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STCTION I

GERFR/AL DESCRITCTION

SCCFE CF THE MANUAL

This manual describes the Test Set Teletypewriter TS-700( )/UGM-1
hereinafter referred to as the Signal Generstor, This manual econ-
tains information concerning the purpose, description, theory of
operation, operation, maintenance, and parts list for this equipment.

PURPOSE OF THE SIGNAL GENFRATOR

A

be

de

Ba

The Signal Generator provides conventional teletypewriter
slgnals for the testing and ad justment of teletypewriter

terminal equirment. It also provides pulses for the testing
of comnmecting facilities.

In the adjustment of teleprinter equimment it has been found
that the modification of a standard teletypewriter signal
under controlled conditions will facilitate the .ad justments
of receiving equipment. Measurement of a receiving equip-
ment's capabilities for receiving distorted signals is
another use for such modified signals.

The Signals Generator provides four types of controlled signal
modifications for use as noted above.

The Signal Generator may be attached to and used in conjunction
with the TS-800( )/UmM-1 Distortion Indiestor unit if desired.

The appearance of the unit is shown in Fipgure 1-1

PERFORMANCE CAPABILITIES

Types of Signal

(1) The Signal Generator produces teletypewriter signals in
the start-stop or Baudot form. Fipure l-2 shows a widely
used character coding arrangement. Start-step signals
available include the following.

(a) A "Quick Brown Fox" test message
(b) Selected characters
(e) Alternate "R-Y"

(2) At the 65 word per mimite rate of start-stop sipnal
transmission the "Stop"™ pulse which is generated has the
same length as each of the other pulses in the charscter.
This results in a 7 unit code. For the remainins rates
of start-stop signal transmission the step pulse is
generated 42 percent longer than the other pulses. This
7-42 unit code which results is a standard in the industry.
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(3) Alternate marking and spacing pulses (current-no current)
referred to as "dot-cycles" are also available. These pulses
have widths identical to pulse widths for standard as well as

higher speeds of operation btut they

are not identifiable as

any particular character shown on Figure 1-2. The dot cycle
output is intended for testing of transmission or connecting

facilities between teleprinters.
Cperating Speeds

The following operating speeds and correspondine nominal word

per minute rates which are available are
(1) 7.42 unit code transmission

Characters per minute

368
Lok
(
L&0
600
(2) 7 Unit code transmission
390
(3) Dot cycle transmission
Frequency Pulse Duration
(cycles ver sec,)  (Milliseconds)
23 21.96
28 17.5
37 13.5
75 Te
100 Be

Distortion

tabulated below:

Words per minute class

60
68
British compliment of 60)

()
100

65

60

75
100

200
270

The start-stop signal output can be produced with zero distortion
(perfect signal) or it can be supplied with knovn amounts of

distort ion.

(1) Distortion is produced by advancing or delaying the trans-
itlons of a start-stop character from their normal points
of occurrence relative to the start transition. The follew=-
ing four types of these "start-stop displacements" are

provided in the Signal Oenerator.

(a) Marking Bias (marking berinnine

displacement) is

produced by advancing the instant of space (No current
flow) to mark transition but not changing the instant



(2)

(3)
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(b)

(e)

(a)
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of the mark to snace transition. This results in
an effective lengthenine of the duration of a "marking”
(current flow condition) pulse.

Spaeing Biss (spacing beginning displacement) is produced
by delaying the instant of the space to mark transition
tut not affecting the mark to space transition. This
resulting in an effective lengthening of a marking pulse.

Marking End Distortion ( marking end displacement) is pro-
duced by delaying the instant of the mark to space trans-
ition but not affecting the space to mark transition.

This results in an effective lengthening of the duration
of a marking pulse.

Spacing End Distortion (spacing end displacement is produced
by advancing the instant of the mark to space transition.
This results in an effective shortening of a marking pulse.

Each of the types of distorted signals can be generated in
amounts up to 50 percent of a unit pulse pericd.

Overall accuracy of the Signal Generator is such that
actual pulse widths measured at the output terminal will
be within 2 percent of the distortion dial setting.

The distortion eircuitry is so arranged that a fixed amount

of distortion as determined by the setting of the distortion dial
may be generated in any of the 4 types of signal distortion

by the manipulation of two distortion selector switches.

d.

f.

£ 1 acteristi

All outputs consist of undirectional current sipnals,
called neutral signals. Two output options are provided.

(1) Internal power supply

Internal power of 120 volts is used to supply either
20 or 60 milliamperes current to the output loop.

(2) External power supply

A line relay included in the unit provides for low
impedance keying of a eireuit by insertion in place
of existing transmitters.

Inmut Power Requirements

The Signal Generator ean be cperated from 230 or 115 wolt
50=60 cycle powers At 115 wolts the unit reguires
approximately 0.65 amperes of current or 60 watts of power.
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SECTION II

DETATLED DESCRIFPTICH AND THTORY OF OPERATION

ETAILED DEECRIPTICH

a. JINTRODUCTION:

Section II presents the physical description and theory of operation of
the Signal Generator designed for generating teletypewriter test signals.

b. PHYSICAL DESCRIPTION

(1) TRANSIT CASE

(a) The transit case housing the Distortion Generator has
overall dimensions of 11-1/4 x 11-1/2 x 9 inches and
has a detachable cover which allows the unit to be
operated within the case after removal of the cover.

(b) The transit case cover is equipped with a gasket lining
around the edge which acts as a moisture seal. Pressure
equalization is slso allowed by the gasket lining during
high altitude transportation.

(e} A webbed canvas carrying handle is mounted on the detach-
able cover of the transit case.

(d) The transit case cover is secured to the case by spring
fastener latch assemblies.

(e) Weight of the unit mounted in the transit case is
28 pounds.

(2) FRONT FANEL

(a) Overall dimensions of the front panel are 9-1/2 x 7 inches,
the materiel being of 1/€ inch aluminum stock. The unit
is designed to mount in a standard 19 inch relay rack, or
on the mounting brackets of the tranait case.

(b) For relay rack mounting, the Signal Generator must first
be secured to the TS-£200 Teletypewriter Test Set (Distortion
Indlcator). Total panel area for the two units is then
7 x 19 inches,

(¢) On the front panel are mounted the operator's controls,
indicator lamp, fuses, input jacks and the power switeh.

(3) CHASSIS
(a) The chassis is construected of aluminum in the form of a

box by the use of aluminum angles. The approximate overall
dimensions of the chassis are £=1/2 x 7 x 10 inches.
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(b) The power supply circuits occupy the area at one side
of the chassis while the etched circuit board which
contains the control circuitry is mounted directly across

from the power supply.

(e) The Quick Brown Fox message generator is

an etched eircuit

board and forms a vertical partition near the center of the

chassis,
CONTROL CIRCUIT BOARD

The control cireuit board contains the timer,

distributor, delay

and amplification stages required in the Signal Generator. Tube

sockets, resistors, capacitors and diodes are
board.

¢ SIMPLIFTED CIRCUIT DESCRIPTION OF ENTIRE SIGNAL GENERATOR (Refer to Fig. 2-1)
e oy DPOVRIPTION OF ENTIRE SIGNAL (

(1)

(2)

(3)

()

mounted to this

Deseription of Funetion or Operation

A train of pips having a controlled
frequency as selected by the front panel
speed control is generated,

(a) When dot-cycles are generated, this
train of pulses controls the output
binary directly,

These timer pips drive a eireuit which
produces a sequential signal on a multi-wipe
output, Each of the outputs corresponds to

Name of Cirecuit

Performing Function
TIMER
RING
DISTRIBUTOR

its respective element of the start-stop code,

including the start and stop pulse,

The above multiple outputs are combined onto a
single lead under the control of

(a) Manual switches which can be set for any
character

(b) "Quick Brown Fox" test message matrix
for test message

(¢) "R-Y» binary, for alternate R-Y signals

The above signals are amplified and shaped to
the proper level,

"B" NET

"Bn AMPLIFIER

(a) Awdliary cirecuits used for the generation nAN NET

of distorted signals sense the condition

of the pulse following the one which is
being transmitted,



(5)

(6)
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(b) These pulses are amplified and shaped to
the proper level,

(e) A variable timer is controlled by the
above pulses,

The "A" amplifier and the Delay Timer signals
are combined to generate distorted signals of

type and amount determined by front panel
controls,

The distorted signals are amplified to the proper

%ower level for directly driving the output line
internal battery) or for driving an output
relay for subsequent connection to the output
line (external battery).

"An AMPLIFIER

DELAY TIMER

OUTPUT BINARY

QUTPUT AMPLIFIER

d. SIMPLIFIED CIRCUIT DESCRIPTION OF QUICK BROWN FOX MATRIX (Refer to Fig. 2-2)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Deseription of Function or Operation

At the end of each start-stop distributor
cycle, a drive pulse is generated for
application to one of the cold cathode
tubes which control the matrix,

The above mentioned cold cathode tube forms
one part of a cross point switch., One of
the cathodes will always be fired and will
partially raise a vertical column of eight
connections to a positive level,

One of eight cathodes will always be fired in
the tens tube, One row of 10 connections
will be partially raised to a positive level,

One element associated with the particular
columm and row mentioned above will be raised
to a higher positive level than ecan be found
at any other point in the matrix.

This positive voltage is comnected by means of
diodes to the proper signal pulse leads in
accordance with the character which is wired
into the matrix at the point of coincidence.

The 5 wire signal is then applied to the "B"
and A" net, which is also under the control of
the ring distributor as previously described,

At the completion of a eycle of operation of the
"Units" tube a drive pulse is generated for
stepping the "tens" tube to its next position.

Name of Circuit
Performing Funectien

STOP AMPLIFIER

UNITS TUEE

TENS TUBE

MATRIX

MATRIX

TENS DRIVER
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The Signal Generator Upersting Elock diagram is showm for
zero, blas, and end distortion in Figures 2.3, 2-4, 2-5
respectively.

(1) Zero Distortion (Perfect Signal)-Fisure 2-3

(a)

(b)

(c)

Figure 2-3 shows the elemental control system
consisting of a timer oseillator which detarmines
the pulse boundaries: a seven stage distributor
ring which distributes the pulses to be trans-
mitted so that each pulse occurs at its position
in the pulse train; a sensing net which gates the
preselected pulse for transmission; an amplifier
which drives the output Binary which in turn drives
the output amplifier stare.

The timer is a free running phantastron which
generates a train of positive pulses for driving

the seven stage thyratron counting ring. Each
thyratron in turn gates a sensing cireuit associated
with its position in the ring (character). The
sensing clreuit thus contributes when its gate 1s
operated and a positive voltage condition appesrs

at the input to the "B" amplifier if the switeh
assoclated with the pulse position is closed. If
the switch is open, a lower positive woltaze is fed
to the "B" amplifier for the pulse neriod. The start
pulse of the teletypewriter code is invariably gener-
ated as a low voltage at the "B" amplifier by the
absence of any connection from the start thyratron tube.

Amplified signal transitions drive an output binary
eircuit and a fellowing amplifier stage. A positive
transition results in 2 current (marking) ontput and

a negative transition results in a no eurrent (specing)
cutput.

(2) Bias Distortion (Beginning Displacement)-Fisure 2.l

(a)

Te change the instant of the space to mark transition

the controls of Figure 2-Y are used. A second sensing

net "A" is added. This "A" net senses the pulses one
stage early so that a transition whieh is to he varied

in time is sensed one pulse early to trigger a delay timer.
This is necessary since the distorted signal transition
may be required to oceur before the normal cransition
point. (Marking beginninz displacement). Thus, in the

"A" sensing, the start tube zates #1 pulre: #1 tube rates
#E P‘llEE- ete.



(b)
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Diede blocking at the output of the delay permits
the delay to drive the output binary for space to
mark transition on front ends of pulses. The "B"
amplifier is permitted to drive the binary for only
the mark to space transition on ends of the pulses.
The step by step sequence is taken up under a later
section.

(3) End Distortion (End Displacement)-Figure 2-%

(a)

To change the instant of the mark to space transition
the operation is similar to the above except that the
"B" function controls the time of the space to mark
transition at the beginning of a pulse while the delay
controls the output for the mark to space transition
at the end of the pulse.

As the mark to space transition of the start pulse is
the point from which all measurements are made the stop
" w

be Detalled Description of Individual Cireuits
(1) Easic Phantastron Timer - Fisure 2-6

(a)

(b)

The basic Phantastron circuit is shown in Figure 2-6.
Note the plate to grid ecapacitor Cg which forms the
Miller integrator part of the circuit. The sereen is
coupled to the suppressor by resistance and capacitance
to provide the self gating which is required. Thus if
the grid is positive, the screen is conducting heavily
and is at its lowest voltage. Due to the connection of
the suppressor to a voltace divider between the screen
and the negatlive supply, the suppressor is normally at
about-25 volts and the plate current is cut off.

When a positive pulse is applied to the suppressor, plate
current flows, dropping the plate voltage. Cg couples
this drop in plate voltage to the control Grid which
greatly reduces the screen current. As a result, the
screen voltage rises rapidly, driving the suporessor
positive to ground potential where it is held by the
diode CR-l.. The plate drops rapidly until the negative
voltage fed to the grid thru Cg is sufficient for the
grid to control the plate current which then stops its
initial rapld change and begins its linear run down
characteristic until the plate reaches a low voltage
1limit determined by the space charge in the tube.



(c)

(d)

(e)

(£)

(g)

(h)
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At the noint where the plate "bottoms" showm as

point "BY, the plate can no longer hold the grid
negative, and since the grid return resistor is connected
to a positive source, the grid voltage begins its rise,
and the screen begins to draw more current. Consequently,
the screen voltage drops, carrying the suppressor with it
and cutting off the nlate current.

The plate voltage now rises as a function of the Rp

ﬂg time constant as the grid is driven positive and grid
current flows. The positive grid excursion is limited by
the grid-c¢athode dréop under the grid current condition.

If the plate is prevented from reaching full voltage,

the run down. starts at a lowe— voltape and since the
slope remalns the same, the run down perlod is reduced,
as the plate bottoms at the same point. as before. As
seen in Fipure 2-6, diocde CR=2 conducts when the plate
reaches a maximum voltage determined by the setting of
Potentiometer R=l. This gives a simple means of accurate
control of the delay, as showm in the dotted waveforms,
sinee the run dowvm of the plate voltage is linear within
1/10%. The period of the delay is determined by the tube
characteristics, circuit parameters and the voltage avnlied
to the various leads.

It is characteristic of this circuit that if the supply
voltage is wvaried, all the cireuit elements see the same
percentage change and the delay period does not change.
But if one of the voltases is wvaried, the period of the
run down is changed. Advantage of this characteristic
is taken in the Signal Generator to lower the control
grid veoltage during the stop pulse peried to produce

the 1.42 stop pulse period.

The logarithmiec run up of plate voltage can be made a

small part of the total cycle by using a ecathode follower
to charge up the capacitor Cg. This is shown in Flsure 2-7.
Here V2 grid rises with the plate woltage and the tube grid
cathode current and grid to ground diode is used to charge
Cg.

Outputs from the timer circuit may be taken from the plate
clrcuit using the cathode follower as a low impedance

- source. The screen may also be used as an output point

if desired.

(3) Free Runnine Phantastron Timer — Fienre 2-9

(a)

If the negative bias on the supnressor is removed, the
plate current is cut off only momentarily followine a
run down. The plate immediately starts its next run
down as shovm in Figure 2-9. As before, the nlate
continues its run dowm untll bottominz where the mrid
is no longer held negative and the fast fall of the



(b)

(e)
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screen couples a necgative spike to the suppressor to
cut off the plate current for the plate run up period.
4 short time later the suppressor voltage returns to
ground potential and plate ecurrent again flows to re-
start the cyecle. Diode CR is used to prevent excessive
positive voltage on the suppressor, protecting it from
excessive current.

This free running curcuit is used as the timer in the
Signal Oenerator where it is required.as a time base.
This timer penerates six equal periods and one periocd
which can be made 1.42 times the duration of the others
by changing an operating wvoltage during the stop time.

The biased phantastron (Figure 2-7) is used as a delay
timer for the generation of distorted pulses.

(4) Start Stop Distributor

(a)

(b)

(e)

Need for Distributor

In order to generate Leletypewriter start-stop signals,
two conditions must be met:

l. Control is required over the voltages
associated with each of the 5 code pulses.

2+ A means of time-modulating these voltages
is required.

In the Signal Generator, one of the signal inputs is derived
from five switches which can be set in accordance with the
marking or spacing pulses as required for a given character.
The start-stop distributor vrovides a means of time
modulating these potentials so that the generated signal
consists of a series of marking and spacing pulses for
transmission over a single wire line rather than over a

six wire cable. This time modulation is accomplished

in the Signal Generator by using a thyratron ring of

seven; each tube controls the pulse during which it is
conducting.

Cperation of the Distributor - Figure 5-6

Tube VI thru V7 are so connected so that as each tube fires
or conducts its cathode primes the grid of the following tube
s0 that the next incoming drive pulse is able to bring
that one grid to the firing woltage. All thyratron plates
in the ring hsve a common anode load resistor.

1. When the power is first applied to the cireunit
none of the ring tubes is conduecting, and since
none of the grids are primed by the previous
tubes, auxiliary means are used to initiate
operation.
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2« B9 is connected from the common anode line

to the erid of V6. As no plate current is

flowing this anode line is at +185V and

Grid V6 is thereby conditioned. After the

timer begins operation, a peositive pulse

from the timer fires V6. The anode line now

drops to about +i5 volts. The cathode capacitor
charges up to 30 volts and the grid of V7 is
conditioned by R4-7 for firing by the next positive
pulse from the timer.

The cycle is repeated for each of the tubes V1,
V2, V3, W4, V5. With the fall of potential of
the anode line the grid of V6 is no leonger
conditioned by the anode to grid resistor and
walts for priming by the cathode voltapge of

V5 before being fired by the drive pulse.

3+ The characteristies of a thyratron are such

that the grid may prevent firing of a tube, tut
once conducting the conduetion is not under
control of that grid. To cut &ff conduction in
a thyratron the plate to cathode voltage must be
made less than the minimum are drop within tube.
This is accomplished by the cathode capacitors.
When a new tube is fired, the anode to ground
voltare at firing instant is the arec drop of
about 12 volts. Since the cathode of the rroceeding
tube 1s held at +30V by its eapacitor, its anode
is momentarily some 18 wvolts negative with
respect to its cathede and the arc extingpuishes.

"

The common grid blas must be such as to prevent firing
of the tubes except under influence of the condition-
ing voltage from the proceeding tube combined with
the drive pulse. The drive pulses must be of short
duration to be dissapated before conditioning of the
next succeeding tube as all tubes are driven
simultaneously.

(5) Drive Amplifier

(&)

The drive pulses are derived from the timer vhantastron and
supplied to a zero blased amplifier which amplifies only the
negative transitions of the screen. The positive going plate
pulses are coupled to the distributor ring trigrer line feed-
ing all the thyratron grids.

1,42 Stop Pulse

The cathode of the V6 tube is DC ecoupled to the "Stop Amplifier"
which is normally cut off. 'When the V6 cathode rises to +30
volts, the amplifier tube grid is made slightly positive and
the tube is saturated. The low wvoltare at the ancde is used
to lower the grid supply wvoltage of the timer phantastron to

lengthen its period during the time that MNo. 6 tube is conduct-
ing. Adjustment of the period to 1.42 as compared to the other



(7)

(8)
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pulses is accomplished by votentiometer R15 in the divider
used as the plate load of the amplifier.

Stop Swritch

The stop switeh biases V7 grid to prevent its econduction
and thus holds the distributor on V6. Operation of the stop
switch thus ends or begins a character following the stop pulse.

S a N = »

The thyratron cathode load resistors act as "shunt gates" for
the diode sensing nets. A cathode which is not fired is
effectively at ground potential due to its low load resistor.

(a) MB" Junction Gates

The cathode resistor values of 10K are small compared to
3+3 megohms and there is effectively no woltage at El
when switch No. 1 is closed if V1 is not conducting.
However, when the cathode of V1 rises to +30 volts,
diode CR1l-1l is blocked and "B" rises to a voltage of
approximately 23 volts. If the switch "1" is open,
CRl-l prevents the cathode voltage from appearing at

the B net so the resultant net voltage is less positive.

Thus, if switches 1, 3 and 5 are closed and 2 and & are
open, the output at "B" janetion will be 1 marking, 2
spacing, 3 marking, 4 spacing, and 5 marking. In add-
ition since the net is permanently biased to +30V for the
stop position, the stop perlod is always marking. No
connection is made to the start tube, so that its period
is always spacing.

(b) rB" o

The output at "B" is fed to the grid of DC amplifier

consisting of a high gain first stage and a low impedance
second stage so blased that over drive on the second stage
produces a clean square wave output of the signal desired.

(¢) Output Binary - Fieure 5-6

For undistorted signals it would only be necessary to provide
power amplification to this output. But as it is required
to operate on this signal, the output is fed to a Bistable
Multivibrator of the Eecles Jordan type. In "zero"
distortion the "B" amplifier output pulses drive this out-
put driver for both positive and negative transitions.

(d) The output binary drives the output amplifier from below
cutoff to a positive voltage which is clamped by the current
control in the g¢rid circult of the amplifier. The change
from 20 to 60 milliamperes is accomplished by changing
the resistance in the cathode of the amplifier. This
method of current control offers the advaniLage of

degenerative feed back for current stsbility. An alternate
output may bte taken from a line ¥elay which is driven by
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the output amplifier. This relay output is desirsble
vhere low voltape clrcuits must be keyed. No contact
protection is provided for the relay contacts so this
must be done externally.

(9) Distortion Generation Circuits - Figure 2-10
(a) Introduction - Figure 2-11

Perfect (0 distortion) teletypewriter signsls are shown
on line A of Figure 2-11., Ilines B, C, ', and E show
the extremes of distortion which are required to be
generated. The reference for these pulses is the train
of timing pulses shown at the bottom of the Figure.

(b) Bias Distortion Circuits - Figure 2-11

1, Lines B & C show the modification of the signal
for the extremes of 50% distortion involved
in Pias Distortion as generated in the Signal
Generators. To generate such a signal it is
necessary to have the ends of the marking pulses
under control of the "timer" while the front ends
are under the control of the distortion dial.

2+ Line B shows the marking pulse actually starting
in the preceding pulse period. In Line C the
pulse 1s delayed until the center of its own
periods This beginning displacement is under
the control of a delay timer which is triggered
at the start of the preceeding pulse boundary
and has a range of delay of 50% to 150% of a
pulse period. The dial range is restricted to
50% of a pulse period to comply with existing
practice in previous generators. Thus the dial
may be set at a fixed percentage and changed
from marking to spacling distortion by operation
of another switch.

3. "A" Function gates - figure 5-6, fipure 2-12

To accomplish trigrering of the delay timer

one pulse early, another network, "A" is provided.
Its operation is similar to that of the "B"
function deseribed earlier except that the sensing
is done one pulse early by the distributor ring.
Thus mumber 1 pulse is sensed during the start
tube period; number 2 pulse is sended during

No. 1 ]_}ariﬂd eto.

4. During the stop time, the "A" net woltage is
spacing (low)s When the next character begins,
the start tube fires and sensing of the number 1
pulse is accomplished by the "A" net as the voltage
rises to marking if number 1 pulse is marking.
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This positive pulse is supplied to a two

stage "A" amplifier identicsl to the "B" amplifier
previously déscribeds For the bias condition,

the output of the second stoge is used to tripper
the delay.

The delay phantastron is a stable, nomally cut-
off, ecircuit whick was described previouvsly.

With the delay in its stable state, the suppressor
is negative, keeping the plate current cutoff.

A negative pulse on the suppressor is thus ineffect-
ive when the ecircuit is at rest. 'While the delay
phantastron may only be trigrered in the supnressor
by a positive pulse, it is necessary provide the
diode CR9 in the suppressor lead to prevent nesative
pulses from the "A" net cutting off the plate of

the phantastron and interfering with its normal
cyecle. )

The period of the delay cycle is determined by the
percent distortion required. This delay is pro-
portional te the limiting voltage on the plate of
V13 as determined by the setting of the potent--
iometer R100A and the speed of operation voltape
divider comprised of R108 through R113 and R104

and R105. This voltage source supplies the limitine
voltage to the timer as well as the delay so that
when R100A is set to 0 on the distortion dial, both
timers are clamped to the same voltage and a distort
lonless output signal results. '

When marking bias is to be genersted, the delay is
varled from 0 to 50 percent of a pulse width. If
spacing blas is to be penerated, the delay must
cover the range of 100 to 150 percent of a pulse
width. This is accomplished by the Mark-space
switeh which inverts the position of R100A and
R100B in the divider network. -Sinee these two

resistors have the same walue, the midpoint voltage
does not change.

The plate waveform of the delay phantastron is taken
from the cathode followef V12 and differentiasted

so that only the fast positive rise appears at the
grid pin 7 of V12. Grid 7 of V12 is normally biased
below cutoff. The positive pulse saturates the

tube momentarily, dlscharging - eapacitor C7 and
placing a negative pulse on grid 7 of V14 which
drives the output binary to marking.

(Distortion Switch in hias position).

Cutput Control

The output binary performs the function of a memory
eircuit in that it holds a condition until instruete

to change. The delay circuit drives the output to
marking. This conditlion continues until the "E" net
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senses a spacing pulse resulting in a negative
transition at anode pin 1 of V18. This pulse
coupled to grid pin 2 of V14 drives the oute
put to spacing. As positive transitions of the
"B" output are not to affect the binary, they
are blocked by a silicon diode CR6.

(v) End Distortion Circuitry - Figure 2-13

1.

2e

3s

The prineiples involved in the generation of
End Distortion (End displacement) differ from
that of Biss (Peginning displacement) only in
the following:

ae The variation in the duration of the marking
pulse 1s by change in the instant of the mark
to space transition, at the ends of the pulses.

be The instant of the mark to space transition
of the start pulse 1s the reference point and
therefore cannot change. Therefore there 1s
no end distortion of the stop pulse.

¢+ The "B" amplifier drives the sipgnal to marking
(instead of spacing as in bias).

ds The delay phantastron drives the signal to
spacing, (instead of marking as in Bias).

e, The stop amplifier gpenerates the start pulse.

Since in end distortion, it may be required that

a pulse end earlier than normal, (spacing E.D.)

it 1s required that the character be sensed one
pulse ahead as was done for Blas. As the delay
rhantastron is now to control the mark té space
transitions, it must be trigegered by a negative
going transition from the "A"™ net. The first stape
of the "A" amplifier is used as a phase inverter
to supply a suitable positive pulse to trigper the
delay when the A net voltage drops, denntinp the
end of a pulse.

The pulse generation sequence is as follows:

Start at left hand end of line of Figure 2-11.
During the previous stop pulse with switch ED

Figure 2-9 closed the "A" net is marking as the

net is sensing the closed ED switch. When the

start tube conducts "A" remains marking as the markins
number 1 is sensed. On the next pulse from the
timer Number 1 tube conduets, and the "BE" output
drives the output binary to marking. Simltaneously
the "A" net goes to snaecing as number 2 pulse senged
spacing. The inverted outmut from the "A" amplifier
triggers the delay which times out the required
period and triggers the output binary from mark to
space to end the No. 1 pulse.
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4. Start pulse gensrstion - Figure 5-&

Note that the "E" net sensing causes the sipnals
to shift from space to mark and the delay controls
the shift from mark to space. At the first trans-
ition of a character (start pulse,) there was no
Preceeding mark to space transition to triecer the
delay in advance of the start mulss. An auxillary
circuit for triggering the outmut binary for the
start pulse is provided. This cireuit econsists

of the amplifier V19 which is coupled to the
cathode of the stop distributor tube. %hen the
distributor stop tube extinguishes, V19 returns

to its normal cutoff state,resulting in a rise in veltar

at its plate. This rise is coupled to one crid

of the output binary to drive it spacing to berin
the start pulse.

A "Quick Brown Fox" test messape is penerated by use

of a dlode matrix driven by a cross point switch
consisting of ten unit steps and eight tens steps to
provide an elghty character message. Each of the
Junctions is tied through appropriate diode econnections
to the proper combination of the 5 code connections

which are then applied to the B and A sensing nets in
combination with the start-stop distributor. Flgure 2-14
shows each character as it is wired into the matrix in
its aprroximate location on the card.

A typiecal cross point switeh consists of vertical and
horizontal bars 50 constructed that if a horizontal and

a vertical bar are operated, a switch at the intersection
of the two bars is closed. Thus a ten by eight con-
figuration results in a 80 point output. In the matrix
this function is accomplished by 2 cold cathode tubes,
each of which has 10 ouput cathodes. On the tens tube,
however only 8 output connections are utilized.

"AND" gates and the cross point matrix - Fipure 2-15

Refer to the cross point matrix at the left of Fipure 5-6
and also to the basic sensing net as drawm on Fipare 2-15,
A two resistor sensing net provides a three step output
as shown in 2-15a, b, c. If neither cathodes sources

is energized, the ocutput is 0, 1If only one eathode is
energized the output is 1/2 of the cathode voltage (15V).
If both cathodes are energized, the output is nearly
equal to the cathode woltage (30V). Since the spacing
level is represented by two voltapges (0 and +15V) and

the marking level is represented by +30 volts, only the
range between 15 and 30 volts is usable fop sensing
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purposess Doe to the interaction between the
multiple circuits the srace to mark differential
is less than 10 Volts.as measured at the grids of
the "A" or "B" amplifiers.

Character Formation - Figure 2-16(a)

To generate "T" (5 marking) as shown in the lower
left of Figure 2-14, the cathode 0 (10) of the units
and 20 (2) of the tens are both energized. A single
diode to the No. 5 pulse lead would result in the
transmission of the character "T". The character
"H" would require two diodes, one to No. 2 and one
to No. 5 leads.

To conserve diodes, the build up of pulse combinaticns

is done in steps as shown in Figure 2-16a. Starting

at the top, No. 3 (space) and No. 5§ (T) are combined

to form 3, 5 (H)s MNo. 1 (E) is added to form 1, 3, 5,
(Y). Then No. 2 (line feed) and No. 4 (carriage return)
are added to form 12345 (letters). Using such combina-
tions, the B0 character message is tuilt up using 125
diodes. The units tube is stepped each time by the stop
amplifier V19 is energized at the end of a character.

The Nos 10 cathode of the "units" tube feeds a pulse to
the amplifier which steps the "ten" tube. As only eirhtly
characters are to be transmitted it is necessary to double
step in the tens tube. Thls is done by the amplifier which
is energlzed from the No. 10 cathode to directly fire

No. 2 cathode, overriding the internal stepping action.

Message Start = Figure 2-16(b)

To provide for starting at the beginning of the sentence
each time the unit is switched from stop to run the ecathode
capacitors of cathodes 90 and 6 are switched from a
positive charging resistor teo ground which ecaunses the are
te transfer to these cathodes to start the sentence at
"earriage return", "carriage return", "line feed",
"letters", "space", tefore beginning the sentence.

Operation of the 6167 Tube

1, Counting in the A167 tube, is done by the
shifting of the arc discharge between the ancde
and successive cathedes. The main counting
ring consists of twenty cathcdes. Alternate
cathedes are the output cathodes, the others teing
transfer cathodes. The transfer cathodes, as
the name implies, serve to transfer the arc from
a conducting cathode tc the next succeeding
E:chﬂdﬁ-
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2+ The W.E. type 6167 provides directional
characteristics to the transfer cathode by
s0 shaping the electrode that the back lead
is in the arec and the forward end is close
to the next succeeding cathode. Characteristics
of multiple electrodes in a low pressure
atmosphere (gaseous conduction) are that an
arc will be established between electrodes
across which the greatest potential exists.
Thus if the arc is between the anode and
No. 3 cathode and the transfer electrode
nearest 1s made negative to No. 3 eathode,
the arc will shift to the most negative electrode
(transfer cathode). If now the transfer
electrode is made positive, the arc will pass
on to the next succeeding output cathode. In

this manner the arc is passed step by step around
tha tube.

3. If another cathode not adjacent to the one carrying
current is made some B0 wolts negative to the
conducting cathode, the arc will transfer to it.
Use 1s made of this characteristic in stepping
the tube from K10 to K2 in the tens tube and in
resetting the message to character 97 for start.

4., As the arc drop in the tube is some 50% of the
supply voltage, 50% of the supply voltage
variations would appear across the cathode
resistor. A repulated supply is used to eliminate
thlis excessive variation of level.

(1) R-Y Bipary - Figure $-6

(a) VB and V9 are thyratrons connected in a ring cirenit
with a common anode load resistor. One tube is always
fired and the application of drive pips to the grids
occurs each time the stop tube V6 fires. Thus each
tube is on for every other character.

(b) The cathode of VB raises a line to which diodes comnect
to the sensing nets for pulses 2 and 4. When the start
stop distritutor scans this combination, the letter "R"
is generated.

(¢) In a similar manner, the letter "Y" is generated for the
following character since three diodes connect pulses 1,
2 and 3 to the ecathode of V9 which now is fired.

(12) Power Supply - Figure 5-6

(a) The transformer has a 2 winding 115/230 volt 50-60 cycle
primary. Each winding is protected by a 3/8 ampere fuse.
The serles parallel switch is a double pole, double throw
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switch with a center off position. A locking plate
restricts operation to the 0ff-115 or Off-230V position.

High Voltape rectifiers are of the full wave centertanped
type. Rectifiers are Silicon diffused junction diodes,
Transitron Electronics Type SJ 31. The diodes are low
forward resistance, and are presently rated for 250 volts
peak inverse. Serles resistors are used to limit the
peak forward current to a safe value.

The output tubes require 120V DC supply so that standard
signalling conditions are provided. V202 and V203 form a
series tube regulator which is referenced to +108V,

This circuit holds the output voltape at 120V under the
varying load conditions imposed by V1s.

(d) A separate power supply is provided for the control ecirecuits.
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SECTION 111

IRSTALILTION AND ADJUSTMENTS

INSTALLATION OF EQi/IFMENT

d=

b.

Cs

d.

The Signal Generator requires no special installation procedure
when it is to be operated within its transit ease. The unit is

designed to operate from an AC source of 115 or 230 wvolts, 50-60
cycles per second.

“hen the unit is in its transit case, it may be used with the
front panel facing wpward, or the unit may te placed on its side
50 that the front panel is vertieal.

If the unit is to be rack-mounted, it must be removed from its
transit case and secured to a TS-800 ( )/UGM-1 Distortion Indicator

unit. Serews for this purpose are included in the mounting holes
on the Signal Generztor unit.

Table 3-1 lists equipment needed for adjustment of the Sipnal
Generator.

ADJUSTMERTS

L

ibrati
(1) Ad fus nt

NOTE: The wodel 5500 and similar counters are low impedance
(50,000 phms) input and will load all but the output
stage. Berkley Folel 5510 and possibly the new 5500
models are arranged for 10 megohms input impedance,
but the coax cable must be removed or decoupled by a

one megohm resistor before connecting to the pulse
cireunits.

(a) The speed control is a voltape divider which is common
to both the delay and pulse timer phantastrons. Resistors
R108 through R113 control the center voltage between RLO0DA
and R100B to fix the start of the run down of the timer
phantastron and the zero distortion calibration of the
delay phantastron.

(b) Attach the electronic interval timer to pin 3 of V15 and
to ground. There should be no loads connected to the sirnal
line jack. 3Set the timer to start on minus and stop on plus

(c) Set the Signal Tenerator controls to the following position.

Control Position
Kessare Switch Selected Pulses
Sneed Switeh I68
Cutput Selector Switch 60
Pulse Ssalsctor Switches A1l TNewm (Spacine)
Fizs-*nd Mstortion Switech Center (Zero)
Dstortion ™Mal -

Hark-Space Switch -
Run-Stop Switeh Fun
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(a)

(e)

(f)

(g)

(2)
(a)

(v)

Turn on the equipment and allew a 10 mirute warmup period.

Adjust the purple potentiomnter R32 on the control circuit
beard for a reading of 131.77 milliseconds. This interval

corresponds to 6 pulse widths at A0 speed. (Start pulse

5 code pulses.)

Change the speed switch to 600 opm and after 3 minutes
ad just the green potentiometer R114A mounted on the
message switch at the rear of the front panel to obtain
a reading of 80.86 milliseconds.

Return the speed switch to 368 to check for drift, and
if necessary, repeat the operation.

In areas in which the 60 cycle supply is known to be accurate
the TS-3%3A/GG Distortion Transmitter may be used to observe
the S5irmal Generator output. The time frequency adjustments
are then made to stop the strobe rotation observed. Absolute
stopping is diffienlt as the frequency adjust resistor, in
spite of its narrow range, becomes critieal and even a .01%
difference in frequency will rotate the strobed signal.

1 ustment

Set the electronic interval timer to start on plus and stop
on minus and adjust the ydlow potentiometer R15 on the control
circuit board until the readine of 31.17 milliseconds is
obitained at the 367 om speed. Chanze the speed to 600 opm
speed and checlt for 19.137 milliseconds. This adjustment
sets the 1.2 stop time required in the standard start ston
simnal. This is not included in the 90 speed position as
the 370 speed uses the same timer period but has unity in-
stead of 1l.42 stop time.

An alternate less accurate procadure for the stop mlse

ad justment can be used if desired. Connect a milliam-
meter in the Sismal Line Jack and set speed switeh at

390. 35ét the message switch on selected pulses selected
pulse switches doym. 3Set the Bias-E.D. switch in the
center positon. Observe reading meter, Turn speed switch
to 368 and adjust yellow potentiometer R15 to plve a reading
1.42 times the 390 reading.

(3) Delay Adivstment

(a)

Due to lock-in between the delay timer and mlsa timer near
the zero distortion position it is best to calibrate the
delay timer nhontastron with a linear dual sweep oselillo-
scope such as a Tekironl~ 531, Such a scope can ke adjusied
to display oniy one ymlse per tolal swenp and be readable
within 1 percent.



(b)

{e)
(d)

(e)

(£)

Fs

Set the Signal Senerator controls to the following positions:

ntrol Position
Message Switeh Sel. Pulses
Speed Switeh 348
Cutput Selector Switeh 60
Pulse Selector Switches 2 and 4 up (marking)
PBias-End Distortion Switeh Eias
Distortion Dial 50 percent
Mark-Space Switch Mark-=Space
Mun=Stop Switch Run

Turn on the eguipment and allow a 10 mimite warmup period.

Connect one of the oscilloscope probes to the anode pin 1
of V11 and the other probe to the cathode pin 3 of V1s.

Adjust the brown potentiometer RU5 on the conirel eircuit
panel so that changing the mark space switeh from mark to
Space moves the pulse +wansition from midpoint to midpoint

on successive pulsess Thus in marking blas the pulse trans-
ition is midway between the besinning of the previous pulse
and the pulse observed. In spacing bias the pulse transition
is mldway in the pulse ohserved.

If this adjustment provides an egnual change in each direction
but not exactly 50% then proceed with (f) for range adjust.

The linearlty of the delay is not checked as the characteristies
of the phantastren make this better than required by this
instrument.

Delay Rance

NOTE: The following adjustment is a factory adjustment and
should not require readjustment. Its purpose is to
adjust ‘the range of the delay so that the plus 50%
and minus 50% pulse lengths are in ealibration. Any
ad Justment in this section affects all other timing
calibrations.

Set the distortion dial to 50% and check pulse leneth for 50%
marking and 50% spacing bias., If the pulse is too long and

Do short respectively the distortion control range is too
great. kRdjust blue variable resistor R11lS5 to reduce the value
of R100, R100A. Reset timer period with purple R32 and rechack
range. This is a repetitive process until the desired agcouracy
is obtained.

Elsctronic timer intervals or linear sweep oscilloscope may he used.



(b)

Set the Message switch to 75 dot cycles and the Current Switch
to 20 milliamperes. Insert a line milliammeter in the signal
line jack and adjust the red potentiometer R78 until a reading
of 10 milliamperes is obtained. Change current switch to 60
milliamperes and check for a reading of 30 milliamperes.

Oscilloscope Mathod

Attach a calibr=ted oscilloscope to cathode pin 3 of V15 and
ground.

Set the speed switch to dot cycles, the Current switeh to 20
milliamperes. Adjust R78 for a 30 volt mark pulse. Change
current switch to 60 milliamperes and check for a 30 wolt
marking pulses.



1.
24

3.

Vacuum Tube voltmeter such as ME-25A[U

Cathode Ray Oscilloscope with a high impedance probe or
other non-loading device such as Tektronix 531 with 53C input.

Electronic decimal counter such as the Berkley Model 5500,
with an added cathode follower stage for use with the counter
or Model 5510 which has the cathode follower included.

0=100 milliammetey,
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SECTION 1V

TFRATIRG INSTR ONS

The Signal Generator will operate on 115/230 Volt 50-60 cycles Ac line
supply. The upper frequency limit has not been détermined but operation

at below 50 cycles will cause excessive heating and demage in a short
time.

a.

de

Lipe Voltage

Ascertain the line woltage for the supply and set the line voltage
plate. DO NOT LEAVE THIS PLATE OFF.

Qutput
Set output current selector sw to 20, 60 or EXT for operation desired.

WARNING: If external operation is selected for keying

of an existing circuit with its own power supply,
RELAY CONTACT PROTECTION MUST BE PROVIDED

EXTERNALLY, Operation at 20 or 60 ma DC without
such protectlon will damage the relay in a few
minutes. No contact protection was incorporated
within the unit due to the varlety of circuits
the relsy may be reauired to key.

Speed
(1) Set speed switch to correspond to that of printer or facility
which 1s to be tested. Note that the 390 speed 1s the straipght

seven unit code.compliment of 368 (60 wpm) OFM, All other
teletypewriter speeds, marked "message" are 7.42 unit code.

(2) The b4O4 speed is the British 20 millisecond pulse standard
transmission.

Dot _Cyeles

This output is normally used for checking the transmission character-
istics of lines, radio channels and relays. Testing should be done

at the dot cycle speed corresponding to the speed of the teletype
transmission to be used.

Distortion switches
(1) Mark-Space switch

(a) In mark position the pulse duration is increased from

0% to 50%.

(b) In space position the pulse duration is decreased.
0% to 50%.
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(2) Bilas=Zero-End Distortion switch
(a) In the center "zero" vosition signals are not modified.

(b) Bias position causes the changes in the duration of the
pulses by moving the front end of the marking pulses in
respect to the mark to space transition of the start pulse.

(¢) End distortion position causes the changes in the duration
of the pulses by moving the tralling edges of the marking
pulses in respect to the mark to space trensition of the
start pulse.

f. Stop Run Switch

This switch starts and stops the transmisstion. When in the stop
position the output is left in the current flow, "Marking" conditioén.

The last character is completed before stopping when the switch is
changed from run to stop.

g+ Messape Switch
(1) Selected Pulses

In this position the message output consists of the
continuous repetition of a single character set up by
five subministure toggle switches. Any switch in the
up (Mark) position will cause the output to be marking
for that pulse period.

(2) Alternate R& Y

As the name implies the position provides a continuous flow
of alternate R & Y character transmissicns,

(3) Test Message

In this position an 80 character message is available for

transmission. The characters which are sent include the following.
THE QUICK EROWN FOX JUMPED OVER A LAZY DOG'S PACK 1234567890

TESTING "letters" "letters" "letters" "letters" Carriage Return,
Carriage Return, line feed, "letters". This messapge requires

a 68 space typing width. At each operation of the Run-Stop
switch to the "Run" position the message starts at the carriage
return signal to bring the carriage to the left margin. A line
feed and "letters" follow before starting the message proper,

2. COpersting Procedure
as Turn power switch on.
be Plug printer signal line cord inte Line Jack in the front panel.

c. If a printer is to be tested, tum printer motor "on". Printer should
- indicate steady marking. If not, flip Stop Run Switch uv and back down.
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Put Stop Run Switeh to Run position. Printer should copy selected
operations.

If Dot cycles output was selected, the line or relay will recélve
such a signal.
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SECTICH ¥

MAIRTRHANCE

General

The Sipnal Generator has been desicned to provide maximum accessibility
to facilitate maintenance,

b.

Cs

All major assemblies plur torether and may be separated if desired

Eyelets in the etched eircuit boards permit replaeing eomponents
with no damage to the ecireuitry.

The control circuits board is hineed to permit tube replacement and
polnt checking without disassembly.-The control board may be removed

by pushing up to withdraw the bottom hinge pin from the frame and
tilting. '

The power supply is hinged but requires hinee unscrewine for removal,

The message matrix card may be removed by removing its supporting
bar and tilting.

While most maintensnce ecen be performed without removal it will be

found expedient to disassenble inte ma jor units and layout on a
bench for work on the front panel,

Test Eauipment Reguired

The equipment required is listed in Section 3 in Table 31,

b.

Cs

Servieing is greatly simplified if a dual trace oscilloscope with
calibrated DC verticsl deflection is available.

Tektronix 531 with 53C input.
Dumont 323 or 324 with elsctronice switech.

Use 10 megohm or cathode follower probes. Lower impedance probes

will load down the circuits under test. Any probe will affect the
timer to some extent.

Best scope operstion is obtained if the sweep is externally trigrered
by the cathode pin 5 of the stop tube V&,

Malntenance Progednres

=1

Trouble shooting in the Sienal Oenerstor as in any set involves first,
the localizing of the fsult. In order to facilitate localizing of the
trouble, several typical symptoms of failure and thelr corrective
measures are tabulated below. -+ Fallure of the unit to operste
falls in the following main categories,

(1) Improper pulse distribution = dlstritutor
Fallure - either stopped or double stepping

Control binary not trigeering.
Speed off- calibration.
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Failure on SEF only

Improper stemminzg of cold e=theode tubes
Diode failure

Joints at etched eirecuit

Improper level sensing.

Start-Stop Distributor Testing

(1)
(2)

(3)

(1)

(5)

(6)

(7)

The cold cathode tubes should step if the distributor is operating.

Distributor operation rnqﬁires the timer pulses and proper bias.
It is possible for improper bias to result in.

Bias
too high Total failure of 5643's to fire or one
' ' tube will remain fired,
too low Skip positions or several positions remain

fired,

With proper bies the distributor is insensitive to line voltape
cha Nngeas.,

Using the high impnedance nrobe with the oscilloscope to a grid
pin 7 of the thyratron rine will give a display that will show
the intermediate pulses, the conditioning pulse and the fired
pulse as the grid rises positive with respect to its cathode.
Total pulses should count to seven.

CAUTICN: A ten megohm probe will change the voltages at the
grids some ten percent. This load may stop operation
if the voltages have been made too critical.

The waveform is as shown on Figure 5-6. These voltage levels
shovn provide stable operation. If a string of pulses riding

at =50 or more volts is observed, the stop switch is holding the
distributor ring off. If only nolse at a slightly positive
voltage 1s observed, several tubes are fired due to insufficient
blas voltage.

If no pulses appear at the grids of the distributor, check pin 5
of V11 for the plate rundown of the phantastron. Then trace for
drive pulses at anode pin 1 of V11,

Eratic operation as in failure to count four pips between
conditioning levels is usually a function of bias. If the woltage
levels are maintained and count is off, step probe from tube to
tube untll a tube is found which has only a spike instead of the
second positive step. This indicates that the next tuhe is firing
at the beglnning of the conditioning pulse which is usually due to
too wide a drive pulse or lack of sufficlent blas., The prid drive

pulse at the beginning of the conditioning step should not appear
above the level of the step.
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¢ Sensing Net and Cutput Sienal Testins

(1) With messaze switch on "Selected Pulses" and probe at erid
pin 7 of V17 at the urrer risht hand corner of the control
board, observe the charscter output under control of the pulse
selector switchas.

(2) Ifa pulse fails to apnear, check the "A" or "B" junction to
assure that the voltagze is appearing at the sensing net. This
is a 10 meg point and is loaded by any probe.

(3) If this voltage is correct and the distributor is operating
proverly, then check the dicde eonneetineg the particular net
to the "B" ar "A" function involved.

(4) Thus if No. 2 pulse is not being transmitted in the zero distortion
position and No. 2 switch is up, check junction R2-2, Rl-3 for
+30V. If this is correct, then diode CR4-3 is open.

(5) If No. 2 pulse comes through whether the switch is up or dowm

then diode CR1-3 is open as this diode permits the cathode resistor
to effectively short junction CR3-3, CR2-3 to ground.

(6) If pulse level on the "A" or "B" net is low but the distributor
cathode and switched junction woltages are normal, remove the
input amplifier tube V17, If nulses return to normal then erid
current was loading down the net. Replace the tube.

(7) Check bias on V17 which is partly stabilized by a &0k resistor

to regulated +250V. It should be the level shown in the wave-
form on Figure 5-6,

(8) If correct pulses are renerated at the anode pin 1 of V18 but
there 1s no output at the signal line, check anode pin & of V1L,
If signal appears here check for voltape at cathodes pins 1,6 Vls,
This voltage should be +30V marking, zeroc on spacing. f?bltare on
the order of 60 or more indicates lack of eclamping of the prid).

(9) Control Binary,

This bistable multivibrator under dot cycles acts as a frequency
divider. Observe the output at cathodes pin 3 of V15. Alternsate
mark and space pulses of equal duretion should be seen.

Improper triggering of Binsry under dot cveles comes under two
easily recognized tyves,

(a) Insufficient Drive

Sharp pulses of amnlitude less than the normal
pulse amplitude..

(b) Excessive Nrive
Sharp pulses whose amplitude is equal to that of the
normal pulse with brightening of the tops to indicate

that the trace reasches and maintains a maxirum amplitnde
for a moment.,
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(e) Insufficent drive may be corrected by increasing
the drive capacitors Cl0l and C1l02.

(d) Excessive drive may be corrected by lowering the
capacity of ClOl and Cl02 or by a load resistor
from ancde pin 1 V18 to ground.

(e) Any change in this drive may affect the drive pips
in the distributor.

Operation under zero distortion but fails on bias or E.D.

Check suppressor pin 4 V13 for proper drive. Actual pulse
heights are clipped by diode CRS but drive must assure that

the suppressor goes sufficiently positive to permit ancde
current flow,

If the delay is operating check output for delay drive.
(1) Bias Distortion

Delay causes output to go to marking. Stop amplifier causes
spacing (no current) transition. Failure of delay causes steady
spacing ocutput.

(2) End Distortion

Delay causes output to go to spacing. Fallure of delay results
in letters transmission (12345) as stop amplifier generates

start pulse and "B" drives No. 1 marking but no other pulse to
cut off the marking current.

Message sensing is done under same 30% of the voltage swing available
under Selected Pulses or Alternate R & Y, A high rain stabilized bias

input stage clips the pulse at top and bottom, The stabilized bias should
make this operation independent of tube changes.

Observe the output at anodes pin 1 and A of V18, Wave shapes should be
clean rectsngles, essentially free of extranecus pulses, Improper sensine

level shows up as clipped marking or specine conditions at the output
ancde of either the "A" or "B" amplifiers.

Printed copy error.

Greatest difficulty has been found in

failure of soldered joints
open slilicon diodes

Troubtle shooting is best done by evaluating the errors in the cony
for missing pulses,

Added pulses are caused by open resistors or improper sensing levels,
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g« Typieal trouble shocting from printed cooy (printer has automatic
carriage return).

Cold Cathode Tube and Printer Fallures

Many of the following faults can be found by observing the arc
transfer in the cold eathode tubes.,

THE QUICK EROMN FOX JUMPED,CVFR A LAZY DOG'S BACK 1234547700 TESTIIOP TroT

NG i
THE QUICK BRCWN FCOX JUMPED OVER A LAZY DOG'S BACK 1234547990 TESTHIOP TEST
NG I

Tens tube fails to steop from No. 8 to No. 9 eathode on alternate drive
pPlps. Check tens tube drive amplifier and coupling capacitor.

THE RNCEK1PRGSY7ROD THSPINGOVER A LAZY|DI .

THE QUICK BROWN FCX JUMPTD OVER A LAZY DOG'S BACK 1234547R90 TESTING
THE QUICK ERCOWN FOX JUMPED OVER A LAZY DOG'S BACK 1234567890 TESTING
THE QUICK BROWN FOX JUMFED OVEF A LAZY DOG'S BACK 1234567890 TESTING

Half spacine at "D" indiecsted printer in trouble. No. &4 pulselcarriage
return) being falsely recosnized.

THE (UICK |THE QUICK) FROWN FOX JUMPED OVER A’ LAZY DOG'S BACK 1234567800 TEg
Fallure of tens tube to transfer from No. 2 to Ne. 3.

Transfer failures heave been eliminated by incressing the drive pulse or
by additional capacity’ in the -cathode éirciits.

THE QUICK BVEQUKV JUMI'ED OVER A LAZY DOG'S BACK 1234567890 TRSTING
THE QUICK EROWN FOX JUMPED OVER A LAZY DOG'S BACK 1234567890 TESTING
THE QUICK ERCWN FOX JUMPED OVER A LAZY DOG'S BACK 1234567900 TESTING

Caused by simultaneous firing of K3 and the trensfer electrodes. Eliminated

by inecreasing the positive blas on the transfer electrode to assure full
transfer to succeeding output cathode.

Fallures such as overlay printing (one character over another) which are
impractiesl for the generator to cause must be recopnized as printer
fallures to sawve trouble shooting time.

he Matrix Failures

THE QUICK EROWN FOX JUMPED OVER A [TRZY DOG'S BACK 1234567890 TRSTING
THE QUICK FROWN FCX JUMPED OVER A LAZY DOG'S BACK 1234567990 TESTING

Failure to pick up No. 2 pulse indicated No., 2 diode failine. Intermittent
fallure. This diode is located by looking for a junction of Ne. 2 and

No. 5 diodes to form 2,5 which is located at 54 on the Matrix board
Firure 5-2,

Thus a series of errors can be caused by a single component failure. Check
the nrinted copy and 1ist the missing pulses for each error. A pattern
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will be formed which will lead to the defect.

The work thus far has indicated open diodes-no shorts. “here a
sinzle character is failing, the messape may be stepped to the
position desired by removing the drive lead pin 17 on the control
bosrd whlch is the matrix drive rulse. Now connect intermittently
until stepped to failing position and ohserve output.

A change in level of a units cathode causes a failure every tenth
character. Similarly a tens cathode level change causes a ten
character group failure.

An open sensing element caused by an open resistor or failure of the
solder joint causes the other cathode assocliated with this Junetion

to add the pulses controlled by the junction as long as the other
c=thode is conducting.

ZYESQUVVKKSEROWN FOX JUMPED OVER A LAZY DOG'S BACK 1234567890 TESTING

The above sample illustrates the gain of a number 1 pulse each time
cathode 20 conducts which is the result of an open connection of
R325 at junetion 22,

THE QUICK BHEW FCX JURFPED OVER A LAZY DOG,S BACK 123456780 TESTING

The above sample illustrates the gain of the number 1 pulse each time
eathode 2 conducts which is a result of an open connection at R?76 at
Junction 22.
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SECTION

VI
PARTS LIST

Symbol
Desie, Descrintion
€1 ‘ Capaeltor W O2ZMFD Paper 300V CPO9AEDZ223M
cz2 Capacitor 100MMFD Mica 500V CM20E101J
C3-1
to
C3=7 Capacitor . 0068MFD Paper 100V CP16ALHSA2M
cl Capacitor 10MMFD Mica 300V CM15B100J
Cs Capacitor « 001MFD Miea 500V CM20B102J
Cé Capacitor 150MMFD Mica 500V CM20B151J
C7 Capacitor J90MMFD Mica s00V CM20B391dJ
ca Capacitor 100MMFD Mieca 500V CM20B101J

c9 Capacitor .022MFD Paper 300V CPO9AIED223M
€10 Capacitor L70MMFD Mica 500V CM20BL471J
Cll Capacitor »0221MFD Paper 100V CP16A1H223M
cl2 Capacitor «0022MFD Paper 100V CP1éAIH222M
Cl7? Capacitor 100MMFD Mica 500V CM20V101J
c18 Capacitor « O1MFD Paper Loov CPO9A3EELO3M
c20 Capacitor .022MFD Paper 100V CP1l6A1H223M
cz21 Capacitor .022MFD Pspar 100V CP1AA1HZ22M
czz2 Capacitor 330MMD Mieca 500V CM20B331J
c23 Capacitor L7MMFD Mica 300V CML5BU470J
C2h Capacitor L7MMFD Mica 300V CM15B470J
Cl01l Capacitor 150MMFD Mica 500V CM20B151J
€102 Capacitor 150MMFD Mica 00V CM20B151J
cz201 Capacitor AOMFD Electrolytie 350V Mallory °
c203 Capacitor Lo, 40, LOMFD Electrolytic 250V Mallory

C205 Capacitor 30,30 Electrolytic 350V Mallory
C31l Capacitor + 01 Paper 300V CPOSASEDLOM
C3lz Capacitor .01 Papear 300V CPO9A3EDLOWM
CLO00

to

CL09 Capacitor .022 Paper 100V CPOOAREBZ229M
CL20 Capacitor 022 FPaper 100V CPOOASEB223M
CL30 Capacitor 022 Papear 100V CPO9A3EB22M
CLu0 Capacitor 022 Paper 1007 CPOOAREB229M
CL 50 Capacitor 022 Faper 100V CPOSA<EB229M
CLEO0 Capacitor . 022 Fapar 100V CPOOAJEB223M
Ch70 Capacitor « 022 Fapar 100V CPO9ARER223M
CcLB0 Capacitor .022 Paper 100V CPO9A3EB22M
C490 Capacitor «022 Faper 100V CPO9A3ER223M
CR1-1

to
CR1<6 Mode IN137 07 W.E
CR2-1

to
CR2-7 Diode INL2Y 30V W.E.

CR3=-1

1o
CR3-7 Mode IN137 30V W.E.



Svmbol
Desie,

CRi=1
to
CRU-B
CR5
CR6
CR7
CR8
CRO
CR10
CH1L
CR12
CH13
CR14
CR15
CR101
CR102
CR103
CR200
to
CR207
CR230
to
ChR242
CR301
to
CR4273

D5100

Fa20l
Fa0z2

J100
J101
J102
J103
J200

Kl

Fl101
Pl02
P103

to
Rl-6
R2=1
to
R2=7

Diode
Diode
Dode
Dicde
Diode
Diode
Diode
DHode
Diode
DHode
Dlode
THode
Dlode
Diode
Diode

Diode
Dicde

Diode

Lamp

Fuse
Fuse

Jack

Connector
Connector
Connector
Connector

Reley
FPlug

Plug
Flug

Resistor

Resistor

IN137
HD&007
IN137
HD&OO7
IN137
HD&007
HD60O7
HDEOOT
HDA&OOT7
IN137
IN137
HD&0O7?
HDAOO7
HDEOOT
HDA0O7

sJal
SJ31

IN137
NE51 Neon

1a 4G
4a MG
41-071

DE37P

HHB3369

MREZ1P
K1sgP

72
DB37's

HHB3372
K155

3.3 Meg.

% watt

3.3 Meg. 4 watt

30V
150VZ

150VZ
150VZ
15072

150V2
150V2

1507
150V
150V
1507

200P.T.V.
200V

307

2507
2507

5% Tol.

5% tol.

WeEa
Hurhes
WlE-

Hughes
W.E.

Hughes
Hughes
Hughes
Hughes
W.E.

W.E.

Hughes
Haghes
Hughes
Hughes

Transitron

Transitron

W.E.
G.E.

Littelfuse
Littelfuse

Allied Radio
Cannon

Buggie
Winchester
Winchester

Sigma

Cannon

Buggie
Winchester

A.B.

A.B.



SFHLGI

Desicr.

R3-1
to
R3-7
Rir-1
to
Rlb=5
Rl
RL4-7
R5=1
to
R5-7

RA

RS

R10O
R11
Rl1z2
R13
R1L
R15
R16
R17
R19
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R4O
R41
R42
RA3
Ry
RH5
RL4G
RAT
R4 8
RLO
R50
R51
R52
R53
RS54
RS55
R56
R57
RE0
REL
R62

Resistor

Resistor
Hesistor
Resistor

Resistor
Resistor
Resistor
Resistor
Registor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Reslstor
Hesistor
Resistor
Resistor
Resistor
Reasistor
Resistor
Resistor
Reslstor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Heslstor
Resistor
Rasistor
Hesistor
Resistor
Rasistor
Resistor
Resistor
Reslstor
Resistor
Resistor
Hesistor

Descrivption
10k T watt
11 Meg. T watt
l.2 Heg. ; watt
1 Meg. £ watt
1 Meg. i watt
B.2 Meg, watt
£.8 Meg. watt
1.5 Meg. 3 watt
180k > watt
15k 1 watt
15k i+ vatt
L.7 Meg. 4 watt
10k (pot)
a3 Meg. % watt
9%k 2 watt
270k watt
L7k watt
180k watt
56k watt
2 Meg. 1 watt
100k (pot) fwatt
4.7 Mege %+ watt
L,7 Meg. i watt
33k 2 watt
1 Meg. % watt
648 Meg. + watt
47k 1 watt
4.7 Meg. i watt
L70k watt
680k watt
13k 2 watt
4,7 Meg. 4+ watt
500k (pot)

2 Meg. wirewoundl watt
1 Meg. 4+ watt
56k 1 watt
L.7 Meg, + watt
60k wirewound 10 watt
5.6k i watt
220k % watt
820k watt
1.5 Meg. watt
100k 1l watt
10 Meg. % watt
2k pot £ yatt
60k wirewound % watt
5.6k ; watt
100k 1l watt

5% tol.

5% Tol.
5% Tol.
5% Tol.

&% Tol.
5% Tol.
5% Tol.
5% Tol.
5% Tol.

5% Tol, -

5% Tol.
5% Tol.

&% Tol.
5% Tel.
5% Tol.
5* Tol.
5% Tol.
5% Tol.
1% Tol.

54 Tol.
5% Tol.
5% Tol.,
5% Tol.
54 Tol.
5% Tol.
5% Tol.
;ﬁ Tol.
% Tel.,
5% Teol.
5% Tol.

14 Tol.
5% Tol.
gl Tol,
5% Tol.
5% Tol.
5% Tol.
5% Tol,
5‘5 Tﬂlf

5% Tol,
5% Tol,
5% Tﬂl "

5% Tol.
_5% Tol.

5-?.5 Tﬂli

.A.IE‘-
A.B.
A.B.

A.Ba

A.B.

A.B.
RC20GF4735
RC200F18L
RC200F563
Blackburn

Centralab Mod 3

-H- L] E L]

A.B.

A.B.

RC20QF105J
RC200F685J
RC30GFL73J
RC200F475J
RC20GFu474J
RC200F684J
RCL20F333J
RC20GFL75J

Centralab Model 3
Blackburn Electronics

RC203F1L0&T
RC30GF563J
RC20GF475J
Chmite

RC20GF562J
RC200GF224.J
RC20GF8244J
RC200FL55J
RCI0GFLOLY
RC20G5106J

Centralab Model 3

Ohmite
RC200GF562J

RC300FLOLJ



Symhol
Desiz.

RE3
REL
RES
RG6
R67
RE8
R70
R71
R72
R74
R75
R76
R77
R78
R79
RB81
RB82
R20
RO1
RS2
R93

R95
R96
R97
R98

R100
R102
R103
R104
R105%
R106
R107
R108
R109
R111
R112
R113
R114
R115
R116
R117
R201
R202
R2073
R204
R205
R206
R207
R208
R210

Resistor
Resistor
Resistor
Reslstor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Hesistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Rasglistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Rasistor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Hesistor
Heslistor
Resistor
Resistor

Resistor’

Resistor

Description
A20k 1l vatt
liﬂ{eg. % wvatt
100k 1 watt
10 Meg. i watt
1.5k 7 watt
750 = watt
L0k i watt
L70k watt
50K wirewound 10 watt
L7 0k % watt
L70Kk % watt
50k wirewound 10 watt
L7k watt
100k pot % watt
22k 2 watt
4.7k watt
L.7k watt
1 Meg. 5 watt
10k L watt
10k watt
100k watt
2.7 Meg. T watt
3%k 2 watt
100k % watt
115 H-E‘Ei 2 watt
470k i watt
10k pot i watt
18k £ watt
3.3 Meg. A watt
10k wirewound 1l watt
10k wirewound 1 watt
4,7 Meg. % watt
'Lr'l? I.hgl '\fﬂ.tt
A2k 3 watt
939 1 watt
.72k 1 watt
1l Meg. pot + watt
1 Meg Fot v watt
2k wirewound
100 + watt
500 5 watt
1k 5 watt
500 5 watt
180 5 watt
1280 5 watt
3.5k watt
1k watt
1k watt

11k wirewound

44 Tol.
5_-‘!1 Tol.
g% Tol.
st Tol.
5% Tol.
5% Tol.
5% Tol.
5% Tol.
5% chmite
g4 Tol.
54 Tol.
5% ohmite
5% Tﬂl-

5% Tol.
et Tol.
5% Tol.
&% Tol.
5% Tol.
5% Tol.
&% Tol.
5% Tol.
5% Tol.
5% Tol.
5% Tol.
55 T’D‘li
5% Tol.

5§ Tol,
g Tol.
.54 Tol.
.5% Tol,
5% Tol,
5% Tol.
5% Tol.
4 Tel.
0.5% Tol.
0.5% Tol.
0.5% Tol,

1% Tol.
ﬁ Tnl-
g% Tel,
5% Tol.
5‘5 Tﬂlr
5% Tol.
5% Tol.
5% Tol.
5% Tol,
gt Tol.

RCIOGFA2LT
RC20GF155J
RC0GFLO4J
RC20GF10&d
RC20GF155J
RC20GF751J
RC20GFL7LJ
RC20GFL7L4J
Chmite

RC20GFL74J
RC20GFL474J
Chmite

RC20GF473J

Centralab Model 3

RCL20GF223J
RC20GFu72J
RC20GF472J
RC20GF1058J
RC20GF105d
RC20GF103J
RC20GF103J
RC20GF104J
RC20GF275J
RCL20FI93J
RC20GFL0LJ
RC20GF155J
RC20GFL474LJ
Centralab

RC20GF183J
RC20GF335J
Blackbum

Blackburn

RC200FL75J
RC20GF475J
RC20CGF393J
RC200F823J
Blackburn

Blackburn

BElackburm

Guntrnlah-HEdul 3
Centralab Mydel 3

Ohmite
Chmite
Chmite
Chmite
Chmite
Chmite
Chmite
Chmite
Chmite
RC20GFL02J
Chmite



Symbol
DEEiE=

R301
R302
R303
R304
R305
R306
R307
R303
R309
R310
R311
R3l2
R313
R314
R315
R316
R317
R318
R319
.R320
R321
R322
R323
RA24
R325
R326
R327
R328
R329
R330
R331
R332
R333
R334
R335
R336
R337
R338
R339
R340
R34l
R342
R343
R3LL
R3L5
R3U&E
R347
R348
R34S
R350
- R351
R352

Resistor
Resistor
Resistor
Resistor
Resistor
Hesistor
Reslistor
Resistor
Resistor
Resistor
Reslistor
Hesistor
Resistor
Hesistor
Resistor
Resistor
Resistor
Resistor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Rasistor
Resistor
Resistor
Heslstor
Reslistor
Reslstor
Resistor
Hesistor
Resistor
Resistor
Resistor
Resistor
Reslstor
Resistor
Reasistor
Resistor
Resistor
Hasistor
Resistor
Resistor

=
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5 watt

RC20GF343J
RC20GF513J
RC20GF393J
RC206F563J
RC20GF363J
RC200F303J
RC20GF3634J
RC20GF393J
RC200F363J
RC20GF393d
RC20GF683J
RC20GF473J
RC20GF74]
RC200F583J
RC20GF475J
Re20GFLO5J
RC20GF1L83J
RC20GFL53J
RC20GF105J
RC20GF433J
RC20CF474J
RC20GFL474J
RC200F2244
RC20GF224J
RC20GFL7LJ
RC20GFL74J
RC20GFL74J
RC20GFL474J
RC20GF124J
RC20GFL73J
RC20GF124.J
RC20GFL54J
RC20GFL 544
RC20GF224J
RC20GF224d
RC20GFL5k4d
RC20GF154J
RC20GFL24J
RC200F124J
RC20GFL73J
RC20GF154J
RC20GFLs4J
RC200FL54J
RC20GFLs4J

RC20GF22LJ -

RC20GF224J
RC200GF224J
RC20GFz2LJ
RC26GFL54J
RC20GF363J
RC200F154J
RC206F22LJ



Symbol

Desier.

R353
R3 5k
R355
R356
R357
R358
k359
R360
R361
R362
R363
R364
R365
R366
R367
R368
R369
R370
R371
R372
R373
R374
R375
R376
R378
R379
R3I80
R381
R382
R3873
R384
R385
R385
R387
R388
R389
R390
R391
R392
R393
R354
R395
R396
R397
R1398
R399
R400
RLOL
R402
RLO3
RLUOL
RAO5
RL406

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Hesistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Reslstor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Reslstor
Resistor
Reslstor
Resistor
Resistor
Raslstor
Resistor
Resistor

220k
L0k
L0k
150k
150k
220k
220k
5lk

120k
120k
470k
L0k
150k
150k
150k
150k
150k
62k

150k
150k
150k
L70k
L0k
220k
L70k
470k
39k

220k
220k
120k
120k
470k
70k
220k
220k
B70k
&2k

L70k
220k
200k
L0k
L0k
220k
220k
220k
220k
220k
220k
150k
150k
L0k
L0k
220k

S A e U A e S T e B B e A T e e U e R e e

Desnrprintion

watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt

watt.

watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt

RARARAANRA

ARRER

RC20GF22LJ
RC20GF47LJ
RC20GFL74J
RC20GFL54J
RC20GFL54J
RC20GF224J
RC20GF224J
RC20GF513J
RC20GF124LJ
RC20GF124J
RC20GFL7LJ
RC20GF47LJ
RC20GFLs4d
RC20GFL 54J
RC20GFL84J
RC20GF1.54J
RC20GF154J
RC20GF&623J
RC20GFL 54J
RC20GF1shd
RC20GF154J
RC20GF474.J
RC20GFY74J
RC20GF224d
RC20GFU74LJ
RC20GFuLJ
RC20GF3934J
RC20GF224.J
RC200F224J
RC20GFL24J
RC200FL24J
RC20GFL74J
RC20GFY74.J
RC20GF224J
RC20GF2244J
RC20GF47LJ
RC200F523J
RC20GFL7LJI
RC20GF224LdJ
RC20GF224LJ
RC20GFU74J
RC20GF47LJ
RC20GF224.J
RC20GF224J
RC200F224J
RC20GF224J
RC20GF22LJ
RC20aF224]
RC20GF184J
RC20GFL54J
RC200F474L]
RC20GF474J
RC20GF224J



Symbol
Desip.

RLQ7
RL4OA
RL09
RU10O
RA11
R4l12
R417
RU1L
R415
RU1A
RU417
R418
RL19
RU420
Ri21
Ruz22
R423
Ri2L
RL425
R426
RU427
R428
R429
R430
R431
RU32
R433
i34
R435
R436
R437
R438

R440
R4
RLL2
RH43
Rududy
R4l 5
RA4LE
Ru7
R448
RULG
Rk 50
RUS1
R452
RL53

R455
RA456

R4 57
RL58

Resistor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Reslistor
Hesistor
Heslstor
Hasistor
Hesistor
Resistor
Resistor
Resistor
Rasistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Hesistor
Hesistor
Resistor
Resistor
Resistor

220k
220k
220k
150k
150k
120k
120k
150k
150k
100k
100k
220k
220k
570k
470k
150k
150k
220k
220k
150k
150k
120k
120k
470k
470k
120k
120k
120k
120k
150k
150k
470k
470k
220k
220k
470k
170k
150k
150k
150k
150k
220k
220k
220k
220k
150k
150k
470k
470k
100k
100k
470k
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watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
wett
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt
watt

&% Tol.
5% Tol.
5% Tol.
_5‘; T'Dl-l-
&% Tol.
5% Tol.
5% Tﬂli
5% Tol,
_'5?-5 Tol.
5% Tol.
5% Tol.
5% Tol,
5% Tﬂ'li
5% Tol.
5% Tol.
5% Tol.,
5% Tol,
54 Tol,
5% Tol.
5% Tol.
5% Tol.
=4 Tol,
54 Tol.
ﬁﬁ Tﬂl-
54 Tel,
5% Tol.
% Tol.
5% Tol,
% Tol,
5% Tol.,
54 Tol.
54 Tol.
5'% Tal,
5% Tol,
5% Tol.
5% Tol.
5% Tol.
& Tol,
5'% Tol.
5€ Tol,
5% Tol,
5% Tol.
5% Tol.
57‘.5 Tol,
5% Tol,
5% Tol,
5‘§ Tﬂl-
% Tol,
5'1'; Tﬂl-
5% Tol.
5% Tol.
=€ Tol.

RC20GF220J
RC20GF224J
RC20GF224J
RC20GF 54J
RC20GFL 5/4J
RC20GF1L24J
RC20GF1 24J
RC20GFL 54J
RC200FL 54J
RC20GFLO04J
RC20GF104J

'RC20GF224J

RC200F2241.
RC20GF7L]
RC20GF7L]
RC20GFL54J
RC20GFLs4J
RC200F224.J
RC20GFz24dJ
RC200GFL54J
RC2Z0GFL5LJ
RC20GFL24J
RC20GFL24.J
RC20GFY74J
RC20GFL74.J
RC20GF1244J
RC20GF124LJ
RC20GF1L24LJ
RC20GF1L24J
RC20GFLs4d
RC20GFL sk
RC20GF474.J
RC20GFy74]
RC20GF224Jd
RC20GF224.J
RC20GFY7LJ
RC20GFL74.]
RC200F1.84J
RC20GFL54J
RC20GFL54J
RC200FL54d
RC200F2244d
RC20GFz24dJ
RC20GF22NJ
RC20GF224J
RC20GF15LkJ
RCPOGFLELT
RC20GFY7LJ
RC20GF474J
RC20GFLOL.J
RC20GFLOLJ
RC20GFY7LJ



Symbol

Dnsic. De=scrinticon
Rlb59 Resistor Lok = watt
RUED Reslstor L0k % watt
R4EL Resistor L7 0k 5 watt
R4E2 Registor 220% i watt
RL63 Resistor 220k L vatt
RUEL Resistor 470k % watt
RIS Resistor 170k 3 bt
RUE6 Pasistor 220k % watt
RUG7 Resistor 220k * watt
RLC7 Resistor 220k § it
RUEQ Resistor 220k % watt
RA470 Resistor 150k % watt
R471 Resistor 150k = watt
RL72 Resistor 100k % watt
R4TT Resistor 100k F watt
RE7L Resistor 100k 7 watt
Ru75 Resistor 100k 3 watt
RL76 Resistor 100k L watt
Ry Resistor 100k i watt
RU7S Resistor 100k 1 watt
RU479 Resistor 100k % watt
R4B0 Resistor 470k 3 watt
RLEL Resistor L7 0k = watt
R482 Resistor L0k 3 watt
RB483 Resistor 470k % watt
Ri B4 Resistor L0k = watt
RUB5 Resistor Lz Ok ﬂi watt
RUEE Resistor 100k i watt
RLS7 Resistor 470K 1 yatt
R488 Resistor 4.7 Meg. % watt
RLBO Rasistor L70k F watt
R4SO Resistor 150k H watt
R491 Resistor L7k T watt
RL4O2Z Resistor 82k % watt
RLG3 Resistor 1 Meg. = watt
RLOL Resistor 82k % watt
S101 Switch, Rotary
5102 Switeh, Rotary
5103 Switch, Rotary
S104% Switch, Keylever MCTY
5105 Switch, Toggle STH2P
S106
to
5111 Switch, Min. Togpele EATZ
T201 . Trensformer, Power 5676
V1
to
Vo Tube, Electron 5647
V10 Tube, Electron 5636
Vil Tubte, Electron 6021
Viz Tube, Electron 6021
V13 Tube, Electron 5636
Vik Tube, Electron SH10A
7 Tube, Electron c687

5% Tol.
s% Tol.
5% Tol.
5% Tol.
5% Tol.
5% Tol.
5% Tol.
5‘% Tol.
s? Tol.
5% Tol.
5% T'Dll-
5% Tol.
54 Tol.
5% Tol.
ﬁ'% Tol,
5% Tol.
5% Tol.
5% Tol.
5% Tol.
s Tol.
5% Tol.
j-,% Tol.
5'% T'ﬂ‘ll
5% Tol.
5'-5 Tﬂli
5% Tol.
g% Tol.
ﬁ"'-; Tol.
5% Tﬂll
E-Eg- Tﬂl'
5%‘ Tol,.
&4 Tal,
54 Tol.
5?'; Tol,
cf Tol.
5'% Tol.

RCZ0GFL74.J
RC20GFLTL]
RCZ0GFL7]
RC20GF224.J
RC20GF224.J
RC20GFL74T
RC20GFL74.J
RC200F 224
RC20GF224.]
RCZ0OGF224J
RC200F220.]
RC200F154d
RC20GFLskJd
RC20GF10LJ
RC20GF104.J
RC20GF1LOLJ
RC20GFL04J
RC20GFLOLJ
RC2Z00FL0LJ
RC200F1L04J
RC200FL0LJ
RC20GFL74Ld
RC200FL7L.]
RC20GFlpl]
RC20GF474.J
RC200FL74T
RC2OCFL7LT
RC20GF104J
RC26GFL7LJ
RC200F475J
RC20GFL7L
RC20GF1shJ
RCZ0GFY73J
RC20GF822J
RC200F105J]
RC20GF823J

Dwe o #
M'.F
Dhig o #
Dug .4

Micro switch

Micro switch
Flectran Hfg. Co.

Sylvania
Sylvanla
Sylvania
Sylvania
Sylvania
Sylvania
Sylvania



Degig. Descrintion
17 Tube, Electron 611z Sylvania
V18 Tube, Electron a021
V19 Tube, Electron QA2
V200 Tube, Electren OB2
vzl Tube, Electron 5502
V202 Tube, Electron 5202 Sylvania
V203 Tube, Electron 5902 Sylvania
Va0l Tube, Electron 6167 W.E.
Tuc2 Tube, Electron 6167 W.E.
V403 Tube, Electron 6021 W.E.
XKI Socket, Octal ' Cinch
AVl
to
X3 Socket, Subminiature Cinch BEB22373
X
to '
XVls Socket, Noval Eleco 623BC
XV17
to
xVi9 Socket, Subminiature ' Cinch BEB22373
XV200
to :
Xva20l Socket, Septal Eleo 622-EC
xV202
to
XV203 Socket, Subminiature Cinch B6B22373
Xvy0l
to

Xvuoz Socket, 20 pin Cinch S4AL1768B6
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 TBCHNICAL REQUIREMENTS 4 January 1954

TEST SET TELETYPEWRITER TS-799( )/UGM-1

1, BSCOFE

1.1 This specification covers requirements for the development, engineering and b
eonstruction: of models of a teletypewriter test set which will generate undistorted
reversals or miscellaneocus or recurring teletypewriter signals with & controlled amount e

2, APPLICAELE SFECIFICATIONS, STANDARDS AND DRAFINGS

2.1 The following specifications, standards, end drewings, of the issue in effect
on the date of dnvitetion for bids, form & pert of this specification.

SPECIFICATIONS
Military
MIL-V-95 o Vibrators, interrupter and melf-rectifying
_—— MIL-P-11268 Parts, Meterials, and Processes Used in
- Signal Corps Equipment
MIL-5-11748 A Suppression requirements for electrical and
electronic equipment (except internal com=
bustion engine~driven equipment)
MIL-§-12410 v Wire, Cable; and Cord (electrical, hook=-up '
insulated, radio and apperatus }
. MIL-C-3884 v~ Cord, Electrical (short lay) .
U.S. Army [/
Tl=4945 Rubber Bubstitutes for use in Cords, Cordages
and Cables
¥TANDARDS ' ’ :
Military
MIL-STD-15 ¥ Electrical and Electronic Symbols
MIL-STD=16 Reference Designetions for Electrical and .
- Electronic Symbols e ¢
MIL-STD-122 Color Code for Chassis Wiring for Ilﬂtrﬁ'ﬂ“f ke
; £ i
Equipment i 2
MIL=3TD=200 Elesctronic Tubeas
MIL-STD-202 e, Test Methods for Electronic and Elect -
Components parts : g .
' - r
g .

i -
Sheet 1 of ]2 aheets
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PUBLICATIONS
Signal Corps
SCL=2101 " Technicsl Reports

2.2 Dramingge The followlng drawings, of the issue in effect on the dste of
invitation for bids, form & pert of these requirements:

A Rl-A=8251" Identification Tag for Cords
| SCeA=4B9L Arctic Rubber Compound, Mechanical Grade,
1 | oo Non-01l Reaistant, 40-Durometer
8C-D-9823 Binding Post TN-216 ‘
;'“r-'*” S5C-D-15914, Humidity Test Cycle for Ground Signal
V94 - Equipment, 48-hour '
3C-D=1T269 Caution Flates
. SC-DL-69167+ Connector Plug, U=-120/1
| - SC-DL=72398 - Binding Post, U-106/U
80-D=20648 Cateh, Small, Assembly and Details
SC-D=20649 - Catch, Large, Assembly and Detail
8C-D=20650-" Catch Topa
SC=B=20651 v~ Catch Retainers

(Coples of specifioations, standards, end drawings required by contractors in comnection
with specifio procurement functions may be obtained from or se directed by the contracting .
officer, Both the title end identifying number or symbol should be stipulated when
requesting copies.)

3. HREQUIREMENTS

3.1 Dasign. Lightweight miplature perts apd conatruction techniques shall be used
to the fullest posaible extent consistent with dependability, ease maintenance and
simplicity of operation, The deaign, layout and assembly shall be such as to permit
quantity production, Electricel parts shall not be required to operste under conditions
of curremt, voltage, power or temperature beyond those specified by the manufacturer of
the part, or by the spplicable MIL or other subsidiary specifications, without, specific
written approval by the contracting officer or his representative, All samples sub-
mitted for approvgl shall be sccompenied by test data showing complisnce with require-
ments and tests of this specificatiom, :
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3,1.1 Design evaluation. During the initial design end the "breadboard" stage, the
contractor shall study the various design fectors in order to affect & compromise among
performance, reliability, life, power drain, weight, size and complexity., Frior to
"freezing” the design of the equipment, this study shall be submitted to the contracting
officer or his designated representative in the form of an evaluation of two or nare
designs showing the improvement in equipment characteristics such as sire, welght, power
drain and the possible decrease in life or reliability which might result from a minor
devistion from specification requiremenis or commercial practice, This evaluation will
be considered by the contracting officer, or his representative, and will be used as a
basis for selection by mutual sgreement with the contractor of the most desirable desigm.

- Further study of these fectors shall continue during tha course of the contract and be
degoribed in a separate secflon of the progress repcrts, Acceptance of anmy design
described in these studies shall not be canstrued s authorizing devistion from any re=
-quirements of this specification except those specifically ewthoriged in writing by the
contracting offlcer,

- ol

3.1.2 Balisbility. The equipment covered by this specification will not be :
considersd fully developed until ite functioning under all Service Condiiioms is reliable.
If it ean be demonstrated that fulfillment of the other requirements of this specificatiom
is likely to compromise reliability this shall be brought to the sttientlon of the Con=
tracting Officer and consideration #111 be given to adjustment of the other requirements
accordingly.. The requirements ghall be considered in the order of {mportance sequence B8
follows and in msking adjustments.. Factors higher on the list may not be compronised to
gain advantages for lower liated factorsi : .

(a) Relisbility

b) Perfermance

¥_  (c) Ease of operation snd maintenance
d) Size and weight

3.1.3 GChenges in Specificallong. As the work progresses, it may appear desirable
to modify these techniocal requirementa within the gpeneral scope of the contract. The
contractor is encouraged to submit proposels for modification 1f besed on evidenoe that
the current approach may be wmproductive or otherwise undesirsble., Detalled procedures
for making changes ere described in the contract, In genersl, speclfication changes
which do not involve change in cost or delivery will be authorized by letter, and those,
which change the .cost or delivery will be awliuhud by contract modificatiaon.

Fy -

: =t LHJ—
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3.2 HEectriosl Functiona,
3.2.1 Generated Signala.

3.2.1.1 Telotvpewriter Sicnalg. . The equipment shall be capeble of generating
Teh2=unit code signels at speeds of 36-5 1, 404, 460, eni 600 operstions per minute and
740-unit code signels at a speed of 390 ﬂparatiann per ninute. . It shall be_possible tn
generate thg standard test message "IHE QUICK BRUWMN FOX JUMPED UVEXR A LAZY DOG'S BACK -
« 1234567890 ING followed* by four successive "letters" impulses, two “carrigge ﬂtm-n'
impulses, one "line feed" impulse, and one "letters® impulaes in that order with 30 percent
ixed marking or spacing bias or merking or spacing end distertion, It shell also be
~possible to generste any one of the following test sigmals "R,® "I%, ®T," %0 % Wy @ wy o
"lettera,® "Blank,” "space," “RY," or stendard teet meassspe with a uuntrulled anmmt uf V
marking or spacing bilas or marking or spacing end distortion continuously variable from

]

Q to 50 pergent,
3.2.1.2 Reyarsalas. The equipment shall be capable of genersting reversals ni-;‘ "'?
frequencies of 20, 30, 35, 75, and 100 cycles per second, Q
3e2.2 Ezcing. Keying shall be either 20 or 60 ma, neutral or 30 ma, ‘polar, L

polar keying is desired, line current shall-be furnished iuturmll.'far and means shall b!
provided for sd)usting linu current from 20 to 30 ma, when keying a 100 ohm cireuit,
Then neutyal 20 ow G0 me. keyismg is desired, the resistance offered by the test eculpment

to the line shall not exceed 100 ohma.

3.2.3 Agourgcy. The generated signals, when the distortion control is positiomed -~
for serc distortion, shall be such that no trensitiocns shall be displaced by more than
2 pereent from their correct pcaitionms,

}:.2.48. Coxds.
3,2.4.1 4 six-foot cord shall be provided to connect the test set to an a.c. Y
ar BOUuroa,
pﬂ! e — Ifr.} j_',f_n_i‘"t‘_

4

3 2.402 A eix-foot cord, turminqted with a block plug type 347 ss msnufactured by
Weatern Eleotric Co. or aqull, shall be provided to connect the output of the test set
to a local loop.
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3.2.5 Qoptrglse The test set shall be furnished with the following controle: >

. @s A separate ON/GFF switch ) .
b, A switeh to short out the keying functions so that keyed loop will be - ex
shorted out, For polar operstion, this switch, while in the shorted
condition, shall furnish steedy merking conditienm,
e, A switch to select either teletypewrlter signals or reversala.
_d, A five-positiom switch to select any of the following frequancies of
reversals & » 35, 75, and 100 oycles per secord,
+ 8 A knob to o the amount of distortion on gmnerated teletypewriter
N signals from 0 to 50 percent,
. B¢ A three-position switch to select either standard test message, repsated
KY, or manual setting up of any of the 32 baudot codes using the switches
! described in par, g below, ’

Y '1“lpnupufr1v-tugglu nitahau.thntwbﬁund to set up any of the
i 32 bautot ocodes,
“ h, A switch to introduce either bias or end distortion on teletypewriter
lignnll- -

‘4, A& switeh to introduce either marking or spacing biep on teletypewriter

; 'jmlﬂi '
: 4 .~ §. Means for providing fixed-distortion of’ 30 percent either by a simple

Ve L mechanical adjustment or by a two=position-switoch, &

3.3 Cepstrugtion. The equipment ia-intended for both tactical and fixed plant L/
applications, The equipment shall be designed such a3 to permit removel from the equip-
ment transit osse end installed on the standard 19" racks. Tranait cases used to house
the equipment will be decided on st the fIme the breadboard stage is achieved, The
contractor should make every endeavor to restrict the weight of the eguipment including
the tranasit case to 35 pounds,

L-'"I
~  3.3.1 Qoptrols gend Jjacks. A1l operating controls and input and output jecks shall be

located on or be operable from the front panel; be clearly jdentified and shall be arranged
in.such a way a8 to be of maximum convenience and utility to the user of the test equipment,

- 3,3.2 Sub-uniis. Any sub-unit mey be used by itself or in conjuhction with other
sub-uriithe of the equipmsent,

L
 3,3,3 Gaution notiga. Each component which beers an jdentificetion nameplate shall

also bear in s conspicuous location & notice per Drawing SC-D=17269.
d i
v 3,3.4 Miustmept apd Repair. The equipment ahall be =0 constructed that parts, /
terminals, wiring, etc. are acoessible for circuit checking, adjustment, maintenance, )
repair, and replacesment with minimm disturbance to other perts and wiring end with
use of the minimum mumber and variety of special tools, particularly those needed for
tming and adjustment,
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§3.3.5 Rugredness apd Rellability. A4ll*parts and detalls of construection shall have
the of ruggedness and reliability under all opersting conditions. The equipment
all be so constructed that it can withstand long periods of service and repeated rough
handling in trensportation with a minimum of damapge and reedjustment,

3.3.6 Joterchangeabllity. All components, subassemhlies and parts shall be
mechanically and electrically interchangesble with all corresponding components, sub=

asseamblies, and parts of the equipment or equipmente on order,

3.3.7 Ieola and/or Running Spare Pertg. Tools and running spere parts shall be

~urnished as specified in the bid request end contract. Rumning spsre parts shall be
identical to eorresponding integral parts in the squipment furnished on order,

3.4 Earts, materlals end procesgcg. All perts, materials and processes not
specifically mentioned herein shall be in accordence with specifications and drewings
listed in Section 2 of this specification covering such parts, materials and processes,
The selection of class, grade or type shall be such that whem mounted in the equipment,
the part or meterial will perform its intended function under the Service Guqditiunl
lpmified in 3.5.

Jedal mm:m. Hock-up wire shall be nylon jacketed LW type wire in accordance

with RIL-W-12410, The wire shall be stranded and shall be of suffiajent conductor .1:.-
to avoid deterioration in electrical properties of the wire from overhedt ing,

Y. mﬁ_qr_qmm. Prior to, or at the time of delivery of the
development model of the equipmentt, six samplea of any type of sapmcitor, resistor, trens-

former, or other electrical parts which have not previously received Sigml Corps or MIL
uppronl shall be submitted for test. The particular electrical values of the samples to
be delivered under sach type, selected from the valuea employed in the equipment, will be
specified by the conmtracting officer or his representative, If, in the construction of

the equipment, hermetic sealing of subsssemblies is employel, t'n each of a typical sub-

e

":.:f“"-.

easembly shall elsc be furnished. One shall be completej 'ﬁha other shall be complete™except * »

for final covering and sealing,

3ude2.1 Apurowml of sample coppopepis. If any semple componenta, required to be
submitted by this or'by subsidiary specifications, are disapproved, the contractor may be
equired to submit sdditional sample until satisfactory samples have been submitted, Such
“additional samples shall be accompenied by a description of the changes made in the new

samples in order to correct the faults of the rejected samples. Approval of the samples
shall not be aenstrued as authorizing any deviations from specified requirements.

3.5 Servics Conditions.

3,5.1 Yibration. BExcept for internal resomance of perts and subassemblics specified
*ein, the equipment shall have no mechanical rescnance below 55 mlﬂﬂ par second when
tne shock mounts (if eny) are blocked.

/ Z
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3.5.2 Boupge and Shocks
3.5.2.1_ The equipment shall meet the requirements of Table I belows

Table I = Bounce and Shock Tests
logt Iogt Paragroml f Requirements after Tomk
Bounce, 3} hour bedad Full specification per=-

formanes. No physical
damage except surface

.f’ abrasions, i
Bench=handling heSel Full specificaticn per-
formance, No physical
I damage,
Bhook test (drop) 4e5.6 L Equipment shall be operable.
Minor mechanioal damage 18
| 3,5.3 The equipment shall be constructed to withatand, without damege, transportation
and storage and operation under any probsble eombination of the service conditiona listed
in the lpproprihﬁql__:unlm balow:
G I 4 Lo ||,-"’
a, Temperature -80 to £ 160 F =25 to £ 131 F
| b. Relative/Humtdify 0 to 95% 0 to 95%
. Altitude Sea Level to 25,000 ft,  Sea Level tc 10,000 ft
#The equipment shall operate within these temperature limits meeting all requirements of
this specificatiom, -
3.6 Sarvice Litaratura. Tha_nantﬂut:;r shall provide instruction books, drewings and
*inal reports as specified in the bid request and comtract. 7
L~
!
|
L}
I
.




\

- 8CL-1488 Test Set Teletypewriter T8-799( )/UGN-1 Sheet # B

84g G TI.R

T T———— e e ] e TR

3,6.1 Menufacturer's Drawings. The contrector shall supply & ocomplete set aof st
manufaeturers shop drawings prepared in accordance with the contractors practices. |

3.6.2 Ipstruction Bocks. Instruction books shall be furnished'as stipulated in the
A request and contract, The books shell contain sufficient operating and meintensnce
information for laboratory use, The instruction bocks shall follow Specifioation MIL-M-10953 _
in arra need not comtain all information specified therein. The bocks shall be
furnished in manuseript form and need not be printed, but may be typed, dittoed or .

| mimeographed,

3.7 Reporise The contractor shall prepare and submit reports of the type and in the
quentities required in the bid requeat and contract, These reports shall be in accordance
rith Specification 8CL-2101 and shall contain-pertinent explanations of points of
theorstical interest, descriptions of design procedure and reesons for selecting the
partismlar design and the rejecting of others. The tests, design and construction of the

shall be described in sufficient deteil to enable any competent technician %o
duplicate the results. ;

3.7.1 Gonfersnces. The contractor shall meet with the representatives of the contract-
{ng officer onoe each month, or at any intervael determined by the contracting officer or his
representative, The time and place for such meetings shall be wrranged by mutual agreement
between'the contrmotor and the contrecting officer. At these conferences, progress on design
and development problems and the diffieulties encountered therein, will be discussed, Request
for information, approvals and other commitments to or from the contractor will not be

considered binding unless made or confirmed in writing.

i

3.8, Horkpenahdin. The workmenship shall be first class in every respect, All com-
ponents {nd the finished equipment shall be free from any defecis which might affect thelp
serviceability or appearance, J v

4. METH(DS OF INSPECTION AND TESTS

41 It is the desire of these Laboratories to obtain the fullest cooperation from omd
nanufacturers of this squipment. The %est procedure shall be submitted by the contractor to
the comtracting officer for his approval and ahall be sufficlently comprehensive to insure
oompliance with all requirements listed in this specificatlion. The tests may be perfdrmed
either at the plant of the manufacturer end under the supervision of representatives of the
sontructing officer, prior to submlasion of the equipment to these Laboratories for final
tests and scoeptance, or at theae Laboretories, The contracting officer reserves the
right to make other tests not specifically described hereln, when such tests are deemed
necessary to determine full compliance with the specification requirements.
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4.1.1 A1l material and processes entering into the fabrieation of the squipment
covered by this specification shall be subject to inspection by the euthorized Government
‘nspector. The gontractor shall furnish all necessary facilities and equipment for making ~

e tests and inapectlon required by this specification (except the tests of 4.5 to 4e5.9,
inclusive), The contracting officer reserves the right to meke other tests not specifically
described herein, when such tests are deemed necessary to determine full compllance with the
specification requirements, The contractor shall correct all devistions from this sSpec=
ification pointed out by the inspector. - )

4+2 Parts. A1l parts shall be inspected and tested by the contractor to ascertain that

%' ~ meet the requirements of this specification rrior to essembling in the equipment, Tests

o. ertes may be repeated by the inspector., All parts covered by subsidiary specificatlions
shall be inspected in accordance with their respective specifications by a répresentative of
the aomtracting officer, befare their assembly into the equipment, Inspection of parts mey
be made either at the contractor's plant or at the place of manufacture, whichever is deemed
preferable by the contracting officer, !

4.3 Machanlgal inspectign, Rach equipment shall be given a thorough inspection for
mechanical feults and poor workmenship, 4ll controls and moving perts shall operate smoothly
without excessive binding, seraping, or cutting. Wiring, soldering, switch contacts, finish
end all other mechanical details shall be checked on each unit, :

44 Blaotrigal tests.

4ekel GContinuity. ZXach equipment shsll be given a continuity test to verify that the
wiring is correct and that good elactrical contact is obtained, |

4.5 gSarvice conditions tegta. The following tests will be performed et & Government
laboratory. For all of these tests (except the bench handling test 4.5.7) the equipment
shall be in its field transit case.

-

4+5.1 Low temperature tegt. The equipment shall be exposed to storage at an ambient
temperature of -80 F for three days. The tempersture of the test chsmber shall then be
raised to =25 F and permitted to stebilise at that temperature for a tontinuous period of
24 hours, At =25 F there shall be no degredation in performance from that obtained prior

to this test.

heded The equipment shall be exposed to storage at an ambient
teaperature of 5 160 F for three days. The temperature of the test chamber shall then be
lowered to /£ 131 F and permitted to stabilire at that temperature for a continuous period
of 24 hours, At # 131 F, there shall be no degredation in performence from that obtsined

prior to this test,

-
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4+5.3 Noloture Resistance Test for Equipment.
- 4.5.3.1 Tast Gonditiona. |

l (a) Do not remove the sample from the humidity charber for measurementa.

(b) Start measurements not more then 5 minutes after power is epplied to the
sample, Complete measurements as rapldly* as possible. Do not leave power
on after measurements have been conpleted.

be5e3+2 Tagt Procedure. The sample will be tested as follows:
23 (a) Dry at 130 F £ 5 F for 24 hours,
(b) Condition at 77 F £ 5 F end 40 to 50 percent relative humidity for 24 hours,

(¢) Measure the psrformance as specified in 4.2 end readjust or realine as
- neceasary to meet specification requirements, '

(d) Subject to continuous cyeling for five 4B=hour cycles, Tamperatﬁra,
relative humidity, and period of time for each portion of the cycle shall
conform to Drawing SC-D-15914, .

(e) After cycling has been completed, condition the sample for 24 hours at 77 F L
£ 5T and 40 to 60 percent relative humidity. Then sdjust for optimum per=-
formance, using only those means provided by the equipment. No repair or
replacement of perts shall be msde. After adjustment, the sample shall
neet full specification requirements,
be9e.3.3 Parformapgs. The egquipment shall meet the requirements of this specification, ™

Thare zhall be no mechanical deteriorstion, es evidenced by corrosion of metal parts or the

binding of roteting parts, i

4e5.4 Yibratlon Tept. The equipment shell be tested to determine if any resonant
frejuencies below 55 cycles per second ere present as followss

LeSedel The equipment shall be festened in its rormel mounting positien (Shock mounts
amy shall be blocked) on a vibrstion table that can be comtrolled within 10% of the .
boetified amplitude,

LeSsin2 The wibration tsble shall provide approximate sinuscidal vibretion, The equip~-
ment shall be vibrated succesaively in three mutual perpendicular directlons that are
respectively parallel to the edges of the equipment., The frejuency renge from 10 to 55 shall
"be traversed at 1 cwele per second incremente with a constent total excursion of .0156",
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4.5.4.3 Resonances of components, structure, and sub-assemblies mey be detected
vismlly, by means of a Strobotac, as mede by the Genersl Radio Corporation, Cambridge,

Mensachusetts, and by energizing the equipment and detecting mechanical vibration through
¢ trical output indications, :

L 4-3.5 Bounce test. The equipment, in its case, shall be placed on the teble of the
Package Tester, ag made by the L.A.B. Corporation, Summit, N.J., or equal., The equipment may
be loosely constrsined by wood cleats, The Fackage Tester, shafta in phase, shall be run at
a speed of 285 rpm £ 1% for 3 hours, The equipment shall be plsced on each of its & faces in
turn and shall be subjected to this test for 1/2 hour on each fece, At the conclusion of
this test, the equipment shall evidence no mechenical degradetion and shall meet the require=-
I 'te of this specification, Superficial surfece abrasion is permissible,

4.5.6 Bhock test (dropl. The equipment, in its case, shall be dropped a distance of

4 feet on each corner, edge and face, Drops mmy be made from a quick release hook, by an

| Aome Drop Tester, by a 10 degree Inclined Plane (Conbur) Tester ar by a Basket Type Pendulum
Tester. The berrier or floor receiving the impeet shall be 2 inch fir backed by concrets or
by a rigid steel frame. The equipment shall be operable, with no serious degradation in per=
formenoe at the end of this test. Local mechanical demage consistent with the preceding is

permisaible,

45.7 Bepch hapdling tegh. The chassis and front panal agsembly shall be removed from
the equipment case required for maintenencs. The equipment shall be tilted on each face at an
approximate angle of 30 degrees and the raised edge dropped on a 2 inech thick fir surface, At
the conclusion of this test, the equipment shall evidence no mechanical degradation snd shall
moet themquirements of this specifiecation,

4s5.8 Altitude tegt. The equipment shall be placed in an altitude chamber at normal
conditions of temperature, pressure and humidity, and the performenee measured, The pressura
shall then be reduced to 20 inches of mercury and stabiliged for two hours, The performance
of the equipment shall egain be meesured. The pressure shall then be lowered to 7 inchea of
marcury and stabilized for snother 2 hour period. The pressure shall then be incressed to
2949 inches of mercury end the performance messured agsin. The equipment shall meet the
requirements of this specification,

4e5.9 The transit case, with the equipment or an equivalent weight in it,
shall be testell step by step, as follows: ' s

I hea5+9s1 Dry at 150 £ 5 F for 48 hours,
434942 Condition for 4 hours at 77 £ 5 F and 40 to 60 percent relative humidity.

4+3.9.3 Flace the case, in its normal operating position, in a test chamber meintained
at 77 £ 57, Allow sinulsted rainfall to fall en exposed surfaces of the oompament, <he
wrter shell be at a temperature of 65 £ 5 F and shall fell freely at a rate of 2 inches per
1 * Maintain this condition for ome hour,

e
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4e5+9.4 With the rainfsll oontinuing at the 2=-inch rate, ‘introduce a simulated wind
horisontally at 20 £ 5 miles per hour against one side of the case. The water shall
# 11 en exposed surfaces shall be blown by the wind against one side of the case, Main=-
'. am this condition for ome hour. N

i i ;
&445.9.5 Rotate the case 90 degrees horisontally, to expose a second side of the case
$o/the wind and rein, HMeintein this condition for cne hour.

4e5.9.6 Continue as in 4.5.9.5 until all four sides of the case have been exposed to
the wind and rein, each side for one hour,

4.5.9.7 Open the case, There shall be no visible evidence of leaksge.

S, PREPARATION FOR DELIVERY j
5.1 Packaging, vacking ond marking. The equipment shall be packaged, pecked and marked
as specified in the bid request and contract,

6, HNOTES

6.1 BExpenses. It is to be understood that the contractor will bear all expenses ih
connection with shipping of samples to and from the polnt where they are tested, and any
danage to the samples resulting from shipment, disassembly, reagsenbly, -or testing.

§ When Government drawings, specifications, or other data are used for any

other than in ascnnection with s definitely related Government procurement operstiam,
the United States Government thersby inours no responsibility nor any obligation whatsoever;
and the fagt that the Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by implicetion or other=
‘wise as in any manner licensing the holder or any other person or ¢arporatiom, or conveying
any rights or permission to manufacture uee or sell any pntantd--irquntim that may in any
way be related thersto, .
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