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DEVELOPMENT OF A SIGNAL ACTUATED DEVICE AND A TIME EVENT MARKER FOR

A MINIATURIZED RECORDING SYSTEM

_1.0 Introduction

1.1 This report covers the status of Qork on Project No, 74
to February 15, 1958,

1.2 All of our effort has been concentrated on TEM System "B,
fhis System was described in Paragraph 3.0 in the report
for work ending October 31, 1957.

2.0 Summary of Prototype Components, TEM

2.1 Hegator Spring Drive to provide power for a watch used as
the time base, This mechanical power source will be hand
wound and will be used to power the watch only. This spring
drive is identical to tﬁat used on a previous project.

2.2 The watch will have & once/minute contact to operate the
calendar portion of the gystem by providing pulses to the
units-disc calendar driye-solénoid.

2,3 Separate solenoid and ratchet systems will be provided for
each of the digits discé, three in number, The first disc
stores units information, whilé the second and third discs
store 10°'s and'loo's information, and 1000's and 10,000's
information, respectively. 1In this calendar portion, the

’ printed circuilt discs are face down towardva printed cir-
cuit plate, on which are mounted the contact fingers which
| ' i ride against the disc lpwer sides.
2.4 A TEM sweep bridge which reads out the coded calendar informa-

tion stored in the three discs is alsoc operated by a solenoid

-1~ :
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and ratchet system. Here, the movable portion is a2 bridge
carrying the contact fingers over a commutator arrangement,
the contact segments theméelves being stationary and arranged
circularly around the bri@ée° These segments are connected
by printed circuit to their corresponding tie-in points wiﬁh
the calendar contact fingers. o o

2.5 A transistor multivibrato: system is used to provide 10
pulses per second to the TEM sweep drive solenoid, upon
reception of sn external sweev command., This multivibr;tor
is encapsulated and mounted on the TEM unit.

2.6 The necessary resistors and capacitors needed (see Section
4.1 and 4,2) for proper célendar solenoid operation are
mounted both on the printed circuit plate and on the bottom
plate of the assembly. Internsl connections are made by
stand-off terminals with feed through connsctors.

2.7 ﬁxternal connectlions are made thréugh an amphenol connector
of a simllar type to that used in a previous project. This
connector will have a clamp to secure a mating plug and
cable, since a cablg system of connections between units
is desired.

2.8 The watch movement used as a time base will have a mechanical
hack arrangement for starting the time base, very similar to

the arrangement used in a previous project.

3.0 Difficulties encountered which have delayed progress are:

3.1 4n internal differential gear system was originally con-
templated, as shown in the block dlagram, Figure 2, report

of August, 1957.

e
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A reasonable investigation did ﬁot show any sourse for such
small assemblies as would be necessary here, Differentials
of various types have been usg@ in other fields, such as
radar servo systems, but the power involved is of a radi-

cally different order of magnitude.

In such cases, also, the primary consideration is close fit

with no back lash, with less emphasis on the power required

to overcome the friction of the sliding faces involved. Our

experience has been mainly confined to straight gear trains

always under compression, in which backlash- is not a problem.

After considerable study of a coméleted assembly, we concluded

that we do not, at present,'have the total facility for pro-

ducing a satisfactory 41fferent1al gear assembly,

3.1.1 A parallel development had been carried along using
a magnet drive for each of the separate calendar discs
in TEM as a safeguard against such insurmountable diffi-
culties with the differential system. This latter sy Ss—
tem slso presented difficulties, of course, in the solu-
tion of the various mechanical and electrical problems
encoﬁntered. All of these problems seemed solvable
with a reasonable amount of engineering expenditure, and
at the time of writing, most have been solved, as present
satiéfactory testing of a nearly completed prototype
attests, .The latter method of drive, therefore, has

been adopted.

-3
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3.2

3.3

Shafts used with the solenoid drive system are longer than

in usual watch wcfk? and in general, the power which must

be delivered through them by ralchets to overcome inertis
anc contzct finger friction on the printed circuit disecs

i1s consideradbly @faater than the power needed by a watch.
Conseqqently somewhat heayier staking for asseﬁbly of the
ratchet to the shafi was necescary, but bending of the

shafts during ihe staking operation wiih resultant wobble

of the printed circﬁit discs mounted on the shaft ends
proved to be & problem; z solution was found by enlarging

the transverse shaft crosc section and tempering the chaft,
The printed circuit coding dises are Youtboard" mounted,

s0 that ezch must be mounted on a porition of itc ratchet
shaft small enough to go through 2 bearing used to suppbrt
the shaft. It is difficult to obtain true trancverse
mounting here due to this small shaft-end crogs-section.

This addéed to the problem of sheft wobble causing wodbble

of the printed circuit disc. Wobble of the printed cireuit
dizc is extremely undesirable because it changes the contzct
rressures of the printed circuit contact fingers and also the
voint of contact of these fingers on the élsc. This wobhle, then
reduces the alignment wmargin neesded to absordb other uncontrollable

variables in positioning.

Some difficulty was experienced by our supplier of printed
circuit disecs, so that the original lot of discs was unsatis-

factory and had to be replaced, Since discs were received
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3.Lb

aporoximately two months after we had scheduled themn,

conaiderable delsy was a#perienced in the development

of good contacts from thesa discs: the problem of ob-

. contacts

taining eleven consistent/ running on paths .030 inches

vide with 100 stens per revolution is not a simnle one.

Considerable anslysis of the nroblem of assembly of these -

eontacts into proper relative positions maintaining high

electrical conductance to the dise, has been made., Origi-
nally we had contemplated ths use of adjustable contacts

to allow individnal contact tengential alignment after

the contact system was in position, However, some study

showed that the lengths of individual contacts could be

controlled'accurately enough tn eliminate the need for

the more complex adjustable4contacts‘ Furthermore, it

vas felt that the introduction of a tangential adjustment

would render more difficult :imﬁltaneous adjustnent in

height (which determines contact pressure) and in radius,

(which determines pbsition of contact from center of printed

circuit disc).

3.4.1 To 8id in contzct adjustment, a tranasparent disc has
been fabricated which is equinved with scribed lines
defining the circular paths and relstive angular
positions of the ends of the contacts. This disc
1s first placed on the shaft to check the contact
alignments before the printed circuit disc is
mounted. Then, when the printed circuit disc has
been assembled to its hub, the contactis should‘

meet the disc in the proper positions., To check
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rroper assembly of printed circuit disc and hub,
the essembly is rotated on an optical comparstor to
determine the radial eccentricity, if any, of the
disc relatiﬁa to the printed circuit,

34,2 ”ﬁb final adjustment of the printed circuit aisc 4o

See Evvatfac

SheeT stiaded

obtain precise zngular a]ignment to the contact= is

/

nade wi@h an electrical check zs follows: é emall
brass biack with two seribed lines on 1t insu‘ated
on 1its lower °*de, is placed on the printed circuit
in such a way that the scribed lines.are level with
and adjacent tq a radial line scr}%ed on the back
of the oprinted éircuit disc, Th£~two scribed lines
on the block cor:lesnond to one Vcon'rplete motion of
the disc, & hnndredth part of the circle. One mark
on the block is aligned with the disc merk when an
outer-most contszet is Just "making®. The other mark,
then, corresponds to phg some contact just "breaking".
The solenold is now pulsed from the test imput until
one disc revolut*on is ma&e. If disc adjustment is
correct, the disc mark willﬁston half way between the
block mérks,ivsince this 1ndieatas the disc contacts
are stOﬁming, after each ﬁulse \with the contact
finger ends midway across the con tacts. If not, the
thrpe serews holding the disc are ‘l\oosened the disc
is rotated slightly in the prover direction against

tne ratchet, which is held, and after the screws are

~b—
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‘ retightened, the solenoid is pulsed to put the disc
through one revolution, and a check is made to see
| that the disc mark falls half way between block
J marks, This proceduré is repeated until precise
alignment is obtained.

2.,4.3 Some slight fariations have been found in the printed
circuit discs which were not expected and which are
evidently due to machine-dividing errors in the
original master disc made by the supplier, although
the errors dlscovered could also have been due to
poor photographic technique in producing the master.

3,5 The operation of the printed circuit with the solenoid type
| of operation 1n£roduced dynamic problems (see Section 3.1.1).

These problems were (a) a means of returning the solenoid

plunger‘to its rest’position. (b) a means to prevent the -

plunger from rotating in the solénoid housing when the coil
was energized, (c) & means to prevent the force of the sole-
rold from rotating the calendar disc and TEM sweep bridge
more than 3.6 degrees and 24 degrees respectively: that is,

a means to prevent overtravel of the driven system,

. 3.5.1 The solenoid was designed with a spring coiled loosely

about the driving arm, which is sctually an extensgion

of the plunger. One end of the spring rested against

the plunger, while the other end pressed against a

slotted pin fastened upright to the solenoid mounting

bracket and in line with the driving arm. The purpose

gy N
{
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of this spring was to return the plunger to its rest

positiocn.

The coil spring was designed to have a force of about
2 grams in its normal rest position and about 3 érams
in its normal compressed position. This was calculated
to be sufficient to return the plunger to rest regard-
less of orientation of the unit, since the plunger
itself weighs about 0.8 grams.,
The coil épring had a tendency to buckle in 1ts middle
when the solenoid was energized. As the spring buékled,
1t would seizé the driving arm and casuse a malfunction
of the solenoid. Sometimes this malfunction showed
up as a fallure of:the plunger to cloge fully and
sometimes as a fajlure of the plunger to return to
rest,
3.5.1.1 A new spring was designed to overcome this
difficultj. This new spring, made of pre-
tempered E}giloy special alloy strip, is a
single leaf spring and is fastened to the
| top of the solenoid mounting-bfacket ﬁy a
i single screw, An elongated hole is provided
% | in the spring for pre-tension adjustment.
? From the moﬁnting screw, the spring comes for-
ward, is looped back and bent down to rest

against the plunger nose. The spring s -

s
-
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slotted in order to straddle the driving

a-rmI

This spring was adjusted to give a force of
1.8 ﬁo 2.8 grams when the solenoid is in the
de-energized position and with the piunger ad-
. Justed to ; gap of .020". Vhen the plunger is
fully closed, the spring has a force of 6 to
8 gréms. This force is not disturbing since
the plunger can counteract a restoring force
of 65 grams when closed fully by the energized

coil;

This design froved very successful. There were
no malfunétions in any tests that could be attri-
buted to this design.
3.5.2 The action of the solenold when energized occasionally
imparted a slight twist of rotary motion to the plunger,
‘The slotted Ppin mentioned ;n 3.5.1 also served as a guilde
- to prevent this, but the rotary motion of the plunger
caused the dfiving arm to rub on one side of the pin,
in turn causing excessive friction which contributed
to the malfunction outlined in 3.5.1.
3.5.2,1 This fault was‘corrected simply by putting s

.018" diameter hole in the cuter portion of

._90
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the plunger working face and pressing .015"
diameter brass pin into the back end of the
solenoid housing so that it extended through

the hole in the plunger face.

Hesults shewed no malfunctions in any tests
that ceuld be attributed to this desgign.
3.5.3 Upon assemtling the solencid in the unit with the
| ratchet wheel, shaft, and cslendar disc, it was found
thaf the force of the solencid would cause the calen-
dar disc to travel inertizlly further than the reguired
3.6 degrees.
3.5.2.1 The problem here was to prevent this overtravel
without increasing the closing-load on the
splenoid as would be the case if, for example,

a stronger dstent spring were added,

-The problem was solved by adding a stop pip as
close to the ratchet wheel as possible and in
such 2 position that the driving arm would be
pressed betwesn the pin and one tooth of the

ratchet wheel, preventing eny overtravel motion.

The result was a positive singlé step operation
without overtravel of the calemdar discs., Work
is still being done, however, to minimize the in-
ertial effeects of the TEM sweep bridge and asso-

ciated gear train,

~10~

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03424A000400040012-2



Declassified in Part - Sanitized Copy Approved for Releése 2014/05/01 : CIA-RDP78-03424A000400040012-2

L,0  Operastion of calendar driving solenn'ds

4,1 These solenolds are pulsed through series capacitors when
their respective circuits are closed, The cavacitors are
charged rapidly, thus limiting aversge cverating currents
to small values even though the circuifs may remain closed
for substantial times. Then, when the circuit ise opened,
the capacitor discharges through a nigh resistance connected
across 1%, at a rate waich insures a discherge of 5 time-
constanis by the time the circuit is reclssed for another
solensid puise. o

4c2 The units disc solenoié is opersted through once/minute watch
contracts, while the next two soleroids are operétgd through
the printed circuit discs and corresponding contact fingers,
In any case, the contact fingers do not carry’current during
"make" (due to inductive delay in duild up), and carry only
micro-ampere levele‘during "break" (due to capacitive charging),
and so contact 1if§ is not shortened 5y any aicing affecté.

L.3 Detelled analysis has been made of this current pulse 6pera—
tion, which is basically a series P=1-C circuit eﬁergized by
DC voltage at t = ¢, The'L and R are»determined by the sole-
noid itself, and the value of C steme from"ehergy needed! re-
guiremerts, Too»lgfge a capacitor, supplying excess energy,
causes unnecessary battery drain and too small a capacitor
will not yield enough‘energy under the current pulse. to
operate the solenoid. Also, if the nominal  is near or
below the critical ¥alue, the change of energy 1qput with a
small change in capacitance- becomes appreciable, and circuit

oscillation may occur. The actual capacitance and resistarce

-1
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.

vary with temperature; in order to insure operation undef all

‘temperature conditions a_Value!of C equal to 180% that of

critical was selected, using capacitors with manufacturing

tolerances of plus or minus 15%.

L,L Tecessity for change to solenoid drive.from the originsal es-
capement type watch was brouéht about by the following consi-
derations:

L,4,1 Assume that a confact disc is mounted on the escapement
shaft of a watch.. The normal mainspring mﬁst then be
strengthened so that it must drive not only the watch,
but also the printed circuit discs. This introduces
both static end dynamic mechanics problems.

L,4,2 Consider for the moment only the comparatively statie
problem ariging when the escapement stops against its
banking pin in one position or the other. EHere, in
the normal operation of a watch, the pallet stone angle
i1s such that its escapement is locked by the force of
the gear train. When the balance wheel returns from its
furtherest excursion and before it unlocks the escapement
wheel, 1t first becks this wheel and the gear train up
2 small amount. MNormally this action is readily accom-
plished, but if thé mainspring pressure has been greatly
increased (to overcome the added resistance of the con-
tact disc springs), the force required to unlock it is
also increased, However, when the pallet fork is over
and locked agalinst the escapement wheel tooth, there is

no longer any friction drag from the printed circuit

-12- ‘
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disc. Consequently the mainspring's total force
{which ﬁight be several times that required to
operate the escapement alone) is now locking up the
pallet fork so that the work to be done by the °
balance wheel when it returns is much larger than
would normally'be the case, If it does unloek the
pallet fork, however, so that the escapement wheel
driveé the balance wheel, the escapement wheel must
1mmediately take up the friction load of the contacts
on the printed circuit disc while it is delivering
power to the balance wheel in such a manner that bthe
balance vheel 'is not overbanked.

b,lt,3 Because of the foregoing, the seriousness of which being
ﬁreviously overlooked, attention has been turned teo a
new drive system using solenoid and ratchet drivé assen-
blies. This latter system has subsequently been in-
corporated in the prototype TEM unit.

L,5 Solenoild design considerations

L4.5.1 Tects showed that the shaft of ihe firet solenoid design
was saturating at the ampere-turn levels necessary to pro-
vide sufficient mechanical output to overcome the inertla
and stetic friction of the load. Furthermore, calculation
indicated consideréble energy was being lost at the top
air gaep of the solenoid, yhich is a non-working gap.

L,5,2 Solenoid plunger saturation at working ampere-turn levels
became evident from (a) examination of plotted data, pull

(in grams) vs. ampere turns applied, where the pull needed

A

-13-
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is obtained at the cost of greater and greaker ampere-
turn 1ncremenfs; and (b) measuring flux in the plunger

by means of a pick up coll and comparing the corresponding
calculated flﬁx density with the 2-X curves for the 4750

steel, which_curves are supplied by the manufacturer,

It was dezired to operabte st incipient satufation, since
atove this polnt energy ls beinz supplied at diminishing
utilization {sc outlined szteve) and velow this point
plunger shaft cross section becomes unnecessarily lsrge,
which, in turn, results in (2) unnecessary increase in
solenoid volume, and (b) decresse ir the coil constant,
Ge, for the solencid coil, A decrease in this coil

figure of merit resulte in decrensed overall efficiency,

In view of the above, a new solenoid was constructed of
relay steel #5, having the same dimensions as the origi-
nal solenoid of 4750 steei. Now at & flux density of
fifteen kllogauss (the value needed to produce forces
large enoughlto overcome the lead)}, 4750 steel has a
high magnets motive force per unit length (being highly
saturated), whereas relay steel #5, for this same flux
density, has a relatively low mmf gradient corres-
ponding to incipient saturation. Tests of the new -
| solenoid confirmed the above; operation was éhiftad

to plunger incipient saturstion. Thereforg, relsy steel

#5 was adopted in lieu of L750 steel, 2nd the solenoid

-
-
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L.5.3

L,5.4

¢imensions remained unsltered.

Eegarding the topair ger; czlculation indicated this

gap to be 15% of the meximum solenoid gap. However, a
reduction of tﬁe reluctance of thiec gep wes complicated
by seversl factors; reductions to the second power of any
incresse in plunger shaft cross section would be desir-
egble from this viewpoint, but undesirsble from other
conslderations, (see atovez), Thersfore, a reduction to
the first vower of a dimension éhange was used. This
could be effected either by increasing the axial dimen-
sion of gap face (thickening the housing and lengthening
the shaft' accordingly) or by decreasing the lenggh of the
gar 1tself. This 1att§r was down to .0007" ﬁominal already
and any further decrezse nnt only would eﬁtail machining
complications, Sut vwould also enhance any  tendency toward

radlal pull (seizure) present due to eccentricity of fit,

“since fana given eccentricity, the radial pull increases

28 the length of the gav decreases., In view of these
conéiderétions, the former methéd of decreasing fop gap
reluctanée wag tried, The solenoid housing thickress

vas increased 130%, with a corresponding decresse in top
gep reluctance, AThis wgs verified during test of the new
configurstion by noting the pull-in force to be 15% higher

than previcusly, for a gilven c¢oil ceurrent.

This work 1s sti1ll in progress, Other solenoid design

~15-
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. problems still under investigation are:

(a) Magnitude of electrical losses due to circulating
current in brass coil bobdbin,

(b) Reduction of radial pull at top air gap due to
minute eccentricities in fit of plunger, bobbin
and.housing°

(¢) Coil configuration and wire alge agreement to pro-
duce ampefe turns per volt ratio'yielding operétion
at incipient saturation.

(d) Use of modified circuitry to prevent the heavy sole-
noid current pulses from passing through the power
source. |

(e) DeveiOpment of higher-powér solenoid as an alternste
method of winding the time base, to allow elimination
of the negator spring,

5°0-' Printed Circuit information

5.1 The printed circuit used for TEM consists of an epbxy plate 030"
thick with printed circuitry on both sides. Since this is mounted
against a brass plate;, the printed éircuit muast first be insulted
by a2 spacer or shim. For this purpose, a .010" epoxy sheet has
been cemented to the brass plate. The holes in this sheet for
‘bringing through the upper ends of the ratchet shafts have been
cut oversize to prevent any adhesive (which is used to bind the
‘epoxy sheet to the bréss plate) from being squeezed into the
ratchet shaft bearinés°

5.2- The posts for the contact fingers are fastened to the 030"
thick epoxy printed circuit plate. The contact post consists

of a headed cylinder with an internal thresd in the smaller

.
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dlameter. This post is a screw machine part in stock froﬁ a
previous project, requiring = spacer to permit the screw
(which is threaded int; the bottom of this headed cylinder),
to clamp the cylinder tightly to the printed circuit plate,
The twin céntact wires are staked into varallel slots in the

head of this cylinder, which is on the top, or disc side, of

the printed circuit. After adjustment of vosition {see Sec-

tion 2.4}, the wires are soldered to the machined part to 1n-
sure high electricsl conductivity and mechanicel rigidity.

5.2.1 Most of the contact wires for the prototype are of

special geld alloy designated which, al-

though ylelding excellent contact conductance; has

a slight tendenc& to wear against the disc. The units
calendar disc, therefore, receiving ten times the wear
of the next dise, has been fitted with .,005% contact
wires of hardened Paliney #7 alloy, {a harder substance
than C-12), to reduce wear. This material also shows
excellent contact conductance for like contact pressures,
but because of its 20% higher co-efficient of elasticity,
similar pressures (1 gram per wire) are obtained at
smaller downward deflections of the printed cireuit

disc. This effect slightly increases theAload on the
drive éolenoid for the same downward deflections of the

printed circuit disc. However, tests show that sufficient

solenoid force is availlable,

5.3 First samples of this printed circuit plate show considerable

bowing, convex upward, across the plate's width dimension. As

-17-
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this deviation is approximately .018%, appropriate places

have been found for additionsl screws on the layout to hold

the printed circuit down solid agalnst the lower plate. Be-

cause the printed circuitr& on the bottom of thg‘printed cir-

cult plate projects about .002'.3 out from the bottom face of

the plate, all hold-down screws are eguipped with .002" washers

Placed on the screws between the printed circuit nlate and the

epoxy spacing plate,

5.3.1 In future units, this will be accomplished by incorporat—

| ing support pads directly to the bottom side of the orinted

circuit plate,

5.4 In the previously contemplated configuration, provision had been
made for a viewing hole in the printed circuit plate so that the
Balance Wheel .of the watch could be observed, Thisg introduced

' complications in construction of the printed eircuit. In the
rresent TEM unit, wherein the negator spring drives nothing but
the watch (see Section 4.3) the watch 4s mounted in a drawer
which is pushed into the unit, This is similar %o the dramer-
mounting used in a previous project in which various components
were drawer mounted. 1In the preseﬁt TEM unit, therefore, the
vatch is not only observablg;(from ihe bottom of the unit), but
is also accessible from both top and bottom when the drawer is
pulled out., The once/minute watph contects are thus also
readily sccessidle.

6.0 Selectionof Pover Sunply., TEM

6.1 Careful attention must be pald to the selection of power supply

for operation of the TEM prototype. A battery capable of handling

-18-
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6.3

50 ma pulses of current with no more than 10% fall in terminal

voltage during delivery of current, must be used, .

6.1.1 Also, for the prototype. unly, a battery p;tential of
nine volts open cireuit should be used during actual
unit operation., This should be reduced to six volts,
howsver, when = solenoid 1s pulsed directly through its
test input position, =25 othsrwise the solenoid will be
overpowered and damage to the coll and/or driving mem-
bers may result.

Ir all subsequent TEM units, s battery open clrcuit voltage of

slx volts will suffice during actual overation since the latest

solencic design hes an ampere-~turns ver wvolt ratio which brings
operation down te the eix velt point,

€.2.1 Unlese specifically stated in a future report, the power
suprly needed for future units must sti{ll pass the peak
currents outlined in Section €.1 above.

Detailed investigation of shelf life, ampere hours per unit

volume, change 6f voltage with tempersture, peak current capa-

bility, ete., oé_various types of miniature electromotive cells
i1s presently in progress, This is being done with a view tovard

recommendation of the bect type and size of cell compatabdle

with the requirements of this project.

General status of S.A;D., Project 74B

7.1

7.2
7.3

The printed circuit plate has been ordered from s supplier and 1is
being awaited.
All machined parts for this unit are completed.

The modified watch movement and hsck mechanism for this unit

are presently being fabricsted.
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