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' ' S PRINCIPLES OF OPEHATION AND DESCRIPTICN OF

TIME EVENT MARKER

I. Purpose of Equipﬁent
This equipment measures elapsed time from a zero time reference in
one minute intervals for 99,999 minutes. The elapsed time is contiﬁuously
gstored in binary-decimal combination and may be extracted (in coded
electrical form) at will upon insertion of an electrical command pulse.

Il. Principles of Operation (Refer to Electro-Mechanicsl Schematic,
TEM, Project 744) '

Ao Once-per-minute Time Base
1. The time base consists of a standard 8/0 watch movement powered

by a Negator spring and started manually at t=o; A cam, mounted
on the fourth wheel of the watch, closes a single pole normelly
opven contact for three seconds each minute.

B, balendar Coded Storage

l.,a. Normal opération of the Calendar is controlled by the once-per-
mipute contacts. When these contacts close, solenoid 1CR is
pulsed through RyC,, indexing Calendar Disc No. 1 through 3.6°
(1/100 part of a circleh This disc stores units information
(minutes) on contact tracks #2, 11, 10 and 9, coded tﬁvrepresent
one, two, four and éight, respectively, in s binary yes-no arrange-
ment. As the disc indexes over the stationary contact fingers,
these fingers touch elther metal or plastic on the printed circuit
calendar disc. If a given contact finger touches metal, its
track is in #yes,® (or closed) condition, and vice-versa. The
points where ® ntact fingers touch the discs are shown on the
schematic by the intersections of the two lines of a “"T." Thus,
on disc Fo. 1, contact fingerse #12, 11, 10 and 9 are all shown

on plastic, so the units digit is zero., (The entire apparatus
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' ‘ is shown reading 00,000 minutes.) After the disc indexes one
division, #12 will go to "yes," all others staying ¥"no." But
#12 is the code for one, so one minute has gone by, Similarly,
after another pulse, #12 goes to "no," #11 to "yes,® and all
others remain "no," But #11 corresponds to two, so two minutes
have'elapsed. After the next disc index, #12 goes to ®yes,"
#il remains "yes,® #10 and #9 remain ®no," #12 is one, #11 is
iwo, so one plus two equals three, or three minutes have elapsed.

The following table summarizes the deciméi coding:

STAT

"On the tenth pulse, contact finger #2 makes contact with #1
through the disc. This pulses #2CR, which indexes Calendar

disc #é 3.6°. Here contact tracks #12, 11, 10 and 9 correspond

to tens of mimutes exactly as minutes were stored on disc #1.
Contact fingers 8, 7, 6 and 5, meanwhile, store 100's of minutes
in an exactly analagous fashion, On the one~-hundredth index of
disc #2, or 1000 miﬁuies after t=o, cﬁntact finger #1 becomes
energized through finger #3 and pulses 3CR, which in turn, indexes
disc #3 3.6°, Contact fingers #12, 11, 10 and 9 here, store 1000's

of minutes, while fingers #38, 7, 6 and 5 store 10,000's of minutes.

To summarize, Solenoid 1CR indexes disc #1 3.6b every minute
through the once-per-minute contact. Sclencid 2CE indexes disc
#2 3.6° every ten minutes through contact track #2 on disc #1,
Finally, Solenoid 3CR indexes disc #3 3.6° every 1000 minutes

through contact track #3 on disc #2. So one revolution of disec

-2
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1.b.

2.

#1 occurs every 100 minutes, one revolution of disc #2 every 1000

minutes, and one revolution of disc #3 every 100,000 minutes.

When the respective control circuits are closed, the solenoids

are pulsed through series capacitors (01, c 03) connected in

20
parallel with high resictances (R, Ry, RB)° The capacitors

charge rapidly, giving a pulse of current through the solenoids

of about 20 MS duration, and thus limiting the oversge operating
currents to small values although the conirol circuits may remain
oclosed for subgtantial times, When the control circult opens,

the capacitor discharges through the resistor at a rate which
insures dis&harge in one-fifth of the time available before the
circuit is reclosed for another solencid pulse.

Provision is made for testing the soleno;ds and calendar disc

index systam, External tast leads are brought from each solenoid
which, when energized throuzh a awitch from the minus terminal of
the 6 volt D.C. source, will index the respective calendar disc

3.6° for each closing of the switch, and will advance tha coded
elapsed tlme storage accordingly. CAUTION: When testing a solenoid,
avoid leaving the teat switeh closed as soleneid hsating (and
pos3ibly coil burnout) will result, Use of a "momentary"® awitch

ig advocated,

C. TEZM Sweep

1.

This assembly literally "sweeps!" over the 20 contacts corresvonding
to the coded time storage outlined in B, above, and yields an
electrical readout corresponding to the yes-no condition of the

20 successive contactis versus the Qweep time base. The'éweep also
provides a reference yes contact Just before, and another Just
after the 20 coded bits., Pollowing the latter reference contact

is another contact vsed for resetting auxiliary eauivment. The 2Lth

‘ -3
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and final position of the sweep is a rest position.

The sweep is driven by solénoid CSR which, in turn, is actuated
at a 10 cps {nominal) rate by a 10 per second mltivibrator,
The sweep pickup arm, then, takes‘Z.h seconds to make a complete
revolution and return to rest, peusing 95 milliseconds on each |
contact and taking about 5 milliseconds tc traverse the 1ﬁterspaceso
2. Sweep Start Circuit
The sweep start 4is initiated by the insertion of minus six volts
at the START SWEEP COMMATD point for a duration of 40 milliseconds
mintmum, two seconds maximum. If a shorter command is given, the
sveer may fail to start or a slow start moy cccur, so that the
first reference bit may be longer than succeeding bits, 1If a

longer command is given, the svweep may reveat.

The command voltzge energires the free-running mltividbrator which,
In turn, energizes CSR.‘indexing the sweep bridge 15°., Since the
innermost (solid) sweep ring (connected always to -6 volts) 1é
now connected via the short arm of the bfiége to the broken ring
(which is tied to the multivibrator input point) the command
voltage may now be removed and the multivibrator continues operating,>
indexing the sweep bridge 15° ten times per second.
3. Swesp HReadout
Ao As the bridge indezes, each c¢f the 2L outermost contacts is
successively connected, via the long arm of the bridge, to
the outermost selid ring. This is permanently connected to
one end of RS. across which the sweep readcut cccurs as o time
function, The cther end of R5 is the sweep reference level,
which ie tied to the twe sweep reference cenitecte (discussed
in Parsgraph II.C.1l.), and alse to eontact finger 4 of each

of the three calender dlscs. The track for this contact

v h
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1s a solid ring having zero resistance %o every "yos" position
of con%act tracks #12, 11, 10, 9, 8, 7, 6 and 5. Therefore,

when the plckup srm of the sweep bridge moves onto any givén

cne of the 20 coded sectors, Rg 1s shorted out if that particular
secter ig in the "vesY conditicn, and uneffected if the sector
ic in the "no% condition.

B. Readout of the time code through the sweep may be accomplished
by using a 1000 cycle 4.C., voltage or a D.C. voltage. The result
will be two levels of 4.C. cor D.C. depending upon the condition
of the contacts, Fﬁr example, an input of 1 KC aiternating
current at 6 volts pesk .to peak will show an output of approxi-

" mately 3 volts representing zeros and 6 volts represeﬁting ones
in the binary code.
Appendix II illustrates a system of readout using direct current
excitation.
L, Sweep Stop Circuit

The sweep breaks its own energization at the completion of one

revolution, when one'end of the short sweep arm stops in the

break of the broken.sweep ring. This, the rest position, is

the ome shown in the electromechanical schematic of TEM,

5. Coincidence Circuit

Since the initiaiion of TEM sweep mey occur at any time, a means

of preventing calendar indexing while sweep is in progress, has

been provided. ‘(If calendar indexing occured during sweep readout,

the coded readout could become mezningless.) 4 relay, STZ' is
connected in such a way that it 1s energized whenever the sweep

10 per second multivibrator 1s erergized. A normaily closed

contact of this relay is in series with the once—per—minute'watch

contacts., Thus, during sweep, these relsy contacts open and 1CR
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.

(end therefore, 2CR and 3 CR) cannot operate even if the once-
per-minute contacts clsse. However, since this relay is energized
for 2.4 seconds (sweep duration) and the once-per-minute contacts
close for three seconds, calendar indexing (if blocked by §T,)
would occur immediately following completion of sweep operation,

Thus, no time is lost by this coincidence "lock-out" circuit.

III. Description of Hardware
A. Once-per-minute Time Base

l.iﬁegator Spring: This spring, located in the bottom plate amssemdly,
powers the watch movement through a step-up gear, for a ﬁinimum of
sixty days. The spring exhibits essentially a constant-torque char-
acteristic over its entire travel.

2. Watch and once-per-minute Contact Assembly: This as;sembly, is drawer
mounted in the rear of the uﬁit, Just below the center plate., The
balance wheel may be observed from below, end the entire assembly
is accessible when the drawer is removed. Removal entails un-
soldering the leads from the two feed through terminals at the
outer bottom side of the drawer. CAUTION: Vhen removing the wetch
drawer, the NEGATOR SPRING must be firmly HELD to avold "violent
uncéiling with resultant damage to th; unit. The contactassembly
consists of gold-plated phosphor bronge contacts, insulated from
the wﬁtch p}ata, and designed to reduce closing and opening bounce
to less than 1 millisecond duration. Theée>contacts are cloged by
the sction of & cam on the Lth wheel of the watch move;ent._ This
wheel rotates once per minute.

3., Starting Watch: The watch is started (unhacked) by pusﬁing in

firmly on the rubber covered lever at the rear of the TEM unit,

: -6~
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The unit is supplied with the watch stopped (hacked), and once
it has been unhacked, there is no provision for rehacking unless
the unit is removed from its case and the hacking lever pulled
out firmly,

B, Calendar Assembly

l. Solenoid drive and ratchet asgsembly: When the solenoid is energized,
the plunger closes and the driving arm, being an extension of the
plunger, advances the 100 tooth ratchet wheel a distance of one
tooth., Overtravel is preveﬁted by 2 stop pin located near the
ratchet wheel, which pin squeezes the driving arm between itself
and thé ratchet wheel, At the completion of the stroke, a detent .
spring on the opvosite side of the ratchet wheel falls into the
root of the next tooth, preventing the ratchet wheel from backing
up when the driving arm is withdrawn. When the solenoid i3 de-
energized, a return spring (located at the front of the solenoid
and mounted to the solenoid housing) pushes the plunger and driving
arm back to the open position, where travel 1é stopped by a pin
attached to the solenoid mounting, Anoﬁher pin, running through
the back of the plunger and affixed to the housing is used %o
prevent plunger rotation within the solenocid,

2., The ratchet wheel shaft turns in z jewelled bearing at its lower
end (on the center plate) and has a shouldered bearing at its top
end (upper plate). This shouldered bearing acts as a thrust bearing,
since the calendar disc and hudb assembly is mounted transversely on

| the top of the shaft and is pushed upward by the pressure of the
printed circuit contact fingers. CAUTION: Removal of the calgndar
disc, or of the disc and hub assembly, entails a difficqlt re-

alignment of the calendar ratchet assembly. CAUTION: The calendar

| ~7-
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ratchet agssembly should, under no circumstances, be turned
backward (clockwise as viewed from the top of the TEM unit)
as damage to delicate parts will result. It is advisable.
never 1o attempt to turn the discs mamally, in view of the
above.

3. Calendar disc and contact assembly: The calendar disc is a
circular brass—-backed printed circult composed of rhsdium plated
copper, gold flaszhed, in a smooth, hard transparent plastic bed.

The disc rides face down pressing against the contact fingers

vhich are of Paliney #7 on dieec 1 and of gold alloy STAT

sn discs 2 and 3. These contacts are slectrically connectzd to
the circuitry of the trinted circuii vlate and mechanically
fastened to the plastic body of the plats. This plate is of
epoxy, with photoetched plated copper circuitry. (An improvement
in the construction and material of this plate is anticipated
for future units.) The disec it heid to & hub with three screws
visible from the top of the unit. The hub, in turn, 1s threaded
down toc the top of the ratchet shaft, This action dréws the disc
down to bear against the contact fiﬂgers. |

C. TZM Sweep Assembly:

1. 3olenoid drive and ratchet assembly: The sweep solenoid is
electrically and meéhanically {dentical to the calendar solenoids;
with the exception that no serles capacitance is used to operate
the sweep solenold

2. The sweep ratchet shaft mounts a large gear which drives the
sweep bridge shaft through a spéed up gear. All shafts are

jewelled at the center plate bearings.

-8~
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The sweep bridge is & rectangular plastic block screwed down to
the top of the sweep bridge shaft. The two arms of the bridge

are composed of four contact finger amssemblies fostened to the

\bridge and cross—commected by wiring on the bridge block. These

fingers ride on the approvriate parts of the sweep circuit, which
1s printed (on the printed circuit plate) snd herdened with rhodium
plating. The contact fingers are of Paliney #7 wire.

Coincidence Cirecult Hardwsre

The coincidence relay, ST,, is a Neomite 200 FM mounted on the

. <
bottom side of the center piate.

Iv. Cover Case

The unit is held in its case by four screws in the back of_ the case

{end which holds the hacking lever). A rubber-gagketed front cover

is attached to the unit by two screws and fits snugly into the case.

The connector plug in the front cover 1s dust tight. The unit is, as

a result, reasonably dustpfoof.

3/24/58

STAT
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APFENDIX II

TIME EVENT MARKHR SWEEP READOUT _USING D.C. EXCITATION

Purpose:

Equipment:

Circuit:

Operation:

%

3/24/58

This test setup can be used for reeding out the time stored
in the TEM Calendar as a series of two level marke on an
osoillograpn tape. Thesse marks can be readlly decoded to
show the time in minutes,

Equipment used includes a pen type oscillographic recorder,
(A brush type P-O4 was used at[f%::::}which can be operated
by 6 volts D.C., a 6 volt D.C. supply and a 600 ohm resistor.
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© | I S
6 Volts

Operation of the time event marker sweep readout shorts and
unshorts 35. When a current 1s passed thru TEM from the

6 volt supply, the shorting allows more current to pass,
giving a higher voltage across the 600 ohm resietor, The
oscillograph pen circuit is set to operate on the differentiel
between the two resulting voltages. The attached chart
{llustrates the resuli.
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