fried



Part |

A WATCHMAKER'S GUIDE TO ELECTRICITY

Synchronous electric clocks have
been with us for quite some time,
and now “cordless,’ DLE. motor-
wound clocks are greatly in evid-
ence, Almost daily, one hears of
another energy-cell powerad elec-
tric wateh on the market,

sooner or later, fthe wateh-
maker will be called upon to sery.
ice these timepieces, all of which
operate without mainaprings, the
customary winding mechanian,
or an escapement, Instead, they use permanent magneta, tem-
porarvy magnets, électromagnets, wire coils of many typea and
funetions, contacts or switches, relava, diodes, capacitors or
condensers, accumulators, resistors, transistors.

Figure 1. Permanent magnst.

The average watchmaker is unfamiliay with theze terms;
much less does he understand their function. He views thezs
strange timepieces with justifiable apprehension, Actually,
these new types of timepieces nesd not be so fearsome if a
study is made of the simple laws of electricity, magnetism and
the eélements of electronics, terms which seem more foreboding
than they veally are.

This series iz intended as a simple course of study and re-
view of basic electricity as it pertains to timapieces. [t should
help the watchmaker to better understand and service the new
electric or electronic timepieces,




Every electric or electronic timepiece 15 baszed on magnetic:
attraction or repulsion. Therefore, we must learn something
ahout magnets, There are three general types of magnetic
funetiona in electrie timepigces; permiahent, temporary and
electramagnet,

A permanent magnel keeps its magnet power almost indefi-
nitely. Figure 1 shows the most familiar form of pernanent
magnet. However, permanent magnets make take any shape or
form, as will be demonstrated later.

TEMPORARY MAGNETS

A temporary magnel can bie mag-
netized or attracied by another
magnet, and has the properties of
a magnet during the influence of
any other type of magnel. When
this influence is removed, the tem-
porary magnet loses ils magnet-
iam, Soft iron and other special
alloys have this characteristic. Fig-
are 2 shows a permanent magnet
influencing a temporary one in
aueh @ wawy that the temporary
magnet has magnetic properties.
The permanent magnet attracts
pieces of soft iron (in thiz case
cheap iron nailg), The nails, now
also magnets, attract other nails
and they in turn attraet others and 2o on, When we disconnecl
the permanent horseshoe magnet from the naile, the nails will
no longer ack as magnels ani no longer atlract o support
athers in magnetic suspension,

ELECTROMAGNETS

Electromagnets exert a magnetic force only when an electrie
current enereizes them. Electromagnets are most often eoils
of insulated wire or a combination of such wire eoils and tem-
porary magnetic material. Almost every watechmaker has
hasic materials for ecarrying out simple experiments to help
him in this instruction. These are an old-fashioned A.C. de-
magnetizer, an old file, an eld staking punich {or a piece of
high-carbon steel rad), a soft piece of iron (or some pieces of
soft iren binding wire), a bench compass nsed to detect mag-
netizm in watches and a piece of clock mainspring.

Figure 2. Tamparary magnets.
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’_I”he demagnetizing coil i3 used fo remove magnetism from
'_wntches.i which have hecome “permanently” mau_.fneti?vﬁ[ Thisg
is dUl:lE-h:'F holding the waleh or part in the coil and, w-'lj.i.l.e-f:urh-
re_nt is passing throueh the coil, drawing out the object in as
wide an are as possible: However, the:same coil ean be used to
make "permanent” magnels of carbon steel objects by plﬂ:cinﬁ
the stecl in the coil, pressing the button to allow c:m'rent ta
fh:'w. threugh it and then abruptly shutting off the ecurrent
{while the object is still within the enil), In almost everv in-
starice, the steel piede will become permanently magn-m;.ized.

For our experimant, an old file will do nicely, since this iz
made of high carbon steel and makes a suitable magnet, '[;1
fact, some watchmakers purposely magnetize a large file to
help them find a small ztee]l part that has fallen off the bench
after which they demagnetize both file and part. iz

I'r‘Iag:Iﬁetize the file by placing its tip in the eoil of the “demag-
netizer” (as shown in Fig. 3). Press the button for a couple
m_‘ seconds and then release the current, The result will be H-
highly mggnetized file, If you place thiz near 4 hirh-carbon
steel staking punch, it will not only draw the punch fo itself
but the punch will alss become a permanent magnet ( aith{;ugh
’,WF as strongly magnetized as the file, retaining its magnet-
lsm after the file i3 withdrawn. Thiz proves that steel ohi.ecl.s.

EtIE ﬁEILL b I}'

CONTROLLED MAGNETISM

I F S a ¥ " ]
E]é{llrwutchmdkjng. ’r]_-ns iz not desired, even in the existing
ic or electronie timepieces. Since electric timepieces oper.




ate on a magnetic push or pull, it is necessary that the mag-

netic influence end whenever desired. Therefore, 4 material
must be used that can be magnetized temporarily. The most
common material that fits these reguirements is gaft iron. To
prove this, we can subject a piece of zoft-iron to the influence
of a permanent magnet and then to an electremagnet. Lami-
nated strips of metal from the stator sf an old symehronous
olectric elock are made of zoft iron and can be used forthis ex-
periment. 1f they are not available use cheap iron nails or

pieges of =oft iron binding wire.
Place a numbar of theszs small
pieces on the bench and touch ene
of them with the magnetized file.
The iron clings to the file. Az you
lift the file, the iron piece will
hang from it If vou bring the
suspended iron ptece elose to oth-
ars on the hench, they will ke
drawn to the suspended piecs, in
a ohain effect : the pieces attracted
to the magnet become magnetized
themselves, and aftract ofher
maenetic materials:

Flgure &, Nails heli by currant.

Disengage the iron pieces directly attached to the magnel-
ized file, Immeadiately, all the other pieces part. Try to pick up
some of the pieces with the one that was attached to the file.
Unlike the steel punch magnetized sarlier, it cannot do this.
Should there be some residual magnetism remaining in any of
the iron pieces, it is because there may be a small smount of
carbon in the iron. However, this experiment proves that some
materials ¢an be magnetized only temporarily. In electric
clocks or electric watches, permanent magnets are not EC
with temporary magnets—if we were 1o atirasct a magnetie
balarce or a pendulum, it wotild be necessary to stop this pull
as-coon as the pendulum or balance neared the magnet, inordar
that the moving body could return or continue on its own Mo~
mentum without clinging to the magnst, For this reason, elec-
tromagnets are used. These are coils of insulated wire,
wrapped around a hallew cvlinder of some magnetic SHDETANCE
such as soft iron or an alloy with the same properties.

Your demagnetizer is an electromagnet, and this can be used
to demonstrate a useful fact, Put some pieces of iron on the
table. Then, place the demagnetizing colls 0 that the hoilow

section is directly over the iron pietes. Next, press the button
connecting the current. The iron will be drawn into the coil,
Lifting the coil while the current is on will cause the iron
pieces to cling to the inside of the cail, as shown in Fig, 4. If
we suddenly release the contact button, shutting off the cur-
rent, the nails or iron pieces will drop out of the coil. If"'v,re
lower the coil, Holding it close to the iron pieces, and agai:.'n
press the button, the pieces will be drawn back into the coil
znd Fall back sgain when the current is shut off.

Figure &6, Weight on
string 5 attractad by
ciil, ‘becoames & simpli-
fled perdulum device

Suppose we put an iron weight on & string, and hold our
¢coil at & spot near the end of this “pendulum’s” swing as shown
in Figure 5. As the swinging weight nears our cell, we press
the button. This will draw the weight nearer the coil. J ust as
it is about to enter the coil, we shut off the current. The pen-
dulum will swing a bit further on its wn momentum and then
swing back to the opposite side. When it swings towards the
coil again we press the button, and the pendulum will be drawn
towards the coll onece more; shutting off the ¢urrent will cause
a repetition of all this motion. Thus we have a means of ¢on-
tinuing & pendulum in motion. All we need to have &n électi‘i’h‘
pendulum clock is a switch to turn on the current (and shut it
off autematically at the right moment) and a counting device
tocount the swings of the pendulum.

I_f we placed temporary magnetic fabg on opposite parts of
a balance rim, had an electro-magnetic coil to draw these;
and an sutcmatic on-off switch, we would have a simple
slectric watch balance. Such a possibility is shown in Figure 6.
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Figure G, Stmpe misc
triz winteh Balenea i3
made by ampocasy
magoets’ placed o0 Tim

COMPASSES AND CELLS

Since vour demsagnetizing coil runs on house current, we
cannot operate a timepisce that has to be moved or carried
_ such as a watch. We will nead some soure of electrical cur-
vent that iz compact and can be carried with or attached to Frse
timepiece. Of course, we immediately think of the familiar
battery. Technically, it should not be called a battery but
rather, an energy cell. When bwo of more ensrgy gells are
are linked together, the combination is called & battery. There-
fore, we will hereafter eall our compact olectrical energy

Figure 7A. Ensrgy ol Figura 78. Bstary of cells

gource just what it is—an energy cell. (Figure TA)] UnIE_SS
of course, the cells are formed as a battery as in Figure 7B,
We will not now go into the construction of these energy cells
or describe the tvpe of current they deliver. However, we
should have some additional information on the electromag-
netic coil, that wonderful magnetic source that cin be turned
on and off better and simpler than water from a faucet.

To learn more about this, get a large dry cell and some
insulated copper wire such as that used in bell wiring, Next
take a piece of old clock mainspring about 6 inches long and

6

shape it to A thpered point
at each end, starting out-
ward Trom itz center. With
a prick punch, indent (do
not plerce) its center so
that it can rest, pivof-wise,
on a tack or pin sticking
through the top of a piece
of pithwood (see Fipure
B). Then, magnetize this
pitee of steel in the de.
magnetizing coil just as
you did the file, When you place the poised, magnetized,
pointad steel spring on the pivet, you will notice that it will
turn back and forth until it fnally comes to rest with one
end pointing directly north. It now =zcts ss a magnetic com-
pazs, and will be very sensitive. This will be a teaching aid
in the following lessons snd many other interesting and
uiseful things sbout eiectricity.

Sinee one end of thiz compass points to the north magnetic
pole we can mark this end N and its opposite point 8, Thia
can be done with a seratch awl or colored lacquer. Generally,
the darker point indicates north and the lighter colors, south.

Let us go back to our energy cell. With it we can demon-
strate some things about & simple coil of insulated wire, its
magnetic power, how this power can be inereased, and some-
thing about the polarity of an
electromagnetic coil,

H s magnet (even oiir own
magnetized nle) i= suspended
&5 zhown in Figure 9, i will
act juatlike ouir pivoted main-
spring strip, and become =&
directional ecompass. This s
because one end will be at-
tracted to the earth’'s north
magnetic pole and the oppo-
sitz end to the south magmnetic
pole. Thus all magnetz have TR SHE, e
polarity, This includes permansnt, temporary and electro-
magnets.

POLARITY IS COMMON TO ALL MAGNETS, BUT IT
MUST BE CONTROLLED WHEN PUT TO WORK TO
OPERATE WATCHES

- We have slready shown that both temporary and per-
manent magnets have polarity. To prove that electromagnets

T

Flgure 8. Elementary compass.




have polarity, we will make our own electro-magnet. By do-
ing so, we can learn some things sbout one of the most im-
portant units of all electric clocks and watches.

Tike a piece of inaulated bellwire about a foot long. Scrape
the ends bare for about a half inch and connect one end fo a
termiinal of a dry cell so that the rest of the wire forms a
loop. Next, plare the pivoted magnetic compass vou have
made close to this loop. Grasp
the free end of the wire and
touch it to the other terminal
of the dry eell, making a com-
plete eircuit. The compass will
gwerve (Figure 10), showing
that a magnetic force exisis
cloze to the wire flowing through
it. (Do not allow the wire ends
to remain connected to the dry
cell: this might drain it)
CONCENTRATING MAGNETISM

Let us say that & length of wire & foot long has one “unit”
of magnetizsm per inch. But this is too weak for our purpose;
we must strengthen the magnetic field. We can compress the
foot of wire and its 12 “unitz of magnetism” into one inch
of space by winding it so that it occupies only one inch. This
ifereases the magnetic foree
about 12 times, While this‘iz niot
exactly what occurs, it illus-
trates our point. We can prove
this by winding the wire around
a pencil or & piece of pegwood
stick so that the eoils are very
close and compact (the wire
must be insulated =so that the
current does not become short-
circnited). Then connect the ends of this wire to the dry cell
and move the compass along the coil. In Figure 11, notice hew
much more pronounced is the magnetic force (near the end
of the coil). This proves that a coil of insulated wire conecen-
trates the magnetic fleld, producing & more powerful magnet.

If we take a long section insulated wire and wind it
neatly inte many turns and layers, it further concentrates
the magnetic qualities of the coil, Thers is, however, & limit
to the number of turns of our coil before we lose the efficiency

of the magnetic power, using only one csll
S0 far, we have learned that a coil of wire can be made o
ereate a magnetic force. We flzo found that the more turns

Flgura 10

Figure 11
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to the wire (up to:a limit), the greater the concentration of
magnetic force. However, much of this magnetic force ex-
tends outward, and is wasted In an area where we would
rather it did not go; it may even be detrimental, If we could
take this straving magnetic force and keep it close to the coil,
we would have a more efficient magnet with more influenee
at the spot we want. We can do thizs by winding the wire
around = soft iron core. We learned earlier that iron “absorhs”
magnetism very well, In fact, some of the older watchmakers
will remember that pocket watches were sometimes protected
from magnetism by placing them in & sheet iron “overcase,”
galled an “insulator.” These were black lzequered and lined
with velvaet. The waich waz protected by the casing becauge
the iron absorbed miuch of the magnetiami and provided a cir-
cuitous path for the marnetic lined of force around the move-
ment. This kept these lines of force Trom flowing through the
casa nfo the steel parts, as might happen with a case made of
brass, pold, or other metals. This property of iron is called
permeability. Permesbility is the ability of 4 metal to gather
in the magnetic lines of force.

Ws can see this betier if we tske a mapnet and place a
piece of clock glass over it In a flat position. Next, place a
smzll needls on top of the glazs.
As yon move the magnet from
spot to spot, the needle will
follow along on the glass as in
Figtire 12, This shows that the
magnetic lines of force go di-
rectly through the glass, just
as light would. If vou repeat
this experiment with & piece of
copper or brazs instead of
glass, the needle will behave in
the same way, showing that
these metals, and most others, will allow magnetic lines to
pass through them readily: This is why brass makes a grood
casfng for directional compasses; the magnetic lines of force
easily pass through it to influence the magnetic needle within.

To understand permesability better, take an unmagnetized
needle and place it on the surface of a sheet of iron. The sheet
iron that makes up the hase of a cheap clock dial will do. Mov-
ing the magnet under the iron plate with the needle on it has
little influence on the needle. This is because the iron gathers
In most of the lines of foree. Some of the lines of foree from
the magnet will pass outward beyond the irom and attract

Figura 12
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magnetic particles, although in a limited area. Any metal or
alloy which has this guality is called “permeable.” Iron that
is 99.95 per cent pure has a very high permeability, almost
20 times higher than iron that is only 99.91 per cent pure. An
alloy often nsed in electric watches as a core for the electro-
magnetie ismumetal, an alloy of 18 parts iron, 75 parts nickel,
2 parts chromiuom and § parts copper.

To prove that an eletromagnetic coil wound around an iron
core has o stronger magnetie foree than a hollow coil, rewind
the same bell wire around an ivon rod or a large nail (Figure
13}, Again connect the ends of - o)
the wire to the dry cell ter- - i \%@
minalz, Place the pivoled com- nt
pass near the end of this coil
and observe the influence of the
eoil on the compass, comparing
this influence with that exerted
previously when the coil was o e
hollow or empty, You will see ) s
that the pull iz muech stronger, Figurn 13

For thig reason, eleetrical timepieces have their eoils wound
around a highly permeable metal. This strengthens the mag-
netic foree, concentrating it at the desired spots. Also, it may
sometimes be neceasary (bul awkward) to wind a coil in an
odd shape to exert this force at one spot. (For example, close
to the balance rim, or at a spol between the balance rim and

Flijury -1£. Elecbromdgrmal - eyshan jeed 75 9wEs clocks, simlilar to the alanm
el Swian - wlackis walidhas "R Dbinly 10 wises - miade) of parmoakie meral
icrtibe] “hi 0y Ehe abaar an the Bxlents pnscalnd eificiandly [0 afow ibam
to pase-ovel and Lader (he laba VB pf the alecttonagielo oo MO0 When
balance- cloade & couladi, fubeded surges through the coile:

the main plate as shown in Figure 14.) To obiain the same re-
ault, the electromagnetie coil may be wound around this metal
or alloy, leaving some of the metal extending beyond the ends
of the cail, This miuy then be shaped in any manner by stamp-

ing, Again, remember that permeable metals and alloys do not
retain their magneti=m onece the magnetic influence is re-
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m:a:l;ed. This: makes them ideal partners for the electromag-
{IEtIE enil, which exerts its foree only when a current is flow-
lri'ti,:gr through it and thus, with a switch, can be turned on and
off.

POLARITY

If an eleetromagnet is connected to the terminals of a drey
+_:e_r]1_. one end of the eoil will attract only the north pole of our
pivoted compass while the other end of the coil will attract
only the south pole opposite. In other words, the electromag-
net has a definite polarity, depending on the direction the
current flows through the turns of wire., When we connect
one lead of the coil to the plus ( ) terminal of the cell, and
the opposite lead to the minus {(—) terminal, the end of the
eoil which is connected to the plus terminal will peint to the
nil)rt,h‘magnetic pole {if the coils are wound in a clockwige
direction). The end of the coil which terminates at the minus
post (terminal) of the cell will point to the south magnetic
EDIE (see Figure 15). Notice that on dry cells; also ecalled
energy cells, the plus terminal is usually in the center, the
minus terminal at the side, In |

the Aashlight type dry cell,

the plus terminal is situated b

af t_he top, and generally has rn?‘”’ﬁ-hl

a slight button or head, while h‘*ﬁ%’;i} 5
the bottom contact is the mi- L ‘;"‘%ﬁf}p

nus terminal. The plus ter-
minal is-also called frositive;
the minus terminal is also
called the nepative. Sore of
these types of dry cells (ener- v

gy cells) are illustrated in Figure 16, Noti ;

them have the plus terminal on %hu base, MEiE St i

Flgura 16, Epergy calls, 5,0 ogs Ais

B, E cedls. and "G are tha tamidae fagh Tepes, DY
:;&:iglln";_';?lm: ::‘:rtgf- E'ﬁ;T‘h:‘ll-.. e églth-:r Leclanchn colf tua i mm;'s»au
HBrtHISON, 1 b meba i Bt e Liaks O i used By Buldva; Y by
hiibine SR mmp_-.;ﬂ h:ﬁ:%cﬂmr:.ma Ehergy calls, unsn??:‘a.hla fid watchng
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A knowledse of polarity is important in the study of electric
watches because in certain watches (such asz the Hamilton,
Timex, Epperlin, ete.) the clectromagnet ia wound, and con-
tacts are plotted in such a way that they have a definite and
purposeful polarity. If it were possible to reverse the energy
coll leads and connections, these watehes would not operate
correctly, But to study the reasons why this is important, we
must learn some additional facts about magnetism,

Ag we understand now, magnets of all types have polarity.
One end i3 a south magnetic pole and the other ig s north mag-
netie pole, If we place two magnets together, they either be-
come atrongly attracted to one another or else repel one an-
other. If we place the south pole of our magnetized file near the
north pole of oor pivoted compass, the compass point will
quickly and strongly swing towardy the file tip, If we place the
same file end cloge to the south pole end of our conipass, the
compass will swing away from our file, In faet, you can dis-
gover which end of your magnetized file is the north pole by
placing it adjacent to the pivoted compass and observing which
end of the compass ia either attracted to the file or repelled by
it From this fact we can establish that like poles attract and
unlike poles repel each other. These attracting and repelling
properties gxist in an plectromagnet with eurrent or a perme-
able magnet under the influence of a magnet of any other type.

LINES OF FORCE

The “magnetic lines of force” emanating from an electro-
magnet or a permanent magnet arrange themselves in a def-

inite pattern. We call them “lines of foree" because wa can
o o
s —F. T

sigap' them. From numer-
ous experiments, scientists
have ohserved that when
small  iron  ilings  are
aprinkled mear magnets,
ihey arrange themselves in
a dofinite pattern, We can
easily observe this, and
learn a great deal about
the magnetic attraetion
the magnetic attraction and
repulsion of magnets when
they pull or push a bal-
ance, pendulum or tuning
fork in certain timepieces. gFaure 17

Magnetize another file, and from the pivoted compass, dis-
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:}r::el: Dil:]: rpnflnrlt,r. at each {ind and mark it aceardingly with
i : and south ;rmllus. Next, place both files end to end so
0 1:; g8 are rff appogite polarity, separated by about three-
quarters ?f an inch. Place a sheet of white paper over the files
Then sprinkle some iron filings from a piece of soft iron nvm:
the paper near the junction of both files. The filings will a
range Lhﬂ_mselves in a pattern (see Figure 17), and thus ".:;
S:}-I:i j_:u:;lm;e }.‘jhat magnetiam exists in lines of fc;rce. Thu‘nre.;
”magneltiisﬁe;i?’ﬁ eovers as shown by the filings is called the

Lift the paper from the magnets an pour the filings int
hutt]e_s{: they can _hu used again, Reverze one file so Li'hatﬂ'ta
end, say the south pole, is opposite the south pole of the thl E'I
magnet—bul again separated by about %, of an inch o
the files with paper and : I OREE
sprinkle iron filings over
the junction. The filings
will arrange themselves over
the magnetic lines of foree,
bt_xt they will appear as in
Figure 18, because the lines
of foree from the similar
e_nds repel one another, No-
tice also that the atrongest
eoneentration of the ma'g-
netic field is at the ends of  F8bre 18

the magrnets, As indiea i i
e Tne 5, As ted in Figure 17, we see th
netic lines of foree travel from north 't{: saiti R e ag:

SHAPES OF MAGNETS

Huifaweﬂ::: e_a?c,!c a har Tr}agnut in two, the broken ends will as-
i pﬂu :n ies r:lnppumte from their original ends. For ex-
i ri:g;htl gr?sethme have a brar magnel with a north pole at
i u;mhﬁ en break this in two. The original ends will
S s ange:d. but the broken end of the magnet at the
ol oI fl. aouth pﬂlt-. and the broken end at the right
ity . 4 north p:n]awt:,r. If we continue to break or divide
sections, we will obtain the same results {Figura 19)

Eventually, the b,
y b dar or rod ma r :
than strips or dises. However,gnet TR DR Hitle more

N auch a process, it is possible

fDl' the [‘,ﬂp to h f -

AL ave the opposite Te? T e

;mlarity from the surface be- AT e =ﬁ>f’aﬁ§§

ow, SR N e
o S " "_-_t.:u ko _'_,I'.

1' ':?‘f EG:urSE,, theﬁﬂ can hE p“w "Q}:_-_-.:’_- :.?:\:_:"y'-'.-' . "fa.\i'

;;;ze_ﬂ in much simpler man- i @gﬁg ~

» but this should explain il cia ¥
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that magnet2 can be made to any shape and polarityn Thin
magnets with polarities opposite one another are used in the
Hamilton-type eleciriec wateh. In some electric pendulum
clocks, the pendulum is made of an electromagnetic coil mov-
ing within a curved bar magnet with the same polarity at
extreme ends while the center has a polarity opposite to its
ends,

Electromagnets alzo have polarity, When a length of wire
iz wound in a evlindrical coil, one end will be & south pole and
the other end a north pole. Furthermore, this polarity can be
planned so that the ends have the polarity desired. The wire
lead attached to the plus end of the cell and wound in a clock-
wige direction will have at this
end a north magnetic pole, and
the opposite end will become a
south magnetic pole (see Fig-
ure 15), Should we compress
this coil so that it forms a coil
like that in Figure 20, or even
one like Figure 21, its polarily
would be north on top and
south below, as shown in the e ﬁfﬂhg'gﬁf’ :"g;sil'fmﬂ.f;dm?:;ﬂ
drawing, Therefore, it is pos- 2 femeressedcol il o the same
gible to have flat, permanent
magnets with top and bottom opposition and equally flat elec-
tromagneta with north and south situated as the heads and tails

of & coin,

If we can make such a flat magnet (eopil), it can be mounted
on a balance (as in the Timex, Hamilton, ete.), and either a
permeable material or a permanent magnet can be situated in
the narrow space helow and/or above the balance at such a spol
that brings about the greatest magnetic efficieney on the bal-
anee motion when a “switch” turns the energy cell current, on
and off,

A CURRENT of electricity can be likened to water flowing
through & pipe. But electricity flows through solid wires. It has
pressure, rate of flow and, just as there is frietion in water-
pipes, there is resistance to the flow of electricity. At times,
this resistance iz deliberately planned.

Electrieal eurrent can be made to flow from an electric cell
(another term for dry cell, energy cell or battery) . The electric
call was the invention of Allesandro Volta (17456-1825), 4 con-
temporary of Breguet. Volta made a cell by immersing & strip
of copper and a strip of zine in acid. He then attached a wire
Lo each of these metal strips; and by touching one wire to the
other, created an electrical spark. Volta also introduced the
1

idea of connecting cells to-
gather to form a battery. Actu-
ally, if we take two strips of
unlike metals and immersse
them in a dish of water, we
create a potential fource of
glectrical energy,

Tao fllustrate this, connect an
electrical wire elip to a copper
penny and another such clip to
a white penny. Immerse them
in water and add a bit of table salt. Touching the ends of these
leads to the proper parts of a tiny light blub will cause it to
glow faintly, as shown in Figure 22.

“DRY CELLS"

However, since it would be awkward to use an electrical cell
requiring a liquid eaustie agent or acid as an “electrolyte,” a
more convenient form of “dry" cell is employed. But even this
is not really dry. It containg a moist paste of ammonium
E:h!oride (=al ammoniae) and manganese dioxide, The container
is made of zine, and forms one electrade, while a carbon rod
in the center gerves as the other electrode. There are many
other compositions which can be used to create a source of
ele_ct‘rical energy. Wrist watches and other small devices re-
quiring a compact source of energy use different materials
to make up an energy cell or battery of cells, ameng which
13:11& E,:na mercury type of energy cells. The compact, button
dry” cells are designed to supply a flow of electrical pres-
sure (volts) in small quantities over a long period of time,
This type of cell can be likened to a water pigtol that aquirts
& stream, although a very thin one. In this case, while the

;’T-E‘iam has some power, the actual volume of water is negli-
ible.

Figura 22, Simple slectric cell,

Some ‘types of electric cells can be renewed by recharging
—eE, {:he storage battery in an antomobile. These operate by
& combination of two rods of lead immersed in a solution of
d}iute‘ sulphurie acid, If the rods arve connected to a source of
direct current for some minutes, bubbles form around each
rod {eiei_:t_rnde}. A brown coating forms on one of the rods
.{thﬂ positive pole). Oxygen forms at the positive plate, chang-
ng the lead to lead dioxide. Hydrogen is freed fr'ﬂm the
Negative plate, which is reduced to a spongy form of lead.

;ghen this oceurs; the cell is eharged. This is stiown in Figure
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Flgure 23, Whan a storags battery (ke one used in as automeblle) is charged,
lead oxide and oxygen Torm o the positiva slectrode.” Hydrogen, wihien fraed
from the negative sloctrode, changss the surface o a spoengy form of feed.

In Figure 24, wires are connected to the rads and also to
the terminals of a bell or a snall light bulb. The bell will
ring or the bulb will become ineandescent for awhile; then
the hell stops ringing or the
light goes out. The cell haz now
become discharged. The rod
slectrodes will look just as they
did before being charged. The
cell can be recharged by repeat-
ing the original charging pro- _
CEss, e

In a watch, such a cell ean be fé_m:nieniﬁ' nyrl'lh;ga?irﬁgiiftte%uf_ﬂr. 5
shaped fo fit in the back of the The S inen. agpser a5
case. It can be recharged by con- st Hic bgfore - WS B RS
necting the terminals to another form of dry cell which will
recharze it. Sueh a cell, shown in Figure 16-E, is in the walch
being recharged by another, larger cell shown in Figure 25.

MORE ABOUT VOLTS

Generally, most ¢ella supply
114 volts of current, But what
iz avolt?

7 ELTE
BLFHURIG LI

= '—I—_/_-./-LEM CIONIBE

The vaolt is to electricity as
pounds (pressure) per sguare
ineh is to a water supply. Each
electric cell, regardless of size,
iz analogous to a shallow tank
of water with a spigot af ita
haze A larger cell is like & -
larrer tank with the same wa- Figure 28, Charging a wateh cell,
ter level as the small one, It will hold more water, and thua
last longer, but the stream of water that will emerge from
the spigot will be the same: (See Figure 26.)
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Figare 26, & large elecine ool faf
ire 26, 4 L A A fadtyowill last longer than a amaler cais
It.has mors Cetored upanargy.” Bt il edn' T ploiout ape m:rc-r-ll‘t'r; AN SRR

il i
W

e e il A B e st i Eatallal s s g

5 :f] ;:; :n;::nect tﬁ-’.’o or _rn{iure cells to form a battery, but with
il rml:lplﬂ.r:a el (Figure 27}'. the battery will last longer
i 8 would have separately, but the electrical pres-
. reI or voltage will remain the same as that produced by a
t{;nlfni ce]l,.]:{ere,_ arll of the n_ega,tive- (—) leads are connected
anuthefngt al:lr while the p_c}:-_utlve {+) leads are joined to one
cnmm}réd Im- a hu;}k-up is ealled “in parallel’” This can be
o :? a number of water tanks conneeted on the same

‘el or parallel to each other, as shown in this same fizure.

Iite UEEL‘."E- TE the aa i t
game in the larger W - L i
: ] ; 28] vater tank but with the

17



Should we arrange the same tanks so that each tank's
pressure is added to the other, the water pressure coming out
of orie one spizot will be equal to the sum of the pressure of
each individual tank (the weight of each columm of water is
added to the one below it). This is shown in Figure 28

We ¢an do the zame thing '
with electrie cells, If we con-
nect the positive lead from
one cell to the negative lead
of an adjacent cell, and s0 on,
we get the voltage (pressure}
of all the eslls thus eonnected
(115+114+114), or 415 volts,
This procedure is called “con-
nected in series.” When we
continue this process, we will -
abtain the combined DresSUe  oon s i ecesae g e swsses
of all the cells. Thus, it is pos- Aarcmes maed
sible to get a desired voltage by hooking up electric cells in
series, as shown in Figure 28. The cells pictured in Figure 27
are connected in parallel. (Note: most calls, regardless of size
are rated at 115 volts.)

The Lip electric wateh uses two 114-volt cells (Figure 23),
in paralle!l instead of in series. This does not ineresse voltage,
but permits the watch to run longer between power cell
changes,

i i ic waich
Flgure 29, Two parallel celis are used Figure 29. The Lp elecinic iz
ta power the Lip slectric walch cperates on -bwo conmectad colle 0
' gire-totaling 10,000 tems
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Our comparison of an eleeiric circult to a water supply
system does net end with pressure or voltage In & water
supply svstem & pipe with a large inside diameter will per-
mit more water to fow from the reserveir in a given time
than if the pipe were smaller. In electricity, the same holds
true. If we use & thicker wirs, more electricity will flow from
the source =nd, like the water tank, the supply will be ex-
hausted soomer. If we increase the pressure on the waler,
more gallons will flow in one minute, Likewise, if we focrease
the thicknsss of our wires, we get more elgctricity; if we
have a battery of cells. more electrical pressure (voliage) will
deliver more electricity “per second.” This electrical current
fiow [z ealled “amperage.”

A fiow of water is measured in gallons per second. This
unit defines guantity 23 a standard interval, In electricity we
also messure the quantity of electricity that passes in one
second. A unit of electricity is called conlomb (6.28 hillion
billion electrons), If this passes through the wires in one

second, the current iz one ampere. This is measured with an
ammeter,

Resistance to 2 current of water can be caused by friction
in the pipes, the length of the pipes from the supply to the
outlet, the smoothness of the bore and other factors. Thin
piping offers greater resistance to the passage of water than
thicker tubing, ass shown in 4 of Figure 30. Here, the
thicker opening of the shert tubing at the right allows more
volume to pass than the longer, thinner tubing at the left.
Likewise, as shown in B and € of the same figure, in an
electrical cireuit, a very long, thin wire offers greater re-
sistance to the passage of electricity than a shorter, thicker
one. Thinner wire resists electrieal flow more than doss
thicker wire. This is shown by the ammeter readings of the

long thin wire, B, as compared to the short, thicker wire, C,
in Figure 30,

Not only do the thickness arid the length of the wire affect
the flow of current, but 8o does the composition of the metal.
Some metals conduct electricity better than others. Silver
is the best conductor of electricity; that iz why some contacta
have silver tips., Next in order of superiority of electrical
conduction are copper, gold, aluminum, zine, tungsten, brass,
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Figued 30, Just nn' e Iang, dhin bete nndthe lank VA, alies Deed wided Lo peak Shan Wb shon, thigk lube. the lang,
chin wire, "D aliows foes-electrical voRiage to pess fram’ ihe <ol tnan does ihe shors thick e b 00

tim, iren, nickel, platinum, soft steel, mercury and cast iron.
Because silver is expensive, copper, being next best, iz used
mpst often. Carbon i also a cenductor of electricity.

Conversely, some materials resist the flow of electricity.
These materials are called non-condwuctors. Because they re-
gist the flow of current, they are used as insulators. Some
of these are: dry air, shellac, paraffin, ebonite, poreelain,
rubber, glass, mica, silk, paper, wood, szlate, celluloid, dis-
tilled water (not tap water) and alcohol. Because they con-
duet practically no electricity, these are used to separate
adjacent electrical conductors, such as one turn of wire from
another in a wire coil, or for the cover of electrical wires,
condensor plates, ete,

We have lesrned that & comparizon of water and electrical
currently shows that we measure water in quantity in gallons;
electricity in coulomba, Water pressure is measured in pound
per square inch; while electrical pressure is measured in
volts, The low of a corrent of water iz measured in gallons
per zecond. In electricity, thiz flow is measured in amperes.

One gauge peculiar to electricity iz the resistance or im-
pedance to a current, This resistance is measured in ofms.
The knowledge of the natore or measure of a4 resistance to
an electrical current iz of greal importance and assistance
to a watchmaker who works on electric watches or clocks,
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OHM'S LAW

Ohm's Lew i3 a gimple formula that anyone can learn, It
requires only elementary math. With it you can gauge the
amperes, volts and ohms of any electrical cireuit or deviee,
With this knowledge vou can detect flaws in the electrical
circuit, cotls, contacts and general efficiency of a watech or

Clmk FIGURE 31 — D)4h 2 LA &Y BE EXPRESEED IN THREE WAYS

A TTRSEL OF MLELELD 1M (1, BTG 43 SIMALFOH FraMpL
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Fligere 21, A sunpties asglisatiss  chme gs- "R Etipdenl - slecinagl
o ORms Law.  Intleiveal tsmi termmean Sush i cE=1Rand ity
nalagy. Becaymbal ok wks' I YEN varabionyn wers avotied forogim
ATpanel I3 siceseed W wed plicHy,

Figure 41 shows us that knowing any of the two values, we
can obtain the third.

For erample, we have a problem deciding how large a
current a4 single cell (1145 volts) will send through a wire
with a resistance of 300 ohms. It iz solved easily:

Amps = Volts divided by the resistance (300 chms). In
1 1.
simpler form, _'E[!?;‘r_ = 005 or five thousandths of one am-
pere, also termed five milliamperes (thousandths of an
ampere).

PRACTICAL APPLICATION

Now let's apply thiz knowledge to the repair and adjust-
ment of an electric watch. The French (Lip) electric watch
Operates on two eonnected coils of wire (Figure 28), each
containing 5000 turns. From the stated eurrent of six micro-
amperes (six millionths of an ampere or .000006) under a

voltage of 1,50 velts, we can find the proper resistance value
of the eoils,

With a zensitive chmmeter, we can test whether the coil is
defective. Using our formula Ohms — Volts/Amps we sub-
stitute our known wvalue or 1.5/.000006 — 250,000 ohms.
Should our meter read much less than that numhber, we fan
assume that a short exists in the eoils, In Figure 32, such a

device is shown testing the coil efficiency of a Hamilton elec-
tric wateh.
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WIRE RESISTANCE

The resistance of a piece of metal wire depends not
only on the type of metal used for the wire, but also on its
length, thickness and temperature.

The longer the wire, the greater resistance, Suppose a length
of wire 100 feet long has a resistance of one ohm; the same
wire 100,000 feet long would then have a resistance of 1000
ohms. If the same length of wire was substituted for one with
& cross section of half the area, the resistance would be doubled,
and this wire would have a resistance of 2000 ohma.

For erample, let us take again the Lip electric wateh with
its ecoils totaling 10,000 turns of wire. The thickness of the
wire 12 026mm. Since we know the resistance of the coils to be
250,000 ohma, we can divide the 10,000 turns into the 250,000
ohms resistance and find that the wire has a resistance of 25
ohms per turn {approximately — because the inner turns are
shorter than the outer lavers of wire).

TEST QUESTION
If the Hamilton electric watch has o stated 3100 ohm resis-
tance in its coil, and uses a 114 volt cell, what ig the amperage?

UNDERSTANDING ELECTRIC METERS

Since we are going to use electric meters while testing clocks
antd watches in our work, we should know the basic principles
of their construction and operation,

Electric meters are comparatively expensive. A working
knowledge of their construction and principles iz necessary to
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interpret their readings properly, and to aveid “burning out
their delicate mechanisms,

In some wayvd, the action of a meler is similar to the cireuitry
of zome electric timepieces,

In a meter the indicator hand is impulsed electrically and
turns in a pivoted arc. The hand is poised like & balance, has
hairsprings whiech resist an impulse, and then help return it
to the zero position, The peinter pivots on jeweled bearings,

THE GALVANOMETER

The galvanometer is a simple, but sensitive, instrument used
to make comparisons between guantities of electric current.
Voltmeters and ammeters are bazically ealvanometers—but
with gome additions,

We can demonstrate the prineiple of an electric meter with
a simple experiment. First, wind a coil of about 25 turns of
fine wire around a hollow paper core, so that the coil will fit
logaely between the prongs of 4 horseshoe magnet, Arrange
the coil so that its rounded surface is adjacent to the prongs
of the magr&et, as shown in Figure 33, and suspend it loosely

in this pozition. Connect the
ends of the coil to an electric
cell for a moment, Wateh the
action of the coil within the
prongs of the magnet. Note
that when you complete the
electrical eirveuit by touching
the wire to the cell lead, the
coil twists to some degres

Now reverse the leads and observe the action, The twisting
motion reverses itself. Should you double the voltage by hook-
ing un additional cells in series, the twisting action of the sus-
pended coil will be more pronounced.

The action of the eoil within the magnet is principally that
of a simple galvanometer. Earlier we learned that when a
eurrent 18 sent through a coil of wire an electromagnetic foree

%a created. This force has the same characteristics as a magnet,
including polarity.

Thus, when a eurrent was sent through the amall eoil, it
dssumed the properties of a magnet and its poles attempted to
_?’-Iign with these of the permanent magnet. It did this by twist-
mg to approach the opposite poles of the horseshoe magnet,
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and was simultaneously repelled by the magnet's similar poles.
The degree of twisting depends on the strength of the electro-
magnetic force created by the electrie call or cells,

1f we could mount an indicator hand on the twisting eoll and
arrange some scale or dial, we would
have a simple means of comparing
different electrical values.

In effect, we would have a simple
galvanometer.

Figure 34 shows a simple horseshoe
magnet. A “split-ring” magnet may
he tzed as well. Fastén the mapnet to
a housing, The magnetic field sup-
plied by this magnet has a ﬁxed_ po-
larity, The lines of force are repre-
sented by doited lines.

Figure 35 indicates that a soff iron
cove has been mounted in a stationary
position between two soft iron pieces
attached to the prongs of the magnet.
Their purpose is to concentrate the
lines of magnetic force, BEarlier we
learned that soft iron has this ability.

In Figure 36, the core piece of cylin-
drieal soft iron and the soft iron attach-
ments cause the lines of magnetic force
to become radial, like the spokes of a
wheel, and flow from the north to the
south pole.

Instead of the round coil used in our
experiment as shown earlier in Figure
35 a square type of coil is wound on a
form and held by an adhesive or shellac
(Figure 37). The square form will
closely fit around the core of soft iron,
gince the profile of a eylinder is rectan-
gular or sguare. Most coils are efther
wound arcund a paper form, or the eoils
are their own form, held together with
shellac.
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The coil is intentionally light and deli-
cate so that it responds guickly and
easily te electrical stimulus, although
its delicate conatruction makes it suscep-
tible to damage. When the two ends of
the box-like coil are attached to a source
of electric current, the curvent prodoces
a magnetic field of its own., (The coils
are pictured in this poesition for clarity
only.)

In Figure 38 two pivota have been
attached, one above the ecoil and the
ather on line below it. The pivots are
attachad to the surface of the coil by
shellae, or a similar substance, The piv-
otg are carried by two cup-jewel heap-

Figlire 38

To combine the elements of a meter we start with a horse-
shoe magnet (Figure 34), add a soft Iron core (Figure 35)
which causes the lines of magnetic force to become radial
(Figure 35); add a delicate coil (Figure 37), two pivots (Fig-
ure 38}, and two hairsprings (Figure 39) to restrain the coil.

ings, much like the pivots of a eloek., The cups are usually
sapphires. This permits the coil, when in cirenit and containing
a flow of eurrent, to attempt magnetic alignment with the per-
manent magnet.

The alignment of the coil's field with that of the permanent
magnet is restrained by {wo hairsprings, ag shewn in Figure
39, situated on each shaft of the pivot,

The springs also carry the current to he measured in and
out of the eoil. The twa hairsprings serve as a restraining force
—they return the coil to the zero position after the electrical
atimulus has been removed. The ends of the box-coil are at-
tached to the hairsprings and carry the current to be metered

to the coil, The hairspring ends are generally aoldered to the
terminals on the meter casing.

Now that we have the elements of an electric meter, we
must place an indicator-hand on the upper pivot-shaft, as
shown in Figure 40, This hand is usually made of aluminum
or other light alloy to maintain the sensitivity of the enil
and Iin‘ caze of an over-charge in the meter, are not so heavy
or l'lﬁ‘.‘.lld ag to cause the pivet Lo be dislodged from the eoil.

Notiee that the hand-indicator is poised. Poising is effected
by winding a short length of wire around the tail of the
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indicator, Sliding the little wire along tha_a indicator's tail
alters the poise, Sometimes the tail itself is bent up, down
or sideways to achieve a precise adjustment.

Under the indicator-hand a scale is placed, calil?ruted to
the meter and its task, Banking pins prevent excesslve angu-
lar motion of the indieator.

Sg far we have pictorially constructed a simple electrie
metar, A cursory study of the coil and itz hairsprings shows
that if the meter were subjected to =)
large eurrents of electricity, the coils, ; N

X X

springs and connections would melt ____,..--J;;\_”:_s-‘-'me"‘n?‘ .
from the excessive heat. Do not use

a meter without first understanding
how it operates and its limitations.
BEvery electrical device, whether a
toaster or an electric watch, carries
a definite current, Subjecting it to
gurrent beyond its limit will destroy
it: often an expensive loss.

Figure 40

For example, a flashlight uses two cells in series {_three
voltg), The resistance of the filament in the little bulb is six
ohma,

Using Ohm's Law, we find that the flashlight will uze .5 am-
peres, The bulb's flament will burn white hot, producing a
beam of light. Should we use this bulb on a four-cell flaghlight
the amperes will double, causing the filament to melt and burn
out, Conversely, using the bulb with a one-cell flaghlight will
permit the filament to become only red hat, not bright enough
to produce the desired beam of light.

The Ammeter

We said before that ammeters and voltmeters are basically
galvanometers, but with specific variations;

If we take a galvanometer and place a piece of wire across
the leads, it would register less than it would without the wire,
The galvanometer ean be likened to a water meter where all
the water must go through the meter,

Add a by-pass to this water meter, as shown in Figure 41,
and this same meter can handle larger quantities and greater
water pressure.

To do this, a small portion of the water going through ﬂ_m
pipe is diverted by the same pressure that moves the main
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gtream. This amall stream motivates a meter which records the
comparative amount of the small afream. Since the same pres-
sure is moving both streams, the gauge’s dial ean be calibrated
to reflect the aetual gquantity of the entire stream,

In this way only a small amount of water need be sent
through the mefer at one time, and it can be used to gauge
many different degrees of waler pressure. All you have to do
iz change the size of the shunting pipes and vary the dial
markings.

Similarly, the galvanometer can be designed to indicate am-
peres o1 volts, For the ammeter a shunt is used as pictured in
Figure 42. While most of the current goes through the shunt,
a small but comparative amount goes through the meter, to
register on an appropriate scale,

The quantity of current going through wires 4 and B iz in
direct multiple proportion to the current going through the
meter at €. Thus when the meter is supplied with a series of
shunta it reads the value in amperes.

It i possible then for one meter, supplied with & multiple
gwitch which conneets with shunts of different values, to be
able Lo rauge many ranges,

The Voltmeter

A coil of wire resiats the flow of
electricity like a hose resists the
passage of water, The foree of a
current of electricity, expressed as
volts, 18 meagured by the voltmeter.
Onee again, too much voltage will
burn out the coil and hairsprings.
Just as the shunts diverted the main
low of current in the ammeter, a
resistance is used to measure com-
parative pressures of electricity with
the voltmeter,

THE AMMETER

Until::e the ammeter, which i2 connected in parallel as illus-
trated in Figure 42, the voltmeter must take the direct force
of the current because the connections are in series.

To gauge this foree without destroving the meter, a resis-
Lanee is placed Letween the gaure's terminals and the source
of current, A form of voltmeter is shown in Fi gure 43

) To meagure the voltage of a cell, the meter’s leads are at-
tached across the leads of the cell. Do not, of course, use &
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meter with a limit less than the potential of the cellor battery.
Water doesn't flow directly through the gauge o measure

pressure. The gauge only judges the pressure through the
pipes. With a voltmeter, practically no current pazses through
the meter, The meler merely gauges the electric pressure, The
resistance coil limits the flow of electricity through the meter,

Suppose a meter has a dial with a maximum reading of 30
volts, Should we attach a coil which resists the flow of alectri-
city by five times, the aib volt reading can be transeribed to
read 150 volts without harming the meter.

By connecting a coil which decreases the rezistance to a
fth of the 20 volt coil, the maximum true reading on the dial
will only be six volts.

By supplying the meter with a few resistance coils of dif-
ferent values, it is possible for the meter to have many limits.

THE MULTIMETER

If a galvanometer is gupplied with & series of shuntz and
resistances and switches to connect them to the meter, in
parallel for the ammeter and in series for the yoltmeter, it 18
possible for one instrument to read not only vaolts and am-
peres but volts and amperes in a wide range, Such a device s
callod a “mutimeter.”

USING ELECTRIC METERS

Much of the testing of eleetric and electronic watches and
clocks i3 observing the condition of the timepicce's various
eoils and sections of wire,

Theze coile, which make up the glectromagnetic system, are
designed either to resist or limit a flow of currnt or to-create
electromagnetism. But regardless of its primary purpose, the
coil alwayvs acts as a resistor,

A longer; thinner wire resists the passage of current more
than does a shorter, thicker wire (See Figure 30). Thuz, a
langer section of wire will ereate a greater resistance, whether
it be a mile long or wound up In a neat coil less than a cibic
irch insize,

If a bare length of wire were wound tightly, it would act
more like a solid piece of metal than a coil, since there would
be no protective insulation Lo prevent the electrons from tak-
ing & shorteut through the eoil, This is termed & short-cireutt.
When this ceeurs, there is little resistance to the current,
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Most wire coils are made of copper dipped in an insulating
material such as shellae, varnish or plastic, which provides
thin but effective insulation and allows the coils to be closely
wound, The reault is tighter formation of the electromagnetie
lines of force,

If some of the insulation is accidentally scraped off or the
eoil broken by abrasion or heat, a short-circuit results and
the electromagnetic qualities of the coil are severely impaired.
In an electric clock this results in a weak magnetic impulze and
r_apid deteridgration of the batteries, In a4 wateh, the voltage
i8 d?mininhed or disappears, and either causes a poor balance
molion or ecomplete stoppage, with possible deterioration of
the batteries.

MEASURING RESISTANCE |

If we suspect that a
coil 18 faulty, we can test
it by comparing it with
fipures supplied by the
manufacturer which in-
dicate what a coil in good
condition should teg-
ister.

Where there are twin
eoils in a watch or clock,
such as the Lip watch or
Switz clocks, wou can
compare the two coils in
the same timepiece. i

The valtmater is much lke the gatvanometsr, Ha.
causa |t will be sublected to varying voltages that
might burn out the meter, a high resistance coll
(fower left) is placed In serins with the meter, By
su::-pt_ying_lhis meter with an assortment of cali-
brated coils, a variad ranga of voltages may h.;.-

Rauged,
(}E-Trgzrﬁ;l;.rﬂam: methods of gauging the resistance of a eoil,
ﬂmpere; {e.!eicrl-z'“a us the value in ohms (electrical symbol-R),
If we know th-g weal symbol-T) and volts (electrical symbol-E).
e L value of any two of these, we can find the third
£ the formulae,

There it w
g ;:;:zre_. E:ft;.e can measure the voltage drop across the
: an @ ampoeres, we can diseoy i i
over the vesist
ohms by the formula - B

ohms (RY) — - volta (H)
(R) amperes (1) If we have an ammaeter and a volt-
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meter, we can obtain the twoof these values needed to diacover | -

thethird, resistance expressed in ohms.

Suppose we suapect the eoil of a battery-operated clock to
he faulty, We conneet our ammeter in series with an electric
cell ag shown in Figure 44, across the two ends of the coil,
and the voltmeter across the winding of the coil. Of eourse,
vou must use meters capable of carrying the necessary current.
The readinga on the ammeter will give you the intensity (1),
another term for current or amperes ; the voltmeter will gange
the electromotive force (E), the electrical term for volts
Knowing these two, we can learn the third; resistance (R) or
ohmes.

Assume the voltmeter reads 8 volis and the ammeter in-
dicates a .20 ampere reading, Using the formula;
E X 3 5
= R ; we see thatﬁ = 15 ohma.
Muost elocks have their correet electrical values stamped on
the clock or coil spool. If vour figures match those of the
maker, the coils are in good condition. Should the ammeter read
A amperes, the formula:
E

== R tells us that j;" = 6 ohms,
B

This would indicate that 3/5 of the coil is inoperative.

Another example: If the maker of this clock had stated that
the eoil's resistance value iz 15 ohms, our formula checks out
similarly by

E
i
THE OHMMETER

While it is poszible to obtain resistance wvalues (phma) by
hooking up both a voltmeter and an ammeter, this method is
awlward., Today, meters expressly designed o measure re-
sistances alone are available. To understand the working prin-
ciple of an ohmmeter, assume that you have a galvanometer
with a zeale reading up to .005 amperes, or 5 milliamperes,

3 _
= Im,jE = .20 amps.

Connect this galvanometer in series with a cne-cell battery
of 144 volts and a 450 ohm resistor, as shown in Figure 45,

; ; ; E 1.5
By using Ohm's law again, we find 1 = | OT R — 03

amps, which measures the current flowing through the coil.

a0

Figure

AR
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RESISTIR
Figise 45
amOn. < M0 - TEOR
A

Figire 45

Figtre 44 shows the ammater, valtmeter methad of tasting the rosistanca of a ciock coil,
A galvanometer arranged In serins with a battery and Known reslsbor will supply & resding,
W ]

5 shown |0 Figurs 45, An additlonel resistoris edded o Figure 48, Tha white on black

A i ]
fawings 4t the right are the seme figures expressed solely in electrical symbiols.

With the same idea, let ug add to the 450 0 (The Greek
&;;i; ‘5"?1?5’15:?*1: 5 f-.s E:fn- 1 .f:'ﬁ'{':d as the symbol af oling) resistor
rE%IutaEl of 300 0 in series with the first one. The total of

=slance i oseries is the:sum of the values of each. Or; in

le
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this example, 750 @, as shown in Figure 46, Again using
(hm's law, 1 = FP;_ ar, 002 = f;‘;ﬁ

This shows & lower reading on our instrument, By using
various resistors, in addition to the 450 0 vesistor in the ¢ir-
cuit, it is possible to obtain different readings on our instruo-
ment. Even if the instrument had no known scale, we still
could ealibrate a scale upon it from our known values,

In essence this is the |
design of an ochmmeter.
[t is shown in Figare 47, =
In thiz illustration we |
have as aur basis the gal-
vanometer hooked up in
series with a one cell bat-
tery and a resistor of |
lnown value, The instruo- DORAEST LNEHOWN AESETOR
ment already knows the = HLHEE‘@
value of the reading of
the cell it contains (14 Fhaari 47
volts) and its internal resistor (450 chms). Connecting the
two as it produces a scale reading of 003 amperes. Should we
ponnect & vesistor of unknown value acrvozs the connector
points where indicated the scale will read the additional re-
sistance of our newly connected coil. Of course, the instru-
ment could be calibrated to read zero when no additional enil
is connected. It would then show enly the value of the resis-
tance of the connected eoil. Since the strongest current in such
a set-up will be indicated if the connections shown are bridged
by a short, thick piece of wire, any additional coil in series
will show miore resistance and the instrument’s hand will move
accordingly to indicate higher resistance and thus weaker
current,

AR

Figure 48 shows a8 multimeter in uze, This instrument iz a
voltmeter, ammeter and ohmmeter combined. [t can be used
to gauge & number of values in a very wide range. This is
possible because it is primarily a galvanometer, that simple
device discussed earlier, with some refinements built into it,
{ Figures 34 to42) .

To use the walvanometer as-an ammeter, we placed shunts
across its leads, By using many thicknesses of properly sta-
tioned shunts, many ampere values can be gauged by provid-
ing a suitable switching arrangement to hook the degired
shunt to the instrument. To use the galvanometer as a volt-

S

meter, we provided a resistance coil in series with the gal-
vanometer. By using a numiber of resistance coils of known
values and a means of switching the desired resistance (o the
galvanometer, any range of volts can be safely read on the
same galvanometer,

Figlre 47 uhows tha basic principle
nf an okrmmebar. 1 has 3a Internsl
resiEtance and it own poiwar saurce,
a 154 vadt dry eeil, Mobe that it pro-
vitlgs for gonvanient ettachmant ot

an  unknown resistor Siudy the
muttimeter shown in Flgure 48, Hole

ST , i
Y (e G :
T a R T 13\ the many switch adjustmants to

] a b read amps, volts and ghms af vari:
K’ ) /) aus values,

Figure

ometer as a voltmeter, we provided a resistance coil in series
with the galvanometer. By using a number of resistance coils
of known values and a means of switching the desired resis-
tance to the galvanometer, any range of volts can be safely
read on the same galvanometer,

As an ohmmeter, the galvanometer uses its own power
source, 8 dry cell in series with a known resistor adjusted so
that its dial reads zero resistance. Switch the unknown resis-
tanee in f2eries with the built-in resistor, and the dial reading
indicates the value of the unknown resistor. By providing the
same galvanometer with a number of different known and
calibrated reaistances and a switching arrangement to conneet
any one of them in series with the instrument, a wide range
of resistances can be read., It is thus possible to design a
galvanometer to read amperes, volts and chms of various
ranges, by providing it with a2 number of shunts, resistors and
a syatem of switching electrically through the Falvanometer's
pivoted and moveable coil so that the attached indieator-hand
will read the seale,

Let ug again examine the multimeter shown in Figure 48,
Notice that the contacts are shown touching both ends of the
coil of the balance. Such an instrument contains its own energy
source, usually a 114 volt cell switched into the instrument
when ohms are gauged. Notice also that the sawiteh is turned
#o that ita pointer is turned to X1000, The “X in front of
the 1000 indicates that any reading on the dial above must be
multiplied by 1000,
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If the switch were turned to X1, the scale is read directly;
that is, multiplied by one. Should the switch be turned to X110
the scale reading is multiplied by 10.

Thus this meter is eapable of indieating 100.000 X 200, or
20,000,000 4.

In the reading above, in which the leads are connected fo
the ends of the coil on the Hamilton balance, the switch is
multiplying the reading by & thousand, The sezle reading
points to 3 therefore the reading is 3000, within the tolerance
of Hamilton's 500,

When the switch iz turned to DVC, the meter can measure
volts supplied by direct eurrent from batteries or generators.
The eoil at the left iz for adinsting the instrument, perhaps
to read zero should & new battery be used with voltage in ex-
ceas of 1.50 volts. For example, the energy cells used in the
Hamilton 500 electric watch produce 1.57 volts when new. Ad-
justing to read zero and the volts 1.50 will bring in a reguired
200 ohm resistance.

ELECTRIC TIMEPIECES — HOW AND WHY THEY
WORK

An electric timepisce can use many metheds to produce the
mechanical impulse needed to move its regulating unit—esither
a balance, pendulum, tuning fork or others. Most electric
watehes peze a balanee and hair spring; while in many small
electric clocks, and one early experimental watch, & spring
is tensed periodically te move the conventional train of wheels
and escapement.

Fues A ragtiol o 04y 168 0 ek esar o ctiare T8 e o whees) gt
wraparmnt, Arm & BE by a Mt Ao e N b mepresaally ifenind 0 e
il wrpcimed T Ha el bsinry The eassll fueedeplvinn ehes T D iins
annsiy dr<d H oot L The s oot bl fosos B 1

Fonaazier L Wi thi dsmeast. The rorereesl = oeideied st B siter wherstill
waen
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Lifted Weight or ‘Kick-Type'

In the latter timepieces the impulse or tensing of a helical
spring is asccomplished by periodically completing an electric
cireuit. The zircuit sctivates a strong electromagnet which
attracts a soft plece of jron, The iron in turn either kicks an
arm upon which the spring is mounted, tensing it, or moves
a weight upwards, using gravity to nower the train of wheals.

Figure 48 shows thizs arrangement in simplified form, The
movement is mounted on a plastic base which insulates it from
the electromagnet. The magnet is encased in a metal housing.
The coil needs 414 volts to energize it properly.

The mechanical system is simple—and will help you to un-
derzsiand more complicated units to be explained later:

At A is & weight situated on the extreme left of the arm
{B). The lever arm is loosely mounted and pivoted over the
center arbor. The center arbor iz the same as those used on the
standard mainspring type of smzll elock. Solidly mounted on
the center wheel at (7 is a ratchet wheel (E). Attached to the
weighted lever arm (B) is the click (D) and its clickspring
(C), which keeps the click engaged with the ratchet (E),

At F i= a retaining spring, which is constantly engaged with
the retchet wheel,

If we lift the arm and weight at A with the fingers, the
click will slide past the ratchet teeth without moving them,
because the ratchet is held in position by the retaining spring
(F). As the weight is released it tries to drop. The click,
pushing on the ratchet attached to the center wheel, causes
the train of wheels to turn, aclivating the escapement and
balance,

This iz how it is done electrically -

‘The weight (A) descends. Its contact pieee (H) approaches
the kicker arm button (J). H and J make & solid contact, and
the eircuit is completed.

The 414-volt battery is connected to the leads O and N.
Lead O travels up this junction threugh P into one end of the
ceil. The other end of the coil is attached to its metal casing.
The casing acts as an extension wire leading from that part of
the coil. The casing is connected by the metal arm extending
from the rounded rear of the casing into the spring {M) and
soft iron dise (K). The disc'z extension iz bent and termin-
ates at the silver button (J). When J and H are touching, the
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eleetric cireuit continues through into the movement, The
movement, being made of metal, is &n electrical conductor.

The cirenit continues throngh the movement and, gince elee-
.t_i'icit}.r generally takes the shortest path to complete a circuit,
follows the metal tab or eanal (L) to the lead (N} and the
other battery terminal.

When the circuit is completed, the coll within the metal
casing hecomes energized and attracts the soft iron dise (K)
with a violent motion.

This eauses the button (J) to impart an egually sudden
kick to H, and the arm and weight fly upwards. As the metal
dise is drawn to the coil and cannot go further, H separates
from the button and breaks contact, This broken contact in-
terrupts the cireuit, releasing the magnetic attraction. The
soft fron dise is foreed baek to ifs rest position by the =pring
(M).

In most cases where the contact is the “Kick-type” illus-
trated, the motnal contact is & rubbing or wiping metion ef
the rounded nose (H) upon the button (), so that carbon
which may accumulate from sparking {s wiped awsy by the
action of the contact and impulse,

“Kick-type” clocks ure better suited for wall or table where
the gravity arm will not be disturbed, This type of clock is
advantageous in that the weight, being constant, allows better
time-keeping—except for the brief moment when the weight

L
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1= being lifted. Some of the more expensive clocks have a ays-
tem of maintaining power while the arm is being lifted so
that moticn to the train is Contimunus.

Battery Powered Portables

A svstem by which slectromagnetic impulses are used in
portable timepieces is shown in simplified form in Figure 50,
Here the metive power is supplied by a helical spring (4) pull-
ing on a sector gear (B), The sector is pivoted, and its teeth
enmesh with the center pinion (D), which is separated from
the center wheel and mounted loosely on the center post (C).
Attached solidly to the center pinion iz the ratchet wheel (F).
The ratchet's testh engage the dizsmetrically opposed clicks
(E), which are heid by a comman clickspring against the
ratchet testh. The center wheel () is mounted =olidly on the
center post, and separated from the pinion and ratchet. The
clicks and clicksprings (E) are mounted on center wheel ()
end move with it

While the helical spring (4) is pulling on the sector (B)
it iz moving clockwise, eausing the center pinion (D) to turn
counterciockwise. Since the ratchet wheel (F) is part-of the
pinion, it toc moves counterclockwize against the beaks of the
clicks (E). Because the clicks are attached fto the center
wheel, they cannot move unless the center wheel moves, The
center pinion and ratchet, through the clicks, causes the cen-
ter wheel to turn counterclockwise and activate the train of
wheels and escapement.

The slectrical circuit hes been simplified as follows:

The electric cell in its housing (/) has one end, at the lead
wire H, grounded to the movement at the rack, The other bat-
tery terminal has a lead wire (K) attached dirvectly to one
end of the coil (L), The other end of the coil's wire iz aftached
to the pivoted soft iron disc {0). As shown, the cireuit is
incomplete or “open.” As the tensing of the coiled helical
spring moves the sector closer, the opposite end of the sector
arm (P) contacts the extension of the soft iron piece (0},
completing the cireuit.

With the cireuit eompleted the coil becomes an electromag-
net, desigried so that a strong and sudden magnetic pull is
exerted at (), towards the coil’s eore. Thiz sudden, astrong
pill causes the extension to thrust the arm (P) counterclock-
Wisa, iT]'iE saetar’s teeth glse turn counterclockwise, Because
the pinion is enmeshed with the sector's teeth, it turns in a
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¢clockwise direction. The pinion’s attached ratchet wheel (F)
skips past the beaks of the opposed clicks (E).

This miotion continues untl the initial fores of the magnetic
impulse and momentum equoal the tension of the extended
helicdl spring (4). The spring again takss over, causes the
segtor to move clockwise, and the train revolves.

While this system is more verzatile than the lifted-weight
gystem, the spring causes & variation in balanee mofion. When
the spring is fully tensed at the beginning of the impulss it is
strong and the balance motion iz great, When the spring is
almost rin down and contact is near, balanes motion falls off.
Many clocks using this system employ a long spring, and de-
sign it so only its middle portion is used. But sven then the
motion variation is present if the impulse iz not delivered
frequently. Freguent impulse, on the cther hand, reduces &
battery's life expectancy.

A system such as the one illustrated in Figure 50 was min-
iaturized by Dr. A, L. Rawlings in his experiments to make
an electric wrist watch in 1954. The movement used was &
515 ligne. It worked well, although the watch had to be
housed in a 12-ligne case.

Figure &L in. this Dyatem {Bs slactsomaginetic (Fpalse Is shmlar o ihed

shown I Figure 49 sl 55 sl manth, socsal thet the befcel sosiag e

Aubisctnd 1o torgios Winding iflasd o bemg pusarsd by groty or a Seced

spring. . Fywhas! O heipd t wind hefedl sgriog A Tea fypeieel a secs-

ratied {roci the whasls Salva, aid sftached to the Bolisw hibe arsiad which

ik helicad soring & twiated, The diched nod cander whee's mave a3 gre. umsd
Another type of electric timepiece in which a helical spring
supplies the motive power to turn the train of wheels iz ifjus-
trated in Figure 51. Instead of the spring being pulled in the
usual manner; however, it iz subjected to torque tension and
wound similarly to g conventional mainspring. To simplify this
example the number of torns in the helical spring has been

reduced.
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A is the coil casing and B the soft iron piece. B is attracted
to the far end of the coil when the: coil is energized by the
completed cireunit,

The butten on the saft iron piece (B) kicks the tab/ (C). The
+ab iz positioned upon & heavy dise (D)) which serves as a
flywheel. E iz an extension of the metal piece. It is Tastened to
the fivwheel (D) and acts 4z a bridge for the pivoted elick
{#). The clickspring is a very weak helical spring. The click
(F) engages the ratchet (), which iz solidly mounted on the
center wheel (H). The helical spring (J), which supplies the
power, has one end fastened to the upper plate; its other end
terminates at the fiywheel.

The flywheel (D) is mounted on a8 hollow tube which: is
loosely fitted on the center post. The ratchet and center wheels

-are one unit riveted to the center post. Thus the flywheel zan

turn independently of the rachet and center wheels.

When the electric cireuit is completed a2 B conlacts C, B
thrusts C clockwize. Since C is mounted on the Aywheel (D),
the flywheel also moves clockwise, winding the helical spring
(/3 around its hollow tube. While the flywheel is being thrust
clockwise, the ¢lick (F') trips past the teeth of the ratchet
wheel (7). The helical spring tskes over, pulls the flywheel
eounterclockwise and the elick (F'), butting against the ratchet
ieeth, moves the attached center wheel with it, activating the
train of wheels. In this sequence the filvwheel is moving as one
unit with the center wheels and ratchet. T'ab (C) again ap-
proaches B until contact is made, and the cycle repeated.

Third-Wheel System
In 2ome clocks employing this principle the helieal spring

is mounted on the third wheel instead of the center wheel.

When thiz is done & weaker snd longer spring can be used

1o achieve better timekeeping, due to & minimum variation

in balance motion. Mounting this arrangement on the third
wheel permits the use of an electromapnet requiring only one
fir}' cell. While this method requires more frequent impulses,
it d::es not drain the electric cell or battery: and noize made
du_rmg the sudden and strong mechanical impulse {s kept to a
minimum. Of course such a system iz used only where the
thickness of the movement is of no importance,

When this third-wheel system is used, the helical spring
and click-rachet reverse their direction.

Some clocks which use this syvstem have an auxiliary spring
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that maintains power to the train of wheels while the electri-
cal impulse {8 imparted to the mainspring in the opposite di-
rection. The uze of a coiled apring wound electrically has some
advantages over an axially flexed or pulled helix. Aaide from
conserving height, the power it impartz iz generally more uni-
form and lends itself hetter to isochronal fiming.

Battery-powered timepieces using springs of all types fre-
gquently have the springs mounted in conjunction with the
third wheel, instead of the center wheel as pictured here for
simplicity. With the springs on the third whesl a single electric
cell may be used. Other advantages are sasier winding, a small-
er elestric cell and certain improvements. While the contacts
are more frequent, they are weaksr,

If an eleetrieal system were designed to wind a spring to
run a timepiece for a longer time, the number of cells would
have to be increased to supply the additonal power. Since thse
life of each eell presumably would be the same as the esll in
& clock using one cell, the cost of batteries would be greater—
without providing advantages to offset the eost. In addition,
the impulse and coil winding would have to be very powerful
to overcome the natural resistance of a spring strong encugh
to motivate a train of wheels for a long peried.

In our next chapter we will show how one manufacturer
overcomes these obstacles while using only one energy cell.

Flgure 52, The movement shown here is thinner than the onss Mustrated
previcusly. A weak mainspring drives-the train of whesls 2nd sscapemeant
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Thinner Movement

A'zvstem with a thinmer movement iz shown in Figure 52,
A weak mainepring is nsed to drive the train of wheels and
traditionzl escapement. Carefully observe the illustration and
yvou will be able to understind this aystem easily,

A iz 2 soft iron push-piece. It is attached to a thin, flat re-
turn spring. A4 serves as an electrical connection to one end
of the eoil. The coil and all of its attachments are insulated
from the movement gnd battery monnting. B is & connection
to one terminal of the coil and the battery. The movement it-
self serves as both the “ground” and a eonnection to the other
lead of the battery.

When the contact botton the arm () touches 4’s bution,
the circuit is completed. The energized coil guickly and ener-
getically draws the soft iron piece (A4) to it. This causes the
arm (C) to be “kicked” clockwise, pivoting at F. The click
{E} ratchets past the teeth of the ratchet (G) and winds the
mainapring (D) until the momentum of the electromagnetic
kKiek iz overcome. The mainspring takes over by moving the
hollo warbor counterclockwise. The arm (F) is riveted or
otherwize fastened to the mainspring arbor, which iz hollow
and rides easily on the center post.

The impulse arm (F) is attached to the lower nost of the
hollow arbor; and the click and spring (E) are attached to
it. The rachet wheel (G) and the center wheel (H) are at-
tached to each olther and move as one unit.

When the rachet is pushed counterclockwise by the beak of
the click (E), the train is also moved counterclockwise until
the arm (C) again makes contact with the coil’'s soft iron
piece (4.

A MOTOR-WOUND ELECTRIC CLOCK

This German clock uses a toy-sized direct current motor, energized
by 2 single small battery, to power ifs escapement.

We said that one manufacturer had overcome the cbstacles
inherent in powering a clock with only one cell. The manu-
facturer, Diehl, of Schramberg, Germany, uses a “toy-sized”
direct current motor. The motor shaft is geared low encugh
to wind the spring so that power can be stored and applied
for a long period of time. The Diehl movement is pictured in
Figure 53.
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FIGURE 53

The motor which powers the movement uses only 105 mil-
liamperes per second on 114 volts, yet winds the helical spring
enough to allow a full turn of the third wheel, to provide a
running time of eight minutes. The motor requires 14 to 2
seconds to wind the helical spring, allowing the battery to re-
cover for eight minutes before the next drain on the cell.

Should the battery's voltage drop below 1.5 volis, it would
take a hit longer for the motor to wind the helical mainspring,
perhaps two seconds inatead of the 114 needed with a fresh
battery, The use of a helical mainspring, that is, using a wire
with a round cross-section, virtually eliminates the need for
lubrication and is said to be practically breakproof,

Infrequent use of the battery's power for winding and the
short period during which the battery is used guarantees it
a long life. The motor is meshed with the elock by a worm gear,
which requires one full motor turn for each tooth. There are
48 teeth, so the motor must revolve 48 times to wind the heli-
eal wire in a comnlete winding sequence. The torque is lower
than that ordinarily required by a motor geared to a pinion
and wheel, where the ratio is larger. The worm gear also
provides quieter winding,
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How It Works

Figure 54 shows the
principles of this sys-
tem. The motor's rator
(4) has the worm
drive (F') on its shaft,
which iz enmeshed
with a nylon worm
wheel (E). This plas-
tic wheel i3 mounted
loosely on the third
wheel arbor. A& helical
wire mainspring (1)
is fastened to the bot-
tim of the third wheel
at one end (L), and
connected at the top of the nylon worm wheel (R} at S.

The mofor turns clockwise, and the worm (F) turns the
worm wheel (R) clockwise. The helical apring (I7) iz tensed
and supplies power, through the third wheel (K), to the
train of wheela. The pinion (M) is enmeshed with the center
wheel and dial train.

A switching sequence turns the motor on and off either at
each eight-minute interval or as soon as the mainspring is
wound. If the motor were to continue to wind the mainspring
tight on its evlinder, rebounding off the balance as well a=
undue drain on the battery would result,

Electrical Contact

The electrical eonnection to the motor s made as the hrushes
(C and D) contact the segmented commutator. The brushes
are made of a spring metal which is a good electrical condue-
tor. Brush D ig taller than brush €. Brosh € is on the left
in our illastration. Mounted horizontally above the brushes
ia 8 metal vod (N), which vests in bushings (nef pictured).
Near the right end of the rod iz a plastic dizc (B), The edge
of the dise intersects the tips of brush I} The disc ia frie-
tioned to the rod (N). The springy brushes are nearly always
on the plastic dise (B), applying pressure to the left in an
attempt to force contaet with the commutator,

However, in the sequence shown in Figure 54 the locked po-
sition of the rod (N) is keeping brush D from making con-
tact with the commutator—thus the motor is not working.
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The pressure on the rod's rounded end by the flat screw-
head (@), which iz threaded into the elbow of the pivoted
locking lever (P), keeps the rod (N) and disc (B) locked
and the motor at rest. The piveted locking lever (F) is kept
in position so that its elbow’s screw (0) presses to the right
to keep the brushes from electrical contact with the motor's
commutater. The pin (H) reaches downward through the
concetitric slot in the wheel (R). It remains In this pesition
until the vertical exteénsion (J). attached zolidly to the third
wheel (K) and moving with it, makes one full revolution. As
it comes arcund, almost completing a full cireunit, its fat ex-
tension (J) makes contact with the pin {(H). Although the
pin iz mounted firmly to the three-armed floating piece (T},
the floating piece iz mounted loosely on the third whee] arbor
and s free to turn, The faece of the extension (J) makes con-
tact with the pin (H). The pin continues to move until it
leaves the corner of the lock lever at (7 and enters the curved,
concentrie surface at 7. J continues to move i until H f{s past
the beak of (7.

At this point the pressure of the spring-brush (1) on the
dise (B) moves the dise, its rod (N) and the lever (F) to
the left; An eleetrical contact iy made and the motor turneid an.

The motor turns at-about 1900 revolutions per minute, or
about 48 turns in 114 seconds, usinga 116-volt cell. The worm
(F'} turns eloclkewise which moves the worm wheel (E) clock-
wise,

When contact is first made as the pin falls past the beak &,
the pin (H) has been pushed in a circular path in the eon-
gentric slot (Q) by the extension piece (J). At this peint of
electrical contact, the pin (H) is near the forward end of the
slot (Q). When the worm wheel (R) is being turned by the
worm (F), the pin i8 moticnless until the back end of the
cireular slof catches up with it and carries it along, together
with the three-armed free piece (7).

Movement continies until the pointed extenzion at T en-
meshes with the worm and is carried along with the worm
wheel (R}, The pin makes contact with the fiat end of the lock
lever (F) and forces it to the right. This movement in turn
causes the batton-head screw (0) to push the horizontal rod
(N) to the right, and the plastic dise (B) pushes back the
spring-brush (7). The elestrical contuct is broken and the
mator atops,
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A Closer Look

In Figure 55 the position of the extension (/) is-practically

a;h;ra it was when it caused the pin (H) to trip off the beak
hed :

i

The concentric slot (@) provides additiona] latitude of
mr_nvemn_ant for the pin (H). The pointed tuuthshaped' piece at
T ; pl‘?‘k‘ldi&% an extra margin of movement for the pin during
w:m_:!mg. when J makes one complete revolution and moves. it,

Figures 55, 56 and 57 show the sequence in two dimensions.

Each part bears the same identifying letter in all of the draw-
Engs,_ln Figure 35 the pin (H) has come to a stop after being
forced arm_g'nﬂ by the worm wheel (B) and the end of the
si:t, The pin (#) has forced the lever (G) upward. The lever
_1,’ ‘f-} exerts pressure at P 1o move the serew (), which moves
tha rod (N) and pushes the springbrush away from the iimﬁ-

::utatnr of the motor, This breaks the cireuit, and the motor
ops. '

The third wheel has run for about seven minutes. Its ex-

}ensiﬁ?i piece (J) has slmost completed & full revolution and
i2'apainst the pin (H).

: In '.l-“igu.r_e 56 the ﬁgt extension piece (J) is moving the pin
reely in s slot so that the pin rides along on the curved
surface of the locking lever's beak (). It iz shown here al-

most at the end of the beak. Note that the nj [
5 pin (H) has move
almust half the length of its slot (Q). - i

In Figure 57 the pin has moved a bi th :
3 j t more, past the healk
{&Z) which, through the pressure of the commitator sprin'g-
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brush has eaused the piece (P and &) to fall downward. An
electrical eontact is made as the brush touches the commutator.
The motor turns. The worm maoves the worm wheel (£) clock-
wize until the rear of the slot (@) in which the p_in ridtas
comes against the pin (H), and moves it until it is again
positioned as shown in Figure 53.

The extension of the third wheel (J7) iz in about th»la same
position as shown in Figure 57, gince it moves only with the
third wheel, The pin (H) appears as in Figure 55, excepl that
it ig behind the extension piece (J).

Na restraint is vequirved as the worm gathers up the whe?l
since the gear ratio of wheel to worm is too high to move it
hackwards, regardless of the strength of the mainspring,
This is an advantage because it reduces frietion during
winding.

A SIMPLE ELECTRIC MOTOR—how it works

Because repair of motor-wound timepieces requires af_rer!tfun fo
their motors, knowledge of a direct current motor's principles of
operation is important to the watchmaker.

Direet current motors and the balances of electric watches
have much in common. Boeth contain electromagnets pivoting
on axes, which are attracted or repelled by permanent mag-
neta when polarized by a battery’s current,
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Unlike balances, which oscillate back and forth, motors turn
continously in one direction. You can make a simple experi-
mental motor, shown in Figure 58, to help you understand
more about them and how they work.

Obtain a glass tube or a thin test tube (), a flat piece of
soft iron about 2 inches long and 14-in, wide, and a bottle cork
about an inch in diameter (J),

Drill a hole through the center of the cork, and force the
teat tube into it to about 14 above the tube’s mouth, Drill a hole
through the iron's flat center, and shellac the tube in place
about an inch above the ecork. Remove the insulation from
one piece of insulated copper wire and position it against the
cork’s side. Bring the wire up the outside of the tube, along
the underside of the bar to its outer end, and wind a neat
clockwise eoil of wire around the bar, past the test tube to the
other side. Turn the end of the wire back so that it doesn't
unravel, Bring it back to the test tube, and position it o that
it remains against the cork. Serape the insulation from both
ends of the wire,

Cut two squares of copper or tin foil (L and F) and nosi-
tion them around the cork so that the distance between them
is equal, and there is about l)-inch clearance on each side,
Place rubber bands over the exposed ends so that the ends are
pressed firmly on the square plates. Make sure that each plate
is facing one side of the coiled wire on the bar (D).

Use a large board as a base, Drive a long thin nail upward
through the bottom of the board so that the hollow tube rests
and pivots on it, Cut a.small block of wood, about the thickness
of the cork and high enough to be level with the top of the
cork (J).

Serape the insulation from the ends of two pieces of Epringy
copper wire. Twist the wire to give it more “springiness”
Secure the wires to the small block of wood so that they are
parallel to each other on opposite sides of the wood block
at the same height and length. Use two screws for each wire;
position them as shown, The wires should he long enough to
make contact with the plates. The loose ends of the wives (M)
can be connected to a large dry cell or a group of eelle (H).
A convenient way to make contact with the batteries is to

use scraps of sheet metal. Do not connect the wires to the
hattery wet.

The core of the motor is finished. To complete the mator,
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we reed either two bar magnets (4 and E) resting on blocks
of wood to provide height, or a horseshoe magnet (shown by
the dotted lines) placed on a block of wood of the correct
height. The horseshoe magnet must be wide enotigh to embrace
the coil without its ends touching, In the absence of either
bar or horzeshoe magnets, magnetize a couple of files in your
watch de-magnetizer and position them on the wood blocks
close to the eoil (D), being careful not to interfere with the
rotation of the pivoting, coil-wound bar. Before connecling
the battery to the loose ends of the wires (M), spin the bar
(D) by hand and assure that it clears both magnets, and yet
passes cloge to them. Assure that the wires leading from the
coil are in solid contact with the plates. Check to see that the
wires are free of inaulating lacquer and oxides. Finally, make
certain that the wires (M) begin to make contact with the
plates after the coil-bar (D) has passed the point where it is
on-line with the long axis of the bar magnets, Adjust the
plates to make sure the sequence is correct,

If you have followed directions accurately, the wires (M)
will be resting on the cork between the plates (L and F)
when the bar (D) iz on line with the magnets. Of course the
magnets should be positioned with opposite poles facing each
other.

Connect the battery leads and your motor should start
turning clockwise, If it doesn't move, give it a nudge in
either direction. If it turns, but again positions itself cppo-
gite the magnets, there is probably an open circuif. Check
the wires' eontact with the plates. If there is current flowing
through the wires and inte the ceil, there will be an electro-
mapnetic surge—but the leads may be crossed. Change the
leads g0 that the wires end at opposits terminals of the battery.
The "motar™ should now turn.

Current and Polarity

The current flows from the battery through the positive
terminal. It travels through the wires (3), or brushes, to the
plates, which are called commutators, The wires (X), making
contact with the commutators from: above, bring the current
into the coil wound around the iren bar, which becomes an
electromagnet. This part of a motor is called the armafure,
The electromagnetic polarity is such that the north pole of the
armature i adjacent to the north pole of the permanent mag-
nat. Since like polea repel, the north poles move away from
each other and cause the armature fo spin clockwise. At the
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same time, the brush on the right makes contact with the other
commutator (F), eausing the coil to become polarized with
itz gsouth pole adjacent to the south pole of the permanent
magnet (&), This too causes the pivoting armature to he
pushed clockwize,

When the armatore has made a 1807 turn, the brush at the
right makes contact with the other commutator segment, with
its attached wire (K). The polarity is reversed and the clock-
wise motion- maintained,

If the armature were turned ecounter-clockwize by hand
from the position shown in Figure 58, the brushes (M) would
touch the curk seection: between the commutator segments
when the aymature is en Hne with the magneis. Move the arma-
ture s bit further and right brush malkes contset with the edie
of the commutator (L) and causes this section of the armature
to act as 8 north pole, becaus=e itz wire lead from the commu-
tator starts at the Jeft wing of the armature; This results in
an attraction of the armaturs, and it returng in & clockwise
direction. As it does, the armature again approaches a position
opposite the magnets, The brushes contact the insulating cork,
The momentum carries the armature past the center line of
the bar magnets, and the brushes again make contact.

Hepuision of like poles sgain results, and the motor con-
tinues to turn clockwize,

Thus, such & motor turns in one direction only. The direction
depends on the windingr of the eoil and the connections to the
battery. 1If the battery were reversed, the motor would turn
in the opposite direction.

Electrical Terms

In Jearning the names of ihe motor parts—whether the
motor is the balance of an electric wateh or one supplying
power to wind a ¢lock—the names indicated in Figure 58 are
generally used. The magnets, which are part of the stationary
housing of the motor, are called the field. Sometimes the field
is called the stator (meaning stefionary). The turning electro-
magnets, and [n some cases & pivoting permanent magnet, ara
called the armeture or rofor. However, it is more apt to be
called 2 rofor when the turning part contains permarient mag-
nets, as in the Secticon, made by Universal Escapements Ltd.,
and in synchronous electric clocks.

Where the armature iz an elecfromagnet, corrent must he
supplied to energize the moving ooil, One end of the coil’s wire
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ia goldered to a segment which “commutes™ current from an
alectrical source to the armature. Thiz segment must be made
wide enough to carry eurrent through mest of the armature's
turn, This part is called the commutater, shown in Figure 58
as L and F. As an electrie train receives current from a third
rail through “shoes,” the wires (M) conduect current to the
commutator.

In a watch like the Hamilton 500, the contact wires become
the brushes and the gold pin becomes the commutator, The
balatice iz the armature and the permanent magnets under
the balance together with the shunt pieces comprise the field.

In the Swiss eleetric watch, too, the contact wires serve as
brushes, The contact tab is termed the commutator and the
balance, containing a permeable alloy rather than a coil, is
called the rotor.

Flgure &0

Figure B9 Iz 2 simplified schematic
of the mater i Figure 58, Note the
careful wirding af the coil and the
direction of currgnt, In Figura &0
fhe armatura iz spprogching the op
posite polarity of the nearast meg-
net's fiald snd attraction begins. At
the greatest positlan of attraction
the commutator segments will feed
surrent from the opposite terminels
| of the battery and regulsion will
— azain take Gver. Figure Bl shows
the mobtor- using an electromagnet

Figure 61 Instead of permanent magnois.

Figure 58. The coil on the armature iz wound a bit more care-
fully and shows the clockwise direction of winding and the
direction of the current. In Figure 69 the armature is being
vepelled by the similarity of adjacent poles. As it reaches the
position shown in Figure 80, the armature iz approaching
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the opposite polarily of the nearest magnet's field and attrae-
tion, rather than repulsion, begins. As soon as they are at the
greatest position of attraction, the commutator segments feed
current from the opposite terminals of the battery, and az it
passes beyond this point, repulsion again takes over.

The field can be an electromagnet as well as a permanent
magnet. Thia iz shown in Figure 61, Soft iron iz used here as
a permeable metal eore for the electromagnet. An electro-
magnetic field can be adjusted to the quality desived, although
permanent magnets are used in practically all clock motors,

Obstacles

While the simple motors shown in Figures 58-81 work and
are easily understood, they have obvious drawbacks. If cur-
rent was cut off and the motor came to a stop so that the
brushes touched the sections between the commutator sep-
ments and reated upon the insulating core, the motor couldn’t
start by itself. Or, as shown in Figure 60, the armature’s
magnetic influence may be too far from the field's attraction
to overcome inerlia and friction and pet the motor atarted.

Next, will be described how battery-powered clock motors
overcome these ohatacles,

_ We learned the prinicples of operation of a simple electric
motor, But we eoncluded with the diseoncerting thought that
once the motor stopped it might not start again without help.

Now we examine an inexpensive direct eurrent motor that
will start automatically from any pesition. The motor is shown
in Figure 62,

Figlire B2 s a chofo of our self.stasting dirct
ciirreat omolor I i cempast ang efcieat

FIGLURE &2
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Three fections to the armature dnd two permanent mag-
neta in the field are necessary components.

The Field Magnets

The North pole of ene curved mapgnet faces the South pole
of the opposite magnet, As we have already learned, it is pos-
sible to orient the poles of a magnet to any position.

In order to conserve space, as well as obtain a better motor
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action, the field magnets appear as in Figure 63, with the
North pole of one curved surface facing the South pale, which
ia the inner curved surface of the other magnetic field.

Since the field magnets are designed with their eurved sur-
faces of opposite polarity, the electromagnets situated on the
rotor or armature must exert a magnetic push, or pull, in
conformity with the field magnets, The electromagnetic coil
is wound in a flat loop, long enough to allow its magnetic
lines of foree to interact with those of the field magnets.

Laminated Armature Core

An electromagnet functions more efficiently if its coil is
wound on a soft iron core. Efficiency is increased even more
if the core is made of laminations or thin layers of iron, The
armature core—around which our armature ¢oil will be wound
—is made of three-finned plates (C), packed together and
aligned upon an axle as shown in Figure 64,
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Direction Determines Polarity

The coils are wrapped around each section with a continu-
ous length of copper wire, each connected to the next in series
length of copper wire, each connected to the next in series
(Figure 65). 1) is the coil. It is soldered to the commutator
sepment (F). With the coil wound as shown, a positive current
fed to the upper part of the eoil causes it to become an eleetro-
magnet, with the North pole at the top and South pole-at the
ithe bottom,

The lower part of each coil is conneeted to the commutator
segpment at &', Note that the coil is wound upwards and avound,
to assure the proper polarity when current flows through it,

Figure 66 shows how the three coils appear when wouni
around the armature core; The bheginning of one coil and end
of the next eoil are joined together at F', Point D, Figure 65,
ghows that the coils are wound in the same direction. To insu-
late the commutator segments from each other, a plastic sleeve
is placed over the forward part of the armature axle. On the
axle is the commutator with its three sepirated metal sep-
ments, each insulated from the other (E, Figure #6). They
are made of silver, which i2 a good eleetrical eonductor, The
commutator segments transfer electrical energy from the bat-

tery to thecoils. - E b

Thiz W cur miolar- Hroken: dow i4te it three
Main sectdne Meote thab the [eld magraet (A1
la ‘positiared by lead shims |/ oan panchslng
Tiie  congtructon  concenlistes the . magaelc
lnns ot farce and: protects stanl oarts dram tham,

FIGLRE &7

PARTS IDENTIFIED

Figure 87 i3 a photograph of the motor with its three chief
geetiong dismantled. 4 is a field magnet, positioned by lead
shims inside an iron easing. The constriction concentrates the
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field magnet's lines of force and protects nearby ateel parts
from their influence. € is the armature, I} is the wire coil
wound around one of the sections. F is one of the three silver
commutator segments and G one of the brushes which will

rub againat them.
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The motor sequence iz shown in four phases in Figures
£8-71, A is the North pole magnet, situated between lead shims
contained in the iron shell casing (H). B is the South pole
magnet. C is one of the three armature sections. For sim-
plicity we show an abbreviated winding of the armature coils

G4

around each armature section (D). E is one of the three silver
commutator segments. At F the end of each coil makes contact
with the commutator and the beginning of the next coil. 7 is
one of the two brushes: the one leading fo the negative side
of the energy cell,

MOTOR SEQUENCE—PHASE ONE

In Figure 68 the positive brush eontacts a commutator seg-
ment. Positive eurrent flows into the coils, one of which is
wound around armature sectiom one and the other around
armature section three, However the current enters the two
coile from different directions. When the positive current
enters the coil on section one, it causes an electromagnetic
field with its North pole at the top, as indicated by n. This
same current, entering the coil on section three from the bot-
tom, causes the North pole of this section to be at the bottom
and the South pole to be at the curved, outer part of the arma-
ture section (&).

A COIL “SHORTS OUT"

What is happening to armature section two? If we examine
the brush feeding negative current to the commutator, we
find that the brush iz contacting two commutator segments.
Follow the upper right commutator segment to the lead at F,
and we discover that one coil connected at that point leads to
the end of the eoil of armature section one, thus epmpleting
the eireuit in that coil and causing armature section one to
become an electromagnet with the North pele at the top.
Follow the brush at the right as it contacts the commutator
segment at the lower right, and we find that a coil connected
to it goes to armature section three, thus completing the cir-
cuit and placing the South pole at the outer, top section of the
armiture.

Again, follow the contacts made by the negative brush (&)
and the two leads from the contacts to the coil on armature
section two, By following the lead at F as the wire goes Lo the
top of the coil on section two, we can see that this woulo
ordinarily cause a South pole at the top of this armature sec-
tion. However, the same brush contaets the commutator seg-
ment at the lower right. Following the wire leading to the
coil on section two, we find that the same negative current i3
heing drawn into the bottom of the coil. With negative carrent
being fed through both ends of the same coil, the coil “shorts
out’” and becomes temporarily inactive.
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FOUR MAGNETS

We now have four magnets in this little motor. 4 and B are
permanent positive and negative field magnets. Armature sec-
tion one acts as a North pole and section three as a South
pole. We know that like magnetic poles repel and unlike mag-
netic poles attract each other. In the first phase (Figure 68),
section one is repelled by permanent field magnet A while at
the same time it attracts South pole armature section three,
Section two, marked @, has been shorted out and g idle,

In phase two of our motor's sequence of operation (Figure
#9), the armature has moved clockwise 30° or 1/12 turn, and
each brush contacts only one commutator segment, The posi-
tive brush at the left still makes contact with the same com-
mutator segment as in the first phase of operation (Figure
#&8). Thus the polarities of armature sections one and three
are the same as in Figure 68,

The negative brush now eontacts enly the upper right com-
mutator segments. This sends negative current through the
wire leading to the coil on armature section two, To complete
the circuit on this armature section, the positive brush con-
tacts the commutator serment at the left and sends positive
current through the bottom of the coil on section three

The eurrent continues to the top of the eoil, onto the lower
commutator segment and then to the wire leading to the bot-
tom of the coil on armature section two, The inner, lower part
of armature section two becomes a North pole and the outer,
top portion a South pole.

FIVE MAGNETS

Now we have three electromagnets and two permanent mag-
nets. Armature section one is mid-way between the North and
South field magnets while armature section three ia below the
center of the North field magnet and section two iz past the
center of the South fAeld magnet. The result is a clockwize
motion.

The North field maenet, attracts armature section three,
which has become a South pole, strengthening the clockwise
motion. Armature section two, also a South pole, is repelled
by the South field magnet, adding more impetus to the clock-
wise motor action, Armature section one is, of ¢course, repelled
by the North field magnet and attracted by the South field
magnet,
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PHASE THREE—MOTOR SEQUENCE

Now, let us consider the third phase (Figwre 70). Another
30° has been added to the clockwise motion of the motor.
Armature section one iz within the influence of the South
field magnet {(B), armature section three is directly opposite
the North field magnet (A) and armature section two is leav.
ing the area of the South field magnet.

Tha positive brush touches two commutator segments. Posi-
tive current is fed into both endas of the coil around armature
section three, and it “shorts out” and becomes temporarily
inactive,

The poaitive brush contacts the upper left commutator seg-
ment, sending positive current through F to the top of the
coil around gection one (D). To complete the eircuit on this
gection of the armatore, the negative brush touches the com-
mutator gegment at the right, which supplies a path for the
current to complete its circuit.

TRACING THE CURRENT

Once again, let’s trace the flow of ecurrent into armature
gection one. It starts at the positive lead of the energy cell,
flows through the left brush inte the upper left eommutator
segment, through the coil, down into the upper right commu-
tator gepment and out through the brusgh leading to the nega-
tive gide-of the energy cell. The result~——a North pole at the
outer part of this-armature section (n).

Aymature section two is a South pole. Follow the flow of
current from the positive lead of the battery through the left
brush, which also makes contact with the lower left commu-
tator segment, The lower left segment supplies current to the
inner end of the coil on armature section two. This positive
current continues to flow out of the outer end of the eoil to
the right commutator segment, and then inte the right brush
(&) and the negative terminal of the battery.

This eireuitry causes & North pole at the inner portion of
armature gection two and a South pole at the outer end of the
armature section (5],

FOUR MAGNETS AGAIN

Thusz, in the third phase we have four magnets, two being
field magnets and two being armature-electromagnets. Arma-
ture section one is attracted to the South field magnet while
armature section two is repelled by it Clockwise maotion is
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thus maintained. There iz neither “pull” nor “push" on the
third armatire section because it has “shorted out” and re-
maing idle (z).

Of course, after a partial turn the positive brush will touch
only the lower left commutator segment, and positive current
will flow through the top of the ceoil on seetion three, causzing
a North pole on its outer surfece. The eircuit will be com-
pleted as the current flows through the negative brush, and
the North field magnet will repel the North pole of this arma-
ture section.

PHASE FOUR—MOTOR SEQUENCE

For the final phase of this motor action, examine Figure
71, Armature section one iz in exactly the same position ceco-
pied by armature section two in the first phase of mofor action
{Figure 68).

Armature section one and its coil sre inzective because the
negative brush contacts two commutator segments which sup-
ply current to it. Again, a double dose of negative current
shorts out” the armature section (2). Armature section three
has a positive polarity - at its ooter énd because the brush at
the left transfera pogitive current along the upper part of the
armature section. The cirvenit iz completed =3 the current
travels outward into the commutator segment at the upper
right, throngh the negative brush which contacts the commu-
tator segment, and down into one negative terminal of the
energy cell,

Armature section two has & negative polarity becabize posi-
tive current enters from the bottom of the ¢oil, goes through
the top of the coll and into the lower right commutator seg-
ment, and then into the right brush, terminating in the nega-
tive part of the battery.

Thus, the field magnet repelz zection three and atirscis
gection two. A split second later the motor turms slightly.
Armature section one becomes a South pole at its outer end,
because the right brush only contacts one commutator segment
and the cireuit to section one is completed through the coil of
gection two. The South pole in section one is repelled by the
South field magnet.

The stronger the energy cell or voltage of the battery, the
stronger the electromagnetism and hence the more powesrful
the motor action. The more powerful the motor action, the
faster the motor will go.

ol

¢ this point the entire four-phase sequence begins again.
If the motor were stopped during any of the four phases of
operation it would start again automatically, since two of the
three coils are energized whenever surrent iz applied to the
mator.

CHANGING MOTOR DIRECTION

Shonld we reverse the battery and make the right brush
positive and the left brush negative, the direction of the motor,
too, would change. In direct current motorz a change in direc-
tion is accomplished by switchés which reverse the battery
leads connected to the brushes,

There are some variatons of this motor prineiple, and someo
larger motors work on diffarent winding—but the bazic prin-
ciple is much the same. The brushes in some amall motors are
made of a group of short, fine copper wires bunched together
o resemble & small brush. This iz said to provide betfer com-
mutator contaet.

Some mofors have no permanent magnets in the fleld. Tn-
stead they have separate windings which supply electromagp-
netism of the desired polarity and power; thus hoth the field
and armatiure rely on electromagnets. Larper motors uze glee-
tromagnets exclusively because it is difficult to make: larpe
permanent magnets of the desired strength and polarity.

SPARKING: ITS CAUSES AND CURES

A current of electricity, like a flow of water, has momen-
tum. When it is shut off suddenly, a spark may ‘'leak"
across contact points causing wear and inefficiency.

Elsciric timepieces use switches or contacts to turn on &
current. Often, these contacts are of very simple design and
construction. A eircuit is completed, say, when one metallie
tzb on the balance staff or pendulum makes passing contact
with another tab anchored to the movement, This releages
energy from a c¢ell or battery which energizez an electromag-
netic coil. This in turn attracts or repels the balance, pendulum
or tuning fork.

The efficiency of the timepiece and the length of its carefree
maintenance pericd to a large degree depend on these switches
and their condition.

Mest often, these contact switches are made of gold, silver
or platinom to resist wear due to friction and sparking.
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Sparking ocenrs at switchpoints when a contact or eircuit
is broken, and iz lezs pronounced in watehea with a hollow
coil, then in those which have & solid or permeable core. Carbon
deposits form on the contacts because of the spark. These
deposits insulate the tips, prevent good electrical contact and
eause poor motion. Eventually the timeplece stopa. Further-
more, sparking burns away metal at contact points until the
contaets cannot meet, and the wateh mechanism stops running
permaneantly.

EXPERIMENT PROVES IT

A simple experiment will prove that sparking is caused by
the eoil, and that it takes place when the eireunit is hroken
rather than when it is closed.

‘\K GEARMIC O GaRAON

— MG INDLETIVE
AESITOR

FiGLIRE 720 FIGURE 720

Whan wi Tloctio chrod with o selid coll (T4 ance =5 1he ool (F2B): o sgark cocurs. when the
|5 BIONEA &l the fedch D Spps reshls When the awitch i apensd, Coll, ‘therofons, must L, tha
bdl i pebracad by o reshstocof e memi realer- e ol -sparking.
Hook an ammeter inlo a eircuit which includes an energy
source and a coil of many turng, as schematized in Tigure
T2A, Start a current through the eiveuit and notice that while

the switeh is closed there is no sparking. Also, read the value
of the ammeter,

Now, break the cricuit by opening the switch, A strong
apark should oceur there. Repeat this, replacing the coil with
a carbon or ceramic resistor of the same resistance as the coil
{Figure #2B). This time there should be little or no sparking,
but the eurrent reading on the ammeter will be the same.

Since the coil i3 the only thing that has been changed, it
muat have been the eause of the strong sparking in Figure
T2A. Specifically, it ia the destruction of a magnetic field in
the coil which causea the spark.

SIMILAR TO PLUMBING

It i possible to understand the causes and curea of sparking
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by a gimple analogy from hydraulics.

When we open & faucet, a flow of water begins and continues
to flow until it is shut off or the supply is exhausted. In an
electrical circnit the same is true: eleetricity continues to flow
until a awitch is opened or the energy source Is exhausted,

Yometimes, in a hydraulic system (your home's plumbing,
for example) . a loud report somewhere back in the pipes will
result when the water is shut off suddenly. This condition is
called “water hammer.” When the faucet was open, water
flowed as a long line of traffic would, When the faucet was
shut off, all of the moving water as far back as the source
piled up, To this pressure was added the force from the mo-
mentum of the water, and a loud “ping” resulted when this
Aow “bounced back” into the system. In some cases, this
bounce may have been sufficiently great to burst the pipes.

Roughly, this happens when the current in an electromag-
netic coil iz terminated suddenly, as it is in electric watches,
The current has inertia and will tend fo eontinue and to
ihounee back” in somewhat the same way. Because it cannot
either continue or return, a spark leaks off, burning and reduc-
ing the contacts, with the resulting damage we have already
described.

In the hydraulie system,
plumbers overcome “water ham-
mer” by providing an air cham-
ber (Figure 78) to absorb and
dissipate the shock of increased
pressure. Water under extra
pressure enters this appendage
and compresses the air in it until
an equilibrium is attained be-
tween the two forces. Then,
slowly, the water distributes its
preasure along the entire length
of the pipe aystem.

In electrical systems, extra
voltage whieh would burst off as
a spark is channeled into a con-
denser or a capacitor of some sort, The resiatance of a con-
denser to the backsurge of current is lower than the resistance
of the air gap between the parted contacts, and the energy goes
to the condenser where it iz stored. Finally, it is dissipated
along a small path from the condenser to the movement, or to
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the intake end of the eoil. This all takes place in the smallest
fraction of a second, but it is slow enough by elestrical
standards,

USED IN SWISS ELECTRIC

An instance of spark suppression can be ssen in the Swiss
electric watch, Landeron csl. 4750, Figure 74 is s schematic
diagram of the watch's electrical system. In thiz case, the
spark-suppressing parts are a resistor (&) and a diede (H).

FIGLIRE 74
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When the balance is in the position shown in Figure 75,
the contacts are about to part. The metallic tab A on the bal-
ance will move past the tip of spring C in the counter-clock-
wise direction, This spring will break the ecireuit when it
springs back from contact beak L st point M. Because of the
coil and core, a spark would cccur at the gap between M and L.
But, as indicated in Figure 74, the surge of voltage is diverted
through the resistor, which absorbs some of the back current,
and into the diode,

A diode, of which we will learn more later, is an electronic
valve to permit electricity to flow in one direction only. In
Figure T4, the diode permits the current fo flow in the direc-
tion shown by the arrows. This surge of current flows into
the left hand side of the coil, where the energy is disaipated.
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Tha Lip walzh, The back-surge flow,
which teads 1o éntér the coll in the
coontEr-ciociwnie derechion. is diverted
irstead Uaouah the diode =nd re-enters
the codl in the normal direction. whers
it s deswrpeted,
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FIGURE T7
Lisp of 2 condenser i another way 1o
SOppfess sparking. Extre current is
tempocdnfy ‘sbeorbed by the dewice
and relpsiad at a rate slow encugh to
avoil a sparh buldup

The Lip electric wateh sup-
presses sparking by 4 Yeontact
diode."! The system iz schema-
tized in Figure 76. As the bal-
ance revolves after energizing
tha electromagnets and receiving
an impulse from them,; certain
contact points are parted, Thiz
openg the cirvenit, and a back.
surge of corrent takes the path
of least resistance through the
eontact-shielding diode instead
of going through the coil, This
diode i= biaged ao that it allows
eurrént to flow in the direction
shown by the arrow above it
The voltage then pughes the cur-
rent gslong into the left part of
the ecoil, whera it is dissipated.
The sparking that would have
oceurred at the air gap between
the contacts is greatly sup-
pressed,

In the Hamilton and German
electrical watches, sparking is
minimized becauze the electro-
megnetic coil is hollow.

Another way to reduce spark-
ing is by meens of & condenser
or eapacitor. Such a device
stores an electric charge. It may
consist of two thin electrical con-
duoctors zide by =ide, separated
by a thin insulating laver, and
hooked up In parallel with the
contacts, g3 shown by the arrow
in Figure 77.

The energy that would result
in & spark iz led into the con-
denser. Sometimes, one of the
conduetors is grounded to allow
& slower path for this surge cur-
rent to dizsipiate,



RELAY CIRCUITS & GENERATOR PENDULUMS
REDUCE WEAR AND TEAR

Using relays, a balance or pendulum can swing without
mechanical hinderance or electrical deterioration

We have seen that sparking and deterioration oecur when
contacts part. And we learned how to suppress this sparking.

One important implication of all this is that the secret of
good electrical timekeeping i through a watch that can open

and close circuits using no mechanical contacts whatever.

Many clocks (Kundo, Junghans-Ato-Hatot, ete.) operate thia
way. The only watch at present without mechanieal contacts
is the Accutron electronie timepiece. All of these use tran-

gistors in their eirenits.

Timepieces with transistors and contact-less switching have
one thing in eommon, generally missing from other elocks and
walches. They use permanent magnets in conjunction with

electromagnetic coils.

Long ago, it was predicted that since electricity can create

magnetism, then perhaps magnetism can create electrieity,
It can,

- FIGURE 7B FIGURE 78
A simple generator may be constructed Even a tdy mator can become a gener.
fram a darga magnetizad file and the ator becauss it confains the necessary
coll of a synchronous clack, When the elements: & coll and a magnet, By
fila Is passed ovor the coil, a galvap- spinning the axle, 8 currant registers
oreter registers the quantity and di- on tha metar,

rection of currant.

MAKING A GENERATOR

To prove this, the watchmaker ean set up another simple
experiment, using an old, large file. Magnetize this in the
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hellow of a “demagnetizing” eoil. Then, obtain the stator and
coil of a synchronous clock, such as a Sessions or General Elee-
tric. Hook up the leads from this eoil to those of a galvinom-
eter or voltmeter as shown in Figure Ta.

By moving the length of the magnetized file over the coil
with rapid to-and-fro strokes, you will see a eoincident maove-
ment of the meter needle, indicating a flow of electricity. The
flow will be great if the file’s movement is rapid, barely per-
ceptible if the motion over the ¢oil is slow,

We say that the magnet “generated" this purrent by passing
over the coil. The speed and direction of the file's movement,
the strength of the magnet and the tyvpe of eoil determined
the kind of current generatad,

MOST GENERATORS SAME

Almost all eleetric peneratora werk on the principle of mag-
niets passing through or near to coils, or eoils passing through
or adjacent to magnets,

If we were to hook up a small direet eurrent toy or clock
motar, similar to that shown in figures 62-69, to & meter and
gpin the axle with our fingers, the meter would register a
current (see figure 79). The direction and quantity of current
would depend on the diveetion and strength of the spin. In one
of the directions of apin, the meter will surge against the zero
banking.

Thus, the direction of physical movement in our generator
detéermines the direction of current, Specifically, the coils of
wire cutting across magnetic lines of force generate the elec-
tricity, the direction of flow depending on from which diree-
tion the coil culs these lines,

Instead of a meter, a flashlight bulb ean be hooked up to our
motor-become-generator. When spun, the generator will cause
the tiny bulb to glow.

A CONTACT-LESS SWITCH

Now, if a curvent can be generated by a magnet pasasing
near a coil {or a coil passing near a magnet), why can't a
balance or pendulum containing a coil pass over or through
a magnet generate electricity? Or, which iz the same thing,
a magnet mounted on a balanee or pendulum, might pass over
# coil and generate a current.

SBuch a current eould operate a tiny switch or “relay” to
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make a quick momentary circuit, which might be used te main-
tain the motion of the pendulum or balance,

The term relay is:often used in electricity. It deseribes a
system by which & small current triggers or relesses a large
stored voltage. A knowledge of the relay is important to.an
understanding of the electronic trigger—the transistor

An example of the relay is the sending of signals over long
distances by telegraph. The original electrical impulse needed
to 2end a dot or dash across the country in one jump would
nze 2 tremendous amount of electricity and heavy eguipment.
An easier and simpler way iz to have the small original im-
pulse travel a number of short distances.

At way-stations along the routs, this gradually-weskening
tmpiilse clozes a second circuit which contains its own battery
o energy source. This cireuit sends out a fresh impulse to
the next way-station, and so on.

Another use of a relay system

is the operation of many second-

ol ary elocks in a school, fectory or

EF{‘"' i public building by a single mas-

Bl \ L ter clock. Figure 80 shows how
B " _‘L e this might be done.
f_: F| The half-seconds pendulum 4

et for a fine precision regulstor is
T weight-driven or electrically im-
- e pulsed, Its suspension has an
At electrical conneetion with bat-
tery [} and electromagnetic coil

€. Tab B is a contaet,

CIRCUIT COMPLETED

When the pendulum swings from the left to right and
touchea contact B, a cireuit is completed which energizes coil
. Thia eoil magnetically attracts the contact button mounted
on armature £, normally held back lightly by a helical spring.

When contact E moves to coil €, the space between & closes
and completes a secondary circuit powersd by eell G. This
energizes coil H which pulls arm J toward it. The beak atop
arm J moves over the racheted index wheel by one space. This
wheel has B0 teeth, so that every movement cf the half seconds
pendulum indexes the wheel one unit, or one full second.

By providing additional relays to such a master cleck, It is
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possible to impulse many secondary clocks, er rather, clock
dizls, On & smaller scale, a system of relays can be used in
smuall elocks or watches.

It is even possible to propel the balance or pendulum itself
without any visible physical contact, switching or wear. The
¢oil or magnet could be situated on the balance or pendulum,
snd by passing over respectively, a magnet or coll, ‘it might
generate a relay, compléte a circuit and release enargy stored
in a battery to further propel the balance or pendulum.

It might also be possible for such a relay system to trigrer
an independent or secondary eircuit 1o move the indexing or
dial train. In these ways, a balance or pendulum would be able
o oseillate without mechanical interference from any part of
the timepiece. it would be able to do its chronometric: job and
have no distracting influences or doties,

A PENDULUM GENERATOR

A set-up to achieve this is de-

picted in Figure 81, Pendulum 4

3 hag a bob B of non-ferrous mate-
J rial, curved concentrically upon
its point of suspension, Each end
of this bob has & permanent
magnet, C and D. The beb and
magnets swing through hollow
coils E and F, stationed at either
aide. This movement generates
glectric currents in the following

J | N slccession;
| £ ,;_*_;—_f 4 As the penudulum swings to
l Wgef 71 the left, it is travelling at its
' i'l h“ ‘-x,,_'i_." L highest rate of speed when rod
it I_ o . A is dead center, as shown, At
e ——— this point, the left-hand perma-
i nent magnet has enough speed
FIGURE &1 entering coil to generate a cur-

rent sufficient to energize coil (7
and attract armature H. H is also
a permanent magnet, normally
too weak to be drawn to thecoil's
core at . With the added electromagnetism generated by the
pendulum’s swing. however, it does move toward G, at the
asma time causing the contact above H'to {ouch the contact Jf.
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Thias completes:the eireuit through battery I and energizes
gnil F in such a way that its polarity is the same as magnet 1),
This repels the magnet in the right-te-left direction, imple-
menting the swing of the pendulum.

At thiz point, the pendulum has swung as far left as it will
go and bezins to return in the left-to-right direction. It picks
up apeed, until again itz greatest speed is at the dead center
position, The magnet C enters coil B again, but from the oppo-
site direction, ereating a current in the opposite direction.

CURRENTS REVERSE

This current energizes eoil G with the opposite polarity
from before. The coil, therefore, repels magnet H and causes
its upper point to make contact with K instead of /. This
completes the eireuit through coil L, battery I, and back to
the spring contact upon which H is mounted.

While energized, coil L, draws armature M to it. A split
second later, the generated current at & and H is terminated
and the magnet H returns to the “open”™ position, allowing
armature M to be drawn back by its helical spring. When M
does go back, the beak mounted at its top will index the sixty-
toothed rachet wheel N, causing the seconds hand mounted on
the arbor of N to move one second of time forward.

Thus, with a half seconds pendulum the seconds hand is
moved with every other swing of the pendulum, while the
pendulum iz impulsed once a second,

The important thing in such a system, however, is that the
pendulum hasg no work to do, and makes no mechanieal con-
taets, It swings freely, just keeping time.

ELECTRONIC VALVES PROVIDE THE ANSWER TO
SPARK SUPPRESSION

The diode, key element in a transistor, allows current to
flow [::1 one direction only, removing the danger of short
circuits

In dizcuzsing electricity and electronics, the term “amplify™
often comes up. It refers to the use of an auxiliary or outside
gource of energy to make a weak electrieal signal stronger.
It's important to note that the outside source is zet in action
anid controlled by the original weak impulse.

For example, the electrical relay shown in the diagram of
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the magnetic pendulum (Figure 81) allowed a weak, induced
current to close the eircuit. As a result, a stronger current
from a separate source (batteries) was tapped, augmenting
the original impulse and thus “amplifying” it.

In slectronic horology, a weak signal generated by a pendu-
lum, balance, tuning fork or other oscillating device can be
amplified by controlling the glectrical power stored in a
hattery.

Previously, the sequence of events which caused the relay
in a cireuit eontaining a battery to produce amplification was
spelled out in some detail. It was shown how the magnef-
pendulum could induce a current {induction) by moving in a
coil of insulated wire and how this current, althourh weak,
could elose a cireuit in which a stronger impulse source (a
battery) is present.

Figure 81 showed how a pendolum or any other oseillating
device eould be kept in continuous motion without any physi-
cal impulse-contact and how a dial train also could be indexed.
However, in examples discussed previously, aparking would
oceur when eleetrical contact was broken, While spark sup-
pressors could diminish this arcing they would not eliminate it
entirely.

Mechanical switching is eliminated by using a transistor as
an olectronic escapement. In a conventional escapement, a
larger power such as a spring or weight is stored and held in
check by the lock of the escape tooth on the side of the pallet
(jewel). Only a slight movement of the halanee iz needed to
unlock the mainspring's power and impel the balance further,

The mechanical "transistor” or escapement thus consists of
a stored power source, the mainspring, which is held in criti-
oal check by the escapement lock, The mainspring iz releaged
by the comparatively weak unlocking force of this balance.

In the electronic circuit, a large zource of ready-to-release
power, generally a battery, 18 held in check by an open
“gwiteh.” Barlier, it was explained how it's possible for a
small amount of eleetrical energy to close a switeh and release
a greater (stored) surge of eleetrical energy. In horology, the
transistor is the valve, gate or escapement which allows this
chain of events to take place without any visible moving part
making or hreaking electrical contacts.
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DIODE: AN ELECTRONIC VALVE battery.

Before attempting to explain how thisz is possible, it's a4 AN EASY TEST
well to examine the hasic principles of the transistor and how

it works, Transistors will be used more and more in horology, Suppose we try a simple experiment, using a diode (either

an F-2, General Transistor or an International Rectifior 2.1
91A type with ratings, approximate 100 V, 750 m/a), a 1}z
volt flaghlight bulb and & one-cell battery.

We will attempt to explain the principles in simple terms
g0 the watch maker may underatand what the transistor can

be expected to do and, in general, how it is done. A pood text il s
on transistors is — “Transistors, Information, Experiments, I'-F I
Applications, Bureau of Naval Personnel. NAVPERS, 9238TA, i
Mareh, 1962, Supt. of Documents, U. 3. Govt. Prtg. Office,
Wash. 25, D. C.

The basziz for the transistor is the diode, an electronie de-
viee or valve which allows current to flow in one direction
only. It is composed of materials such as silicon or germanium. e ——niTH
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current, amall amounts of “impurities” are added. These im-
purities produce & condition which makes positive (+) or
negative: (—) charges available to earry current. Specific
quantities of impurities are added to the ervstals depending
on the type and amount of current they will carry. If, for ex-
ample, antimony iz added to the crystal, negatively charged
elirrent carriers are made available,

The diode consiats of two sections. Impurities introduced
into ¢me section produce negative current carriers; different
types of impurities introduced to the other section produce
poaitive current carrviers,
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Figure 82 shows a diode in simplified form. The left-hand
section contains impurities which will produce carrviers of
positive current, Thus, it is marked P. The right-hand zection
contains impurities producing negative current carriers, Thus,
it iz marked N, For further identification, the pbositive and
negative sides may be marked plus () and minus (—) re-
spectively, Connected to the sides of this diode are wires which
could be connected electrically to a power source such as @

Ta

These are connected in series with the diode (Figure 83)
so that the plus side of the battery is econnected to the nega-
tive side of the diode and the positive side of the diode is con-
nected to the flashlight bulb. The wiring should then continue
from the bulb to the negative side of the battery.

The bulb does not light up. This indieates that when con-
nected in this manner almost no current passes through t_hn_a-
diode. Now, reverse the battery in its holder (as in Figure 84)
s0 that the plus side of the battery is connected to the bulb
and through it to the plus side of the diode, the negative aide
of the battery is connected to the negative side of the diode,
The bulb now lights up, proving that current will pass through
the diode in one direction but not the other.

To understand this movement of current examine Figures
85A and 85B, remembering that like polarities repel and un-
like polarities attract, When we connected the negative aide
of the battery to the positive half of the diode, the positive
current carriers in the diode were attracted by the negative
charge on the battery and rushed to the edge-end of the diede.

Likewise, on the other half of the diode, the negative cur-
rent carriers were attracted to the positive terminal of the
battery, This iz shown in figure 85A in which a meter instead
of a lamp indicates current flow, Thus, there were no current
¢arriers in area 4 to serve as a conduit for the passage of
current and so the curvent was blocked.
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2547, thus, backing . the cireult circuil (Fig. 858)

Next, in Figure B5B, the battery was reversed so that its
positive lead was connected to the half of the diede containing
positive eurrent carriers and the negative lead connected to
the diode section containing negative current carriers.

In this condition, the positive current from the batfery
caused the positive current carriers in the diode (section P)
to be repelled toward the junction between the two halves of
the diode. On the other side of the diode (sectien N, the
negative current carriers were being repelled by the battery's
negative current.

Tn this condition, the jumetion between the two halves of
the diode was “soaked” with current carriers of both polari-
ties and the positive current from the battery thus ¢ould pass
into the P section through the junction and continue in an
electrical circuit, The negative carriers likewise had an unin-
terrupted path through the junetion and could aiso complete
the circuit, as shown in the meter reading.

SPARK SUPPRESSOR

The same test or experiment can be conducted using an
ohmmeter instead of a light bulb. The ohmmeter will register
a high resistance in one direction and a low resistance when
the diode ig reversed, proving that the diode ean ssrve as a
valve which allows current to pass in one direction and not the
ather,

Now it should be easier to understand the diode’s role as a
gpark suppressor. Examine again Figures 74 and 76. When
the current reverses {taelf and its polarity, the diode will allow
this current to pass through and dissipate itself through the

2

i £ owiay | Ohms
R ey
el L s

chergizing coil. But, when the current iz required to go
through the energizing coil, the diede blocks any attempt by
+he current to take a short-cut (cireuit) from the battery ta
the contict.

__;:‘5-1,‘:':;{_'5‘&;: — The eleetronic symbol for the
EEe e diode is shown in Figure 86, The
£ ;__/ aymbol is composed of an arrow

; - head touching a short black har,
AWIDE  GATITOOE These two parts of the symbol

* represent the two parfs of the
F:EunE'-E - 2

denibing - symbolk of the, diode diode. The arrow is called the

ars _an srow, the snode 2nd @ gnode and the hlack bar is called

fow towsrcs the spode (F) &nd _
Sow from the cathode (N) the cathode.

The enode i the electrode toivards which the electrons flow.
It is also called the positive electrode and corresponds to the P
section. The cathode is the negative electrode from which the
stream of electrons flows. It corresponds to the N seetion of
the diode.
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THE TRANSISTOR—HOW IT WORKS AND
WHAT IT DOES

Without sparking, this minute device can be used as an
electronic switch to turn on or off the current which
drives the watch mechanism

As explained earlier, the hasiz for the transistor is the
diode, an electronic device or valve which allows current to
flow in one direction only. Now, we want to consider in detail
the transistor itself.

The transistor must be used when we want an electronic
escapement capable of triggering an auxiliary source of cur-
rent. In essence, the transistor consists of two diodes placed
end-to-end and sharing a common center section, This is shown
in figure BT,
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Thare are two types of transistor: (1) the PNP with two
outside P (positive) sections and an N (negative) center sec-
tion and (2) the NPN . in which these outzide sections contzin
negative eurrent earriers and the middle contains positive
current carrviers.

Here we repeat another key statement which should make
it egsier to follow the elestrical eircuits deseribed in this
article: like polarities repel and unlike polarities attract, This
basic fact cannot be repeated too often.

A NEW EXPERIMENT

If we conneet an ohmmeter (an ammeter with its own in-
terndl battery) to a PNP transistor (Fig. 2%) =so that the
positive lead (<4} from the chmmeter is connected to ene
position (P or <) section of the transistor and the negative
lead (—) of the vhmmeter to the other positive (P or +)
gection of the transaistor, there is no flow of current,

A study of the diagram should make the resson apparent.
When the conneetion was made, the positive (+ ) charge from
the ohmmeter repelled the positive current carriers in the left-
hand section of the transistor toward the junetion with the
center section. Then, in turn, these positive carriers attracted
the negative current carriers in the transistor’s center section,

At the same time, the chmmeter's negative charge attracted
the positive current carriers in the right-hand section of the
transistor to that seetion’s outer edge. As a result & void
through which no current could fiow was created in the trans-
istor. That area now is considered an insalator.

Ewven should we reverse the ohmmeter leads (Fig. 88), feed-
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ing & (+) charge from the chmmeter battery io the contaets
we had previously fed a (—) charge and vicé versa, the zame
situation would exist since both outside transistor sections
are of the same carrent carrying polarity. Hence, the empty
gaetion of the PN junction would be void of current cartlers
necessary to provide 8 path for & current. Thus current would
be bDlocked.

Now let us try the same procedure with an NPN transistor
as shown in figure 90. The ouiside sections of such & device
contain some current carriers of negative polarity. When the
negstive side (—) of the chmmeter iz connected to one of the
N's of the transistor, the current carriers in the transistor
will be repelled by the like polarity of the chmmeter’s batiery
charge and crowd the area of its junction with the center P
section. This part would normally be good for the passage of
a current.

However, when the {(+) lead of the chmmeter is connected
ta the other N part of the transistor, current carriers here
will be drawn awsay from the right part of the transistor's
PN junction and a void, insulating area will be created. This
iz shown in figure 90.

Therefore, the transistor a3 it is pictured here cannot con-
duct a current through it. The difficulty lies in the fact that
part of {15 junction (center section) develops an area void of
current carriers when it is connected as shown.

AUXILIARY POWER

It becomes clear that if current iz to Aow through the tran-
gistor this void area must be filled with current carriers de-
rived from-an independent source.
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Figpure 91 shows how the unblocking is aceomplished by
connecting a small, outside source of current (battery B) to
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the blocked area and eompleting a cireuit as though part of
the transistor were a diode, In other words, applying a small
voltage across the right two-third section (diode part of the
transistor) so that the polarities of this battery would repel
the current carriers towards the void areas.

_/-"’::m,umn In this ease, the positive ter-
minal of the small battery (B)
{s connected to the section of the
transistor containing P carriers,
and the N part of this battery is
attached to the section with N

W EMITTER /4 carriers, In this instance, the P
S carriers arve driven into the mid-
e it sgction of the transistor and pro-
.I.ra?ﬁ;;r:';mkt;lrlmll:ﬁndn;&;..rd i vide & ]jath hEtWEﬁn the other

two sections, The other terminal of the small battery B repels
the N carriers in the N section of the transistor to which it is
connected and a path is provided for the current from the
larger battery A to pass through all sections of the transistor.

Introduction of a small outside power source would be
equally effective in completing an electrical circuit with a NP
transistor (Fig. 92).

To assist passage of a current through the mid-section of
the transistor, this section generally is made narrower than
the outside ends, thus providing a shorter path through the
aren onee the flow of electricity is started.

This deseription of the transistor and the diode does not go
deeply into the theory of these devices, but it should be suffi-
cient to enable the watechmaker to understand what they do
and, to some extent, how they do it. The use of transistors in
horology should become clearer.

THE TRANSISTOR AT WORK

This ability to hold in check a large source af energy until
a emall current is applied to the mid-seetion of the transistor
is important. It allows the transistor to be uszed as a switch
o turn on and off a larger, stronger electrical impulse with-
out involving sparking or any moving parta,

For example, when a pendulum is composed of a magnet,
(Fig. 81), and this magnet-pendulum swings close to a coil,
it could generate a amall eurrent, Although this indueed cur-
rent would be weak, if fed into the mid-geetion of a transistor
it could distribute enough current carriers to unblock a void

Th

areg in the transistor.

With the void unblocked, current then eould pass through
the transistor from the main battery and complete a circuit.
This cireuit could energize a coil to impel further the oscil-
lating deviee used—whether it was a pendulum, balanes, tun-
ing fork or other device, In faect, this basic principle is used
in modern transistor clocks as well a5 in the Accutron.

P FACTS TO REMEMBER

The transistor’s symbel in
schematic drawings is shown in
fipure 92. The mid-section fo
which the auxiliary triggering
current is fed is called the base.
The other two leads are called
N the emitter and the collector,

The following facts and defini-
tiona alzo should be noted:

The emitter ia so called be-
P cause il emits current carriers.
::Ijgum gd4: [(n this a,.mém”,: drawing, The emitter pﬂl’t of the tran-
e arrow points to and touches the i = Faig :
il el R el sl%tur aymbol always is identified
with an arrow,

The eollector is go'called because it collects the current carriers
which emit from the emitter.

When the arrow points away from the base and toward the
circle (Fig. 93) this identifies an NPN transistor,

When the arrow points to and touches the base (Fig. 94)
thig identifies a PNF transistor,

Instead of a symbol, the letters EBC (emitter, base and
collector) sometimea are used,

Transistors come in many shapes, sizes and ratings for
electrical capacities and performances. Larger ones, logically,
are built to handle stronger electrical currents. Tiny ones,
engineered to handle smaller signals, are used in watches.
However, regardless of their size, all tranasistors have three
leads, ofie each for the emitter (E), base (B) and collector
(C) connections.

The transistor has fairly standard features to identify these
three leads. For example, in a transistor of the type shown in
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{B) Here & red dot on the side of the
transistor  kevs identification, In this
case O lead is nearest the red mark

(C) Leads form a triangle. Taking the
longest side as the bottom, the left
hand lead is the emitter, the right hand
the collector and the apex of the tri.

——

angle the triggering base:

Flgure 95: (A) Letters E, B and C de-
note emitter, base and collector. In
Fig: A a small tab on the side of the
transistor establishes identification,
ThI;a E lead always: |8 nearest the
b,

figure 95A a slight tab extending from the flange indicates
that the pin nearest to it is the emitter. Continuing the se-
quence, the center pin iz the base and the pin farthest from

the tab is the collector.
A

Transistors: come n many  shapes,
slzos armd ratings Tor elsctrical cagaci
ties Tand - perfsrmonces. Shown  here
(right and below right)-2re tiny ones

Enﬁ;ﬁmured o handie srpabar signois
of type mpeded inwatihes

MARKS OF IDENTITY

In figure 958 another method is usged to identify the leads.
Where design of the transistor prohibits uze of an extending
tab on the flange a red dot is placed on the eylindrical portion
of the transistor casting,
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In this case, the dot identifies the nearest pin as the collee-
tor, Thus, the pin farthest from the dot is the cmitter and
once again the center pin is the base

Notice that a triangle iz formed by the placement of the
ping (Fig. 95C), Taking the longest side of the triangle as the
bottom, the left pin is the emitter, the right pin is the collector
and the pin at the apex of the triangle iz the triggering base,

Included earlier; was a ssction on relays, spark suppressors
and the induction of a current by passing a magnet over a
coil. The section was illustrated with diagrams. With the
additional information provided last month and this month,
perhaps now you can change these diagrams to eliminate all
eontacts and substitute diodes and transistoras for sparkless.
contactless switching of enrrents,

A TRANSISTORIZED CLOCK

Now that we know something shout the transistor, we are
ready to examine a timepiece which uses this tiny switeh, Let's
find one that uses a transistor in ita simplest application,

Cilock and transistor, This photo shows
clock and cvlindrical housing that sur-
rounis the corved pendulum rod, The
heusing contains all elements necas-
sary to propel the pendulum vet, be.
cause It is transistorized, this source
of pawer never contacts the rest of the
clock, The 1.5 valt battery will last at
least five years,

Figure is a crass section af the
clock’s transistor,

Bottom photo shows the transistor,
It is 5 mm in diameter, 15 mm long.
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The Kundo fransistor clock (see photograph), imported by
Fred J. Koch, 1115 Broadway, New York, is'sich a timepiece.
Figure 96 diagrams the clock before it was transistorized;
figure 87 shows it ineorporating a transistor,

The main part in either elock is the pendulum, suspended
in the usual manner with apring and chocks. The pendulum
rod i3 Invar and is threaded to support the adjustable regu-
lating weight J. This can set the clock to an accuracy of a few
geconds per day. A yoke cradles curved rod F and is fastened
by set-screws in the rear. The curved rod swings freely
through hollow coil &. The right side of rod F is hollow and
carries a short rod magnet of high intensity.

Battery H supplies power, It is flat, fastened to the under-
gide of the clock case platform,

In figure 96 the negative (—) terminal is connected to coil
7, and the positive (+) terminal is grounded {o the move-
ment to eomplete the cireuit when the proper contact is made.

FiGURE 90 FISURE 27
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A CIRCUIT WITH CONTACTS

Completion of the cireuit in this older model is accomplizshed
by electrieal contacts when the pendulum swings in the clock-
wige, right-to-left direction. Indexing lever 4, near the top of
the pendulum, intercepts a tooth atep index wheel B and
moves it one division,

B0

o

Nestled between two of the lowest teeth on the index wheel
i a little roller ) mounted on the eontact lever ¢ which is
pivoted at 1. When the index wheel tirns, its lowest teeth push
raller 7 down and eause the rirht side of lever O fo ses-gaw
up. A small pin on the lever's tail touches contact spring F to
complete the electrical cireuit.

The current now flows from the battery into eoil &, The epil
becomes an electromagnet and its magnet further in the right-
to-left direction,

As the pendulum swings further along, the contacts are
broken after roller IV drops into the next recess between teeth
and the pendulum swings back freely until the cycle repeats
i.e., when the pin on lever  again touches contacl spring E,

‘The screws on £ provide the contacts with a fine adjustment,

In figure 97 the clock is much simpler. There are no electri-
cal contacts; and both hattery leads are connected directly to
the coil. Lever € iz also somewhat simpler. Its tail is weighted
to supply just enough pressure for roller I to remain between
the lower two teeth of the index wheel, This roller, and lever
i, now zerve only to position the index wheel and to provide
a “jump’® action when a tooth passes the crest of the roller.

Vi TRANSISTOR TRIGGERS

Vil

w1y | CIRCUIT
(2 ¥ o .J;ﬁ\}' The pendulum is impulsed
1o~ I @E;ﬁ‘ electronically. All components
- N 'T woder for this are sealed in the coil
+(E el ' unit’s outer shell. They are the
G transistor, a transistor-trigger-
e TRANGIETOR ing coil, an impulsing coil and a

resistor. There are three sections
to the coil unit (fipure 98) : the
triggering coil A allows the tran-
sistor to release current from

the battery; the strong impula-

FIGURE 93 ing coil B propels the bar mag-

Coil unit is essentislly the stater {fxed)  net in the pendulum; compart-
part of a generator with its own off-on

switch  (transistor),  Compartment A
houses the  transistortrigeering coil,
B hofds the main, pendulumdmpulsing
coif, © the transistor and a resistor,
Current Is created In call A, then B as
magnet Inrpandulum passas through n
ona direction. Lower sketoh shows how
three elements appear in brass shell,

ment € housez the transistor and
resistor, The whele unit is en-
capsulated in a brass shell and
appears as shown in the lower
gheteh of figure 98,

The pendulum iz started by hand, When it swings from the
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left te the right, no electrical action occurs, The polarity of
the induced current, generated by the mawnet moving through
the triggering coil, happens to be opposzite that required to
triggor the transistor.

THE CIRCUIT COMPLETES

When the pendulum re-enters the coil in the right-to-left
direction, its encased magnet enters the trigper part of the
eoil (A) and induces a weak current of the proper polarity
and intensity, Thiz goes to the base of the transistor, The
transictor releazes the large buattery current to the impulsing
gection of the coil (H), which Turther attracts the magnetic
part of the pendulum bar. As the pendulum continues in this
direction, the magnet leaves the coil and current ceases to
filow to the transistor’s base. Thia terminates the transistor’s
operation for the evele and thua shuts off the large battery
current. Since there are no mechanical contacts, no sparking
takes place,

When the battery current
ceases abruptly, the magnetic
field in the coil collapses and a
back EMF ({electro - mapnetic
forca) arises, To avoid any back-
surie towards the transistor and
to dissipate this DMF so that the
termination of the pendulum im-
pulse is sudden and complets, a
resistor is placed across the im-

FIGLRE. 99 pulsing eoil. 1t i3 a refinement of
Reslstor is placed acrass impalsing eodl — +hy slectyonie action and {8 sche-

to absorly back-surge EMF when impuis ] PR
ng coll “switches: off matized in figure 94,

INDEXING

The mechanical action iz rather simple, all of it directed to
moving the hands. Each clockwise movement of the pendulum
indexes a tooth which is enmeshed with a train of wheels
(actually, a part of the dial train), The 1/3-second pendulum
oscillates 1BO times per minute and indexes 90 times per
minute,

IMPLEL SR TRIGGER

The indexing mechanism iz shown in fipurea 100 and 101,
A is the indexing wheel, B the indexing lever, ¢/ a retaining
pawl and f' the roller at rest, nestled between twao teeth of the
indexing wheel. The pawl is weighted al € to provide the nec-
essary tension for roller F. C pivols at its center. Adjusting
serewa D and E regulate the depth and are of indexing lever B

B

FHIUAE 100 FIGURE 101

Indeiing adlunlment,  Ralue of dowsd sirew, B s dhat
lever B gathers bot coe tooths Daptl g Taves's acs 1s el
ring seraw [1 or foosdning screw E ko ralie or lnwse chock apes
whleh D sipd B nre r:\ul':cg.

as it engages index wheel 4. The half-arc of the pendulum
necesaary to index the wheel is represented by (7,

To adjust the elock's indexing mechanism, raise or lower
gerew ) so that indexing lever B gathers but one tooth, re-
gardless of the pendulum are’s width. The roller beneath pro-
vides part of the indexing as the tip of a lower tooth pushes
past the crest of the roller. The depth of the arc should be
such that Jever B barely missesz the footh in front of the one
being intercepted. The are of the indexing lever can also be
adjusted by loosening screw £ and lowering the chock upon
which It and B are moanted,

LUBRICATION AND CHECKING

Little ean go wrong with the clock mechanically since there
are few wheels, These are driven in reverse compared to
wheels in mainspring clocks: therefore, there is practically
no pivot or bushing hale wear, The main pivot holes are jew-
eled. Oil should be used sparingly and no oil should he placed
on the index wheel or roller, or on the indexing unit.

Leck pandulum for carrving by tighten-
ing spring-leaded screw in hole of nut
D. Bird's-eye view of penduluom yoks
reveals it is off center (A). Adjustment
5 made by loosening nut B, aligning
yvoke, retightaning,

FIGHRE 102 83




The pendulum adjustment is shown in figure 102, When
the alock must be moved, raise the pendulum by hand a few
milimeters and thread the spring-loaded screw, located on
the back stand of the clock, into the hole of nut 13, This locks
the pendulum for carrying and prevents damage to the vul-
nerable suspension spring,

The clock must ke stationed upright, nsing the four upright-
ing serews in the corner of the base. The pendulum's curved
bar should swing straight through the center of the coil,
Should it not, loosen nut B below the pendulum voke, and
straighten the pendulum. Be careful nof to kink the suspension
spring; Grasp nut ¢ firmly to loosen nut B. Be vertain that
threaded hole I} is in the front position as it must be sguare
to the axis of the spring-loaded locking screw.

Make certain that all elecirical conneetions are tight and
that all contacts have been checked. The sonsumption of this

Power seurce of tha Hundo clock |5
s single battery, more properly
termed 2 morocell. It s designed
to run the alock for a full 5 yedrs.

riGURE 303

clock is about ¥ of an ampere-hour annually, The cireuit per-
mits this cell to be used long after the same cell on electric
clocks would have become useless, because in & transistor
olock the curvent is turned on only when needed.

Measire the battery (a monocell of 1.5 volts) with a high-
impedance voltmeter. As soon as the pressure falls below 1.1
volts, the battery should be changed,

THE SEMCA TRANSISTORIZED BALANCE CLOCK

Our study of transistors in timepieces continues, using a
balance clock as an example

We learned that a pendulum econtaining a magnet, by pass-

24

ing through a stationary, hollow coil, ean 1) generate a amall
current to trigger a transistor, which 2) reledzes a strong
electrical current stored in a menocell, in order to 3) impulze
s pendulum without switches or sparking.

In this article, and the one which follows, we will see that
this same sequence can impel & balance.

Our model is the AN transistor clock, a produet of T'rance’s
La CGenerale Horlogere (JAZ) and imported by the Semca
Clock Co., 30 Trving Place, New York. Its movement is shown
in figure 104, The unit is small and light; in its transparent

The movement. A is the call
combinration, B the transister,
€ iz & condanser and O s
the fiber plate on which all
statiopary alactranlc parts ere
fastened,

FIGAIRE" RO

casing it measures about 24 in, square and weighs less than
3 oz, It is recognized by the dise-shaped coil, a condenser and
a transistor fitted to a removable, fiber plate. We may refer to
such a self-contained assembly 4s an electrical "module.” It is
designed to be replaced as & unit if only one of its components
breaks down.

ELECTRICAL COMPONENTS

Figure 105 iz a drawing of this madule. It is easily taken
from the movement without disturbing the balance by remov-
ing two screws. The module is pulled out past the long neck
of the balance via a channel in the fiber plate, This is indi-
cated by a dashed line.

The eoil {4} measures 10.5 mm by 3.5 mm and eonsists of
two separate windings, not differentiated in this drawing. (ne
ia the transistor-triggering coil; the other iz the halance-im-
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FIGURE 193

Tha  alstirkal smeficla, |0 s remoeed
Pom the movement weithout dsbahbing
the balnce Thw mhow el b oe
iy feplaced whin-ene pes of 1B mal
Ienctina

pulsing coil. The transistor (C) mieasures 5 mm by 15 mm.
Item D is @ condenser and E the hole through which one of
the screws fastens the module to the movement, Tab F is the
electrical contact to a battery lead,

The top drawing in figure 105 shows fiber plate & in the
downside-up pesition. This revesls amplitude sontrol piscs G,
The hole in the eyvslet of this piece positions the cther move-
ment-fastening serew.

In the Kundo elock, ‘a permanent magnet, mounted on the
pandulum, generated a small voltage when it passed throogh
the coil, This neutralized the “blocked™ area at the base of the
transistor and released a major eurrent through the circuit.
The current pulsing through sanother coil, magnetizing it
Finally, this magnet pulled against the permanent magnet in
the pendulum and kicked the pendulum along in its are.

BALANCE DOES SAME

The Semea clock siso uses per-
manent magnets, but they are on
a halance,

The balance {5 shown in detail
by figure 106. It iz baszically 2
long staff on which are mounted
two alominum. plates (4). On
the ingide of these plates sre two
strong alnico magnets (B) of
opposite polarities.

Counterpoising these magnets
. . are two eccentrically mounted
Balapce and staff; Tha halance swings

back-and_forth; stradding tha staton- hg};agnna] nuts (D), friction-
ary-col (nat shown hera).

FIGURE: 106
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tastened by rivets (F), Poising the balance iz accomplished
by twisting these nuts s0 that they are, in effect, closer or
further from the center of the staff. "Escapement’” () indexes
an escape wheel and 5 train of gears,

Start the clock by twisting the balance. A push-button ar-
rangement or a twist of the whole ¢lock does this, The motion
causes the magnets which straddle the coil to induce a light
voltaze in the coil's transistor-triggering winding. This small
voltage causes the transistor to release the larger battery volt-
age to the ecil's impulsing winding and turns the coil inte an
electromagnet strong enough to attract the permanent mag-
nsis on the balance.

Notice that the coil iz hollow. When the magnets pass over
this area, no current is generated in the transistor-triggering
winding. The transistor base j2 again deadened and this ter-
minates the current from the hattery through the impulsing
coil, The balance now continues by momentum until arrested
by the resilient hairspring. The balance then reverses its direc-
tion. When its magnets approach the flat eoil the cyele repeats.
The magnetic seguence works in both directions.

SCHEMATIC EXPLANATION

The electronic zequeénce will be made clear by schematie
drawings (figures 107 and 108). In fizure 107, M represents
the impulsing winding of the coil. One end of this coil connects
with the negative (—) battery terminal and the other end con-
nects with the collector (C) of the transistor. The emitter
{E) of the transistor connects with the positive (4 ) terminal
of the battery.

No purrent pan pass between the emitter and the collector
(to complete the eirenit through coil M) because of the blocked
ares of the base (B) of the transistor. To neutralize the bage
at the right moment and allow current to flow between K and
C, eoil B iz connected between E and B. (Figure 108 shows
how coll B is sandwiched in with coil M. B (s represented by
the dotted lins.) When the magneis pass over the edge of this
coil, an induczd current is created which then flows between
E and B. This small current “unlocks"” the base of the tran-
sistor which then permitz the large, stored batfery current to
flow between E and € and through ceil M,

Ceil M becomes a magnet with poles oppesite in charge to
the permanent magnets on the balance (N and S, figure 108).
Thus the balance is attracted once thecircuit completes.
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FIGURE LA

Cobl M and eail R-are sandwiched fo-
sethar. The magnets (N sdd 53 oa the
halance sfraddle thie cols isduciag our-
sent n ocell R otdotted ned-and lecab-
ing an elaelamagazlie impalsa from
coll M- {eoakd dlnsh.

CONDENSER HELPS OUT

The condensar 18 a device to store electrons. Tt 1z alse ealled
a capacitor, When the balance magnets pass over the trigger-
ing coil, corrent is built up too gradually for isochronal pur-
poses. The electromagnetic impulse to the balance should be
sudden and uniform, When properly charged, therefore, the
condenser sends the Tull charge through the transistor base
and this allows the transistor to unleash the battery's power
in & business-like manner.

Figure 108 shows how the two coils are wound together, one
within the other, each performing its own job independently.
As vou study the drawing, try to see how, as the balance arms
pasa through, coil B triggers the transistor and coil M delivers
a magnetic impulse to the balance assembly,

The indexing unit of the Semea clock iz a kind of reciprocat-
ing worm drive, reminiscent of the Jaegar auto clock devices,
Thias process differs from the indexing of mainspring time-
pieces in that the pinions drive the wheels. Such an arrange-
ment resulis in little torque or aide frietion. Motion is trans-
lated from the balance wheel through collar-like pallets which
index the teeth of an eseape wheel, setting off a train of gears.
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ENTRAN
PALLE

FIGURES 109 (top} and 110
show the escape mechanism:
tha pallets collaring the |ower
part af the balance staif, and
the escape wheel which s
indexed by the pallets.

INDEXING MECHANISM

The main eomponenta of the
unit, illustrated in Figure 108,
are the pallets, sef in grooves
arpund the lower part of the bal-
ance staff. They are essentially
twa thin discs, each with a down-
ward slanted ramp at one end
anid a bent up tab at the other,
The two ramps face each other,
positioned to receive the tooth of
the adjacent escape wheel, which
ig shown in Fipure 110. These
teeth radiate from the wheel like
diamond-shaped ping. The wheel
ia made of a teflon-type plastic,
requiring no oil. The pallets
work at right angles to the plane
of rotation of the escape wheel

The zequence of motion is illua-
trated in Figure 111. The tooth
to be indexed stands out here in
solid black. In 1, as the balance
ghaft turng in the direction of the
arrow (counter-clockwise), the
tooth is rathered by the lower,
or entrance pallet and lifted up
the inclined plane of the ramp
until it rests on the flat surface,

FIGURE 111 traces the seguence of
mobicn as @ teoth Is gathered first by
e entrance pallet and then by the
axit pallet, thus fturping the' estape
whaal,
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ag in 2. The tooth remaina at this leval swhile ﬂm 1~q-’.-1
tinues to turn by momentum until "‘e hafr
balatice and returnz it In the cleckwise dir ¥
the arrow in 2. This same tooth iz now gathere i by the ur
or exit pallet and lifted up the ramp until it ag 11" e }
horizontal surface, as in 4. Notice here that the next tooth (a)
iz in the same position as the black tooth in 1. As ‘*‘c bal;

reverses once more andtravels counter-clockwise, t
pallet will gather up tooth a in the same manner, 'T
wheel teeth will in turn revolve the gears o

-!""‘—‘:-'

Overwinding is prevented by tabs A and B (Figure 111,
which aet as piefmmu:‘ﬂl'r packstops for tn~ teeth. The escape
wheel hag no lnose, fres motion—only that initisted by - the
glanted ramps. The wheel is controlled t :.' the light ElEEc‘.lfﬂ

of & brake plate wpon the escape wheel arbor, much like that
of a friction spring upon the sweep e:-.n:-nn:i pinion of & watch.

I.1

PRECISION ADJUSTMENTS

While the escapement iz =2
simple mechanisni, the position
and angle of each pallet and Ifs
relationship to the escape whes
must be precise or butting and
jamming will result, Exa
FTRRTUNEN the drawings in Figure 112
exit pallet shou
that its' lower &
aligned with the flat part of t
entry pallet, a5 shown
the tip of the ramp is ¢
(B} orto
against a tooth imp::‘]ing,
regulation of "’E- mov
even stopping the balanee. Bend
the inclined ramp E,_ that i
pides with the path o
tooth and gathers it up. Altho U|.:
these ramps are made of tem-
pered steel, they ¢an be manipu-
lated easily with tweszers,
test the alignment, turn the bak
ance slowly by hand until the
ramp of the entrance pasllet
meetz g tooth. Turn the balance

T
10

a0

about one-eighth of # revolution
further to bring the tooth to the
top of the slepe. Then turn the
escape wheel in the opposite di-
rection to make sure that this
game tooth touches the bottom of
the exit pallet ().

There should be a clearance of
about . 10mm between the tip of
the entry ramp and the next
tooth on the escape wheel (1)),
FIGURE 112 ilustretes the need for If the pallet interferes with the

ni adjustments {0 gssufe ade- 4 e
nte tatwesn neliets ang tooth, its tip should be gently
bent upward.

mum clearance of .10mm iz needed between the bal-
the escape wheel at the points shown in E, Check all
=eth for this measurement in case the wheel is mounted
eccenirically. If the clearance is tog small, a5 in F, adjnat the
' i bracket (potence) on the hack plate which carries
bhearing of the balance,

The balance magnets should be free of any dust particlea

These could interfere with the motion of the balince asgembly
when it passes through the narrow aspace around the ecil. Also
make certain that the wires to and from the coil are secured
to the mounting plate with epoxy resin. The magnets should
clear both sides of the coil by .2mm.

The brake plats, which prevents backlash of the estape
wheel, should be adjusted hc- that its contact with the eacape
wheel arbor is sufficient but not too strong. The plate shonld
contact the escape wheel pinion over a length of 2mm, Grease
this aree but keep escape teeth dry,

If the amplitude of the balance is too great, rebanking may
ceuse the upturned tabs of the pallets to sirike the escape
tecth (PFigurs 108, A), Consequently an electrical brake is
needed to keep the balance revelving in & 2707 are, which is
most advantageous for isochronism. This device is a flat cop-
per tongue, held fraction tight upon the screw-hole eyelet. (See
7 in Figure 105). When the magnets pass over the tongue
during their are, they induce eddy eurrents in the piece of
copper. These currents momentarily block the magnetic field
between the magnets, thus inhibiting the motion of the bal-
ance. This braking effect is proportional to the extent that the
tongle projects into the mapgnetie field. The tongue should be
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rotated until it allows the balance three-fourths of a turn.

If the balance amplitude diminishes, however, another auto-
matie control compensates, Since the balance moves less, the
transistor remains in a conducting state longer and the period
of time during which the current flows through the eoil
incresses,

Onee the balance system and the indexing unit are cheeked
for precision, the movement can be adjusted for isochronizm,
If the movement gains when connected to a 1.3 volt battery,
sgpread the regulator pins apart. If it loses time when tested
with a fresh battery of 1.6 volts, move the hairspring toward
the inside pin of the regulator. Always test the movement
regulation at the 1.6 voltage after each adjustment. A new
clock will keep time between 1.6 and 1.3 volts for two years,
and, according to manufacturers, should remain accurate until
the voltage falls to 1.2,

Some of the technical data concerning this movement are
listed here:

Electrical consumption: Average 120 microamps.

Balance swing: 2307 to 270°.

Temperature limits: Minus 20°C to 90°C (—22°F to
194°F,

Operating voltages: 1.6 down to 90 volts.

Coil M (Impulse ¢coil, Figure 106) : 2000 turns.

Thickneas of impulse coil wire: 0.04 mm, (0015 in.),

Resigtance of impulse coil; 650 ohma.

Coil R (Triggering coil, Figure 108) : 2000 turns.

Thickness of triggering coil wire: 0.04 mm. (.0015 in,),

Duration of current pulse of impulsing coil: 12 to 15 milli-
geconda.

Condenser: 0,025 microfarad.

A movement made by the
Junghans Company, in Gers
many, similar to the one we have
heen discuseing, appears in Fip-
ure 113, However,we notice in
this latter movement that at-
tached to the balance shaft below
the escapement is a collar mag-
net, EM;. Facing this is another

: magnet, EM,, attached to the
FIGURE 113. A German version of the loWer pivet bughing, situated in
Semca uses opposing masnets (EM the plate, These magnets repel

and EM,) to force the weight of the
balance off the lower pivots, each other, effecting a floating
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balance with no strain or weight upon the lower pivot and low
er cap jewel

FIGURE 114 (below) shows an exploded view of the Semca
balance movement to facilitate assembly of parts.

Sgrcnllean Ca

THE CAPACITOR’'S ROLE IN TIMEPIECES

A tiny reservoir for electricity helps maintain an even
impulse in the electronic clock or watch

Many electronic timepiecs contain capacitors, which per-
form various necessary funetions. Here, we shall discuss the
capacitor, its prineiples and characteristies, in preparation for
the final inetallment in our series which will deal with the
Accutron circuit and its uze of the capacitor.

In its simplest form, a capacitor is composed of two electri-
cal conductors separated by an insulator called a dielectrie.
This insulator may be waxed paper, mica, ceramic, air, or
even certain chemicals which will oppose the passage of an
electric current.

AIR AS A DIELECTRIC

Let us consider as an example two thin metallic plates,
closely facing each other, They are aeparated by an air gap
which provides insulation, acting da the dielectrie in this case.
The plates are connnected in series with a battery, a awitch,
and a galvanometer, or device to measure electrie current, as
shown in Figure 115. The middle point on the dial of the
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FIQURE 117 FIGURE 118
Figure 118 |llustrates tha clroult of a typical Is remaved, When dielectrlc straln is re
capaciton, plates A and B Flgure 116 shows leved in Figure 118 By connesting tha. clroult
the switch ciosed and the hatiery chasging the without pressure exerted by bhe batiery, the
pletes, Tha charge i@ malntalned |n the ca- capacitar discharges.

pacitos, Figum 117, aven whan tha batiery

galvanometer iz zero; if current flows through thiz meter in
one direction, the hand will deflect to the right, and if current
flows in the opposite direction, it will point to the left.

By cloaing the swilch, as in Figure 116, we cause current to
flaw from the negative pole of the battery around the circuit
to plate B, which receives a negative charge. This places a
strain on the dielectrie; in pushing electrons against and off
plate A and back to the positive terminal of the battery. Plate
A thus has positive polarity. As the current flows from the
negatlive to the positive pole through the eireuit in Figure 1186,
we fee the palvanometer pointing its hand to the right. The
plates of the capatitor are being charged so that an electro-
static field is set up between them, as shown by the dotted
lines. The opposite polarities of the plates store energy in the
dielectric material between them,

B4

PRESSURE SEEKS TO EQUALIZE

This action iz similar to that exchanged between a bicycle
tire and a small tank of compressed air. dir iz transferred
from the source to the capacitor until the pressure of ecach {s
equalized. When the air in the tire reaches the same pressure
as the tank, air stops flowing between the two. Similarly, when
the voltage (or pressure) stored in the capacitor becomes
gqual to that in the battery, current flow ceases. The galva-
nometer regiaters zero again and the capacitor is charged.

In Figure 117, the battery has been disconnected, opening
the circnit. The capacitor will maintain its already charged
voltage, But should we complete the circuit by substituting a
resigtor, coil, or other eonductor in place of the battery, the
negative charges on plate B would rush through the galvanoms-
eter back around to positive plate A, since the strain of pres-
sure against the dielectric wounld be relieved. This iz shown in
Figure 118, where the meter is registering to the left side of
the dial. The capacitor thua discharges and the current stored
in the electrostatic field iz exhausted,

QUANTITY OF CURRENT CAN CHANGE

The amount of electrical energy that the capacitor can con-
tain depends on three things; the surface area of the plates,
the distance between the plates, and the type of dielectric or
ingulating material separating the plates. If the surfaces fae-
ing each other are made larger, they will be able to store a
greater amount of current for a given voltage, Furthermore,
if the plates are closer together, they are akin to two magnets
—their electrostatic attraction for each other is stronger and
they are able to hold a larger charge. If the plates are so cloge
that they touch, they will discharge., Therefore, insulating
material is used.

Air is taken as a standard, with a dielectrie constant of 1.
Mica, waxed paper, and ceramic make better dieleetrics and
s0 have higher constant values. Since waxed paper has a di-
electric constant of 6, changing a capacitor from one with air
to a comparable one with waxed paper means that the unit will
hold six times as muech charge. This is due to the fact that
electrical energy i3 stored in the dielectrie's atomic structure.

We compared a capacitor to a bike tire accepting air from
& ¢ompressor, The smaller the tire is, the more quickly it will
fill to capacity, or, in the case of a capacitor , the faster it will
charge. On the other hand, should too much pressure be ap-
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plied, the tire would burst, and, a capacitor subjected to too
great a voltage would cause s spark to jump between the
plates, burning through the insulating dielectrie and ruining
the capacitor. The maximum voltage of the unit, bevond which
sparking will oeceur, iz called the breskdswen woltoge. This
value sometimes appears on the unift and warns not to pur-
posely execeed this load. The air space capacitor is an excep-
tion to this situation, as it would be self-healing.

APPLICATION TO TIMEPIECES

Capacitors for clocks and watches generally are of two
types, One is composed of long thin strips of metal foil seps-
rated by dislectrics of waxed paper, as illustrated in Figtre
119, Wire leads connect to the foil, and the onit rolls up to
permit a large surface area fo be condensed into a small,
sturdy capacitor
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The other type is called an eléctrolytic eapasitor; the action
of a chemical such a3 & borax solution upon sluminum causes
an extremely thin layer of aluminum oxide and oxygen gas to
form on the surface of the metsl. Thus, the aluminum plate
bezomes one pole of the capacitor and the berax solution the
other. Because the coating of cxygen and aluminum oxide Is
not an electrical conductor, it becomes the dielectric, The slo-
minum c¢an be folded or rolled to cecupy a relatively amall
space. Because this chemical digleetric is 3o thin, the capac:-
tance of the unit is very high. It {s important to observe po-
laritiés a8 miarked on the case, when connecting battery leads
to the electrolytic capacitor, in order to prevent the unit from
hurning itself out by a wrong connection.

a6

COMPENSATING MECHANISM |

Capaciters have the ability to eompensate for a change in
voltage in the circuit. They are essentially reservoirs of elec-
tricity, Raferring baek to Figure 116, the charge in a capaci-
for will build up until it equals the charge of its source. As
the diference in pressure between the capacitor and the hat-
tary lessens, the rate of flow slows down, The capacitor draws
the most current when it is void of electrieity. 1f the battery
voltage should fall below that of the charged capatitor, part
of this stored energy would flow back to the battery, just asa
lezk in the tire would ceuse more air to fill from the tank.
Thus the capacitor, once charged, helps to maintain a con-
stant voltage in the circuit. It 15 also able to accept = rise in
voltage by being additionally charged.

TIMING MECHANISM

Capacitors can be used to delay or time a charge, for in-
stance to control the snergy stimulating-a balance or tuning
fork coil until the unit is in the proper position’to receive that
stimulus. If the capacitor is wired as simply az in Figure 118,

||| =
X e

FIGURE 121

& zapacitor can I8 UFED U6 Tme & clecull
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the charge builds up in the unit almost immediately. How-
ever, including & resistor in the cireuit impedes the flow of
current. This is seen in Figare 121, analagons to a thin tube
conneeting two tanks of water. The long narrow passage of
the tube delavs the water, and the tanks tske longer to equa-
lize. Because of this same resistance, the capacitor takes
longer to becomie charged to the same valie as its "donor.”

Previcusly, we discussed the capacitor and learned some-
thing about its characteristics—that it is essentially a reser-
vair Tor electricity, that it tends to equalize its source of voli-
age, and that it can be used, along with a resistor, to delay or
time an elecirical charge.
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IN THE ACCUTRON

As we examine the Aceutron eirewit, we can learn more
about the capacitor's action in a timepiece, as well as under-
atand the Accuftron better.

We know the Accutron operates on the vibrationz of a tun-
ing fork, rather than by the cacillations of a balance wheal
and hairspring. The tines of the fork are equipped with mag-
netic cups at each tip. Mounted within each cup is a conical
magnet, surrounded by insulated wire, which aerve as difeing
eoils, One of them functions also, as a phase sensing coil,
Energy provided by a tiny battery sets up an electronic cireuit
between these coils and magnets, cansing the tuning fork to
vibrate continuously, To maintain thiz vibration, the ceils
must receive & pulse of current from the battery at just the
exact instant. As the tuning fork wvibrates, an alternating
voltage s indueed in the two eoils. This voltage is a direct
measure of the amplitude of the tuning fork's vibration, It is
also this valtage which helps the circuit sense the timing and
eantrol the amplitude of vibration.

ﬂﬂ'- L i :ntL o
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As we notice in Figure 122, the capacitor lies parallel in the
cirenit to a resistor. This resistor causes a slight leak in the
capacitor's charge; thus the capacitor will he recharged
glightly at each peak of the allernating voltage induced in the
phase sensing coil by the magnets. These pulses of current
cause the transistor to eonduet and let eurrent flow into the
driving coils to maintain vibrations of the tuning fork. There-
fore, we see that the capacitor, with its resistor, is the element
which keeps the transistor in a non-conducting state through
most of the cyele operating the tuning fork, If the amplitude
of the tuning fork's magnets is such that at the instant the
transigtor becomes conducting, the induced voltage in the
drive coil equals the battery voltage, no current will flow,
since the two wvoltages are opposite in polarity and would
ecancel each other.

28

The amplitude is eontrolled by maintaining the indueed
voltage in the drive coil at 10 per eent lesa than the batiery
voltare. The key to this is in the design of the magnet and coil
ayatern. In case of shock, a 10 per ecent increase in amplitude
of the tuning fork tines would cause the driving current
pulges to be stopped and the tuning fork would then rapidly
return to its proper amplitude. If the tuning fork should de-
crease its amplitude 10 per cent for any reason, the driving
ecurrent would then be comparatively doubled, causing the
tuning fork to pick up amplitude,

PRESERVING BATTERY LIFE

Another use of the capacitor in a timepiece circuit is to
suppress a regenerative current, which would otherwise ex-
haust the battery. Such a circuit was shown in Figure 107
and is repeated here.

While a capacitor iz composed of one conducting metal
geparated from another conductor by an insulator, we may
even call a coil & capacitor, Multiply a few adjacent turns of
wire hy the hundreds in a watch or cloek coil, and we have a
capacitor of noticeable zize and electrical value. By placing
one coil next to or even inside a similar coil, we have addi-

ticnal capacitance.
2 Current sent through a coil

q i renerates a magnetic field
|_| l around it, When this current is
stopped, the magnetic field col-
lapses back into the coil in the
oppoeite  direetion. In  Figure
Hl 123, one coil ig wound within the
other; when current in the fivst
collapses, it induces a current of
opposite polarity in the second

il gl
i |

FIGURE 123: A capacitor |s [nserted in coil, which, being only momen-

this circuit to save the life of the bat-
tery as the relaxed backsurge of currant
through one coll Induces a momeniary
currant in the adjacent coil, constantiy
stimulating tha battary Lo suppy cur-
rant {o maintdin the circult.

tary, gquickly collapses alag, in-
ducing a current again in the
firat eoil, This is repeated back
anid forth. It would eventually
die out, but the initial surge of

alternating ecurrent has sufficient intensity to influence the
tranaistor to conduet. This in turn would cause the battery to
supply additional current to overcome the cireuit's losses. The
electrical oseillation would eontinue until the battery becomes
exhausted. Thus the circuit would drain the battery without
providing power to compensate,
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To overcome this difficulty, a capaeltor, shown in Figure
123, is placed in the eireuit. It is charged and discharged by the
alternating action just explained, As it discharges, the capaci-
tor bucks the regenerative current, cancelling out the electrie
oacillation and congerving the batterv's life so that it can sup-
ply pulses to the coil to stimulate the balance magnets at just
the right instant.

TO PREVENT ARCING

Capacitors are used in some cases as spark suppressors.
When a eireuit using an iron core coil is broken, a spark
would ordinarily jump across the contacts or switch paints,
If a capacitor iz connected across these points, the electrical
charge caused by the eollapsing magnetic field will be nsed to
charge the capacitor instead, preventing arcing.

DISCRIMINATING A CURRENT

Since capacitors allow the passage of AC current but block
DC current, they can be used in eircuits where the discrimin-
ation of one from another is important,
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IN AN ELECTRONIC DEMAGNETIZER

Still another use of the capaeitor is in the modern electronic
demagnetizer. In this devics, all electromic action takes place
in about 1/20 of & second. Its purpose is to produce electroni-
cally and automatically that which old fashioned demagne-
tizera did by hand. By withdrawing a watch from the demag-
netizer's coil, the magnetic influence of the alternating current
on the wateh gradually diminished. This produced a damped
or diminishing wave of magnetic intenzity and polarity.

Figure 124 shows the inside of this device with its iron core

DAMPED WANE
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FIGURE 126: Tha damped wave, preduced by a demagnatizer, dies down quickly

fram Itz maxgimum value o zero. FIBURE 127: The scheme of the alectronic do-

magnatizer in Figure 125 is sommarized more simply hers,
coil, Figure 125 shows its electronic scheme. From the regu-
lar 60 evele AC source, the voltage is rectified and multiplied.
The eircuit to the left is closed and the capacitor is charged to
approximately 600 volts.

When the watch iz placed over the iron core coil and the
switeh turned to the right, the supplying eircuit is opened but
the right side of the circuit is closed. This allows the already
charged eapacitor to discharge through the iron core coil.

A strong magnetic field forms around the coll and adjacent
watch,

Notice that the energy which was stored in the capacitor
as an eleetrostatic charge iz now transferred to the coil as an
electromagnetic field, When this magnetic field ends, it col-
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lapzes suddenly, causing a back surge which recharges the
capacitor in the opposite polarity. The capacitor ig not as
strongly recharged as originally, due to heat loss of energy in
the coil windings, Because the circuit is still elosed, the eapaci-
tor will discharge into the eoil core again, more weakly. This
repeats for several cyclea until, like a freely swinging pendu-
Ium; it comes to rest, exhausted. Tts wave grows weaker and
weaker, like the damped sine wave shown in Figure 126, and
the magnetism in the watch exhausted.

Figure 127 shows a simplified diagram of the right side of
the Elimag's circuit. The switch to the right is closed, The
capacitor discharges into the coil core. As the resistor is fed
by the discharging capacitor, a small neon lamp flashes to
indicate that the circuit iz operating. As the magnetic fleld in
the coil core collapses, it travels in reverse, creating a voltage
of its own. We know that a capacitor tends to egualize the
voltage of its source. In this case it will absorb the charge
from the coil's collapsing magnetie field, and, since the coil is
“vacant,” the capacitor will “feed’ the coil. Thiz action oseil-
lates back and forth until all of the energy s dissipated, pro-
ducing the damped sine wave. '

SPECIFICATIONS FOR
ELECTRONIC BATTERIES
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Part 2
Electric Watch Repair



.,-':r'_f!_‘.' W,

o s “ACCUTRON"
Ty ~ (BULOVA)

Bulova'z “Accutron” (pronounced ac' cu' tron') is an electronic
timepiece which eliminates not only the mainspring with ita
winding mechanism, and the escapement, but also does away with
the halance and hairspring. At the heart of the principles which
make "Accutron” pozsible is the tuning fork (Fig. 2).

The Tuning Fork

The high accuracy of the fixed vibration frequency of tuning
forks hes long besn known to students of physice, The rate at
which these forks vibrate depends on the materizl of which they
are made, their length, and the body.

If a tuning fork were electro-mechanieally (or electronically)
activated, engineers discovered, its vibrations could be made to
push a wheel. Since the vibrations per second are fixed, steady
and unchanging, each vibration would push the wheel at a most
regular pace. Such & wheel could then be geared in a series with
& train of wheels to move g set of hands.

The Principle Explained

Figure 3 shows a simplified method by which a tuning fork
can be made to vibrate continuously and move a gear, This should
help prepare the resder for the more technieal explanations of
the electronic principle of “Accutron” which follow later on.
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A is a block of wood upon which the entire unit is mounted.
B is the magnetic tuning fork fastened to this atep-bloek by two
gerews. O is a copper wire connected to the fork and terminating
at the positive conneetion D of the battery (energy eell). At the
negative connection E, is another wire which leads to ¥ and is
connected to a coil of copper wire G, wound around an iren core,
Thiz enil and ita core are aupported independently by the stand O,
and no part of the coil or ita core touches the tines of the fork.
The other end of the coil of wire at H is connected to the atand J
with ita adjustable contact serew,

Connected to one of the tuning fork tines is a silver contact
piece K, which the adjustable serew in J touches when the fork
i at rest.

The cireuit produces a flow of eurrent from D to C through K,
into the serew through the wire at H, and through the coil G,
coming out at F, and then back to E. Thia causes the coil G to
hecome an electro-magnet; and the coil’s iron core attracts both
tines of the ferro-magnetic tuning fork.

When the tines are attracted toward the iron core of the coil,
the cirenit is broken, because K loses contact with the adjustable
gcrew in J. It is this loss of contact that interrupts the ecireuit:
and the tines—because of their resiliency—return to their posi-
tion of rest. Bul at the instant that it comes to rest, the tine at
the right, through contact piece K, makes contact with adjustable
serew J. This eompletes the cireuit again, which causes the tines
to move inward, towards the coil core, again breaking the cireuit.
Thus the vibration continues at its own musical pitch (fixed
frequency) as long as the energy cell lasts,

The fork’s other tine has attached near its end a thin spring
M which engages at near tangency the ratehet-toothed wheel 1,
As the tine moves outward, the spring moves the wheel L one
tooth, To prevent the ratchet wheel and pinion from turning
backwards when the spring M and tine are attracted inward, lock
apring N (attached to wood block A) is used. Spring N not only
prevents backlash, but its slight side pressure against the slanted
ratchet teeth positions the wheel for its next impulse by N, This
action is similar to the draw in a jewelled lever escapement.

Difficulties Overcome

The preceding is an over-simplification. Such a device would
have many drawbacks. One fault is that with each break of the
contact between K and the adjustable screw at J, a spark would
result. The spark would sap the energy from the bhattery and
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eventually cause the contacts to erode or carbonize. Furthermore,
the amplitude of vibration of this t¥pe of tuning fork could in-
credase, due to an inerease in voltage or from a shock, and these
wider vibrations would canze the pusher spring M to move wheel
L more than one tooth at a time. Any horological mechanism
attached to such & machine would gain time.

On the other hand, if the voltage dropped, the fork vibrations
would become weaker. The amplitude would drop a bit, the tine
which nudges wheel L would be too weak to advance the wheel,
and the timepiece would stop.

Transistor's Function

In Bulova's "Aeccutron” thesze problems are eliminated. No
sparking iz posgible because there i3 no physical contact or
“hreak" to induce sparking. The release of energy from the pow-
er cell to the electro-magnetic coile is electronically decomplizhed
through the use of a transistor. This does electranically what
other devices do electro-mechanieally. (The watch's general elee-
tronic syztem which does thig will be deseribed in detail.)

But here iz a simplified explanation:

Figure 4 zshows the actual tuning fork—the heart of "Accu-
tron"—mounted on the movement plate. Attached to each of the
tines of the fork {2 a magnetic ivon cup, which faces outward. In
the eenter of each cup i3 a thin, tapered permanent magnet,
Mounted firmly on the movement case are two stationary hollow
coils made of ultra- fine copper wire, They are connected to each
other in seriea (Figure 5),

. . . = M =
Figura 4. Tuning fork with magznetic iren ot A
cupe i5 mounted on movement plate: P S A T e

The transistor is in series with these coils and the combination
is connected to a battery. The coils are precisely fixed so that
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there is ample clearance between the hollow part of each coil as
it fits over the tapered magnet and the iron cup which fits over
the coil, Therefore the tines with their outer cups and inner mag-
nets ean vibrate within and over the stationary coils without
touching them, Figure 5 shows the right coil partially cut away
to reveal its relationship to the cup and tine magnet.

A Gl ila i Ll
Y Iovmg i ki

Fifgure 6. This is the baslc machanism
of "Acoutron.' Tiny striped cylinder
at 3 o'clock position is the resistor.

The Transistor-Switch

To follow the action, refer to Figure 6. It i3 necesgary to im-
agine in ultra-slow motion action which actually takes place 360
times a second, When current flows through the coils, it attracts
the tines. However, as we realize from our knowledge of elee-
tricity, when a permanent magnet moves through a coil of wire,
it induces a current. Therefore, as the iron cup on each tine is
attracted to the coil, its inner, permanent magnet moving
through the coil induces a voltage. This induced voltage is in the
reverse direction from the original voltage coming rom the bat-
tery, and it cancsls out the energizing voltage, canzing the field
partially to collapse, As the magnetic tines move back to their
{m'nmnal} point of rest, their attached magnets induce a voltage
going in the opposite direction. A current travels through the
tranaistor, which aects as a awitch and which releases a new surge
of eurrent to again attract the tines. In other words, the transis-
tor acts az-a switeh, allowing current from the battery to flow
only when the voltage applied to it is sufficiently high A capacitor
with & resistor seross it is the element whiech maintaing the
transistor in a nen-conducting condition through most of the
eyele of operation of the tuning fork.

Figure 7 shows “Aceutron” with the dial removed. Notice the
fixed coils within the iron eups on the tines. The transistor is the
cylindrical object near the 5 o'clock dial pesition. The striped
eylindrical piece at the 3 o'cloek position is the resistor. The
toothed wheel enmeshed with the minute wheel iz the hand set-
ting wheel which s depressd into mesh with the minute wheel
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{for the hand setting operation. This i done by a handle on the
back of the watch case.

I ¥ Exlargamers of dial wde of Figern B Trainside view shows Loy
Mipepmat atuon dlettimoi st b Ry Sty 66 orle at ek
aght, funing fors &l tastar ef photo seifg ferd. cupn mad chils dl- fap

Figure B shows the movement side of "Accutron.” Here the
magnetic cups ean be seen. The mercury battery is the cireular
shape at the 3 o'clock position. The driving mechanism, similar
to the syatem shown in Figure 3, iz shown in Figure 9, also
greatly simplified.

In “Accutron,” the fork vibrates 360 times a second. There ig
no tick, but if the wateh iz held elosely to the ear, a musical hum
i4 heard, The physical pitch of middle C iz 256 vibrations a sec-
ond. The nearest tone to the watch's hum is F gharp (365.8 vibra-
tions a second) . Each of the vibrations is made to move a rafchet-
toothed wheel by the width of one tooth. The wheel contains 300
teeth. Thus in one second, the tuning fork advances this gear one
and a fifth turns. Geared to other train wheels, the speed is re-
duced to drive a full get of hands. The sweep second hand moves
in an apparent continuous motion similar to that of an AC
synchronons electric clock,

In an elementary example of the electro-magnetically activated
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ACCUTRON Tuning Fork

tuning fork (Figure 8), we also showed that if the voltage in-
ereased, the tuning fork tines might vibrate with greater ampli-
tude, and push the wheel a distance of more than one tooth. That
would canse any timepiece connected to the mechanism to gain.
Conversely, if the voltage dropped, the amplitude might be in-
suffieient to advance the index wheel even one tooth.

Furthermore, a shock might inerease or decrease the ampli-
tude, causing erratic timekeeping. However, in Bulova's “As-
cutron,” the problem has been solved in two waya, First, by the
design of the ratchet toothed index wheel and its index and pawl
jewels; this arrangement allows reasonable variations of ampli-
tonde—and yet the tine indexes only one tooth at a time, Second,
by the electronic design (the transistor-electro-magnetic coils,
phase-zensing coils, capacitor and resistor arrangement). This
design will be explained in detail later in this chapter.

Amplitude Variance

While it might seem advantageous to keep the tines' amplitude
to exact limits, thig would not be advisable. If the wvoltage
dropped, a diminishing of the amplitude would cause a failure of
the index jewel to advance the one tooth required. On the other
hand, should the voltape rize, or the wateh receive a shock, the
amplitude would increase, cansing the index jewel to register
more than one tooth. The increase would result in the time-
piece’s gaining time,

The index wheel contains 300 fine ratchet teeth. The diameter
of thiz wheel is 095 inch, or 2.40mm. In familiar fractional
inches, it is closest to 3/82-inch, This mesans that sach tooth is
001 inch (,025mm) ; in other words, there is 1/1000 of an inch
between the tips of each tooth. If T were required to make an
accurate drawing of this precise and important index wheel so
that each tooth would be L4 inch from tip to tip, I would have
to draw the wheel four feet in diameter! If a 12-tooth sector of
such a large wheel were then o be shown, the are of such a wheel
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would appear nearly straight. Therefore, it will be simpler te
show the indexing action with a series of enlarged teeth and
index and pawl jewels on a straight line. (See Figure 11.)

Purposes of Pawl Jewel

The pawl jewel on the left is attached to the =pring which in
turn 1z attached to the plate. Its chief purpose is to prevent the
index swheel from turning backward when the indexing jewel
moves back in the return direction. Itz second purpose is to draw
the wheel backwards by the coincidence of its angle and presaure
upon the inclined surface of the teeth. This works much in the
manner of draw in a conventional lever escapement, keeping the
fork against the banking pin.

The index jewel (attached to a finper-spring which is attached
to the left tine of the tuning fork) moves the index wheel coun-
terclockwise. The pawl jewel and index jewel are in a position
of reat in the first sequence (panel A) in Figure 11. Notice that

Fgure 11, apre= shows poesitle
varations in inded firger's 'pugh’ regu:
lited &5 rwichel locthid whedl always
mirsts forward anty ona toath's width

the pawl jewel is resting =nug against the edge of tooth 1 and flat
against the surface of tooth 2, However, the index and pawl are
positioned about half a tooth apart, so that at rest one or the
other (or both) will exert the “draw effect” in the direction op-
poaite from the normal movement.

When the tines are electro-magnetically activated and the jewel
moves to the right on the return stroke (Sequence B), i1 moves
just far enough to drop onto the front of tooth 7. There it rests
on the incline of tooth B. In sequence C the forward stroke (of
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a one-tooth amplitude), will advanee tooth T one full positicn.
The pawl jewel will lock teoth 2 and prevent backlash.

When the tine amplitude has caused the indexing jewsl to
move the equal of a two tooth movement (as shown in Sequence
D, 28), only one tooth of the index wheel will be advenced.
Here the width of the refurn stroke of the index jewel's motion
ig equal to two teeth. It moves forward one half of this dizstance
and because of the “draw” pressure of the index and pawl
gprings, the index wheel moves backward to the poszition midway
between teeth 7 and 8.

On the forward stroke of the index finger and jewel with an
amplitude equal to 4 width of two testh (Sequence E), the index
jewel has gathered up tooth 7 (see slso Sequence D) and moved
it to a point one-half tooth width beyond itz position of rest.
Notice that tooth 2 ia one-half tooth width bevond the pawl jewel.

When the indexing thrust of the indexing finger and jewsl
are returning as in Sequence F, the torque (draw-pressure) of
both pawl and index jewels and fingers on the inclined surfzes
of the index wheel teeth will cause that wheel to recoil slightly
until a tooth such as Number 2 in F, C, and A rests against the
front edge of the pawl jewel

Figure 12

Figure 12 shows how this “draw" angle operates. Imagine the
aprings which contain the epoxy-bonded pawl and index jewels
exerting a slight predsure in a near radial direction. This would
cause a recoil of the ratchet tooth, It is this allowsble recoil
which parmits the tines to move the index whesal a distance equal
to & limit of almost three teeth amplitude, and yet register only
g one-tooth advance, Thiz gives a wide tolerance in the tuning
fork amplitude with no gain or loss of time.
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Heowever, should the amplitude of the tuning fork exceed theze
limits, for instanee, equal to an amplitude of slightly over three
teeth, then the arrangement just explained would be inoperative
—and all thres teeth would be pathered up, This iz shown in
Sequences G and H, Figurs 11, Here the return stroke of the in-
dex jewel starts from a point of rest againzt tooth 5 and ends
three teeth back in front of tooth 8. Notice that the same ampli-
tude on the forward stroke would actually gather up the three
teeth which will be “counted" by the disl train. Thiz iz shown
gt the left, at which point teeth 2, 3, and 4 have been gathered
and retained.

Despite its small size, the physical principle and action of the
index wheel and paw! and index jfewel and springs are the same
whether the whesel is 1/10th of an inch or 4 feet in diameter.

Amplitude Control, Electronically

To safeguard agsinst such extremes of amplitude in which
more than one tooth would be eounted with each vibration of the
tuning fork, “Accotron” has provided a unique amplitude con-
trol system designed into the electronie circuit driving the tuning
fork.

Interrelationship of the Electro-Magnetic Elements

Before discussing the electronic eireuit in *Accutron,’ lat us
examine the interrelationship of the magnetic elements on the
tuning fork tines and the coils of wire connected to the electronic
cirenit: The cup-like part attached to each tuning fork tine

B NIE s
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{Figure 13) iz made of iron as it must be magnetic. Mounted
in the center of each of these cups is a conical magnet. Between
the cup and its central magnet iz & strong magnetic field. The
coils of wire wound on the plastic forms extend into the space
between the respective magnets and cups and these coils there-
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fore lie within the magnetic field withont touching the moving
parta attached to the tuning fork, These coils are supported by
the pillar plate.

1f 4 current ia passed through one of these coils of wire, this
coil hecomes an eleetro-magnet. It will then either attract or
repel the associated magnet and cup assembly, depending upon
the polarity of the voltage applied. Conversely, if a magnet and
cup assembly is moved within its asaoeiated coil, & voltage is
indueed in this eoil. The polarity of this voltage depends tpon
which direetion the magnet assembly iz moved. This means that
as the tuning fork vibrates, an alternating voltage iz induced in
the enils. This induced voltage is a direct measure of the ampli-
tude of the tuning fork, It is thiz voltage which permits the
cireuit to sense and control the amplitude of vibration,

Dual-Purpose Coil

Omne other feature of the arrangement of the electro-magnetic
parts which ean be observed on this photograph (Figure 13) s
that there arve four wires leading from the coil on the left.
This coil is in twe sections with one end of each section con-
nected together, The result is that while most of the turns of
wire on the left hand ecoil are used to drive the tuning fork, ap-
proximately one guarter are used to form what is fermed the
“phase sensing coil,” It is this cail which initiates the pulses of
current into the driving coils at the proper inatant to maintain
the oscillations of the tuning fork,

The eoils and associated magnets shown in this figure there-
fore serve three functions: first, they convert pulses of electrical
curvent into mechanical impulses which drive the tuning fork;
speond, they provide the means by which the electromnic circuit
may sense the tuning fork amplitude; third, they control the in-
stant in the tuning fork cyele during which the driving eurrent
pulse is delivered.

Operation of the Electronic Circuit

In the “Accutron,” the tuning fork is impulsed electro-mag-
netically once each cycle. To avoid sparking as in eleclrie
witehes, the impulsing is accomplished by an electronic cirenit,
Henee the problems of make and break contacts are avoided, The
activation of the electric watches’ mechanically operated gwitch
is necomplished in “Accutron’ in a trouble-free manner by the
phase sensing coil which causes the current in the tuning fork
driving eoils to be turned on and off. The transistor iz the elep-
tronie element which tivas the current on aud off underthe con-
tral of the phase senging coil. The transistor in *Aceutron” there-
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fore functions as a switeh.

The transistor in “Accutron” has three leads: the amitter,
Liage, and collector respectively. The base to emitter leads musat
be supplied with a current in order to cause the emitter to col-
lector eireuit to be conducting. In other words, the collector cir-
cuit ean conduct only when there is eurrent in the base cirenit
of the transistor.
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Figure 14 shows the schematic wiring diagram with the elee-
trical connections between the various cireuit elements. To
repeat, the transistor funetions as a awiteh, which can be caused
to conduct or to be non-conducting. The laft hend side of this
diagram containg all the elementa for turning the driving eur
rent on and off. First, let us examine the manner in which this
QUCUrs,

The eapacitor, shown on the left with a resistor across it, is
the element which maintains the tranaistor in a non-condueting
condition through most of the eyele of operation of the tuning
fork. As explained previously, an alternating voltage is induced
in the phase sensing coil by the vibrations of the magnet asso-
ciated with it. In combination with the emitter to base circuit
of the transistor, which actz as a diode ar rectifier, this voltage 18
added to the power cell voltage to charge the capacitor. A cap-
aeitor funetions as a storage tank for electricity, The resistor
acrnse the “Accutron” capacitor causes a slight leak with the
result that this eapacitor will be re-charged slightly once each
evele by the peaks of the alternating voltage induced in the phase
sensing coil. It iz these recharging pulses of current which allow
the transistor to conduct momentarily and cause gurrent to flow

113




in the driving coils to pulse the tuning fork and maintain its
vibrations.

The right hand side of this diagram containg all the elements
for delivering pulses of current to the tuning fork drive eoils
and for controlling the size of these current pulses so that proper
tuning fork amplitude is maintained. The drive coils are con-
nected in series with the power cell and the emitter-to-collector-
cireuit to the transistor. The emiter-to-collector-cireuit is cansed
to eonduct at the instant when the voltage induced in the drive
eoils is about at its maximum instantaneous value and iz opposite
in polarity to power cell voltage. Therefore, if the amplitude of
the tuning fork should be such that at the instant the transistor
becomes eonducting the induced voltage in the drive coils exactly
equals the power cell voltage, no current would flow since there
would be no net voltage because the drive coil induced voltage
“bucks" the power esll voltage.

The magnet and coil system is so designed that at the proper
amplitude of vibration for the tuning fork, the voltage induced
in the drive coils has a peak value about 10 per cent less
than power cell voltage. This is the key to the operation of the
amplitude control syatem. Because of this a 10 per cent increase
in amplitude, resulting from a disturbance, would cause the driv-
ing current pulses to be reduced to zero and the tuning fork
would rapidly return to its proper amplitude. Furthermore, a
10 per cent decrease in the amplitude of the tuning fork would
cause the driving current pulses to double and again return the
tuning fork very rapidly to the proper amplitude.

In principle, it has been shown that the tuning fork amplitude
is controlled by converting it into & voltage, which is maintained
at a value about 10 per cent below power cell voltage. This
cell is designed to provide a very constant voltage for approx-
imately 99 per cent of its useful life, henee the tuning fork am-
plitude remains at its proper value, If the amplitude changes due
to a shock, it will return to the proper value within a very small
fraction of a second because of the amplitude control eircuit
just deseribed.

REGULATING the Accutron is done by changing the frequency
of the tuning fork. As mentioned earlier, this frequency depends
upon the effective length of the tuning fork as well as its mass
and the material from which it was made, The effective length of
the fork can be altered by shifting the center of gravity of the
tines, If the center of gravily iz moved outward, away from
its center, the frequency of vibration will be leas and the Acei-
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tron will lose time. If the center of gravity is moved closer to
the center of the tuning fork, the frequency will increase and
the Accutron will gain time.

Such changes are accomplished by the pronged, frict_iuneii,
spring-clip which is attached to each of the cups at the tips of
the tuning fork tines (Figure 15), These clips are the regulators.
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The prangs of theseé regulator-clips are called “lands" and the
notches between them are termed “grooves.”

By twisting the clip o that a land occupies the spot formerly
oceupied by the adjacent groove, a change of two seconds a day
can be ohtained.

In Figure 16, the regulator has been twisted one “land” in
the elockwise direction. This has caused a very slightly heavier
mass to be positioned upwards of the tine, causing an sutward
ghift in the center of gravity, As a result, the watch will show
a time loss of exactly two seconds daily.

However, a correction as small as 14 second a day can be
made by moving the regulator only one-quarter of a division,
There are seven divisions on each of the regulators (4 lands, 3
grooves). Thus, because each division is equal to 2 seconds per
dav, it would be imposzible to make a correction of more than 28
seconds per day, even if both regulators were originally set all the
way in or out (which they are not). An Aceutron which gains or
loses more than about a minute a week requires servicing—not
regulation,

Setting the Hands

TUnlike ordinary, mainspring-powered watches, this electronic
watch does not have a stem or erown on the side of the case.
The setting crown has been placed on the back of the Aceutron
go that ne projection interrupts the smooth contour of the case.
Its location is shown in Figure 17. By lifting the setting handle
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to an opright position, az in Figure 18, the setling mechanism
ia engaged. This is equivalent to pulling out the crown on an
prdinary watch, The hands can then be sat by rotating the setting
handle either elockwise or counter-clockwise to bring the hands
to the desired position, The handle {or lateh as it may be called)
ig then folded down. This i3 the same as pressing in the
crown of an erdinary watch after setting.

Lifting the Setting Handie Figure 17 Setting the Hands Figure 18

Changing the Power Cell

Figure 19 shows how the power cell (battery) is removed for
réplacement. The hatch opposite the setting erown is grooved to
accnmmudate a coin, which mny be used to unacrew the hatch

The ACOUTREON Pawer Call Fzmw I

In Figure 19, a dime has been used to open the gasketed hatch.
Turning the wateh to dial-up position will now cauze the old
power cell to drop out, A new power cell can then be tucked
into the empty compartment, after which the hateh is serewed
down tightly to assure that the wateh will be waterproof,

Position Errors
The position error-of the Accutron is very small. All Accutrons
have the same relative performance in the same position.
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Wrist watches are generally tested in the dial up, dial down,
8 down, 12 down and 9 down position. The maximum difference
in any of these positions in afl Accutrons is alwtays 5 seconds per
day. Unlike balance-wheeled watches, this positional error ia a
funetion of design and cannot be altered or “adjusted” by the
watchmaker. It is a small but predictable error.

The effect of various pozitions on the rate of this electronie

Flyurs 20, 21, -2 Tunbgg Tar al
el (horlzorial hés no pemtion amar,
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wateh can best be explained by referring again to the classical
tuning fork. When the long dimensions of the tuning fork is
horizontal as shown in Figure 20, the frequeney of vibration
does not vary whether the tines of the fork are along side of
each other or one over the other, This is because gravity has
no effect on a horizontal tuning fork. In most models of this
wateh, the tuning fork is mounted along the 12-6 axis of the
movement, The rates in dial-up, dial-down, 3-down and 9-down
positions will therefore be precizely the same,

When the long dimension of the tuning fork is vertical with
the tines down (Figure 21), which is the 128-down position
in most models of this watch, the effect of gravity causes a
slightly higher tuning fork frequency, In this position, the
wateh's rate is b seconds per day faster than when the fork
is in the horizontal position.

Conversely, as shown in Figure 22, when the fork is vertical
with the tines up (the 6-down position in most models of the
Accutron), the frequency of the fork will decrease, causing a
rate B seconds per day slower than when the fork is in the hori-
zontal position. The 6-down position is rarely experienced when
this wateh is worn on the outside of the wrist,

Thig small position error iz taken into consideration in the
regulation of the watch at the factory. Tt is regulated for perfect
timekeeping when worn on the outer side of the wrist. It is rec-
ommended that if the owner prefers to wear this watch on the
inner side of hiz wrist (making the 6-down position ocour more
frequently) the watch should be regulated 8 seconds per day
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faster than the original factor adjustment.

Temperature Effects

The effect of various temperatures on the rate of the Aceutron
ig far less than on conventional wrist waltehes, Accutron is de-
signed for accurate performance under temperature extremes
from 20° to 120° F. Outside this range, it may not keep time ac-
curately, but this is of small conecern sinee wrist watches are
usually only a few degrees apart from body temperature, even
in extreme cold or hot weather.

Power Cell

The power cell used in this electronic watch iz a special mer-
cury unit which operates at aboot 1.3 wvolts. If ia designed to
supply power at its rated voltape for at least a year. Although
it seems to be the same aort of cell which iz used in hearing
aids, the necessity of maintaining level output for a long period
at an extremely low current drain (less than 1 per cent of that
uzed in 4 hearing aid) required & special design,

According to information from Bulova, if a hearing-aid bat-
tery were used in this watch, it would fail after # few months'
operation and serious damage to the movement may result from
cell leakage. Only the genuine Bulova Accutron power cell is
recommended by them for use in this wateh. It is sugpested that
the customer change the power cell every 12 months, perhaps
on his birthday or some other significant anniversary, or on the
date he received the wateh,

Resistance to Shock

The most delicate parts of most wateches are the balance
pivots and jewels, Some of these have shock resistant devices.
In Bulava's electronic tuning fork wateh, shock protection has
been provided by the use of a shock Dridge and stops to limit
the movement of the tuning fork tines so that they cannot be
deformed by severe jolting, A guard surrounding the index
and jewel fingers has also been provided.

Anti-Magnetic Properties

The eriterion for an “anti-magnetic” watch is as follows:
When subjected to-a magnetic feld with a strength of 680 Gauss
and then removed from thiz influence, the watch shall operate
without being affected more than 15 seconds per day. Since it has
neither balance wheel nor hairspring, the Accutron aveida much
of this fault, changing rate only a few seconds per day.
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The watch should not ba deliberately exposed to a powerful
magnetic field such as a demagnetizer or a strong permanent
magnet, since this could demagnetize the permanent magnets
on each of the tuning fork tines. However, in normal use, this
wateh can be considered “anti-magnetic.” Should the Aceutron
be accidentally demagnetized, the tuning fork must be returned
to Bulova for re-magnetizing.

Servicing

Figure 23 shows the units of a disassembled Accutron move-
ment, Compared to the mainspring-driven watch, there are rela-
tively few parts. Because of the absence of high torgue as in
mainspring watches, deterioration of oil and parts will not occur
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Figure 23. ‘When compared with main:

spring-driven  watches,  "Accutron®

movement has relatively few parts.
as rapidly. Therefore, Bulova claims that the Accutron does I_mi:
require frequent periodic cleaning for reasons of preventive
maintenance.

Replacement of parts is done on the module aystem auu?h as is
employed by the Armed Forces. A module is a unit whmh_-:ﬂn
be replaced easily and simply without need for repair or adjust-
ment. The Accutren contains two sub-assemblies or module,
which can be removed and replaced as separate units, and which
do not lend themselves to “field repair.” These are the complete
¢coil assembly, consisting of the entire electronie pirenit and all
clectrical connections; and the complete fork assembly consisting
of the tuning fork, magnets and magnetic cups, the index‘ f‘mger
and jewel, The other parts of the Accutron will be familiar to
all watehmakers.

The amplitude of the tuning fork is not affected by sound
waves originating outside the watch.

Shocks do mot cause the index and pawl jewels to “ﬂvel:hank"
or jump on the side of the wheel, This is because the jewels,
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which straddle the thin index wheels are rather wide; these
jeweals also serve as banking guards for the index fnger jewel,

WHEN THE ACOUTREON mialfunetions, the trouble will probably
lie in two main divisions—the indexing mechanism and train
of gears, or in the electronic circuit with its electro-magnetic
unit and funing fork.

Since proper diagnosis is 2o important before the watchmaker
beging his work, Bulova recommends the following kit. 1t con-
sizts of a microscope which has proper features for examining
the indexing mechaniam; a special test set for checking power
eell voltage and electronic circuit operation, and to provide a
special voltage for checking and adjusting the indexing mechan-
iam; a special holder-jig which gives maximum protection to the
movement during servicing and adjustment; an index finger post
wrench ; and a waterproof case wrench.

Microscope Needed

The most eritical test in the diagnosis of Acentron malfune-
tions is the check on the indexing mechanism, mentioned so often
hefore. The index wheel is not only small (just under 1/10th of
an inch), but it containg 300 teeth which are only 1/1000th inch

Figure 24

apart. The jewels of the index and pawl fingers are only 7/1000th
of an inch square and only 1/500th of an inch thick. These
dimensions are too fine to be seen objectively with the naked eye,
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or even with the most powerful bench loupe. Therefore, it will
be necessary to use a microscope to magnify the unil sufficiently
to check its function. (After checking the indexing mechaniam,
the actual adjustment can be made with a loupe if preferred.)
Any microscope can be used if it hag these qualifications: 20 to 80
diametera magnification, a wide field upright image, and approxi-
mately two-inch working distance. Generally, biological and met-
allurgical microscopes are unsuited for watch repair hecanse they
have a small field, short focal length and working distance, and
give an inverted image. A recommended tyvpe of microscope
iz shown in Figure 24,

A second piece of equipment needed is gshown in Figure 25, It
has three important funetions. Firat, it is used @8 4 voltmeter to
check power cell voltage. Second, it can be used to check the
current that is drawn by the electronic cirenit and indicate its
operating condition, Third, it is used to supply smaller amounta
of power for the adjuatment of the indexing mechanism,

Fioure 27

A movement holder with special molded surfaces on the hottom
and top is an essential specialized piece of equipment for use
with the Accutron. For example, it prevents damage to the in-
dexing mechanism and permits removal of the tuning fork and
coil eirenit assembly. This holder must be used in removing the
coil and fork to prevent damage to the delicate mechanizm. One
side of the holder containsg a “nest” which receives the coil and
fork assembly. The holder has a locating key (Figure 26) so the
movement is accurately positioned, This holder ig alsp a “must”
when checking and adjusting the important indexing mechan-
ism. The notch in the side of the holder is designed to permit the
spring elip (Figure 27) of the test set to be attached to the
movement,
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A regular waterproof wrench to fit the case hack is also part
of the kit. The kit is completed with the addition of a special
wrench (shown in Figurs 28), an aligning tool. Its tip is hollow

Figure 28

and is dezsigned to align the index jews] finger. In use, it is placed
aver the end of the finger pest on the tuning fork tine and
gently stressed in the direction which will align the index jewsl
properly.

Diagnosis

With the exception of & brokem crystal or loose hands, the
paasible eausez for complaints on this wateh will he:

(1) Itloses or gains a few seconds a day;

{Z) It zains or loses mors than &4 minute 2 week;

{3) It has stopped.

Unlike ordinary balance wheel watches than can have large
timing errors regulated out, the Accutron has no wearing con-
ditions or environmentsl effects to affect timing more than a few
seconds 8 day. If the Aceutron has stopped, be sire to Hsten
carefully for the characteristic hum. If you can hear it, the fork
iz vibrating. Perhaps, then, the trouble {2 in the mechanical
system—possibly in the indexing unit or the gear train.

On the other hand, if the watch is silent there may be some
malfunction in the power cell, electronie circuit or tuning fork.
Like zll diagnoses {or in murder mystery stories), the process
of finding the “guilty party” is to eliminate suspects and narrow
the field down to one “eulprit.” So it is with this watch. The
trouble-shooting chart on the epposite page iz submitled hers to
acquaint the watchmaker with all possible malfunctions.

The post on the tuning fork, it2 projecting spring-finger and
jewei azsembly, as well as the spring-finger and paw! jewel, are
very delicate. Therefore, when removing the hands, be careful
neither to let the train spin forward nor force it backward—
this will damage the indexing mechanism. Avoid unnecessary
handling, but when it is absolutely necessary to handle them, be
cautious. If it is necessary to handle the indexing wheel be
especially careful in removing it. To avold damaging the very
fine teeth, never grasp the wheel with tweezers. Instead, handle
the wheal by grasping the pinion.
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In removing the eoil asgembly do not serateh or pieree the in-
aulalion on the wires or coils,

Do not demagnetize an Aceutron or subject it to any high
strengrth magnetie fields, Since this wateh i3 based on electro-
magnetism, anything affecting the permanent magnets on the
tuning fork will also seviously affect the operation of the time-
niece.

Keep anything made of steel away from the tines of the tuning
forl, The tine magnets are very powerful and will attract them-
selves to larger steel articles. Even the smallest magnetic par-
tiels may damage the fork or affect the timing.

Do not ofl the testh of the index when or the pawl or index
Jewels,

Do not bend the tines of the tuning fork, It will so seriously
affect itz timekeeping ability that it will have to be replaced,

Testing
Hera's how to test the Accutron:
Before any other work is done, check the Power Cell to make

aure that it is funetioning properly.

1, Wipe the hack of the case to remove any loose material near
the Cell cover (to prevent the entrance of dirt when the cover
iz removed),

9 Unscrew the Cell eompartment eover using & U8, dime.
3. Turn the timepiece over and the Cell will fall out.

4, Place the Power Cell in the nest of the Test Bel with the
smaller diameter down,

6. Turn the rotary switech to “CHECK POWER CELL" position,

6. Read the Power (ell Voltage on the right-hand scale. The
voltage reading should be in the “"OK” area of the scale (1.25
to 1456 volts). If it isthe Power Cell is in-satisfactory opera-
ting condition.

Note:; Poor electrical contact between Power Cell and Test Set
will cause either a low reading or & wavering indication of cell
voltage. It can be readily avoided by making certain that Cell
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surfaces and contacting points of the Test Set nest and clip
are clean. Rubbing or twisting a sospected cell between the
eontacts while checking voltage is good practice. A wavering
reading of voltage is always an indieation of poor contact,
not an indication of a bad cell. Testing should always be done
with the authorized ACCUTRON Test Set or with any other
gquivalent high-resistance valtméter with not leas than 10,000
ohms per volt sensitivity, (A low-resistance voltmeter is not
suitable.)

To check the electronic cireuit, remove the movement from its
case. Place the movement in its movement holder dial side down
with the power cell recess adjacent to the notch in the side of
the holder. With the power cell still in the test set clip; connect
the spring clip at the end of the lead to the movement so the
center finger touches the contact in the center of the power cell
receaz, This connects the power cell to the movement through
the mieter. The meter will give a reading of current on the left-
hand scale,

Sometimesz it may be necessary to tap the movement slightly
to start the tuning fork vibrating after connecting the clip. The
current reading should be in the “0.K." area of the scale (4.6
to 7.0 microamperes). If the movement be warmer than average
room temperature (from nearness to a lamp bulb or being held
in the hand) it may cause g reading higher than the ¥0.K." area.
Let the movement cool to room temperature for a half hour and
recheck it.

Figure 20

The purpose of ehecking and adjusting the indexing mech-
dnism is to control the alipnment, depth of enpagement, and
distance between the index and pawl jewels. Figure 29 ghows
how to expose the index mechaniam. Firat, remove the safety
bridge serew, Loosen the index puard screw as shown in Figure
30 and turn the index guard away from the wheel (guard should
only be turned out of the way—not removed), Be careful not to
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hurt the index or pawl fingera which run through the guard (see
Figure 35). Loosen the pawl bridge locking serew slightly, but
leave the pawl adjusting bridge screw tight as shown in Figure
20, Obzerve the movement under the microscope to make certain
that the pawl! is engaged with the index wheel, The pawl must
be engaged with the index wheel so the latter will remain sta-
tionary during the check for engagement. If it is engaged, rotate
the pawl bridge cam until the pawl is brought into contact with
the wheel.
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Under the microscope, check both jewels to be sure the fingers
are straight. Also ascertain that the jewels are centered on the
wheel and perpendicular to the wheel as shown in Figure 31.
If they are off-center, straighten them with the index finger post
wrench. Place the wrench over the post on the tuning fork tine.
Stress it gently to center the jewel on the wheel, The pawl jewel
ean be centered by bending its finger post (zee Figure 32) with
tweezers. If either jewel is not perpendicular to the plane of the
wheel, eorrect it by lightly twisting the jewsl finger close to the
point when it is pinned (don't touch the jewel itself).

Figire 48
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Here's how to check the engagement of the index jewel: Grasp
the tine at the cup, preferably with tweezers made of non-mag-
netic alloy. Count the number of teeth before the index jewsl
pulls away from the wheel. The jewel should remain engaged
with the wheel for five to seven teeth. If the number iz less than
five or greater than seven, modify it near the end where it is
pinned by gently pressing the index finger toward or away from
the wheel. Use the end of the tweezers or a needle as yvou would
bend & hairspring near its stud. Check the engagement after each
adjustment for the proper engagement. (See Figure 33).
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Next, using a loupe, completely disengage the pawl jewel by
rotating the pawl bridge adjusting cam until the bridge is at
ita maximum distance from the index wheel (Figure 24). Tl}en
examine the pawl jewel under the microscope. It should not
touch the index wheel: it should be separated from the latter
by a distance less than half the thickness of the jewel. You can
adjust this distance by pressing gently in or out on the pawl
finger, as described earlier,

With the power cell still in the test set clip, turn the right
hand switeh to the “Low Amplitude” position and turn the meter
control switeh to “Read Microamperes.” Using the spring clip,
attach the test set to the movement, The notch provided in the
movement holder will cause contact between the gpring clip,
power cell and movement, The tuning fork should then begin fo
vibrate: but if it doesn’t, an excess current reading will show
on the meter. Tap the movement lightly and the tuning fork
will begin to vibrate, decreasing the current reading to the lower
end of the “0.K." area or glightly below it.

To bring the pawl toward the wheel, rotate the eam slowly in
either direction until the watch begins to run. You can observe
this without the microscope by watching the visible wheels. Next,
turn the cam further in the same direction until the watch stops;
then continue still further until the watch starts again and con-
tinues to run. At this point the adjustment iz complete.

Tighten the pawl bridge lock serew and pawl adjusting bridege
screw to prevent the bridge from moving out of ita pusitin_n.
The wateh should eontinue to run. If it doesn’t the adjustment
just explained must be repeated, Then disconnect the test set
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spring clip from the movement. Loosen the index guard screw
and turn the index guard back into position, the index finger
should pass through & point slightly inside the center of the slot
in the guard (Figure 35). The index finger should not touch
either side of the alot. If it does, lightly bend the guard to center
the index finger, making certain that the pawl finger doez not
touch the guard. Finally, replace the safety bridge and safety
bridge screw,

As a lagt check on the adjustment, time the watch accurstely
for at least an hour. If it is off more than & second, the trogble
may be dirt on the index whes! or an incorrect adjustment of
the indexing procedure. Check the index wheel under the miero-
scope for dirt or damage,

If the trouble-shooting chart indicates some fault in the gear
train, check the train's fresdom by moving one of the wheels with
tweezers. (This is not altogether recommended because it might
damage the index and pawl fingers and jewels unless the wheels
are rotated in the correect direction.) The simplest, safest and
most convenient method to test the freedom of the train iz to
pluck the tuning fork tine to which the index finger is attached.
The:tine will vibrate a few zeconds and the motion should cause
the index wheel and the rest of the gear train to move. Even if
the tine vibrated for only a secend, it would be long encugh to
wateh the index wheel make more than a full reévolution. You
can watch the process either with a loupe or the mieroscope. If
you have checked the indexing mechanism and now pluck the
tuning fork without producing metion in the train, you may
conclude that the train is blockead.

METHODS OF ASSEMBLY AND DISASSEMBLY
Removing Hand, Dial and Dial Train

Disassembly

1. Remove the ground strap so movement can be piaced in
holder.

2, Remove the two dial holding nuts. Exact location is shown
in Figure 35.

8. Use hand remover to remove hands.

4. Remove the dial. (Figure 37)

5. Remove the hour wheel,

6. Remove the cannon pinion.

7. Remove the setting wheel spring and minute wheel spring
which are held by one setting wheel spring screw.

2 Remove the minute whesl,

128

Frgure 36

Figire 58

o

4, Remove the setting wheel,

CAUTION : If train is spinned forward or forced backwards in
removing or replacing the hands, the indexing mechanlsm will
pe damaged.

Assembly

1. Moisten center pinion staff with oil and replace cannot pin-
ion. Cannon pinion should be rather tight on the center posat;
hand clutch traction is tiken up b¥ a spring washer on the
center post hetween a friction bushing and the otherwise loose-
riding center wheel, (Figure 363.)

2. Replace the sstting wheel,

3. Repleee the minute wheel,

£, Heplace the setting wheel spring, minute wheel spring and
setting wheel screw.

5. Replace the hour wheel,

6. Replace the dial

7. Replace the hands.

8. Replace the two dial holding screws.

8. Beplace the ground atrap.

1, Plaes movement in dizl up position on helder.

2. Remove shock bridge, which iz held by one shock bridge
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screw (Figure 88),
3, Remove the two tuning fork screws.

Figurs 22 Figure &1
Removing and Reparing Coil and Fork Assembly

Removing

1. Place movement in dial up position on holder.

2. Bemove shoek bridge, which iz held by one shock bridge
screw (Figure 38).

3. Remove the two tuning fork scraws.

4. Place movemant in disl down pesition on movement holder
{ Figure 39),

4a. Remove safety bridge (see Figure 25),

B, Loosen index gusrd screw and turn index guard awey
from index wheal. Do not remove gusrd when turning it outf,
and be careful not to damage index and pawl fingers. Now
tighten the screw,

6. Using a metal punch, disengage tuning fork by tapping on
its base through hols provided in pillar plate.

7. Pick up movement and holder; invert them so movement
is on bottom; remove holder-and plage it under movement.

B. Lift fork at base and carefully rotate it upwards until it is
self-aupporting in a vertical position (Figure 40).

8. Remove eoil lead retainer plate, which iz heald by twe
SCTeWs,

10, Az shown in Figure 41, lower the fork earefully, but do
not force it down,

11. Hemove the four coil form serews.

12, Without turning over movement, remove holder from bot-
tom. Nested side of holder (Figure 27) is placed over movement
and rotated until locating key of movement holder engages notch
at edge of pillar plate. Invert complete assembly. Pillar plate
must be firmly seated in movement holder.

13. Use pegwood stick to push down on coil assembly &t vari-
aus points to disengage coil and fork assembly from pillar plate
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(Figure 42), Nested holder is designed to receive tuning fork

and eoil assembly witheut permitting index finger to touch open-
ing in pillar plate during removal,

14, Movemert can then be removed from movement holder:
Coil ‘and fork assembly should be left in place in movement
holder. If it is necessary to remove them for cleaning or replace-

Figure 42

Figure 44

ment, the coils can be disassembled from the fork by gently
spreading the ¢coils.

{Zome models of Accutron do not have-a coil lead retainer
plate. Disassembly is easier, and only three steps must be fol-
lowed: 1,2 11, 3,4, 5, 6, 13 and 14.)

Replacing

1. Place coil and fork assembly into prepared slotz in move
ment holder (Figure 43).

2. Position pillar plate over azssembly. Be sure that noteh in
pillar plate engages key in movement holder.

4. Hold movement holder as shown in Figure 44, so pillar
plate will not drop out; turn over and press through holes in
back partially to seat assembly in pillar plate.

4. Transfer pillar plate and coil and fork assembly from one
side of movement holder to the other, placing it in dial-up posi-
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tiaom,

5, Press down firmly on eoil form only, to make sure it is
completely and evenly seated in pillar plate (Figure 41).

6, Replace the fourcoil form zerews.

7. Lift base of fork to vertical pesition and replace coil lsad
retainer plate and serews (Figure 40).

8. Lowsr fork ecarefully and press firmly into place. Apply
pressure; only at tongue of fork—aveid conflict with tines.

9. Beplace the two tuning fork screws as shown in Figure 38

10. Replace shock bridee screws. Check to sse that fork is
free to vibrate and ¢oils fit into cups on the end of tuning fork
tines” without touching them. Nothing should be in confact with
the tine at any point.

11. Replace dial and hahds, replace ground strap and screw.

(For models of Accutron with no ¢oil lead retainer plate, fol-
low these steps in assembling; 1, 2, 3, 4, 5, 6, 8, and 10.)

Cleaning the Accutron

(The following additional disassembly and assembly steps
should be taken ¢nly when cleaning is necessary.)

Disassembly for Cleaning

1. Remove pawl adjusting bridge and finger azsembly by re-
moving two serews shown in Figure 45. Paw! bridge cam is not
threaded and will come out with the bridge. Care should be
taken not te bend the pawl finger.

2. Remove the two Duofix eap jewels by applying horizontal
pressure-to the closaed side of the Uishaped spring, sllowing lip
of spring to emerge from under bezel. Spring can then be tippad
up,and jewels removed.

8. Remove center second chaton which is held by two chaton
SETEWS,

4. Remove center second pinfon and washer by grasping with
Eweskers and lifting out through hold in train bridge.

B. Remaove lower jewel plate, which i3 heid by cne screw fis
shown in Fignre 46,

Cleaning

Ultrasonie eguipment iz preferrad in cleaning the Aceutron.
Treat it as you would any very fine watch, However, the elec-
tronie cireuit; toning fork dand pawl-adjusting bridge should not
be cleanéd in a2 machine becanze of the possible danger to such
delicate parts. The fork, coill and bridee may be satisfactorily
cleaned by dipping: them in. a “benzine cup" &nd then drying
with clean tissue paper. Do not allow metal chips or filings
which may be in the eleaning basket or cup fo become attached
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magnetically to the magnets on the tuning fork. Inspect the
watch for such chips earefully; and if they are present, remove
them by dabbing the magnets with masking tape.

Assembly after Cleaning

1. @il all train wheel nivets and cap jewels. Caudion: Do not
oil the index wheeal teeth or index or pawl jewsls.

2. Replace lower jewel plate as shown'in Figure 46,

3. Replace center second pinion and washer,

4. Replaee center second chaton and its two screws.

5. Beplace the two Duofix cap jewels.

6. Replaca pawl bridee cam. Do not push it all the way in.

7. Slide forked end of the pawl adjusting bridpe under the
head of the bridge, being careful not to damage the cam and
position the pawl adjusting pawl finger. Replace the two screwa.

8. Turn index guard back into position. Do not move it so far
that it bends or touchss the pawl finger. When it {s positionad
{(Figure 35) secure index guard screw.

9. Heplace safety bridee and screw,

Figure 45 Figire 48
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THE BENRUS ELECTRIC WATCH

(Models FU 3 and FU 13)

This model is made by Lip of France. Its basic principles are
similar to the older, bulkier Lip B 27 which uses two batteries
as compared o the Benrus version which employs but one en-
ergy cell.

Like some other electric watches, its balance iz a form of
controlled electric motor adjusted to run at precise speeds.

The balance heats 18,000 times an hour but makea only 9,000
electrical contacta during this period. Therefore, the balance
receives an electromagnetic: impulse every other beat, while
traveling in only one direction.
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FIGURE 1: Above, an exploded view of individusl pasts on the DIAL SI0E of tha
mavament provides 2 diagram for the watchmaker, When the hand setting stem
is pulled out, the watch stops and the time can be adjusted, Pushing the stem
in again starte the watch
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FIGURE Z; All the electrical parts of the circwit are fitted
to the BRIDGE SIDE of the movement at right. The energy call fits into the main
plate, securad by the energy cell bridge:

Benrus designates this model by numbers FU 3 and FU 13,
It containg 14 jewels as well as shock absorbent jewel settinga
for its motor-balance. The size of the movement is 1114 lignes
(25.92 mm.; 102 in.).
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Exploded views of the movement can be seen in Figures I and
2. All the electrical parts and the electronic spark suppressor
(diode) are fitted to this movement like other mechanical parts.
Since they are factory adjusted, we need not concern ourselves
with attempting to re-slign their electrical values.

Starting the Watch

To set the regular hands as well as the seconds hand, pull out
the erown when the zeconds hand is directly over the 60 mark.
Thiz stops the wateh in & non-contast position. To start the
watch again, push in the erown. It might be nscessary to twist
the timepiece slightly.

To replace the energy cell, follow Figure §. Remove the energy
Fentes

cell biridge No: 105/A. Turn the movement upside down and the
eell will fall out. Replacement cells must mateh the mevement
identification such as FU 8 or FU 18—nevey attempt to subsati-
tute any other than the specified cell for this movement,

If you will handle the cell with tweezers, be especially care-
ful to grasp this piece at its round sides rather than on the
flat surfaces. This way you will not short the battery and drain
itz energy,

Now, position the eell with its smooth flat surface facing
the bridge 105 /A, This canses the negative pole on the oppesite
side of the cell to contact the power connection. Neo. 4035, Finally,
press down on bridge 105/A against the spring action of the
power connection 4035, Alipn the serew holes and secare.

Examine the Circuit

A diagram of the circuit appears in Figure 4, with the lavout
of the circuit parts in Figure § The energy (1) contacts the
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framework of the movement (A) with its positive terminal.
Iis negative terminal iz connected through a wire (2) fo the
contact springs (4). An impulse occurs when the contact spring
touches the beak of the contact regulator (5), which connects
to the input end of the cireuit (12) and ecwil (8). The layout
end of the eoil (12) is connected and grounded to the frame
at (9).

A dicde (10) iz connected in parallel with the ceil, This
suppresses sparking, which wonld otherwise erode the contact
poinis.

An enlarged view of the heart of the wateh appears in Figire
#. The balance (18) is shown at the end of its contact phase.
The balance horn (14) is a magnetically permeable tab on the
gdpe of the bglance. It is influeneed by the magnetic surpes of
the electrical eoil. In this view, the contact jewel (20) is pushing
the flexible contaet springs (4) apainst the contact repulator
{8), closing the eireuit. The horn has received an impulse from
the stator horm (12). In the next instant, the drive jewel [26)
will advance the index wheel (21) one footh further,




Impulsing Sequence

When the watch is at rest withoot an energy call, the circuit
is open, and the two contact springs lie, one directly over ths
‘other, along the line of centers to the balanee wheel. They do
not toueh the beak of the cantact regulating lever.

Now compare the views in Figure 7 with the diagrams slready
shown. The driving action of the movement starts forwsrd.

When the balance wheel turns in the direction of the arrow
(A), the contact jewel on the balance nudges the contact springs
against the beak of the contact regulating lever. This clozes
the circuit. The current then flows through the coil, causing
the stator to become an electromagmet, The stator horn in turn
attracts the horn on the balance rim and gives it an impulse.
Contact i3 made when the balance horn has- almost reached
the stator horn.

In Figure 7F as long as the cirenit is closed, the magnetically
ereated impulse continues to attraet-the balence. In Figure 7C,
however, as the balanee continues on fts wey, the contset jewel
falls off the contact springs. These springs then tense away from
the beak of the contact regulating lever. This sction opens the
cireult and the electromagnetic attraction ceases.

To see the details of the return balanece swing, examine Figure
70, When the balance wheel swings back in the opposite direc-
tion, the contact jewel will again strike the contaet springs.
But since the wheel is going in the opposits direction this time,
the contact jewel will push these springs away from making
contact with the beak of the contact regulating lever.

Thus the circuit remains open when the balance swings in the
clockwise direction. As the jewel moves past the contact springs,
the springs return to their original pesition of rest without
touching the contact regulating lever, as in Figurs 7E.

When the balance swings counterclockwise again, its jewel pin
meets the contact springs once more, pressing them against the
contact regulating lever, and closing the circuit. This action, like
that of a mechanical electric switeh, is seen in Figwre 7, views
Atand B.

We see that there is only one impulse for each complete oscilla-
tion—a round trip of the balance,

The illustrations in Figure 7 show that the contact regulating
lever is just what its name implies. By moving the tail of this
lever, its beak {5 moved nearer or farther away from the con-
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tact springs. In thiz way, the period of contact ean be lengthened
or shortened to timekeeping precision. Thiz arrangement also
enables the watchmaker to efficiently adjust the balance wheel
amplitude without disturbing the shape or position of the deli-
cate springs.

LIKE ALL ELECTRIC TIMEPIECES, the pscillating unit drives the
train of gears which move the hands. In the Benrus electric
wateh this unit is the balance: The balance wheel's jews] pin,
glso called the drive jewel, pushes the teeth of the index wheel.
Both the drive jews] and the index wheel teeth are shaped so
that only one tooth is advanced during each complete oscillation,
or to-and-fro swing, of the balance.

The index wheel pinion meshes with the train of gears which
lead to the cannon pinion and finally to the dial train.

Figura o —
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The Indexing Mechanism

In Figure 8 we can see how the drive jewel is positioned to
push the index wheel in a clockwise direction. Study Figure 84
closely to see how this forward drive action works.

The overlapping paths of the wheel and the jewel intersect
at X-X". A smazll permanent magnet (4) is attached to the lower
plate directly below the index wheel. The magnet pulls a tooth
of the index wheel into pesition directly above itself. This puts
footh A in the path of the drive jewel at X, before the line
centers. The mext tooth, I), lies beyond the path of the drive
jewel.

When the balance twrns in the direction of the arrow, the
drive jewel (2) meets tooth A and pushes it to position X', At
this point, the tooth moving toward the magnet (4) has reached
the position indiceted by the dotted line. The magnet then pulls
the tooth into rest position directly overhead, bringing teoth A
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The wheel advances one tooth at a time with each oacillation
and positive contaclt by the drive jewel. The géar train and
hands are advanced two-fifthe of & second with each index-
ing action,

Now examine Figure #8 to see how the drive jewel veturns
to the drive position, The balance turns in the opposite direction.
As the jewel swings around it meets the rear. zlanted face of
the index tooth 4 and drives it as far az E. The jewel then
parts contact with this tooth, as its slanted face slides away,
and continues on its way by momentum.

The index wheel has lapsed backward slightly hut not enough
to be indexed, Thus, the same tooth iz still under the influence
of the magnet and is drawn back to its original position of rest.
The wheel iz indexed only when the balanece turns in the counter-
clockwise direction shown in Figure 8,

The Gear Train to the Hands

Begin with the index wheel to trace the transmission of power
through the gear train to the hands., The sequence passes from
the index wheel (4360) to the fourth wheel (227), the third
wheel (210/A), to the drive wheel of the cannon pinion (242),
This last wheel i3 actually the center wheel.

It is important to note that there is no slippage belween the
drive wheel and the cannon pinion, They are riveted together;
no attempt should be made to geparvate them,

LABTICaTT MEAYY O

-Hx" =
— = et T |
|
[ —a4

FROF LEVER -BaR00G

w
e 3
|LBsiGATE REawr & e

s R

__J-'ﬁ’_!: ‘ sy Lsied ] b2 -1"':' =
M ov
Figure 10 Figure 11 ==
Instead, the third wheel provides the cluteh, or slippage action,
Figure 10 shows the construction of this wheel in detail. The
arbor (6), hesring the pinion (23, is free to turn independently
of the wheel (1), The wheel is riveted to the wide head of a
long tube (4) which fits logsely over the arbor. A spring (31,
held in place by a washer (5), provides tension. Thig spring is
calibrated, factory adjusted, and lubricated to supply the exact
amount of eluteh action for manual turning of the hands. Yet
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the spring provides encugh tm;tiﬁn to allow the train to advance
the hands during normal running of the wateh.

Limiting Balance Wheel Amplitude

The construction of the safety lever (4330) iz similar to that
of the traditional pallet in mainspring watches. It also provides
the same safety action as the pallet.

Sinee there iz no “draw’ aclion of an escape wheel arainat
pallet jewels, the lever is made to be drawn to its banking stop
and to be held there by the permanent magnetism in the banking
pin, However, unlike a pallet when the roller jewel pushes it
from gside to side, the lever is merely idling. Its action ia sig-
nificant only if the halance wheel amplitude becomes excessive.
The roller jewel then strikes the back of the fork and harm-
lessly rebounds,

This blocking action of the fork eliminates any poasibility of
a secondary contact and a secondary index wheel drive due to
excess balance amplitude. The noteh on this lever functions also
in the hack or stop position,

In Stop Position

The purpose of the hack mechanism iz to enable the wearer
to mechanically stop the wateh when it iz being set. The watch
can be coordinated with the time standard to the second.

The mechanism can a4lso be used to prevent drainage on the
battery when the watch is not in vse, Electrical contacts are dis-
engaged in the hack position.

In Figure 11, the stem is pulled to the “out” position, The
heel of the stop lever (9483) rests close to the pilot pin of the
stem. The toe of this lever is under tension from its spring and
is pressing against the noteh of the safety lever (4330), This
locks the roller jewel of the balance, stopping the balance in its
out-of-contact position.

When the crown is pushed in, the pilot pin of the stem de-
presdes the heel of the stop lever. As thiz lever swivels arocund
the screw, its toe swines out of the noteh of the safety lever
{4830) and frees the balance wheel.

Overhauling and Service Hints

Third wheel 210/A should be cleaned in solutions only when
ahsolutely necessary because a special life-time lubricant has
been applied at the factory, Therefore, when posaible, merely
brush and check for smoothness of slippage between the arbor
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and the whael, If the wheel iz cleaned in a solution, lubricate this
afterwards us indicated in Figure 10,

1f the wateh doesn't require cleaning, do not remove the
stator 4020 Removal of this part may change the air-gap dis-
tance between stator horn and balanece wheel tab-horn. This
would then require a readjustment. Methods of adjusting the
air-gap distance are explained in the section, “Assembly, Bal-
ance wheel No, T21-Air Gap®.

However, to gain access to many parks, it may be necezsary
to remove the magnetic shunt 4095, This can be accomplished
without removing the stator 4020 in the following manner:
Remove three screws; hoth magnetic shunt screws 54095 and
the stator screw 54020 located near the edge of the plate. Then
lift the magnetic shunt 4085 clear of the horn of the stator 4020
and the pivol of the sweep second wheel 227 as shown in Figure
12, Then alide it oul in the direction of the arrow.

FIGURE 12

FIGURE 13

WREH Tl Sl O ARE TEOCENED 08 LOSEGR
THE DES0C TREME SIS SHEUD AE LG 1) AG0TIN 1
FRIENT TREU PR TRbTRG MDY THE Rl
RELRCEE O¥r,

Note: The shunt 4085 iz made of soft metal. Do not diatort
its shape.

Disassembly

Bridge Side . . . Remove in this sequence.

l. Energy cell bridge 10574 and the energy cell,

2, Balance wheel bridge 121/A and balanee whee]l 721

3. Diode 4175

Note: To avoid breaking off the attached diode wive and lead,
support the terminals, See Figure 13,

4, Btator 4080

A, Contact plate, assembly 4080

6. The contact plate is now held by two screws: the small
head power connection screw 54035/1 on the dial side and the
contact plate serew 54080 on the hridre side.

Tho not disturb the wires and contacts

6. Train bridge 110 and third wheel 210/A

T, Muagnetic: shunt 4095

%, Balance stop lever 9431
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9. Index wheel and lever bridge 125/A and the wheel 4360
and lever 4230 which is beneath it.

Do not use tweezers on coil of stator 4020. Damage to its pro-
tective coating will cause the wires to touch and produce: a
ghori-circuit,

Remove the energy cell when working on the movement.
Replace this cell only for final checking and finishing procedures.
This avoids accidental short circuiting which would otherwise
reduce the life of the energy cell.

Never demagnetize the main plate No. 100, This would destray
the permanent magnets which attract the index wheel teeth 4360
and the safety lever 4330, All other parts may be demagnetized
in the usual manner.

10. Sweep gecond wheel 227,
DIAL SIDE
11, Power connection 4035
12, Continue as in an conventional watch.
Cleaning

Caution: Do not inmerse the following parts tn solutions:

Energy cell
Diode 41575
Stator 4020

Clean in Pure Isopropylic Alcohol Only The Following Parts:
Pawer connection 4085
Contaet plate, assembly 4080

(Do not disturb contact wires, dry in warm, dust free air).

Clean All Other Parts in The Usual Manner

To avoid seratching the soft metal on the poles ni’_ the stator
4020 and the horn-tab of the balance TZ_II. remove dirt, dust or
metal burrs with sensitized paper or soft peg-wood.

Assembly and Checking

To assemble proceed in the reverse order of dizassembling
and check for endshakes, side shakes and clearances in the usua_LE
manner. After positioning the part listed below, make these addi-
Honal checks:

Index Wheel and Lever Bridge 125/A

Check both permanent magnets in the plate. F}ne of thles.e is
the index wheel magnet. This is located on a raised step 1n the
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main plate No. 100 directly under bridge 125/A. The mupnet
should be able fo attract the toath of the index whesl 4860 above
it. The other magnet ia:

Lever Magnet

Under the opposite end of the bridee 125/A also located in the
main plate 100 and situated between the fork and noteh of lever
4330 iz a single banking pin, This banking pin confines the swing
of the lever 4330, It is magnetized to provide the eguivalent of
“draw", Push the lever 4330 from side to side to test this attract-
ing action of the magnet.

Balance Stop Lever 9433
Check the freedom of this lever and its spring action.

Contact Plate 4080

Cheek the two contact springs. One should be directly over
the ather. Alsa, they should be alipned with the center of the
hole jewel of the balance as shown in Figure 12. The contact
plate should be clean. There should be no dust or burrs on the
springs nor on the beak of the contact regpulating lever.

Stator 4020

The tolerance of the screw holes permits the stator to be
shifted so that the air-gap hetween stator horn and the balance
horn-tab ean be adjusted. Check that the stator horn doesn't
block the balance horn-tab. Instructions on adjusting the air-gap
appears in the section following Balance Wheel No. T21—
Ajr Gap.

Diode 4175

Refer to Figure 14, Note the correct position of the diode ter-
minals before reassembling,

Balance Wheel No. 721 and Balance Wheel Bridge 121/A

T'o facilitate repositioning the balance wheel, put stop lever
9433 in the lock position. The roller jewel should enter the fork
of the safety lever 4380, Release stop-lever 9433 to check balance
for freedom. If insufficient end-shake is experienced, use a bal-
ance bridge wedge. Check for freedom belween the balance horn-
tab and the stator horn and then check the air-gap,

Air-Gap ‘
Check the air-gap by bringing the balance wheel horn opposite

the stator horn. They should be parallel with an .08 to .06 mm
space between them, If the gap requires adjustment, the stator
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4020 ean be shifted. 8lightly loosen one or both serews as reqguired,
Hold this in the desived position with the tweezers pressed
apainst the flat side of the stator horn near the screw and tighten
one or both screws, To facilitate this operation, eonsider the
serew al the opposite end of lhe stator a pivetal point around
which the stator ean be shifted,

CONTACT
STUD __  CONTAGT SPRINGS 1 lworowr __ (ueren i)
I 1 CLOWER GUAR
[ : — | WA GUARTER— TNERTRATTT.

Recheck the Contact Springs

Now vecheck the contact springa. Their correct height in rela-
tion to the contact jewal iz shown in Figwre 1.4 Note that they
meet the jewel in the section between th jewel's midpoint and
its lower quarter, This is an important checking point, For exam-
ple, it the springs were raised, they could contact the drive
jewel table and cause:a short-civeuit,

FIGURE 14

Energy Cell
Refer to steps 4-5 and 6 in section "Replacement of Energy
Cell’,
Finishing Checking Points.
Balance Amplitude
The amplitude of the balance wheel in the horizontsal position

should be 2707 in one direction. If necessary, correct this with
the eontact regulating lever,

Timing and Regulation

The hazlance makea 18,000 oseillations per hour and can be
timed on any timing machine. Regulate as any conventional
wateh hy mioving the {(hairapring) regulator 307/1, Excessive
varigtions in rate indicate meehanical or eleéctrical misadjust-
ment,

Electrical Checking Points

Electrical Instruments Needed
A volt-ohmmeter milliameter iz needed for checking the energy
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cell, coil and diode resistances as well as for eurrent consumption.

This instrument should have a 20,000 chms per volt resistance
for DO voliage measurement and a 50 microampere’ current
range. There are some instruments mavketed by jeweler's sup-
pliers that meet these to those required for most of the electrie
wiatehes on the market.

auEE 14

Checking the Individual Parts Before Assembly
of Movement, Energy Cell, Figure 15,

1. Saf the selector switeh of the miultimeter to measure 1.5
valts 1), C.

2. Place the (—) minug test rod on the negative terminal at
the center of the cell and the (+) plus test rod against the wall
of the cell or the positive terminal.

A new eell supplies 1.5 volts, If the reading is less than 1.3
volts, the cell should be replaced.

Note: To avoid unnecessary drainage of the cell during this
check, stop the test as soon as the correct voltage reading is
determined,

Diode: Figure 16.

1, Set the selector awiteh to measure ohms, using the Al resist-
anee scale. For details; zee your meter manual for the cor-
recl zetlings,

2/ Zero the meter according o the instructions in the meler
manual,

3, Place one test prod on one terminal of the dicde and the
other test prod on the other terminal of the diode, Take a reading.

4, Heverse the pesitions of the prods in relation to the diode
terminals, Take a second reading, In one direction, the diode's
resigtanes should range from 10,000 ohms to infinity. In the other
direction, its resistance should range from 30 to zero chms.
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Coil: Figure 17.

1. Follow the same procedure ad above for proper meter set-
tings, stepa 1 and &,

2. Place one test prod on the stator terminal and the other test
prod on the stator pole. The coil resistance should be approxi-
mately 800 ohma,

Check after Assembly without Energy Cell
or Stem in "“Out’’ Position

IHELUATON OF FOWIR COMKECTION
==

COEL RN DNOOE CHEQK

==

LEETOH  BETTINGY
ME-RECFIGURE 16 -l

FIGLEE 18

Insulation of Power Connection : Figure 18.
1. Use the zame meter settings as for dicde ete.

2, Place one test prod on the power connection and the other
test prod on the main plate, The resistance should be infinite.

3—~Coil and Diode Assembly: Figure 19.
1, Use same meter settings a5 ahove.

2. Place one test prod on the terminal of the diode which is
attached to the contact plate and the other test prod on the main
plate. Ohserve the reading of the meter scale.

3. Reverse the position of the test prods. Compare the reading
in this position with the previous reading. In one direction, the
vegistance should be approximately 900 ohma. In the opposite
direction the resistance ranges from 80 to zero chma.

IMPORTANT: The ferminals of the diode must be correctly
pozitioned (See FMig. 13).

Current Consumption Test

The method indicated below utilizes a ecurrent consumption
test block which ean be purchased from the Benrus Wateh Co.

1. Place the movement without the energy call into the test
blnck in accordance with the directions provided with the block.

2, Set the selection switeh or switehes to the 50 microampers
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current range D. O, ELGIN'S ELECTRIC WATCH

3. I“’?“t the F"U-“-"iﬁ.‘*’ﬁ and negative meter leads into the cor- THE FLGIN NATIONAL WATCH C0. has announced a new entry in
responding terminals in the test block. the electrie wateh field—the Lord Elgin. Grade T25. It iz the
smalleat electric watch powerad by-an electrie cell on the market.

4. Depress the erown and start the balance wheel,
The movement is an #/0 aize; 10045 lignes or 9325 inches. It
containg 15 jewels, all it needs to be fully jeweled. The Lord
Elgin has an 18,000 beat train, or five beals per second, and
Current consumption sheuld be no more than 7 mieroamperes. makes 9000 electrical eontacts per hour,
Higher current consumption indicates a mechanical or eireuit
fault, The most common causes are excessive air-gap between
balanee horn-tab and stator horn, lack of train or hand freedom,
or improper contact adjustments.

5. When the motion of the balance wheel is stabilized, take
a reading on the meter,

A Parechoe system 8 uzed to cushion shocks to the balance,
and the waleh containg a haeking mechanism which allows it to
be stopped for exact second hand setting, During the hand-setting
sequence, which is controlled by the button on the back of the
watech case, the electrical system is interrupted to prevent drain
on the battery.

The electrical system closely resembles the Lip electrie watch
used by Benrus here.

18508 125 [ . ”
The timepiece i3 designed so that servicing and cleaning can

b & < be accomplished without touching the electrical components. The
s Fl horological zection of the watch fellewa conventional train and

324 335 aTA 378 dial train design. The manufacturer zays any competent watch-

maker should be able to service the watch without diffienlty.

40140 a7 A 435 440 +43 Lok ARG 452 721
4020 4038 040 Angn 1745 BATTERY $
N B S
S160 4175 A0 4350 9433
FIGURE 1
M Replacing The Battery
e BTULIL ,\;‘,r..ﬂ e Figure 1 shows how to remove the battery without removing
Samum Ik Whin| 3ad Lo Tifize | the movement. Iﬁﬁﬁrt a dimﬁ' ar ErthEl" th].-n Eﬁliﬂ intﬂ the bﬂﬂk

case nut, and use it like a serewdriver. Remove the case nut and
' drop eut the bhattery.

The battery should have a voltage reading of 1.32 to 1.36 volts.
It is important that only Elgin batteries atamped "W1" be used.
They are notl interchangeahle with other batteries,

Borwmy Bapmb L] 1
S Mirge, i 1eTd
%orgm Batees Mo Liel

Figure 2 is a picture of the Elgin 725 electric wateh and its
single eell
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Setting The Hands

The ecrgwn on the back of the case is pulled oot to set the
hands, and turned to the desired time. This automatically stops
the watch, disconnecting the electrical system and allowing co-

FIGLEE 24 febleE b

CHANGING THE BATTERIES OF OLDER MODELS

Egrliey BElgin modely emploged fiwo small dey cells fn paraliel, If
batteries be chapged on the older wmodel and the moevement i dn o one-
picce ease, Rowove the erystal with w ovysiel remover. Drop the move-
wient eul of the edee, Then, with the wmovenient fn oo mioviend blook, held
dawi the battery connector shown in Figure 24 awith your finger, Loogen
the batiery connector sercio and swdng the battery connector fo ane side,
as ghowi o Figuee 28, The gide of the battery sfamped YW1 should
b placed agaimet the dicl, Reposition the copnector and tighten the
dompmector pevew femily. Remember fhad the bottery conneetor goes to
the insulated side of the cose. When recasting the movement, center the
ciol's mumber 12" go that it ods bhefween the cose lugs, then geat the
wovement femly fife pesition, Reasaemble the srpatal, erown and geren,

ordination of the second hands to exact time, o start the wateh
again, merely snap the crown straight in, without twisting it
to avold spinning the hands.

FIGURE 3

FIGLURE 4

Precautions

Figure 3 shows the incorrect methad of handling the battery.
This will cause a “short” and prematurely drain the cell, It is
best to avoid metallic tweezers when handling the battery. But
if you must use them, hold the battery as shown in Figure 4.
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Regulating The Watch

As mentioned earlier, the Lord Elgin is a standard 18,000
beat train. Therefore it ean be timed on any standard timing
machine. The lines shown in Figures 5 and BA are typical of
those recorded on tape machines, Figure 5B shows how this
wateh, running 20 seconds fast, would record on a drum type
of wateh timer, The lines in either case may be separated and
scalloped, but it does not mean the performance of the watch
is unaceceptable. The direction of the lines is the only eriterion
for determining the rate of regulation.

This i an exploded view of the Lord
Elgin  slectric watch  mowvement.
Shaded parts—the contact assem-
bly, contact regulator, deflecting
jewel, ool assembly;, setting spring,
setting spring scraw, setting whael,
cetting wheel stud and screw and the
setting . stam—should not be re-
maved,
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Regulaling is the same as in conventicnal movements—hy
moving the regulator, In this model the regulator has no tail,
and iz moved by adjusting the part that holds the hairspring.

To overhaul the movement of Elgin's Grade 725 sleclric
wateh the usual dizmantling, parts-cleaning, assembling and
chocking are carried out. Observe the following steps to dis-
mantle the movement,

Remove the serew from the setting crown and lift off the
ecrown, Remove the crystal (if it is a one-piece ¢aze). Drop
the movement ouf of the caze. If it sticks, push on the setting
atemn through the back of the case,

Remove the battery connector and battery. Remove the bal-
ance and balanee bridee. Remove the case ving, dial and hands,
Remove the train bridge and {rain wheels. Bemove the hack
level assembly and index wheel.

Shaded parts shown in the exploded view should not be re-
moved., These include the contact azsembly, contact regulator, de-
Aecting jewel, coil assembly, setting spring, setting spring acrew,
setting wheel, setting wheel stud and screw and the setting stem,

If it is necessary to rewove the stem, use the back of the
tweezers and push the stem from the top wntil it is past the
setting eortitg, a8 shown in Figure 6).

. J
e —— }
= —— A
SETTING EETTING !
et STEM -
i . 1
r il 2 [ _r,_-__

. 2 S ELATION
: R— INBLLATION i
aa il ; ==
FIGURE & FiGURE 7 FIGURE ¥4

Cleaning

Do not use cleaning fluids containing alechol, Clean all parts
as in conventional mainspring watches, Be careful to clean the
lower plate with the contact assembly and eoil intact and sep-
arate from other parts, in order to avoid damape to the delicate
eantact system,

Do not use excessive heat in any stage of the cleaning or over-
hauling proeess. Elgin recommends that drying and dehydrating
be done in warm aiv, Do not wee sawdust,

After eleaning and drying, remove forveign particles that may
adhere to the permianent magnet. You can do this by dabbing
the magnetas with cellophane tape. (See the exploded view for the
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loeation of the magnet.) Check the index wheel and remove for-
eign particles. Before dipping the ease into cleaning solution, re-
move the one-piece, self-adhering insulation in back of the case
(Piguré 7). With other cases, make certain you do not disturb or
wet the inaulation on the underside of the dial, as shown in Fig-
ure TA,

Lubrication

Apply a light film of oil on the dimple groove of the eenter
staff, az indicated in Figure 8, 80 that the cannon pinion can be
turned on the staff during hand-setting. Clean and oil the upper
and lower balance jewels as in conventional watches. Lightly oil
the sweep-second bearings, as shown in Figure 9,

CENTER WHEE] SWEER SECOND . e
=ity WHEEL g

LIEHT GAZASE

: Y
l..%‘_\ 3 SETTING ETEM

CANBKON PEREIN

FIGURE & F=rrl"& FiLiiRE @ FHIIRE B

Put a trace of light grease where the setting stem fits the set-
ting apring, as illustrated in Figure 10, No other parts or jewels
ghould be lubricated during servicing.

Assembling

Replace the fourth wheel, center wheel, hack lever assembly
and third wheel.

When assembling the sweep second wheel (Figure 9), note the
thrust bearing on the underside of the sweep pinion leaves. Tip
the third wheel to one side as you place the aweep wheel and pin-
ion into postiion (Figure 11).

SWEEP SECOND TRAIN LOCK SPRING

WHEEL oA /
BRIDGE 11 :

BALAMNCE
HACK SPRING

THIRD WHEEL THRUST
BEARIMG HACK LEVER ASSEMBLY

FIGLURE 11 FIGURE 12
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When replacing the train bridre, be sure to position the hack
assembly to allow the train bridee to clear the train loek spring
{Figure 12}, Replace tha index wheel and index wheel bridge.
Replace the dial train; fit the dial and install the battery. Re-
place the balance bridge and balancs in the conventional manner,

Exercise care when replacing the balance to avoid damage to
the contaet wire and deflecting jewel,

Check the motion of the balance: Tt should be between 135 and
1% turns (495°-5857) in all positions.

It i possible to check the electricdl components separated from
the train by omitting the index wheel. Be certain to replace the
index wheel bridge, since it is part of the magnstic return,

Should the watch accelerate to the high motion without the
train, there i3 some binding in the train, or perhaps foreign par-
ticles adhering to the permanent magnet or index wheel.

Should the motion still be teo low, change to another battery
or, in the-older models, to another pair of batteries.

Check for bent or damaged balance pivots. Cheek ths Hair-
spring. If the watch still has an unsatisfactory motion the troubie
ig in the elegtrical components. (In this case return the watch to
the factory.)

Fit the case ring and erown to check the hack lever assembly
Tunetion,

The functions of the hack lever assembly (pulling the setting
stem into the “out” position for setting the hands) are:

To brake the train to avoid movement of the train whesals while

TRAIN LOCK
-EF'RF&G' SPHING

HACHK LEVER J9F & HACK LEVER
ASSEMBLY [ : ASSEMBLY

TRAIN LOCK EEP SECOND

"

CLEARANCE

T

THaURE 13 FIZURE 14
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the hands are being set; to stop the balance in the “out-of-gon-

tact" position to assure self-starting after the hands are re-set;

and to conzerve the battery's life if the watch is being stored.

Figure 12 shows the proper relationship of the parts. Remem-
her that tha balance hack spring must elear the balance while the
wateh iz running. When the watch is hacked, check to see
whether the hack spring clears the balance rim but catehes the
balance tab. Note the clearance required between the hack spring
and rim, as shown in Figure 14,

Hands must be fitted with the greatest care, so that hour and
minute hand-are coordinated to the dial divisionz.

Btaff repiacement iz accomplished as in ordinary witches, but
some extra precautions will help, Do not disturb the motion con-
trol wire, shown in Figure 15 When the balance amplitude

BALMNCE

M
HALANCT. TRR

FIOUEE 15 FADURE 16 FiGAE AT

reached about 144 turns because of a servere jar or action, the
motion contral wire touches the bend in the hairspring overcoil,
Torcing it agsinst the rim of the balance, Motion is thus reduced
to normal.

Before removing the hairspring, mark the location of the stud
with respect o its position on the balance rim. Before removing
the roller, very carsfully mark the balance and roller with re-
spect to their positions to each other, =0 that the roller can be
replaced exactly,

The contact jewel, whieh iz on the roller, conirels the time pe-
ricd of the contact action. The correct location for the contact
jewsl ix relation to the balanece tab is shown in Figure 16. Ac-
tually, the correct position varies slightly from watch to watch,
but again motion will show whether it has been relocated prop-
erly, The roller can be turned clockwise or counterclockwise until
the proper motion level is obtained, A very slight movement will
place the roller in the correet position.
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The “in-beat” position is not eritical, but the correct location
of the balance in relation to the eoil-pole is shown in Figure 17,
With the balance at rest, the distance between the leading edge
of the balance tab and the leading edge of the eoil-pole should be
015 inches to 030 inches (.38 to .76 mm). The width of the coil-
pole ig .080 inches (.76 mm) and can be used as o gauge.

The beat of the watch can be adjusted as in ordinary watches
by twisting the hairspring collet on he staff,

ALTHOUGH THE CONTACT SYSTEM of the Grade 725 i3 of aimple
design and rugged construction, exercise care when handling it,
especially during servicing, The procedures that follow are ree-
ommended by Elgin National Wateh Co. Learn them thoroughly
and you will save time and inerease your efficiency.

The contact system is carefully set and tested at the factory.

It normally should require no servicing or adjusting unless a part
becomes damaged.

The hagic parts of the contact syatem are the coil, contact wire,
wake and break and contact regulator, and the deflecting jewel.

The Coil

The coil iz the electromapmnet. When the contact is elosed by the
balance, a strong magnetie field iz created at the eoil-pole. This
magnetic field imparts an impulse to the balance, causing it fo
oscillate at 18,000 beats per hour. As the balance oscillates, it

closes and opens the contact, indexing the train and thus driving
the hands.

The balance tab and coil-pole should be parallel vertically, as

shown in Figure 18, " reE——TY
T B 1
d Sﬂ\
4

=

L=
&
BALANCE Sl J:ﬂ:i.:j

=

2 b1
HALANCE ?'
FIGURE 1B
FIGURE 19

In order to correct errors in the alignment of the coil-pole
and the balance, as illustrated in Figure 19, pry up or push down
on the eoil with a piece of pegwood until the coil-pole and balance
tab are properly aligned on the same horizontal axis.
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Do not uge fweezers or other metal tools which may q:_at'ngga
or cause & short in the coil. When adjusting, make certain that
the coil--pole screws are tight. Do not use shims ﬁar v.ra_s}_mr.? of
any tvpe when attempting to level the goil-pole. For an efficient
magnetic return, the eoil and return path must be flal and as
tight as possible (Figure 20).

Bk,:_.r.Ni:E. T

Coll. POLE

g MEANETIC
I It RETLRN
g F}QTE
i — 1
= A
- e NOT
FILLAT PLATE JEE - GHIME

FIGURE 21

FIGUAES 20

The curve of the halance tab ghould be lined up with the eurve
of the coil-pole, as indicated in Fipure 21, 'I:u cheuk_ the ghgfy
ment, rotate the balance until the halance tab is npp:;:gte the cml.-
pole. The space between the coil-pole and the balance tlah fshc-um
be no less than .001 inches (.026 mm), The eontact wire is .001
inches in diameter and can be uged as a guide,

Under normal conditions, no adjustment will be necessary
unless & new coil is installed,

To make spacing adjustments:

Loocsen the two pole serews. While holding the balance liijtb to-
wards the coil with a pair of tweezers, move the In:r::dl unt{] the
halance tab and coil-pole curvature are equal. ﬁl:_l]'ust LIT?.Lt‘.l]. the
apace between the balance tab and the cm]-pnlu_ is .EHEH. mn:he:!s.
Tighten the pole screws when the adjustment is satisfactorily
completed.

The Contact Wire

The eontact wire should lingé up with the gdge of the hole in
the balance jewel setting (Figure 22), Use tweezers to make &
definite bend in the contact wire when adjusting. _Eend it as close
to the contact holder as you can without touching it.

Avoid kinking the wire—it is made of a soft platinum-gold
alloy and nicks will cause breakage,

i i : ire s shown
The correct vertical ad] natment for the contact wire 18 8
in Figure 23; it should be 003 to 004 inches (.08 to 10mm) up
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HEND HERE FOR ADIUSTHMENT
i

o %ﬂw
on  WIRE 2
o .
i, S

o EOREICT POEITIDH
HOLE OF CONTART WIRE
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| % AN

BEND HERE FOR ADJUSTMENT

FIGLRE .23 FIGURE 23

from the underside of the contact jewal. Again, bend it to arrive
at thecorrect adjustment. See Figure 23 for the correct depthing
SHADED PARTS ARE NOT TO BE REMOVED IN CLEANING

adjustment. To check the adjustment, turn the balance counter-
cl:_:ckwiae until the contact jewel is on the backside of the contact
wire. Correet depth of the adjustment iz .003 to .004 inches: or
08 to .10mm. The adjustment can be made by loosening the
cpntact holder serew and moving the wire in or out as is neces-
BATY.

Make and Break

F‘he tgzl-m make and break refers to the length of tims the elee-
trical switch or contaet is on. Make is the point when the switch
or contact is first made. Break oceurs when the switch or contact
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is broken. Since make and break limits the length of time on for
the electrical eurrent, it sontrols the motion of the balance and
amount of battery power consumed.

The Contact Regulator

The contact regulator i= the positive side of the switching or
eontact mechanismu

The contact blade should be .002 to 003 inches (.05 to .B75mm)
fyom the contaet wire (Figure 24). It is adjusted by turning
elockwise or counterclockwise as is necessary, As previously men-
tioned, the contact wire is .001 inches or ,026mm in diameter and
can be used as a visual gzuge for adjustments. The contact reg-
ulator is held in pesition by & friction washear and can be ad-
justed without loosening the screw,

CONTACT WikE HILDER
F

N7

riwlrATOR

Fagis 24 FHsURE 2%

Make and Break Adjustment

Break should be adjusted first, and should oecur just before
the leading edge of the balance tab reaches the center of the
pole face (Figure 25). Check it by turning the balance counter-
clockwise and observing when the contact wire breaks away from
the contact regulator, To adjust, remove the balance and bridge
and turn them upside down. Twist the roller counterelockwise to
correct an esrly break and clockwise to correct a late break
(Figure 26). Only a slight twist of ths roller on its atafl is nec-
ezzary to make a minor adjustment.

DEFLECTING JEWE e il
DERECTING ==
JEWEL HOLDERJ (\-»

CONTACT WIRE
FIGLRE 27

- o

FIGURE-Z6
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Make is adjusted by the contact regulator. Make should ocour
when the leading edge of the balsnce tab is about .001 inches
(.0256mm) from the leading edee of the pole face. At this point
the balance motion is the best check for adjustment. Once agsin,
bﬂlHnEE motion should be between 184 and 134 turns in all posi-
tions (4957 to 585°),

The Deflecting Jewel

Figure 27 shows the deflecting fewel. Tt is set-at & slant and
anglez across the contaet wire, As the balanee escillates counter-
clockwise it picks up the contaet wire and touches the contact
regulator. But there is no electrical contact when the balancs {=
moving clockwisze, The deflecting jewel causes the contact wire to
slide under the contact jewel during clockwise movement, eutting
down the amount of interference with the halance. The deflecting
Jewel alzo dampens the vibration of the contact wire after contact
has been made, and diminishes the possibility of casual electrical
c¢ontact due to excess vibration of the contact wire.

The deflecting jewel should be 0005 inches (.012mm) from
the contaet wire, or about as ¢lose as you can get it without touch-
ing. With a beat tool or feeler in the slot of the deflecting jewel
holder, rotate the assembly until the jewel is just about touching
the contact wire (Figure 27),

The deflecting jewel is held in place with ordinary watch-
makers’ fresh shellae if it becomes looze,
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THE HAMILTON ELECTRIC WATCH

HAMITON WATCH 0. has simplified its electric watch movement
by eliminating the delicats gold contact aprings, Contact iz now
made directly to the balanes's cofl th.rnugh a star wheel which is
mounted directly over the steel indexing wheel. The need for spe-
eial instruction on adjusting the fine gold contact springs with its
box-detent structure is thus eliminated, and with it one of the
trouble sources in sdjusting electric watches.

Figure-1

Figure 1 shows three views of the Hamilton calibre 505, To the
left is the dial (side view) enlarged size. The center view
ghows the sectual size of the movement. To the right iz the train
side of the new movement, also enlarged. In this figure, you
can s2e that the balance is made simpler without serews, poising
being effscted by countersinking small drill cuts beneath the rims
of the balancesmotor.

Figure 2 shows an eiploded view of the working prineiples of
the calibre 505. The balance assembly is composed of the stamped
rim-sector at the top, augmented by two kidney-shaped counter-
weights at the sides. The coil iz held to the balance by supporting
arms, which are fastened to the cross bar of the balance as well
22 to supporting vokes on the coil, One end of the coil terminates
at the balance;, connected by the “pig-tail” coming out of the
center of the eoil close to the Tastening serew. The other terminal
of the coil is connected to an-insulated part of the balince and re-
ceives contact when the balance iz in a planned position. The
contast arrangement i3 shown In the enlarped view in the upper-
left of this figure.

The indexing wheel, made of steel a8 in previous models, i3
now improved with a rachet-toothed auxiliary wheel. This wheel
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Figura 2. An exploded view of the working principles of the
calibre 505. The stamped rim-sector at the top and two Eidney:
shaped counterweights at the sides maks up the balance as-
sambly, NMote the enlarged view of the contact srrangemsnt.

ﬂ'ie ba]:ance fa in pﬁ&ihun &o t]mt the cﬂht&ut of ‘thE balanﬁe'

touches the contact wheel, electrical snergy will flow from the
“hutton anargy cell to thaeoll.

The balance contaet unit is also new and nevel. The contset is
made up of two D-shaped pins, one smaller than the other, The
lerger iz of nen-conducting jewel while the smaller {3 of gold, a
good conductor. The operation of this system will be explained
in detsil later, Briefly this combination of contact wheel and in-
dex wheel and half-gold, half-jewel pin, performs the double duty
of making the elecirical coniact and advancing the frsin of
wheels. This is-8 four-piece assembly; an index pin and index
hub; a eontact whee] and index whesl. The index pinion is in-
sulated from the hub. Current flows from the energy cell through
the cell lead, end-piece, and lower pivot of the index whee] to the
eontset wheel

As the halance gssembly turns counterclockwise, the gold side
of the gold-jewe! double pin meetz the gontact wheel, closing the
¢ircuit. Current flows through the gold half of the pin and wire
“pigtsil” to the coil, passes through and energizes it, then re-
torns throogh the coil attachment, balance, hairspring, balance
bridge and pillar plate to the positive side of the energy cell,

In addition to closing the cireuit while the balanee is turning
counterclockwise, the gold side of the pold-jewel pin advances the
index wheel. The steel index wheel ia faztened to the lowar gide of
the platinum contact wheel, The indexing action is completed and
the wheels are held in their proper place or rest position by two
small permanent magnets beneath the index wheel, The index
wheel is advanced one tooth to each counterclockwise swing of
the balance. The frain, and in turn the hands, are caused to ro-
iate by this indexing action.

On the clockwize swing the balance is merely returning.
The jewsl side of the pin slips past a tooth of the contact
wheel ; 1o electrical contaet i= made since the jewel side of the
pin it & non-conductor.

An examinstion of Figure 1 shows the energy cgll held
down by the positive contact strap. The negative plate of the
cell mests the cell lead which touches the bottom of the ecell.
This joins the endpiece on which the pivet of the donhle in-
dex containing whee! rests. The platinum eontact wheel is
insulated from the stee]l indexing wheel and its pinion. The
enlergement at the upper left shows the platinum wheel
contacting the gold side of the double pin. This supplies
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‘energy to the coill The electro-magnetic Impuiss given fo the bal-
ance snon forces it away from the contact wheel Now the halance
continues to turn on itz ewn momentum until srrested by the
resilieney of the hairspring: On its return, the jewel side of the
pinstrikes the contact wheel and no electrical contact resnlts. The
balance continues to turn on its momentum; brushing the contact
wheel from its magnetically stationed positien cver the perman-
ent magnet pins.

The train turns in sequenee, The index wheel (Figure 2) s
turned clo¢kwise by the bialance. The index wheel's pinion turns
the fourth wheel. The fourth wheel pinion, turning counter-
clockwise (viewed as in Figure 2, from the movement side). The
fourth wheel is mounted directly over the hollow center arbor and
its long pivot reaches through to support s sweep center second
hand. The dial train works off a common pinion atteched fric-
tion-wize to the hellow center arbor,

Dnr’:{‘\ I|
(et ///

Figure 3. Tha teoth of the stesl index Flgure 4. The contast whasl and lo-
wheel are . sitliated dirsctly “over ‘the dex whae! ars shifted by the jewsl side
permanent magnet pins at A" of the gokd-jawel pin Bn the balance

Flgure 8. Tha jewsl pushes the tig of
the contact wheel, causing the megnet
pina o attract the next index tooth.
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Figure 6. The balance is moving chock-
wiza. on its retum Wip. Tha jewal pin
strilkos the contact wheel tooth

‘Figures 8, 4. 5, and & show the indexing-impulse sequence in
detail. In Figure 3, the balance iz moving counterclockwise, The
gold side (O} of the gold-jewel pin has joined the platinum con-
tact whesl's tooth. This causes the balance to be electro-magnet-
ically impuised in the same (continuing) direction. Notice alao:
that in this positicn the star-pointed teeth of the steel index wheel
are situated directly over the permanent magnet pins shown at
position A. As the balance continues to move, the gold pin caunses:
the contdact wheel to move a bit in the cloekwisze direction,

In Figure 4 the jewsl side of the pin on the balance takes over
the shifting of the contaet wheel and index wheel. When the
index wheel's star-pointed tooth is moved out of the influence of
the magnet ping; the additional push of the jewel on the tip of
the contact wheel tooth eauses the mapnet pins to-atiract the
nearest (and mext) ster-pointed index tooth. This is shown in
Figure 5. Teeth A have advariced one position and noiw teeth B
are positioned cver the indexing magnetic pins while the tip of
the contact wheel tooth is clear of the gold-jewel pina.

In Figure 6, the balance is on ifs return trip in the clockwise
direction. The jewel side of the pin with its curved surface
strikes the back slope of the contact wheel tooth. This motion;
the incidenes of the eurve of the jewel and the sharp slope of
the back of the contact tooth, eause s small back-lash. When the
balance moves away, the permanent magnet pins draw teeth B
baek agsin to the positions indicated.

THE ELECTRICAL IMPULSE SYSTEM in the Hamilton 505 iz like
that of the previons models, calibre 500, 500A and 501. While
knowledge of how the electrical impulse is imparted to the
balance is not absclutely necessary to the servicing of the wateh,
it is given here for those who wish to understand the Hamilton
electromagnetic system more thoroughly,

Frictioned into the pillar plate are two permanent magnets
which work in conjunction with the coil on the balanee, to im-
pulse the balance. The magnets allow balance and coil to pass
over them without tonching, Every magnet has a north and south
pole. These magnets are set in the pillar plate so that the north
pole of one magnet and the south pole of the other are pointed
up &3 gshown in Figure 7.

Two shunt bridges are situated in this movement, an opper
and lower. The lower shunt bridge is held across the lower end
of the magnets. The upper shunt bridge is supported from the
poles by an air gap. The permanent magnets, two shunt bridges
and the pillars comprise two magnetic circuits whose lines of
force move gs illustraied in Figure 7. This sets up a uniform
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magnetic field in the air gaps between the magne
upper shunt bridge. gnets and the

FIGURE ¥

Frgule 7 Mustrstes the fines of forge of the tec- megretic olrouss

Fliguire & shows the magnatic: fialds groarsted by the srermesd. coi

) A eoil, when energized, becomes similar to & magnet in that
It praduces a4 north and south pole magnetie field. In this wateh,
the south pole magnetic field is generated on the bottom of the
flat coil. This isshown in Figure 8.

As illustrated, the magnetic lines of forece flow from the north
ta the south pole of the coil. Notice that the lines of force on
the right side of the enil move counterclockwise, while those on
thsf left side move clockwise. Observe the reaction between the
uniform magnetic field and the field set up by the energized coil,

A aross. section of the same wiew, zhow.
e tse- meowemont of the lines o force

Mote the posiSion of the shint bridges,
permanant magnets and belsnce assembly

In Figure 9, we show the balance, the upper shunt bridge, the
lower shunt bridge and the permanent magnets {not fo be con-
fused with the small, thin permanent magnets underneath the
indexing wheel). In Figure 10, a cross section. we can observe
the uniform magnetic field, At points A and B, the mapgnetic

lines generated by the coil move in the opposite direction to that
¢f the uniform magnetic field

This causes the magnetic lines to cancel out or destroy one an-
other in that area. However, at points € and D, the lines of fores
of the coil move in the same direction as that of the uniform field:
thiz tends to strengthen the linesz of force in that particular area.
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As a result, th-:-,-m wiil be a crowding of these lines of force at
points € and D, Lines of force react aimﬂar]y to rubber hands
bent and stretched under tension—they try to straighten ont.
The erowding of the Hnes at © and O will magnetmallv "ﬂlp"' the

lance by giving & magnetic Impulse to the coil attached to it.

Changing the Energy Cell

The energy cell iz held in place by a clamp having T.shaped
ends, with & hole in each end. To release-the clamp, insert the
points of a tweezer in either hole of the elamp and press toward
the cell: then remove the T-end from its slot in the pillar plate.
Lift the clamp off, turn the watch over and the cell will fall out.

Replace the cell, flat side up, with your fingers. Replace the
¢lamp by placing one end in the slot provided. Press the other
end in place with your tweezers. Be careful not to short out
the energy cell by touching both leads of the cell with your
tweezers or other metal object. That is why it is-best to use your
fingers in handling the eell, rather than tweezers. A good sug-
gestion: lightly seratch the insertion date on the new eell.

The energy cell of the ealibre 505 is slightly larger than that
provided for previous models. This newer, larger cell iz colared
white (stainless steel) rather than the gold color used previously.
The energy cells used in earlier models are not interchangeable
with tha calibre 505,

Disassembling the 505

1. Remove the upper shunt bridge: Turn the movement 8o
that the ecoil is nesrest you with the balance at its dead rest
position. The upper shunt bridge will then be directly over the
coil. Make certsin the two prongs extend outward, or toward you.
Remove the screw on the right side and partially loosen the other
serew. Lift off the free end and gently pull this putward until
the shunt bridge iz well away from the balance. Then remove
the cther serew and lift off the shunt bridge.

2 Remove the balance assembly: Disconnect the hairspring
stud from the balance hridge, first making absclutely sure that
the outer enil of the spring is free from the regulator pins. Lift
the balanee out carefiilly by placing the tweezers on itz rim.
Newver grasp the coil with the fweezers,

3. Remove the cell lead and contact endpiece from the dial
side. Nofe—the contact endpiece serves the same purpose as does
an endstone eap for the lower index pivot. It hasa small plastic
washer fastened permanently to it whieh insulates it from the
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pillar plate (which carries current and serves as part of the
eircuit). It is held in place by the springy cell lead. The cell
lead screws have insulating washers under their heads: these
may be lefi on even diring the cleaning process. The cell lead in-
sulator, located under the cell lead, need not be cleaned—but
should be removed from the pillar plate. With the cell lead off,
turn the movement upside down and the contact endpiece will
drop onto the bench,

Cleaning Information

Cleaning ean be accomplished with any commereially recog-
nized watch cleaning and rinsing solution. They are all safz fo
use with the calibre 505. However, solutions used for evervday
cleaning of waiches become contaminated. It is suggested by
Hamilton that the balance assembly and combination index-eon-
tact wheel be given a final ringe in s good grade of isopropyl or
denatured alcchol after removal from the cleaning machine.

Minute iron filings may have gathered on the two large perm-
anent magnets under the halanee as well a3 on the two smal]
magnets under the index-contact wheel during cleaning. They
can be removed easily by applying the stick part of cellophane
tape or similar adhesive to these surfaces, The tape will gather
this dust without leaving its sticky adhesive on the magnets,

Assembly and Lubrication

1. Replace the stop lever; but do not ofl it.
2. Replaee the train wheels. First, oil the center wheel jewel

and jewel bearing of the long fourth wheel staff with Hamilton
PML 79 oil.

3. Replace the contact endpiece and cell-lead. Never oil the
contast endpiece,

Place the endpiece, flat side down, in its recess over the con-
tact-index wheel jewel. The exposed side should now reveal an
indentation which matches a dimple in the cell lead. Replace the
cell lead insulator, which insulates the cell lead from the pillar
plate, Replace the cell lead. Make sure the cell lead screws have
their insulating washers attached before replacing them. Do not
oil the inder-contact wheel lower jewel, Thig pivet must run dry.
Lubricate all other jewels with PML 79.

Sergws: Train bridge, cover plate and set CAp spring screws
are identical.

4. The halance assembly: Before replacing the balance assem-
bly, check the freedom of the finger block in the middle of the
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balance staff. To do this the finger block should rest on the lower
eollar, as shown in Figure 11, with the balance assembly in a

FEURE I

Tha fingss block = resfing -on the lewsr coliar I Flgure 11 It
shoold drop to the upper coliat when the balance Is inverted {Flg. 12).

horizontal position. Invert the bhalanes, with the hairspring on
the bottom, and the finger block should drop from the lower col-
lar to the upper collar 55 shown in Figure 12. If the finger doea
not drop between the collars and g light tap on the tweezers does
not make it do so the complete assembly muat be re-cleanad.
When assembling the balance to the movement, line up the finger
bloek under the coil before putting the balance in place, as shown
in Fig. 18. Note that the finger block i3 pointing direetly toward
the center of the coil over the magnets. Never oil the finger block.
Never dry the balance i{n sawdust. It is easier to replace the
balance bridge, but the watchmaker can replsce the balance and
bridge in the conventional manner if he desires.

1:@:
)
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L FlGURE Lt

The finger Block i afianed Banssth the coll, &nd points at the coli's
ceater In figure 13 Figors 14 Vustrates the toorect best poditian,
Beat Position

Up to a point. the bBeat position has no effect on the ]t-er._fur-
mance of this electric movement. It ean be obtained, however, in
the following manner (refer to Fig. 14.).

Place the movement with the eoil away from you and the
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fourth jewel toward you. Lightly place a sharpened plece of peg-
wood to the left of the balance arm opposite the ccil. Move the
balance 907 counter-clockwise (to the right), and allow the hal-
anee to return slowly to its dead rest position in a clockwise
direction. The arm will be approximately centered over the fourth
jewal if the- movement is in beat. If it is not, the hairspring eollet
can beturned until this pesition is obtained. The energy cell lead
ghould not be in the watch while checking the beat position zs
contact may be prolonged and drain the cell.
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THE LIP ELECTRIC WATCH
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Figure 1 is & simple diggram to illustrate the basic principles
of the Lip electric watch. The battery, about the size of 4 shirt
bution, energizes the coil and draws the moving contact. The
contact shield diode (shown above the coil) serves two purpozes.
Like the bell-buzzer, as make-.and-break oceurs, a spark ordi-
narily jumps between the contacts. In a small wateh a gap-spark

would sap the battery and burn the contaet points; or coat them

with insulating csrbon deposits. The diode iz 5 small device
that aets like a valve, suppressing the spark and prolenging the
life of the battery.

The Basic Sequence

Figure 2 shows the scheme layout in simplified form. Two
hatteries (A) are used in paralle]l for longer life and a more
even flow of electrical energy. The negative poles (B) are con-
nected to the stationary coils (N).
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These coils-are wound arcund their base material to produce
magnetic attraction at the statoys (D) right and left. A strap
(E) aids in polarizing the magnetic stators. Im this figure,
the circnit is open. The balance stafl holds the contacting jewel
cam (H).

The action iz as follows: At rest, the balanee unif iz in the
position shown. A slight twist will cause the jewel (H) fo push
the wire contact spring (J) against the point of the comtact
regilating lever (F). This closes the cirenit and a magmnetic pull
is exerted on the hornz of the balance (K) by the now mag-
netized stators (D). This occurs at the best possible point of tan-
geney a5 shown in figure 3. The pull is from the stator on the
horns (K). However, as the balance iz pulled so that the horns
dapproach being directly apposite the center of the stators (D),
the cam will have pasasd the tip of the spring (J, Figure 2},
Thisz will cause it to jump back to the position shewn in Figure
2, but contact is broken before the stators can exert an arresting
magnetic pull on the fast moving balanee hornz. The balance
continues, now free of magnetic influence until the hairspring’s
tensile strength is sufficiently wound to overcome the momentum
of the balanes, The balance then goes counterclockwise, still free
from the temporary electromagnetic pull of the stators (D). The
jewel eam (H), now returning, merely flips past the spring (J),
pushing it away from the electric contact (F), The balance then
continues in the anti-clockwise direction until the hairspring
pvercomes its motion, causing it to turn in the clockwise diree-
tion where it will again make contsct and receive an impulse.
Thus the eycle is repeated on alternate swings (clockwise only).
As the spring (J) is made to contact the regulating lever (F),
the diode (P) dampens or valves the surge of current fo conserve
it and suppress any tendency to spark at the contact points atop
the nose-tip of the pivotal point of the contact regulating
lever (F).

THE BALANCE performs three duties: Tt keeps time, if aids in
making and breaking the electrical contzets and it moves the
gear train for the time-indicating mechanism.

The Setting Mechanism

There i2 no escapement or ezeape wheel as guch, but a jewal
¢lose to the balanee center moves a count wheel one tooth with
each alternate vibration, or only during the balanee's clockwise
motion. This can be best understood by examining Figures 4 and
5. Figure 4 shows the count wheel with its 12 teeth. The balance
has & D-shaped jewel set into its dise in the position shown. As
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the balance turns clockwise, as indicated by the arrow, the jewel
{a) contacts & tooth (&), As the balance continues {9 turn, itcar-
ries this tooth, and the whesl, in 8 counterclockwise direction.
When this jewel is at ¢, it has moved the tooth to pogition d.
When the jewel reaches point ¢ the wheel tooth is at f and can
go no further on its own. But the jewel is now free to go on
(position g). However, situated st right angles to the line be-
tween the halance and counterwheel cenfers is N, a strong meg-
netic pin. When 2 tooth is at f, another tooth will be as close
to the center of N (the magnetic pin) as f is to h. Therefore the
magnetic pin (N) will pull the tooth to a rest position directly
over itsalf.

VWhen the balance makes its return voyage; as shown in Figure
5, the jewe]l (a) will pass by the nearest tooth, but as it ap-
proaches position b, it will contact a tooth (¢). Since the backs
of these teeth are eapecially slanted the curved baclk of the jewel
will move the tooth only as far as position e, The jewel pin (at
position f) can now drop off and continue. The tcoth at N has
only been pushed backward & short distance (to position ¢}, not
out of range of the magnatic pin (N} which again attraets and
holds it. (This impulse jewel iz not the same as the contact jewe]
cam. There are thres jewels on the balance staff, each serving
4 distinetly different purposs. I will explain in detail later.)
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Figure 6 shows a line drawing of the movement. The circulsr
discs on the side of the movement are the batteries i{n +their
insulated receptacles, The two stationary coils are shown elearly.
Also illustrated is the Incabloc-protected balance pivoting ar-
rangement, The upper balanee pivot is supporied by a bridge
rather than by the usual balance cock, The hairspring js Nivarox,
Breguet. The outer regulator pin is bent out sharply to girevent
entangling of the hairspring's coils.

There is no winding mechanism but the setting mechanism
is Interesting and its functions are Important. It iz shown in
Figures 7 and 8. Figure 7 shows a general schematic of the set-
ting mechanizsm which automatically stops the balance in an
open-cireuit position and, at the same tims, locks the indicating
train, The hand-setting mechanism is a “back-wind” arrange-

Figure 8

-4

174

ment with an arbor (C) connected to the key (A) by a square
and secured by a serew. To lock it either in the setting or neu-
tral position, the arbor has 2 knuckle groove into which the
boit spring (E) fits: In this figure, the watch is in the going
position and the arbor has been pushed down so that the knuckle
is under the bolt spring, which now rests in the upper groova,
The lower end of the arbor contains the hand setfing wheel
(D) which is now slightly below and out of gear with the minute
wheel (F) shown in the downside-up position. In this position,
the dial train is free from the arbor and the hands cannot be
torned manaally,

The balance locking arrangement is related to the position of
the arbor (C). In the cycle pictured in Figura 7, the balance-and
train are free to move. Notice the slanted part of the arbor and
its upper neck and thicker lower diameter, In this sequence,
the arbor lever (G) has its left arm resting against the thin part
of the arber and its right arm resting against the locking lever
(H). The lever spring (J) maintains its tension so that, through
the Jocking lever, the arbor lever's left arm is always pressed
against the arbor, The locking lever (H) is locked to its arhor
and pivots with it. The upper part of this arbor has its right
wing hold down the tension of the balance stop spring (K).
The lower extremity of this arbor has & train-locking arm (L)
which is shown clear of the teeth of the wheel (M),

In this seguence, it is interesting to note the position of the
balance jewel (T) which is about to move a tooth of the count
wheel (M), O is the balance and P the magnetizable balance
horn. @ is the contact spring, R the contact regulating lever S
the contact cam jewel. In this fizure, the contact, as shown
oetween 5, Q and R, is open.

Locking the Balance

In Figure 8, the alternate seguence iz sHown. A is the arbor
and the key serew. Notiee that the key and button are stream-
lined and fit inte a receas in the case back; there iz no crown on
the edge of the watch case and in this respect is similar to
Accutron's setting mechanism. The case back presents a smooth,
streamlined surface when the wateh is in the running position,
In this figurs the arbor has been pulled upward by the hinged
key. The front edge of this key (B) is undercut to allow a finger-
neil to swivel the key into an upright position. The arbor (C)
is now shown pulled up 2o that the setting wheel (D)) is engapged
with the minute wheel (F). The bolt spring (E) has locked
itself in the lower groove of the knuckle and positioned the arbor
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with it. The arbor lever (G) has its left arm against the lower,
thicker part of the arbor (). Thizeausss it to move outward,
in the: direction of the-arrow. In turn, its right arm causes the
locking lever, (H) to twist eounterclockwise, in the dirsction
of the arrow. The locking lever's right arm slides along the
glanted lip of the balance stop spring (K), causing it to move
downward. The edge of the balance stop spring rides down the
curved cut in the balance rim, presses against it and stops
the balanee in the open-cireuit position, Thus battery drainags is
prevented. This is accomplished when the balanee is prevented
from moving, the balance cam(s), which is attached tnderneath
the balance and moyves with it is prevented from touching the
contact spring. (@) which, in turn, does not contact the regulat-
ing lever, Thus the circuit is not closed and the batteries are not
in use.

At the same time; the lower extension of the locking lever’s
arbor containing the train locking arm (L) has turned counter-
¢lockswise, in the direction of the arrow, causing the locking
lever arm to mave in batween the teeth of the eount wheel, pre-
venting any movement of the train. Notice that in this sequence,
the balance jewel (T) is clear of the count wheel and the balance
cam jewel (8) is clear of the contact spring and lever. The per-
manent magnetic pin {N) situated in the count wheel bridge,
is. really above one tooth but {s shown here as being under for
the sake of clarity.

FIGURE 9 shows & general view of the balance unit and
should help to fill in some additionzl details of operation and
adjuatment.

The balance (O) is made of two metals. The inner rim and
arm are of non-magnetic nickel-silver while the cuter rim, with
the horns, is composed of Mumetal, an alloy of very high mag-
netic permeability. It contains, roughly, 75 per cent nickel, 5
per cent copper, 2 per eént chromium and minute guantities
of iron and carbon, This combination allows a greater attraction
by the electromagnetic stators (D1 and D2), The Mumetal horns
{P1 and P2}, each at 5 different level, are shown during the
closed circuit position, under the influence of the magnetic pull
of the stafors.

At thig point the contact cam jewe! (8) has just forced the
contact spring (Q), which is grounded at its base, to make con-
tact with the nose of the ¢ontact lever (R). Thiz has completed
the circuit, energizing the coils which create the magnetic pull
of the stators on the horns. However, just beyond the point pie-
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Figare 9. A general view of the balance movement. The onter rim
and horns of the balance (PL and P2) are lined with Mumetal, an
alley of high magnetic permesbility which allows & greater attraction
by the elsctro-magnetic statorz (D1 and D2).

Q

Figure &
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tured, the cam jewal (S) will pass the contaet spring (Q): the
released spring will jump back io its neutral position and break
the cirenil, allowing the balance to continue under its own mo-
mentum. At the same time, the balance jewel (T) will contact a
tooth of the steel count wheel (M) and move it the distance
of one testh, or 1/12th around. The magnetic pin (M), situated
in the eount wheel bridge, will hold the wheel in place by exert-
ing a magnstic influence on the tooth directly below it.

The balance's motion is designed to move a tots] of 540 degrees
(% sroond in each direction). Ag the halsnce returns the eon-
tact cam (2) will merely flip past the spring (Q) which does
not touch the contact regulating lever (R) unless pushed there
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by the eontacl eam (8). The balance iz therefore impelled or
pulled in the clockwise direction only. If the balance had an
amplitude of over 365 degrees, or just over one full turn, the
contact cam jewel (8) swould, in the same eyele, arain push the
apring against the contaet lever, ereating a one-way motor and
eausing much damage to the hairspring (H) and very erratic
timing, To prevent thiz overcamplitude of the balance, a tradi-
tional fork and roller jewel with safety voller are used. In TPigure
9. the amplitude control roller jewel and the safely roller with
its erescent, below, arve identified by the letter U, The fork and
guard finger (V) pivots belween two magnetic banking pina (W)
which keep the fork against either of the ping, depending on the
direction in which the balance is turning, Thus, should the hal-
ance develop an over-motion; or very high amplitude; the roller
jewel (U) will merely rebound on the outside of the fork's horns.

Regulating the Impulse

Actually, the impulse is controlled by the length of time the
balanee is under the magnetic influence of the statora. This can
be regulated by moving the arm of the contact regulating lever
(RY to cause contact hetween the contaet spring (@) and the
contact lever to take place sooner or later in the cyele of the
balance movement and to last longer or shorter. If the lever is
moved clockwise, the contact lasts longer and the balance motion
is inereased. IT the arm is turned eounterclockwize, the contact
comes later and lasts for a shorter duration, lessening the time
of magnetic pull and reducing amplitude. Thus there are three
jewels in the balance: the contact cam jewel (8) which cauges
the spring (@) to touch the eontact repulating lever (R} and
close the circuit: the balanee whee! jewel (T) that is positioned
to move a tooth of the eount wheel; and the traditional tyvpe of
roller jewel (1) that has the funetion of preventing over-motion,

il Figure 11. The ftrain gide of the
| movement, The right battery hasz
Figure 10, A wiew of the dial slde been removed from its socket and
of the movement, The batteries are turned over te show iis negative
on the flanks; pole centerpiece,
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Figure 10 shows a photograph of the dial side of the move-
ment, flanked by its two batteries. This movement is 27 mm, or
about 12 lignes, and eqnivalent to the Ameriean 4/0 size syatem
of measurement, Complete specifications will be detailed later,
In Figure 11, the movement is pictured on the train side with
one batlery removed and lurned over to show its negative pole
centerpieee. Each battery is encased in 4 heavy machined braag
casing and, Lip says, is absolutely leakproof during and after
ita lifetime, Notice, also, the insulating battery receptacles and
the series of levers relating to Figures 7 and 8.

Flgure 12, The movement with the
train and balance bridgas and bat-
tery  peceplecles  feémoved, Tha
pavnt wheel, the gontact epring,
the rwaguiating oconteet lover and
the pmplitude Jimiting fork can be

Figure 18, The dial side of the
movament  without the" batbariez
and battery recepinelos, Thi mine-
ute wheel teath are bovelled for
wwsy meshing  with the arhor's
hand-aeiting whesl,

=L H

Figure 12 shows the movement with the train and balance
bridges and hattery receplacles removed. The count wheel, the
cantact apring, the regpulating contact lever and the amplitude
limiting fork can be zeen. Compare this with Figure 9. Notice
the stutionary electrical eoila and their statore which fAank the
balanece, Figure 18 shows the same dizassembly from the dial
side, with the sweep second, minute and hour hands in place:
You can see that the minute wheel teeth are bevelled so that they
will mesh easily with the arbor’s hand-setting wheel during the
hand-setting operation. The hand-zetting wheel also has bevelled
teeth fo aid in enfragement.

The Lip electric walch beats 18,000 times an hour, the same
as a traditional maingpring wound watch, Becatse the impulae
is in one direction only, the second hand makes an advance every
2/5th of a second, The Watehmaster timing machine, however,
will record a true horizontal line, the same as with any standard
18, 000-beat watch, With continuous tape machines, such as the
Vibrograph, the New Watchmaster, Paulson or Greiner, the line
should be continuonsg and straight.
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SPECIFICATIONS

Here are the detailed specifications of the new Lip electric
wateh:

Cuse: The total diameter iz 27.8 mm and the casing diameter
iz 27 mm, The height of the case over the yoke screw iz 5.4 mm
and the height over the pinion is 6.6 mm. The maximum height,
arbor getting serew iz 9.4 mm,

Quality : In accordance with NH3 56384 and Cetehor stand-
ards, the Lip electric watch has 1T funetional jewels of grade A
quality. The screw heads and yokes arve highly polished and the
plate and hridges are nickel.

Eleetvival parts: The two colls of enameled wire, 5,000 turns,
have a diameter of 0,025 mm, a Mumetal core, and are polarized
by a magnet, The balance has a Mumetal outer lining. The mov-
ing contact consists of a wire pressing on a regulator which
enables adjustment of the halance amplitude,

Meehanical parts: The balance has a total diameter of 8.9 mm
and & hole digmeter of 1.9 mm, The Mumetal lining is 1.5 mm
high., The balance also has nickel-silver arms and grade A pivots.
The watch beats at 18,000 vibrationz an hour; the second hand
moves every 2/5th of a second (on alternate swingz of the
halance).

Hairapring: The Nivarox 2 (1.50 cg) hairspring has a Bre-
guet outer terminal and meehanical eollecting,

Wheels and pinions: The movement has a specially shaped
ateel driving wheel and rustproof stesl pinions with polished
leaves. The pivoting has been effected after the rustproof bath,
The watch alzo has gilded brass wheels.

Amplitude limiting device: This consists of a magnetically
positioned special steel fork and guard finger with the traditional
roller jewel and safety roller.

Batteries: The watch consumes an average of seven micro-
amperes of eleetrical energy under & voltage of 1.5 volta, The
batteries have a diameter of 118 mm and are 3.2 mm high.
Lip says they are absolutely leakproof during and affer dis-
charge of energy. The voltage at start of use is 1.5 volts; at end
of use, 1.3 volts, The batteries maintain a regular voltage during
discharge time, with a voltage deviation of less than 0.05 volt
over a4 period of a week, Averape life, for batteries stored less
than six months, ia one vear, In no case should the batteries be
permitted to become short-cireuited, even for a brief instant.
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They would deteriorate very rapidly.

The use of two batteries in parallel produces a stabilization
phenomenon, The voltage of the two batteries in parallel is about
1.3 volts at the outset, then the voltage increases and becomes
stabilized. This phenomenon, i8 even more pronounced with
gtored batteries. For connection in parallel, both batteries must
have the same voltage, that is why Lip advises never to pair a
new battery with an old battery. Both would deteriorate.

Chronometric qualities: Sinee the impulse is delivered only
once during a complete eyele, as in a marine chronometer escape-
ment, it is possible to regulate the irochronism by adjusting the
position of the impulse in relation to the line of centers, or neu-
tral point of the hairspring.

Amplitude: With the wateh in the flat position, the balance
motion is regulated at 270° in each direction for a battery having
a voltage of 1.5 volts, This amplitude remains practically con-
stant as to power and regulating effects of the contact (if the
amplitude decreases, the contact time is longer; thus if the im-
pulse lasts longer and the balanee receives more power, it tends
to rectify itself and recover its proper amplitude).

Servicing data: Do not attempt to make any adjustments
unlesa you are familiar with its operation. Pay particular atten-
tion to properly aligning the regulating contaet, adjustments
for tolerances and clearances, adjusting the cam precisely and
obtaining proper voltage izsuance and following strict standards
of workmanship,

Changing batteries: In order to achieve proper voltage bal-
ance, both batteries must be changed at the same time. Figure 14
shows bottom of the case with the three streamlined gasketed
caps. The key for hand setting is at the figure 9 position on the
dial. The other two caps are spring-loaded contact covers for each
of the batteries. To remove these caps and the batteries, a span-
ner wrench or one that fits diametrically set holes as in water-
proof wrenches will loogen these caps. When replacing the bat-
teries, make certain that the negative pole of the battery faces
downward so that it will contact the center point of the contact
spring and fit its socket, Serew on the bottom eap and lock it at
its joint, béing eareful not to short-cireuit the hattery.

Setting the hand: Like the Accutron, the hand setting is
accomplished by lifting up the front groove of the hinged piece
into an upright position. Pulling upwards on this and twisting
it will move the hands. This also locks the train and halance and
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previous eleetrical drainage or short-circuiting.

Stariing the wateh: Most often the watch will start by itzelf
after the hands have been sel. If it doesn't, {wist the watch
alightly in a fast action.

Storage: It iz preferable to install the batteries at the time
of giving it to the wearer. Il is possible however to store the
watch without exhausting the batteries by pulling the setting
arbor into the handsetting position, Thia opens the contacts
and at mentioned earlier, stops the balance and locks the Lrain,
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The Swiss electric watcn produced by LeLandevon is widely
us_e_f.!."['his i2 hecause rﬁany companies market il under their
own names, and hecause of its price, merchandising and
efficiency.

It is as elose to traditional timepieces in strueture and appear-
ance as any electric watch can be. It has parts, for instance,
which resemble an eseape wheel, pallel and fork—although these
do not perform the same functions,

Fig. B

Fige 1

Figures 1 and 2 show the movement and dial sides of the
wateh, Unlike the Lip or Hamilton electric watehes, this model’s
aweep seconds hand shows true minutes and seconds each minuta,
The wateh’s balance vibrates at the fraditional rate of 18,000
beats an hour, and the seconds hand advances in increments of a
fifth of a seconid each beat. Tt will thus indicate true minutes,

Another feature of the watch is that itz battery does not rest
in the movement but in & recess in the case back, (Figure 3). Tt
can thus be replaced without disturbing the rest of the watch.
This feature also eliminates the poagibility of damage to the
movement, should the cell become leaky or otherwise deteriorate,
The figure shows the cell serew cover, the electrie cell and the
back itself.

The watch balance is a motor type, propelled by electromagnats
situated on the movement at either side of the balance. The elec-
trical power is supplied by a Mallory WD-4 cell of between 1.35
and 1.5 velts for cal. 4750 WD-5 cell for cal, 4751,

Figure 4 shows an exploded view of the movement. The elee-
trical unit has a eoil of 17000 turns of insalated copper wire
A4 mm thick, wound arcund a eurved bobbin, The bobhin's core
is Mumetal, a permeable alloy ideal for electromagnetic duty
since it will “absorh’ much magnetism, yet demagnetize when
the current is terminated or inferrupted,
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The components of the watch
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Unit Sealed

The unit, identified as motor
o stator 4020 in chart, is sealed in
malded plastic (nvlon) and is not
ghown in detsil. The sesl protects
the unit and sallows it to be im-
mersed in the usual cleaning zolu-
tions without damage.

Sealed within it, aeross the coil
terminals, are a resistor and a
permaniom dicde to soppress the
spark of psriing eleetrical con-
tacts. Thiz, as will be explainad
later, reduces wear and carboniza-
tion at points where the “make”
and “bresk" of contacts take place.

Figure 5 shows the balance (bot-
tom view) which iz similar to an
ordinary serewleaz balance with
the usual flat hairspring. Soldered to the bottom, however, 15 an
additional four-winged section (A) of mumétal, the rotor, The
roller jewel (B), unlike the D-shaped jewel-pin in mainspring
watches, is eylindrical. Moreover, it does not receive power from
the pallet fork, but instead imparts motion to it.

Above the level of the cylindrical jewel pin is a safety roller
(€}, which functions as in traditional watches, to prevent over-
banking. Mounted above it is an additional part, the contact
roller, which provides a necessary electrical contact. For this
burpose g high-condueting metal teb is attached to one of its fat
sides: This can be seen at I in Figure 5.

Figure € shows a schemsatic view of the electromagnetic sys-
tem. The stator wings 4 rest close under the rotor wings of the
balance, and are separated from them by an air gap. Around the
stator iz the ¢oll B, each end of which terminates at one of the
stator wings. A metal lesd € goes from the stator to the contact
unit ) and the springs £ and F, which are touched by the tab on
the contact roller. G is the resistor, connected in series with the
diode H, the ends of which are connected aeross the two terminals
of the eoi] stator.

The electrie circuit begins at the energy cell (+) and travels
into the hairapring stud through the balance staff, and into the
contact roller (C, Figure 5). When, as part of the balance motion,
the tab on the contact roller makes contact with the contact
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springs E and F, the electrieal cireuit s completed and the coil
iz energized. The stator arms, now electromagnets, attract the
rotor wings J. As the balance continues {ts excursion, the contact
islnbruken. and the balance continues in its are by momentum
alone.

Contact System

The electrical contact
aystem and the method of
moving the train of wheels
are different from other
electries such as Lip,
Hamilton or Eigin because
the electrical circuit is
completed with each swing
of the balance in each di-
rection. Figure 7, 8 and 9
illustrate the principles
invalved.

In Figure 7, the balancs
is-turning counter clock-
wisa, The tab A on contact
. roller has made contact
with contact springs B and C, and the circuit has been complsted,

The contact springs normally are curved slightly inwards to-
wards each other, and when they press upon each other, as hers.
they present a straight but slightly tensed appearance.

Fastened underneath the four thin arms of the balznee fs
the magnetically permeable rator section with its four wings
marked £, F', G and H. Situated on the movement, and orojecting
a bit underneath the balance, clearing it by & small m_arghin. are
the fixed armature stator sheets, I and J, diameticslly opposite
each other,

IP Figure 7, what appears to be a banking for the contact
springs B and O, is really an additional means of assuring elec-
trical contact and a provision for “breaking” the circuit without
spark or deterioration to important parts. This unit is composed
of a contact plate K, and the beaks of the plate, L, Situated in

the mid-section of each of the contact springs B and © are rein-
foreed sections M.

Since the electrical eircuit is complete, the coll has become an

electromagnet. This causes its armature sheets 7 and 7 to attract
the rator wings E and .
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In Figure 8, the bal-
anee has been drawn
further eounterclock-
wise by this attrac-
tion: The contact tah
A has passed contact
with spring B, which
is now idle. The eircuit
is. complete, however,
because the tab still
makes contast with
spring C. In addition,
the tab has foreed the
eontact spring € over

a bit, and now its reinforeced section M iz making contact with
the beak L of the contact plate K. The contact plate iz grounded,
and when the springs make contact with the plate K through L,
the cirenit is reinforeed,

In Pigure 5, the contact tab A iz just about to drop off from
the contact spring C. If it were not for the contact plate, the
cirenit would be broken when thiz occurred, and despite the
presence of & resistor and diode Tor spark suppression, & light
sparking would still appear. This would deteriorate the tips of
the springs, shorten them, and upset the adjustment. However,
the cireuit is not broken st that location even though tab'd has
parted from the contact springs because for a aplit second, spring
7 is-still in contact with the beak L of the contact plate K. The
spring now returns to iis original position against the contact
soring B and free from contact plate beak L and tab A, and the
circnit iz broken. Thus, any sparking that does take place oceurs
at the plate and the reinforeed portion of the springs at M.
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Balance Continues

Once the cireuit is broken this way there is no magnetic power
to deter or propel the balance, which continues by momentum in
the eounter-clockwise direction, The hairspring then brings the
balance to a stop and begina to return it in a clockwise direction,
and it reendets the same set of “make and breaks” in a reverse
sequence,

As the balance returns to its original position it first contacts
the spring € and completes the circuit, The coil {s energized, the
electromagnetized stator sheets attract the rotor wings under-
neath the balance nearest them, and accelerate the balanee in the
clockwise direction. As the halance continues this motion, the
tab A pushes spring B into contact with the other beak of the
contaet unit K, augmenting the electrical cireuit and providing
for a “sparklesa" break in the new direction. To complete the
eycle, then, spring € flips off contact from the contact tab 4 and
parts from it. Then, spring B parts eontact with the contact tab,
And the cireuit is broken when spring B parts from the beak of
the contact unit at its reinforced section, M,

Indexing

So far, we have explained the electrical system and principle.
Now we ¢an show how the hands are moved by the balance.

Since the balance in electric watches is considered the motor,
it is this unit which must drive the train of wheels, and through
it, the hands. The term “indexing,” therofors, will be used here
to indicate the movement of a tooth in the train of gears hy the
action of the balance.

Parts will now be called by their functional names, rather than
by the terms asscciated with their traditional, lever watch coun-
terparts. Therefore, R in Figure 7, which resembles a pallet, is
officially the eliek lever, and the wheel with which it works, re-
sembling a new form of escape wheel S, is the elick wheel, T,
which resembles a roller jewel, i3 the indexing pin.

In Figure 7, the indexing pin T has entered the fork slot of the
click lever R, The click-lever jewel @ is flush with the surface of
the tooth O of the click wheel 5. When the indexing pin T on the
balance moves the click lever over (Figure 8), the slanted surface
of the click lever jewel € will move the elick wheel clockwize. The
index jewel pin T has not yet left the click lever slot, nor has the
lever fork reached the banking pin P. The guard finger N is still
inside the crescent of the safety roller on the motor balance.

In Figure 8, the motor-balance has moved further so that the
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indexing jewel pin T is just about clear of the click lever's fork
slot, and the lever has made contact with the banking pin P. The
click lever jewel @ has entered more deeply into the elick wheel,
but haz not moved it any further.

The tooth U, however, is positioned directly under the thick lever
jewel V. Now, when the balance returns in the elockwise diree-
tion, and the indexing jewel T enters the click lever fork slot, the
click lever jewel V will enter upon the left-hand, slanted top of
the click wheel tooth [7 and move the clickwheel one unit clock-
wise. Attached to the elick wheel is a pinion (not shown), en-
meshed with a wheel upon which is mounted the sweep seconds
hand, Each movement of the click lever thus moves the zeconds
hand one fifth of a second forward.

Magnetic Banking

In mainspring watches, where the train wheels move the bal-
ance, the lever iz held against the banking pins and guard finger,
clear of the safety roller's edge by the angle of draw and the
incidence of angles between the pallet jewels and the escape
teeth, Since these conditions don't obtain in eleetric watches, the
banking action is performed magnetically.

Fastened to the underside of the click lever (R, F igure ¥) and
moving with it, {8 4 magnetic shunt W made of permeable metal,
Below the magnetic shunt and fastened to the movement is the
lever magnet X. This is the only permanent magnet in the wateh.

In Figure 7, the tab of the magnetic shunt is centered batwesn
the prongs of the horseshoe lever magnet X. When the indexing
jewel moves the click fork, the tab of the magnetic shunt W
is drawn to the left prong of the lever magnet (Figure 8).

When the indexing pin T leaves the click lever fork slot, it will
permit the magnetic shunt tab to be drawn as far as it can, over-
lapping the prong of the lever magnet (Figure 9). At the same
time, the click lever fork will come to rest against the banking
pin as shown,

When the balance returns in the clockwize direction, the index-
ing pin will move the elick lever away from its magnetic banking
and cause the extending tah of the mapgnetic shunt to be drawn
towards the right prong of the horseshos lever magnet X, To
prevent the click wheel from moving by itself, a tension or fric-
tion spring iz positioned on the train bridge, directly above the
upper click wheel hole jewel. This preases upon the upper elick
wheel pivot, much as a backlash spring presees against a sweep
fourth pivot,
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BEFORE BEGINNING a randown of overhauling and ssrvicing pro-

cedures, it will be nseful to show the haek action by which the
wateh is stopped.

Figure 10 shows the stem connected
to a simple wheel resemblineg the lower
half of a clutech wheel turned sround.
When the stem is in the normal position,
shown here by the dotted outline of the
blocking lever, the balance may turn
freely. When the stem is pulled into the
setting position, the lever hlocks the hal-
ance in such a way that the cireait iz
incomplete, and ne current flows from
the energy cell,

This allows the wateh to be set to the
geconds, and also permits it to be stored
E:f'alﬂ‘a Stopping af the watch without any drain on the life of the cell.

5 1 It iz important to understand the
function of this and all parts heretofore deseribed, so that re-
pairs, replacements and adjustments can be mads more easily.

Servicing

Replacing the dry cell: Unscrew the lid of the cell compart-
ment with a eoin. It should come apart as shown in Figure 11.
When fitting the new cell, the pesitive
(+) side should press against the
"4 mark engraved on the back of the
cell compartment lid. Be certain that
strict cleanliness iz observed., When
checking the voltage of a new (Mallory
WD-4, 5; dry cell, & voltmetar should in-
_ dicate 1.835 volts, but an excess of 0.2
e S o T Gl volts in a new ¢ell is acoeptable.

Should the electrical source be
an accumulstor instead of a dry
cell, tha watch will have two
crowns, as in PFigwre 12, The
erown on the right sets the hands,
The one-on the laft covers the re-
charging socket. To recharge the
accumulator, plece a new 1.5-volt
flashlight battery in the charger

Flg. 12. Two “erowns” aof the (Figure 13) as shown, and keep
accumulator watch. it in contact from 10 to 12 hours.
180

Tools Needed

Tools and materinls heeded for
repairs and adjustments: Move-
ment holder, testing bloek move-
ment holder for the commplete
movement and a movement holder
with battery. Also recommended
are rounded, anti-magnetic tweez-
ers with polished insides; for nse
; in adjusting the contact springs,

e In addition, instruments for

Bt checking the electrical system,
such as & volt-chmmeter with & minimum internal resistance of
20,000 ohms per volt, will be needed. Most materials jolibers have
reascnably priced meters to fit these apecifications.

The rate of the Swiss Electric may be chetked on a conven-
tional watch-rate recorder since the watch has a regular rate of
18,000 beats per hour.

Fig. 17. Rempving maverment | (baltery
typed fram the waleh tése,

S A _‘f‘r f Fig. 1B Remowing maovenarl (scoumi
i '-I. \ lwior typol from watch cese,
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I = / v
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Removing Case

fiemoving the movement from the case (battery type) : Refor
to Figure 17, Firat remove the cell. Then unzerew the back of the
case, remove the feed bridle (4035) and the setting lever (443).
Withdraw the handsetting stem (405) and the handsetting pin-
ion (412}. Remove the two special caze serews (5102) and take
the movement out of the case, placing it dial side up on the fiat
gide of the movement holder, Now remove the hands and dial and
case bridle (960), loosen the serew of the plate-enlargement ring
(5158) and finally withdraw the plate-enlargement ring,

Removing the movement from the case (accumwlator type):
Refer to Figure 18 Remove the back of the case, but do not re-
move the accumulator. Then remove the feed bridle (4036) of
the accumulator and the setting lever (443) and follow the same
procedure as in removing the battery type case.

Replacing the accumulator: If the accumulator iz oxidized,
gwollen, or rio longer takes a fresh charge, it shonld be replaced.
Referring to Figure 19 unscrew the clamping ring (4953) for
the accumulator and then remove the aceumulator (4969) itself,
Finally, remove the waterproof joint of the aceumulator com-
partment (4952) and the compensation ring (4954).

To reassemble the accumulator, merely reverse the dismantling
order, making certain that all parts are clean,

Disassembling Movement

Refer to the exploded view of the Swias Electrie, Place the
movement halder and disassemble the hand-setting mechanism
and balanece shock protectors. Remove the balance cock (121/1)
and the halance (721), the pallet eock (125) and the click lever
(4330). Now, unscrew the lead (4160), remove the atator fixing
clamp (4025) and egrefully withdraw the motor stator (4020).
If there are stator wedges between the laminations of the motor

stator and the plate, earefully zeparate the ome on the output

terminal side of the stator from the one on the input terminal
gide, This precaution is to aveid interchanging them when assem-
bling the movement.

Tao complete the disassembly, remove the friction spring for
the click wheel (4385), the train wheel bridge (110) and the
train wheels, and the center wheel cock (126) and the center
wheel (206).

The following parts may be left intact, attached to the plate:
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The assembled contact (4080) : the contact plate (4081) ; and the
lever magnet (4335). Also, the setting lever spring (445) may
be left on the train wheel bridge, and the friction spring of the
aweep second wheel (471/4) may be left on the center wheel cock.

Cleaning

Except for the motor stator (4020), all parts of the movement
may be cleaned in the watch cleaning machine. The last rinse
should eonsist of isopropulic aleshel or a non-oil based rinsing
golution, while preceding baths may be of the usual commersial
type. Drying shonld be done in warm air, and boxwosd or corn-
wodd should never be used. If filing particles adhers to the lever
magnet (4335), use cellophane tape to remove them.

After any cleaniug the cliek lever (4330) and the click whas]
should be given a coating of epilame. Do naot apply the epilame
to the assembled contact (4080), the contact plate (4091) or the
balanee (721), since this is liable to insulate the points of elec-
trical contact.

Before assembling the movement check all the parts and their
conditions, replacing any which appear faulty, If any parts in
the balance are found to be defective, such as pivots, the finger
contact or rollers, then the complete balance should be repldaced,
since the Jalance staff cannot be replaced by the watchmaker,
Only genuine repair parts should be used,
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Checking and Adjusting

Checking and adiusting the contact mechaniam: Place the
movement on the side of the movement holder intended to take
the msin piste. Check for clean contacts at points (a), (b) and
ie) of Fipure 20, Check the tips of the contact springs with care
and, if necessary, correct them to the position shown at {a) in
Figure 21 with & pair of centact tweezers. See that the contact
springs are correctly centered. The point at which thev touch
should be in line with the hole in the balance jewel (Figioge 20).

Check the tension (pressure exerted by the springs as their
tips press sgainst each other) of the contact springs (Figure 22)
as follows: Holding one spring by its free end, draw it away
with a pair of tweezers. Thiz releases the other spring, which
should automatically shift about 0.4 to 0.6 mm away from the



hole of the balance jéwel, The amount of this shift should be
?.‘IEtWEt:Tt half and two thirds the total radius of the shock protect-
ing device. Cheek the tension of the other spri ng in the same way,

The space between the contaet aprings and the beaks of the
contact plate should be adjusted by hending the beaks slightly,
The space should be equal to twice the thickness of & spring
(22, Figure 20). To check this space and the tips of the contact
springs, use a pivot loupe, stronger than 10X,

When eorrectly tensioned and centered, the eontact springa
ghould be straight. Springs which are shaped as in Figure 28,
bent to one side or the other, or “bowlegged” or “knock kneed”
through faulty tensioning, will not work satisfactorily. Finally,
make certain that the assembled contaet iz insulated from the
plate. This can be tested by placing the leads of an ochmmeter at
the places indicated in Figure 24. The meter should read infinite
resistance, practically no reaction from the insulated contact.

Checking the Draw

Checking and adjusting the magnetic recall or draw: Refer to
Figure 25, Check the condition of the elick lever pivats (4330)
and the corresponding jewel holes. Assemble the click lever only,
Cheek the endshake but do not disturb the banking ping or the
“pallet” jewels. Now check to see if the magnetic recall or “draw”
is the same on both sides by moving the fork of the click lever
away from the banking pin. If it is not the same on both sides,
equalize the recall by moving the shunt located under the click
lever. Thia can be done only when the click lever is assembled
and in the movement. If the recall iz too weak it can be adjnsted
by bending the shunt down towards the lever magnet, which {a
also done when the click lever is assembled, as in Figure 26.

_To identify the parts which are mentioned, see the exploded
view,

Train Wheel Assembly

To assemble the train of wheels, first remove the click lever
{433[]}_. Now, put the center wheel (206) and center wheel cock
(126) in place, and make sure that the center wheel runs true.

0il the upper center wheel pivot and the upper sweep second
wheel pivot (227). Then, assemble the click wheel (4360}, sweep
second wheel and third wheel {210). Put the train whesl bridge
(110) in place, and before tightening the serew, check the ten-
sion of the sweep second wheel friction epring (471/4) by lifting
the train wheel bridge 0.056 mm, The sweep second wheel should
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then run free of endshalke,

If the shoulder of the sweep second wheel pivot presses against
its jewel, the tension of the friction spring is too great. On the
other hand, if there i any clearance between the shoolder and
the jewel, the tension iz too weak. Serew down the bridge and
check that the wheels run free and straight, but do not lubricate
the gweep second pivot friction apring.

Before fitting the fricticn spring of the click wheel (4385),
check itas tenaion aa followa: Place the apring in pozition by torn-
ing it, and serew it down, If the tenszion is correct, the end which
normally presses on the click wheel pivot will project bevond the
aurface of the train wheel bridge by about 0.05 mm. If need be,
correct it to this position and replace the spring so that it presses
dpainst the tip of the elick whesl pivot.

Stator and Lead

Before mounting the motor-stator and lead, eheck the stator
for insulation by pulting one ohmmeter probe in contact with
the input terminal, and the other probe in contact with the
laminationz. The measured resistance should be infinite, practi-
cally no reading at all on the meter,

Check that the contact-protecting diode and resistor (incapsu-
lated in nylon with the stator coil) are in good order. Touch the
{+) probe of the chmmeter to the input terminal and the (—)
plug to the cutput terminal, and mark down the reading. Reverse
the position of the probes to pet a second reading, and subiract
the smaller figure from the larger. The difference should be be-
tween 250 and 700 ohms. If there is no difference, then either
the diode or the resistor does nol work properly, and the stator
unit mausl be reploced, 1T, because of thiz, the contact finger and
the heaks of the contact are burned out the complete balance
and the contact plate must be replaced.

When assembling the motor-stator, be sure to inzert the stator
wedges, if any, on the proper side. Assemble the lead (4160)
on the output post. Be sure that there are insulators (4030)
under each aserew of the motor-stator.

To test the unit, follow the procedures indicated in Figures 27
and 28,
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Short Circuits

Among the most frequent reasons for short circuits on the
input post are a missing insulator (4030}, & current supply bridle
(4035 or 4036) which touches the thread of the stator serew
(34020) or foreign matter between the motor-stator and the post.

On the output post, shorts may be caused by a missing insula-
tor, a lead (4160) which touches the thread of the stator screw

or foreign matter such as filings between the serew and output
post.

If 4 short oceurs on the assembled contact, it is likely that an
insulator (4086 or 4085) is missing, that the contacl springs
touch one or both beaks of the contact plate (4091) or that for-
eign matter is between the contact assembly serews (54080) or
the contact assembly and the plate (100).

To assemble the setting parts, first replace the hand-setting
pinion (412), lubricate the hand-setting stem (405) and insert
it. Then, serew the setting lever (442) in place and oil the fune-
tioning part of the setting lever apring (445).

The elick wheel (4360) is oiled by applying a small amount to
every third vr fourth tooth, after which the click lever (4330) is
replaced.
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Assembling Dial Train

0il the post of the setting wheel and minute wheel. Replace
the dial train and fix the minute work cock (462). Check the
side- and end-shakes and turning freedom before oiling the centar
wheel (208), Also oil the cannon pinion (245) and replace it,
being careful not to damage the minute wheel teeth and making
certain that friction on the pinion is les# than in a mainspring
watch.

Assembling Balance

Mark the position of the stud on the balance in ink. Besides
recording its position, this will alse help to check on the balance
amplitude. 0il and replace the balance jewels, making certain
that the contact finger is clean and upright, and replace the
bhalance,

Check the endshake of the balance, which should nof exceed
(.01 mm if the wateh ig to run without noise in the ablique posi-
tions, Check the fork, rvoller, finger and contact spring inter-
action,

Cheeck the air gap (the space between the armature soldered
to the underside of the balanee, and the terminals of the stator).
This should be betwesn 0.09 and 0.17 mm, or one-half to three-
quarters the thickness of the armature, as in (B) of Figure 29,

FIGURE 29 3

By adding stator wedges (4040} between the plate and terminals,
the air gap can be adjusted, Stator wedges of 0.02 mm, 0.04 mm
and 0,06 mm are available.

Now pass the complete wateh movement through 4 demagne-
tizer, This will not harm or diminish the magnetic properties of
the click lever, which contains the only permanent magnet in the
watch,

(il the balance pivots, the third wheel pivots (210), the sweep
second wheel pivots (227), and the click wheel pivat (4360). To
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oil the upper pivot of the click whesl raise the fricton spring
(4385) and drop s little oil around the pivot. Withdrawing the
oiler; apply the rest of the oil drop to the lower surface of the
friction apring, whete it 15 in contact with the click wheel pivot.

Checking Movement

Check the freedom of the balance by turning it as far as it
will go and releasing it. Then cotnt the number of complete oseil-
lations to the moment when E'rr-' teain wheels stop, This should
be between 20 and 35 (about six or seven seconds)

If the number is smaller, the electrical censumption will be
too high. So be sure that the movement has been properly demag-
netized, and that the stem is not in the setting position. Check
the air gap, endshakes, lubrication of the movement and cleanli-
ness in general.

ey ————

Il
il
il
FIGURE 30A I FIGURE 30B : FIGURE 30C
If the dots are out of alisnment (Figure 34, A and B) on the
instantanecus rate tracing of the timing machine, the magnetic
return gction is improperly adjusted. A well adjusted and aligned

watch should draw & tracing as in Figure 30, C. For adjustment,
see , “"Checking and Adjusting”

Beplace the plate-enlarpement ring (158), and mounton it the
easing bridle (960) and the two special serews (5102), depend-
ing ‘on the case model, and replace the hour whes! (225), keeping
its dial washer under slight tension. In replacing with a new dial
washer, make certain that the new one isn't under excessiv
tension,

Final Assembly

Fit the dial and hands. Removs the setting le
hand setting stem and the setting pinion (412) to ft
ment into the case, and replace the parts—sten, pini
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—and tighten the movement with the special fixing serew.

Fit the current sypply bridle (4035 or 4036) with regard to
the caze model. Check the voltage of the batiery. Then recase,
using the reverse procedure of decasing.

Oscilloscope Useful

Some watehmakers are now using an oseilloscope for checking
end trouble shooting electric-and electronic watches. When the
movament or war-:h. iz placed on the oscilloscope holder, a “trace”
or “scope pattern,” shows on the face of the tube, much the same
way &s an image is traced on the screen of a television tube.
This “scope pattern’’ represents the flow of current in the contact

sysient,

FIGURE 32 FIGURE 33

rouss 3 FiGURT 35 FIGURE 35

Figure 31 shows a very good trace. SBuch a pattern is charac-
teristically divided into three phases. Phaze “A" represents the
initial single contact made between the contact finger and the
contact springs. As the current reaches a peak for thiz eontact,
it enters the “B"” phage which adds to the firat contact current a
reinforcement from the contact between one of the springs and
the corrasponding beak of the plate.

Phase “C" represents the “rebound” when the spring finally
parts from Lh-— contaet finger and vibrates. This damping vibra-
Hion czuses s few, very brief contacts between the springs and
the beaks of the contact plate.

Figure 32 shows a scope pattern which indicates badly cen-
sets. A series of non-superimposed imapes AppPLars,
:;I"e ntely large and smasll images. To correct this
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disorder, center the springs.

The scope patiern in Figure 33 indicates that the contact be-
tween the eontact finger and springs is faulty. The line corre-
gponding to the A’ or single contact phase is broken in geversl
places. Remedy: check the contact finger and the tips of the
aprings as well as the tensl.n of the springs. Note that the contact
between the finger and. the springs is often faulty on only one
side, so that poor cacilloscope images as this one will alternate
with good ones.

The trace in Figure 34 indicates that the contact has been
broken at the start of the double contact phase. To correct this,
check the cleanliness of the springs and the contact plate beaks,
and check the distance between them.

Figure 8b indicates excessive rebounding, To correct this,
check the cleanliness of the contact plate beaks and springs, the
tension of the springs and their distance from ths besks.

Figure 86 shows an assortment of poor contacts and other
defects. Check the entire contact assembly, including tensions,
cleanliness, spring centering and shape, and distances, following
the: instructions of previous artieles.

While some of what has been deszcribed may see strange and
complicated, the 8Bwiss electric is actually & simple wateh, and
close examination of it will dispel any doubts, Were an apprentice
to be inatructed in such a watch before mainspring and sscape-
ment watches, he would master the rapair of this electric very
auickly.
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THE TIMEX ELECTRIC (DUROWE)

FIGURES 1 and 2

Dial and case back sides of the Timex
stectric wetch. Battery lid can be prisd
off to replace batteries. Hand selting
button Is pulled out to set hands, slso
opens the electrical circlit for storgge

THE TIMEX CALIBRE 861 is the
lowest-priced electric watch on
the market, It has some novel
and noteworthy feafures,

Like all electrics, this one has
a battery for its energy source,
The movement comes out of the
one-piece case after the crystal
has besn removed by & crystal
constrictor, The battery may be
removed by pryving off a4 water-
proof snap-on lid, shown in Fig-
ure 2. This is done with a casze
knife. A setting button, also
shown in Plgure 2, iz pulled out
to set the hands.

The movement (Figure 3) is
30,6 mm in diameter, with the
edge of the battery extending an
additional 2.5 mm. This iz al-
lowed for in the ease design.

The wateh beats 21,600 vibra-
tions per hour, or six beats per
second, but the seconds hand
jumps ghead in full second inere-
mentz, The watch haz a hack
mechanism tu stop the balance
and to break the electrieal ecir-

FIGURE 3

The Timex movement with battery re-
moved and negative contact wislble In
the battery recess.
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cuit. This permits setting the hands to the second and allows
astorape without drain on the energy eell,

Electrical System

A flat, hollow, electromagnetic coil is mounted on the balance
(similar to Hamilton) to act apainst o strong, flat sector-magnel
and a shunt, The contact mechanism consists of 4 roller pin on

the moving balance, which aets upon a contact apring on the
movement,

The balance has an unconventionally Y shape, with the tail
of the "Y" earrying a4 concentric rim sector, diametrically oppo-
site the mounted, washer-shaped coil. The balance i{s shown bot-
fom aide up in Figure 4, /ENERGEM GOIL

SAFETY (OVERBANR) JEWEL

——— | HpE XN
Ve
- CONTAGT
ks
Qs —— .,
1
x%‘:x:__ JEWEL
BALANGE ——
SEGMENT
FIGLURE 4

Y.shieped balance of the Timex alectric Is of farge dizmeter, overlaps center of the
movament. Ensrgizing coil 15 fixed by epoxy to arma of the ¥, Four jewsla sarve
to Index train gears, insulate, aid against overbanking,

It is & motor balance, containing four jewels and one metal pin.
The D-ghaped indexing jewel moves the index wheel one noteh
wilh each complete oscillation. The eylindrieal, thin safety jewel
iz ata lower level than the indexing jewel, and almozt diametri-
cally opposite it. It works with the fork of the overbanking lever.
Insulating the metal contact pin from the balance is a hole-jewel
into which the contact pin ia set.

Directly behind the contact pin and parallel Lo it is a wide,
D-ghaped epntact-protecting jewel which acts as a guard and 4
Hswipe" for the contacts. Since the coil is hollow, little sparking
will pceur at the contact breaks. Whatever carbonization does

appear on the contact spring will be wiped off before the spring
comtacts the metal pin in front of the jewel.

MNorth Poles

The coil winding and contacts are =0 arranced that a North
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magnetic pole is presented to the strong, permanent magnet on
the movement balow,

This permanent magnet (Figure &) ig designed =so that its
South pole is in the center, while both ends are magnetically
North, Thus, when the balance coil moves to either end of the

5 magnet, the contact eircuit is
completed and the eoil obfains
the same polarity as the end of
the permanent magnet. Since
like charges repel, the coil is
FIGURE 5 pushed in the direction indicated
Permanent magnet situated in main as it moves over either end of
Emtaea?Tc:r:?e?wgwhﬂ;atﬂr;a:tDer:l?:hsglr:tdkj the magnet and the balance re-

Coil providas atﬂm“' F":I"lET on bottom, ceives a magnetic impulse in
South pole an top, causing balance = .

ba puai;nen:i from each wing section of e€ach direction.

magnet (n direction of arrow:

Function and Servicing

Figure 6 shows how to remove the
movement for servicing or regula-
tion. Before doing thig, extricate the
hattery and unscrew the setting but-
ton screw to remove the setfing
hutton.

Remove the crystal, turn the
wateh dizal side down, and the move-
ment should drop out. If it doesn't,
a push on the setting arbor through
the back of the case will force the
FIGURE 6 movement outwarid.

Nammovira. miuasiart GLtSI st ek If the watch caze Ihas. no battery
be removed with a constrictor. Neza- {4 the pbattery and its components
Hve lead {—) is baHery's top dome, i

positive lead (4] & battery casing: can be removed from the recess in
the case back, and the movement dropped out as before. Never
attempt to remove the case back itself on any model, since it is

fixed in place with epoxy resin.

Onee the movement is unecased, place it on a movement reat
and remove the upper shunt (A4 in Figure 7), The function of the
shunt iz to contain the magnetic lines of foree and to shield the
hairspring from them. As you remove the shunt bridge, take
eare not to misplace the cup-shaped washer under the large screw
on the right.
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FGURE &

Wihen ahunt brides . k5 remorsd, the
Balzpee, cod and  sectbe-shaged  par
=iznent magnel beiow e wisibie

FIGURE 7

Shunt bridge protects the halrspring

from electromagnetic coit on balance, SAFTERY - I OOLATING SR T
cantains lines of force of coil and per- FMELHE @

manent magnat.

En Belore replacing battery, make cortaid
thal pisstic insitating o2 e i pagrtacs
SFRAT

When the shunt hridge is off the movement the construction
of the driving parts can be seen more clearly. The large balance
(Figure 8) with its driving coil (B) and the large, sector-shaped
magnet (C) under the balance can also be seen.

The battery may now be clamped
to the movement. Make certain that
the battery insulating eap is at the
position shown in Figure 9. The bat-
tery can be clamped in place by a
holding spring (E in Figure 101,
supplied on request from Timex

FIGURE 10

To opsarve walch o action tsid
cass, plac?.hal't_lrﬂ' clamp E ovar ;f;i
and of the dry cefl,

FIGURE 11

MNagative contact unit is insulated from
movement, Battery is placed over the
prong of this contact, blue dome down-
ward, Do not’ aliow shaded and un-
zhaded sections ta connect:
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Connections

Be certain that the negative battery lead ({center dot in the
curved, blue top section of the bottom) touches the battery con-
tact spring, which is insulated from the movement. The positive
hattery lead (mets! casing) must touch the two side batiery
springs, which are grounded to the side of the movement. Never
canse any metellic.connection between the shaded snd unshaded
parts shown in Figure 11, as this will short-circuit and shorten
the life of the battery,

For earlisr Timex electric models, the same procedures are
followed, except that the battery insulator and the two side
battery springs are not nsed.

FIGURE 12 FIGURE 13

During the clockwise action of balance, The insst shows enlarged view of loop
the contact guard jewal behind the con- contact and -deplcts purposa of tha
tact pin G ¥zapt the loop contect F guard jews|,

away fram pln until belance coil is over

proper part of permenent magnet,

Figures 12 and 13 show how the looped contact spring (F)
makes contact with the contact pin (&), connected to the termi-
nal of the balanece eoil. The contact spring is firat touched by the
edge of the D-shaped jewe! behind the contact pin. This keeps
the cireuit open until the coil is in pesition over a wing of the
magnet balow, The looped spring (F) then flips off tha D-jewel
and onto the contact pin (G), completing the cireuit. The coil is
enargized and propelled further along in the same arc it was
traversing at the point of contact.

The D-shaped jewel performe the dusl function of wiping
awszy carbonization from the looped spring and delaying contact
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until the toil is over a Narth pole extreme of the permanent
magnet, If any work is to be carried out on the movement, the
battery must be removed to prevent the pozsibility of a short
circuit.

‘[\ = FIGURE 14. Contact spring assembly
is insufsted from the movemsnt, Point
CENTER OF BALANGE lsoped front spring directly to center

of balance. Do not dismantie unit:

FIGLIRE-15. Contasd uslt must be et
and pentered ' Detwean rofar plate H
And Bmaoce witeal, ' Maks gy that
remaing parfectly horimoatsl,

FIGURE 16. Detsdied view of confsd
pin @ =nd its  contset-wifing Desd
pewel P, ffd In reiter plaa H.

Figure 14 shows the contact spring assembly. The contact
apring must point exactly to the center of the balance staff and
should be centered horizontally between the contact disc (H,
Figure 15) and the balance wheel

The forked spring protector () should be adjusted so that the
contact spring i3 exactly in the center. The contact spring itseif
demands very careful treatment. Don't scratch or deform it
Don’t rub; grind or polish it. In short, treat it just as you would
& hairspring.

After removing the large screw (K) and the insulating washer
beneath it, pull out the complete contact spring assembly and the
insulating plate. You need not further dismantle the loosa damp-
ing spring (N) and the spring protector. The contact adjusting
serew (0) is fixed in place and should not be turned.
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HRemove the balance cock and the balanes wheel with the same:
delicacy vou would any watch. Be particularly eareful when you
remove this unit, since the balance's lowest roller may be stuck
spainzt the overbanking lever, with its safety pin jewel under-
nesth the lever, Be equally careful with the contaet pin (G,
Figure 15}, This pin is protected by the contact guard jewel be-
hind it, as well as by the roller plate above (H, Figures 15 and
15},

FIEURE 17, Overbaal dever L prevenis
peesbanking. Guerd irsrel M om bietence
ghifis 5o that slermsle’ parts of e
ot lock in-piate owef maphets, o Fin
R limitz laver's aro Indexing j=wel
= gbout W0 move one tooth of iodex
whsst T, which §F fmited 19 oo tooth
et s Hine by doubée magnets UL

FRBURE 18. Side wew of Indesing
whatl T and positipning -megnet U
which i att=thed to permanect. meg-
met O

Qverbanking Mechanism

Figura 17 shows the mechanism to prevent overbanking, used
in the calibre 881, It iz absent in earlier calibires. The overbank
lever (L) is operated by the jewel (M) on the balance agsembly,
snd i3 limited in ts motion by magnets. It pivots-in a hole mear
the fork.

When the overbank lever isin the position shown, the magnet
on the Ieff atfracts it. When the lever shifts over to the other
side, the front of its fork is attracted and retained. The over-
banking pin (&) limits the amplitude of the lever in the same
way a banking pin does in a conventional watch. The safety
guard overbanking action is similar to that in a clock with bal-
ances. No guard finger i3 needed.
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Gear Train
Next inspect the gear train. It is driven by the D-shapsd index
Jewel (@, Figure 17) on the balance -aszembly. This jpwel moves

the index wheel (7) one tooth with every oseillation of tha
balance. '

As long as the index jewel is not in contact with it, the index
wheel is held in rest position by magnetic attraction between it
and the arm of the lower shunt (U, Figures 17 and i),

In Figure 19 we sge how the indexing works te move the sec-
onds hand ahead in full second increments. The balance vibrates
21,600 times an hour, or six times a second. The indexing jewe!
on the balance moves a tooth of the index whesl one noteh on
every other vibration, i.e., when the balance turns in the counter-
clockwise direction, Thus, a tooth of the index wheel (T) jumps

one space every thivd of a second.
W

FIGURL 180 bownmyg seqesnce. o5 whish FARET RO
Tt farttpy ahend (B sestsd ceremsiy begad aa reiched
FRCn R | mon Saand pedilian Agmnat 84l vaeag
whael W, Elidy abuel teeth sre uoasier tn pioe menidar
abili Wempy har Sfeoal midion - Whesl 14 kels 5 gl e
|urma ol X2 WhEe T b by St !

In figure 184, the shaded arrow points to the rachet shaped
pinion (rp) of the index wheel. The swesp second whesl (W)
has teeth cut fo allow considerable movement of this pinion.

FIGURE 188. Tooth of index whasl has moved cna spess
Ratchat pinion now midway betwsen wheel W t=sth (armow),
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In Figure 19B, the index wheel has moved one tooth (observe
the 15k 62 Lhe iiicl) - N 1fiua tha tnactonth of the raehiet Hinion
is midway between teeth of the sweep second wheel, as indicated
by the arrow.

FIGURE 19C. One more indeing snd fetohet pinion comes.
1o fest ageiast fiank of hedt swesp whesl tooth, Dnonesi
indeihg, spring-coaded jums ewel fs pushed: sside (sae
imagt) &nd then moies sweep wheel onesegond mpaca
This happens 2t every Ihird indéxing of wheel T and. =t
every gaxth oscillEticn of the 21,600 vibration balange,

In Figure 19C ancther index whesl tooth hag advanced, lodg-
ing a ratchet pinion tooth against a sweep second wheel tooth.
The next index tooth to advance will cause the pinion to move the
sweep second wheel. At this point, the spri_ng-lnadeﬂ pawl jewsl
(X) will be pushed aside (see inset). This will cause the pawl
jewel to jump the sweep second wheel a full touth_, much in the
same way the calendar dial of a calendar watch jumpas.

Do net try to adjust the index wheel pinion to the index wh__ee].
This has besn done at the factory, and the relationszhip is eritical,
When sssembling, do net increase the air gap between the indre:_x
wheel and the lower shunt arm. I the sweep second whe:-el is
adjusted, the tension of the spring-loaded jump or pawl jewel
should not be changed. It is also pre-adjusted.

5 BETTiNG 57EW

FIGURE 21. Whien hamd setling sfem b
FIEURE 20. Hand setling system eiops mullEd ot codicsl ssction pashes right

ol iyl T g, bmier saction swings
walch #t-split second, alioss storege '"':N‘d' e o P erini e
without powar kces Setting stem haius a : m;}zﬂmu"“ '\'“dﬁﬁﬂu. heid by i
comical section which i3 'I'llS-Et_i or low whieh catznes spring's sk, Feant o0
ered fo- shift s=iting bar I p“'—"t’Bd._ at ner of hoab catches pin protieling from
£ Eptlr]g T iz kept 2aay fom mMoVing balznce ‘angstops It in opencircalt
balancy when in rumhing pesition. ranition
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Hack-Device Simple

The function of the hand-setting device and heck mechanism
is very simple;, and needs no further explanation. The balance-
stopping spring (Y, Figures 20 and Z21) contacts the balance-
stopping pin only when the setting stem is pulled out.

The balance stop lever which holds screw 8 in Fignre 20 has
a left hand thread. After removal of the balance stop-lever agsem-
bly (Z) and the other parts, only the magnet (C, Figure 22) and
the lower shunt bridge (V) remain on the movement. Den't
try to remove them from the plate.

Cleaning and Oiling

Clean the movement in the normal manner, with regulir sole-
tions. Clean the balances and contacis carefully, with new, clesn
solutions. Do not elean the battery with ani Howid, IT necessary
it can be wiped with a clean, dry eloth.

Then remove any particles adhering to the magnet. A piece of
cellophane tape rolled to a point is usefnl for this. However, don't
do this orice the balance is assembled, as you may sever the lead
wires of the balance coil, The rest of the movement must alsa be
free of particles, especially steel and nickle, which would stick to
the magnets. Large iron or steel tools shounld not be applied to the
magnet and, needless to say, the wateh should nof he
demagnetized.

Lubricate the jewel bearings, train pivots and balancs when
assembling, Also oil the jewe! bearing and pivots of the overs
banking lever and dial train. The other non-jeweled wheel bear-
ings need no oiling, since the gear train is not stressed as in main-
spring watches.

The spring-loaded jump jewel on the sweep second wheel
should be oiled so that the teeth become coverad with a very thin
film. Lubricate the bearing surface of the balance stop Jever at
the serew, the conical parts of the setting stem and the bearing
of the setting stem in the balance eack,

Never oil the contact pin on the balance, the contset ring
assembly (spring, damping ring, ete.), the index jewsl or the
teeth of the index wheel,

The Timex electric runs beat
if the hairapring is in light per-
manent contact with the {maide:
edge of the regular key, Don't
tamper with this adjustment. On
the conventional drum timing
machine this watch will a'}}nw
FIGURE 22 In dismantiing watch, six separate lines, The direetion,
never iry 1o take spert magnet G, lower  pathar than the character of the

f nat U which po i Ty g :
iﬁﬁ’ﬁs”{l.??n:ﬁ'w?;ﬁ, lines is important for regulation.

Wavy lines, which will be produced on & continuous tapau ma-
chine don't indicate poor balance amplitude. They are typical of
watches with direct gearing between the balance _anﬁd train
wheels, and do not indicate anything wrong with the timing. The
average inclination of the lines indicates the rate.

Repair |

When répair is needed, first remove the battery from the wah:.h
case &nd check its voltage. A strength of less than 1.2 volts is
ton low, Replace any battery which has been in use for a year,
regariless of its strength. Ite useful life ig about over.

Don’t short circuit the battery, either inside or out c_:f _thg
wateh, by careless handling or by careless metallic connections
between the poles.

When assembling the hattery in the watel, it is most important
that the plastic bettery insulating eap be in its proper :,r:-la‘me. For
those interested in the resistance of the balance coil, it 18 pbout

2000 ohms.
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ﬂlutks su:e uaér.l aﬂ medmn?:a af mstrﬂnﬁm

The Dichl hatte:r,-,r clock répmr PTDGEBH
sewes a8 a model of innl:mt:hon in the sim-

ple operation of a small D.C. motor. Other
types of battery clocks are used where it
fits the mstruc.tlm‘la so fthat the book also
serves as a manual for the rapair uf the
maost popular battery clocks as well,

Meters will be used constantly by the
watchniaker in the i'utu;re and Mr, Fried
explaing their T :letmied instruction
with simple, easy-to-understand drawings,

In the book’s main seetion, the repair of
every electric wateh is undertaken, Acou-
tron, Benrus, Elgin, Himilton, Lip, Swiss
Landeron, Timex (Laco) are all covered,
each as a separate chapter, Each ‘chapter
is a soparate manual for the repair of that
particular wateh, The use of proper tquI_s.
test equipment, trouble-shooting, adjust-
ment, repair, cleaning methods and pre-
cautions are comprehensively covered,

In the exposition of each wateh, both
the prineiple of its (electric-electronic)
operation as well as the correct repair pro-
cedures are followed so that the walch-
maker can intelligently approach the sue-
cessful repair of each watch without fear
or teservation,

This book should serve ns'a bench man-
ual and a must for every watchmaker who
intends to-servics or is now servicing elecs
trio watches and elocks, T¢ ghould serve
as a standard text for the student and as
a reference for his tescher as well as a
guide for group instruction or geminarg,
Reading this book should also prepare the
walchmaker for the repair of all future
electric watches since it teanhas principles
a8 well.
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