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Figure 3-9. Diode Tester for Back-Current Check

held down for taking more precise readings on the 2-
milliampere scale.

CAUTION
To protect the meter, do not hold down the sensi-
tivity switch unless the back current is less than
2 milliamperes.

3-74. The circuit as set for a forward-voltage check is
shown in simplified form in figure 3-10. The, forward-
backward switch is set to forward, the test switch is
closed, and the sensitivity switch is not in the circuit.
The forward-current-adjust potentiometer is set so that
the forward-current meter reads 27 milliamperes. This
same current is passed through the crystal undergoing
test. In these conditions, the reading of the forward-
voltage to back-current meter, functioning now as a
voltmeter, should not exceed 3 volts. The readings can
be used to classify the diode in terms of the test data
chart (table 3-2).

3-75. Crystal diode types 1N34A (Sylvania) and
IN48 (General Electric) are used interchangeably in
the Univac system. Before being installed in the com-
puter, the diodes are tested and color-coded according
to reverse current, forward voltage, and drift or er-
ratic behavior in the reverse direction. (Drift is a
slow, unidirectional change in the measured current or
voltage; erratic behavior includes more rapid and bi-
directional variations, such as oscillations. Either
characteristic reduces the efficiency of a tube and makes
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it likely to fail.) The color code used on the diode
determines in what circuits the diode may be used.

3-76. When diodes are replaced in the computer, the
characteristics of the replacement diode and the origi-
nal diode should be as nearly similar as possible. Note
that the reverse characteristics of a diode color-coded
green or yellow are the same as those for one coded
white or red (table 3-2), but that the forward resist-
ance in each case is higher (forward voltage higher
for the same current). Therefore, if it becomes neces-
sary to replace a green-coded diode and one is not avail-
able, it is wiser to use a white-coded diode than a red.

3-77. Diodes should be rejected whenever under pre-
scribed test conditions:

(1) Reverse current exceeds 400 microamperes.

(2) Reverse drift exceeds 150 microamperes.

(3) Reverse erratic behavior exceeds 40 micro-
amperes.

(4) Forward voltage exceeds 3 volts.
The drift and erratic behavior are those variations still
present after 10 seconds has elapsed, since the diode
characteristics should stabilize within that period.

3-78. If a diode tester other than the one discussed and
recommended here is used, the speciﬁcations should
approximate those shown in figures 3-8, 3-9, and 3-10.
It should place approximately 25 to 30 volts across the
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Figure 3-10. Diode Tester for Forward-Voltage Check

crystal in testing reverse characteristics, and pass ap-
proximately 25 to 30 milliamperes through the crystal
in testing forward characteristics.

3-79. SPECIAL TAPES AND TOOLS

3-80. In addition to special test equipment, mainte-
nance requires special test tapes and tools. A list of
all special test equipment and tools is given in table 3-3.

3-81. TEST-ROUTINE TAPES. The available test-
routine tapes contain test and other routines used in

Table 3-2.

Test Conditions:
27.5 volts back voltage for reading back current;

regular maintenance and in checking out circuitry in
the major units of the Univac I system.

3-82. The test-routine programs are discussed in sec-
tion IV in connection with specific preventive mainte-
nance procedures. Information is given on how to use
them and what results to look for. Univac I Test
Routines, a separate handbook, provides a complete de-
scription of the manual check-circuit test routine, and
of the automatic test routines and programming rou-
tines on the standard Service Routines tape.

Diode Reverse Characteristics

27 milliamperes forward current for reading forward voltage;

wait 10 seconds for diode to stabilize.

Permissible

Color Code Backward Permissible Erratic Forward

Current, ua Drift, pa Behavior, na Voltage
White 0-100 0-40 0-20 0-1.75
Red 100-400 0-40 0-20 0-1.75
Green 0-100 0-40 0-20 1.75-3.0
Yellow 100-400 0-40 0-20 1.75-3.0
Orange 0-400 0-150 0-40 0-3.0
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Table 3-3. Special Tools and Test Equipment

Drawing or Supplied Paragraph
Quantity Item Part Number with System Reference
2 Test tapes 762 400 39 yes 3-81
2 Calibration (or standard) tapes for Uniservo B501 260 yes 3-83
1 Backboard contact driver A900 377 yes 3-89
Backing ~bar A900 664
1 Backboard contact extractor A900 378 yes 3-89
4 Flexible chassis extenders DSK 987 yes 3-87
1 Tape-splicing kit P890 yes 391
1 Univac tube tester D501 622 yes 3-36
1 Set of tube socket tools
Crimping tool A900 385 yes 3-92
Feeler A900 384
Diode tester B801 890 no 3-67
1 Test multivibrator C803 061 no 3-60

3-83. STANDARD OR CALIBRATION TAPES.
These are reels of tape on which all eight channels are
recorded at a density of 128 pulses per inch. The tapes
are used in calibrating the magnetic heads on the Uni-
servos, and in troubleshooting the heads and head
amplifiers. They are 200 feet long, recorded as fol-
lows: 5 feet blank, 130 feet solidly recorded, 5 feet
blank, 50 feet solidly recorded, and 10 feet blank. The
signals are recorded to saturation on preselected tape.
The maximum variation in output amplitude is less
than 10 percent.

3-84. OSCILLOSCOPE LEADS. Long and short co-
axial or shielded cables are required equipment for the
oscilloscopes that are part of the maintenance equip-
ment. Ordinary paired leads are entirely adequate for

inspecting low-frequency signals and d-c levels, but do
not carry high-frequency signals efficiently.

3-85. Ordinary coaxial leads sometimes suffice for
high-frequency work. Synchronizing signals from the
Central Computer, for example, can be tapped from
any bay by a cable terminated in a coaxial connector.
For maximum efficiency in dealing with pulse trains
and using the more precise instruments, a special cable
should be made up. The only difference between the
two recommended cables is the length and the value of
the compensating capacitor. The circuit for the short
cable (6 feet) is given in figure 3-11.

3-86. The switch across the d-c blocking capacitor in
the signal line permits direct application of a com-
posite a-c and d-c voltage to the deflection plates of the
cathode-ray tube. The 22-kilohm resistor across the
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line is a terminating (matching) resistor, across which
is shunted approximately 7 micromicrofarads of dis-
tributed capacitance. To make a long lead, use 18 feet
of RG62U coaxial cabling, and replace the 3-micro-
microfarad compensating capacitor with one of 10-
micromicrofarad value. These special leads are the
most efficient means of carrying the high-frequency
pulse trains present in the memory, the accumulator
and its registers, and the cycling unit to the instru-
ments necessary for inspecting them. It is not neces-
sary to fabricate leads for Tektronix oscilloscopes, since
these leads are supplied with the system.

3-87. EXTENDERS. Maintenance on the Central
Computer frequently is made simpler by the use of
chassis and tube extenders. These are special adapters
that permit bringing a single tube or chassis out of the
bay while maintaining the signal and voltage con-
nections. The extender is merely a mount, terminated
in the appropriate connectors, and containing wires
that join the chassis or tube under test and the com-
puter. (Figure 1-5 illustrates the use of the chassis
extenders.) A tube extender, for example, connects
from a dummy plug, which plugs into the tube socket,
to a dummy socket into which the tube plugs. The
extender raises the tube above the surrounding tubes,
and permits measuring voltages and signals at its pins
without disturbing any other circuitry.

3-88. The flexible chassis extender raises a single
chassis above the rest of the section, making all con-
nections from a chassis-type contact board (which
plugs into the bay) to a backboard-type receptacle
(into which the chassis is plugged). It can be de-
flected as much as 30 degrees to either side, providing
increased access to the chassis and backboard contacts,
and making the entire inspection process simpler.

3-89. CONTACT TOOLS. It occasionally becomes
necessary to replace or remove contacts in backboards.
For these purposes, two special tools are supplied. They
are the backboard-contact driver, drawing A900 377,
and the backboard-contact extractor, drawing A900 378.

3-90. It is necessary to remove a contact only if one
breaks. When the backboard-contact tools are used,
remove the chassis from the position over the contact.

3-91. TAPE PUNCH. When a tape is spliced, or
when any area of a tape becomes unusable, reading
and writing operations must be suppressed over the
bad-tape area. The tape punch is a special tool for
hand-punching the bad-spot indicator holes. Its ad-
vantages over a standard round-die punch are that the
burring effect of the die is reduced, and that a tape
guide enables the technician to punch the holes close
to the center of the tape. The tape punch is shown in
drawing B501 125.

3-92. SOCKET TOOLS. There are two tube-socket
tools of a special nature: a gauge, or feeler tool (draw-
ing A900 384), and a crimping tool for repairing the
socket pins (A900 385). These two tools enable a
technician to avoid replacing and rewiring a faulty
tube socket if the damage to the socket is not severe.

3-93. Other materials used in maintaining the equip-
ment include light mineral oil, watch oil, a number-4
artist’s sable brush, Visimag, vinylite electrician’s tape,
a chamois, and any solvent without an oil base. The
use of Visimag is explained in paragraph 3-110.

3-94. COMMERCIALLY AVAILABLE EQUIPMENT

3-95. Tables 3-4 and 3-5 and paragraph 3-93 list com-
mercially available test equipment and tools required
to maintain the Univac system. The list of commer-
cially available test units is published for the informa-
tion and guidance of anyone setting up a maintenance
program, not to recommend specific vendors or manu-
facturers of equipment. Commercial equipment pur-
chased by Univac system users should meet the specifi-
cations given in the following paragraphs.

3-96. TEST METERS

3-97. A variety of meters should be available to meas-
ure voltage, current, and resistance. Multipurpose
meters, except the very expensive ones, are seldom ac-
curate over all ranges and for all functions. The single-
purpose meters are generally smaller and more
portable, an important consideration in efficient
maintenance. High-precision voltmeters of relatively
low input impedance are useful for adjusting and test-
ing the power supply, where their low input resistance
does not seriously load the circuits. Voltmeters with
1000-ohms-per-volt - ratings and mirror-scales, cali-
brated to 2-percent accuracy, are commercially availa-
ble, including pocket-size instruments adaptable to
field service work.

3-98. A high-impedance meter is essential for meas-
uring the electronic circuits in the computer. Because
of loading and other considerations, grid and cathode
circuits cannot be measured accurately with low-im-
pedance instruments. A vacuum-tube voltmeter is the
best instrument, although a 20,000-ohms-per-volt
instrument may serve. Such a voltmeter should have
scales ranging from 0-to-3 volts to 0-to-1000 wolts.
Meters with a maximum reading of 600 volts are
adequate for all measurements except in the MclIntosh
amplifier anodes, where the plate supply is 4750 volts.
The maximum error of an instrument of this nature
should be less than 3 percent of full-scale deflection.
Requirements of a-c voltmeters are somewhat less
stringent. Tolerances of =5 percent are permissible.

3-99. Instruments are available that were designed as
signal-tracing aids. These are capable of measuring
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Table 3-4. Required Tools

Quantity Item Source

1 set Allen wrenches up to 15 inch Generally available

1 set Phillips head screwdrivers Generally available

6 Tube extractor (Model 1001) Insuline Corp. of America
Insuline Bldg. '
Long Island City, N. Y.

1 set Open-end wrenches 15 inch to 1 inch Generally available

1 set Ratchet box wrenches 14 inch to 54 inch Generally available

1 set Offset open-end wrenches 34¢ inch to V5 inch Generally available

1 Flexible-shaft screwdriver 8 inches long with V4-inch blade | Generally available

1 set Screwdrivers ranging in size from jeweler’s screwdrivers to

one 15 inches long with L5-inch blade Generally available

1 set Clare relay contact setting and burnishing tools C. P. Clare and Company
3101 W. Pratt Blvd.
Chicago 45, Il

1 Ls-inch electric drill Generally available

1 set Drills up to 15 inch Generally available

1 Amphenol bolt cutter for 4-40 to 10-32 bolts Amphenol Electronics Corp.
1858 S. 54th Ave.
Chicago 50, Il

1 Amphenol crimping tool (Amp) red Amphenol Electronics Corp.

1 Amphenol crimping tool (Amp) yellow Amphenol Electronics Corp.

1 Amphenol crimping tool (Amp) blue Amphenol Electronics Corp.

2 Bulb extractor and inserter for Western Electric C2 incan- | Western Electric Co.

descent lamps—Model C2-553A 120 Broadway

New York 5, N. Y.

2 Flashlight Generally available

2 Diagonal cutter Generally available

4 Soldering iron and stand Generally available

4 Long nose pliers (one large, one small) Generally available

2 Wire stripper Generally available

2 Hytron soldering aid Hytron Radio and Electronics
423 Fourth Ave.
New York 16, N. Y.

1 Scribe Generally available

2 Center punch Generally available

2 Scale (12-inch) Generally available

2 Hammer (8-ounce ball peen) Generally available

a-c and d-c voltage levels and complex waveforms, in-
cluding pulse waveshapes. Such an instrument is
valuable in troubleshooting the computer if it con-
tains circuits for measuring both peak-to-peak and rms
values of sinusoidal or complex waves, if it is com-
pensated so as to respond evenly over a wide range of
frequencies, and if the meter does not respond unevenly
when the measured waveform is asymmetrical about
the baseline. Some such meters can measure either a-c
or d-c components of a complex waveform. Zero-
center scales on any voltmeter adapt it for measuring
bias levels and voltages the polarity of which is not
known.

3-100. Many of the commercially available voltmeters
have 50-microampere D’Arsonval movements. These
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are adapted frequently for use as ohmmeters and mil-
liammeters, both of which are necessary for maintain-
ing the computer equipment. Both types of instrument
should be correct to within 3 to 5 percent at full-scale
deflection. The ohmmeter should measure resistance
values from 1 ohm to 10 megohms. The milliammeter
should have a range from 100 microamperes to 10
amperes. Most multimeters meet these requirements.
3-101. For measuring large values, such as the cur-
rents flowing in certain power-supply circuits and in
the power installation, an inductive-pickup .ammeter
is valuable. Portable snap-around types that can meas-
ure values up to 100 amperes are available.

3-102. Resistance and capacitance bridges are also use-
ful. The Wheatstone-bridge circuits, commercially
available for measuring resistance values, have less
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Table 3-5. Commeu;cially Available Test Equipment

Quantity Item Model Manufacturer
1 Oscilloscope 535 Tektronix, Inc.
1 Oscilloscope 531 7709 Ogontz Ave.
2 Scopemobile 500 Philadelphia, Pa.
2 Dual trace plug-in unit 53-C
2 Oscilloscope probes P-510A
(66-inch lead)
2 Oscilloscope probes P-510A
(144-inch lead)
1 Tube tester 539-B Hickok Electrical Inst.
10514 Dupont Ave.
Cleveland 8, Ohio -
1 Tube checker —_ Remington Rand UNIVAC
1900 W. Allegheny Ave.
Philadelphia 29, Pa.
1 Strobotac 631BL General Radio Co.
275 Massachusetts Ave.
Cambridge, Mass.
1 D-C voltmeter, 0.5% 931 Weston Electrical Inst.
10-100-500v 619 Frelinghysen Ave.
1 D-C voltmeter, 0.5% 931 Newark 5, N. J.
7.5-30-75v
1 A-C voltmeter, 0.75% 330
12.5-25—125v
1 RC bridge TO-4 Sprague Elec. Co.
TO-4 Tel Ohmike North Adams, Mass.
1 Vacuum-tube voltmeter WVI8A Radio Corp. of America
415 S. 5th St.
Harrison, N. J.
3 Multimeter 260 Simpson Electrical Co.

Stabiline regulators

Voltage-monitor stepping switches

Division of American Gage & Machine
5200-5218 W. Kinzie St.
Chicago 44, Ill.

Superior Electric Co.
385 Laurel St.
Bristol, Conn.

C. P. Clare & Co.
3101 W. Pratt Blvd.
Chicago 45, IlL.

than 0.02 percent error, and can accommodate resist-
ances of 1000 ohms. These bridge circuits are necessary
for making precise measurements in resistive circuits
where small deviations can mean much trouble. To
measure capacitive circuits requires such instruments
as a capacitance bridge and a decade-capacitor box.
Decade capacitors should be accurate at the terminals
to =2 percent, and provide a capacitive range from
0.001 to 1.0 microfarad. Available eapacitance bridges
are accurate to 1 percent.

3-103. Q-meters for measuring inductive circuits are
available in accuracies of =3 percent, with oscillators
the frequency ranges of which extend to 75 megacycles.
Those with very-high-frequency oscillators (up to 200
megacycles) are usually less accurate, but can measure

quality coefficients up to 1200 with accuracies of =10
percent.

3-104. A very-high-frequency signal generator is
another valuable piece of test equipment. An intern-
ally modulated generator that also can be pulse- or
amplitude-modulated by externally applied signals is
required, preferably one capable of continuously varia-
ble output frequencies of from 2 to 400 megacycles. As
little as 1 microvolt or as much as 100 millivolts may
be required of such a generator. Some excellent gener-
ators that meet all of these specifications are commer-
cially available.

3-105. To adjust the speed of the tape transport re-
quires a stroboscope that can be calibrated in revolu-
tions per minute and is capable of detecting speeds up
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to 3800 rpm. The angular velocity of the centerdrive
is 950 rpm, equivalent to a tape speed of about 100
inches per second. '

3-106. 'TEST OSCILLOSCOPES

3-107. The pulse- and square-wave shapes in the com-
puter can be inspected only by cathode-ray oscillo-
scopes. One oscilloscope is a part of the supervisory
control console group. It is connected to the video-
monitor circuits, and is kept ready for instant use. This
monitor oscilloscope may be a model 515, 524 or 531
Tektronix, a commercially available instrument chosen
because of its good high-frequency response character-
istics and the wide range of available sweep frequencies
that increases its adaptability. In addition to this oscil-
loscope, other instruments are needed for maintenance
and troubleshooting. Ordinarily two other oscilloscopes
are considered necessary. Of these only one need be
of the caliber of the supervisory monitor oscilloscope.
The second instrument, of somewhat broader toler-
ances, can be used successfully in checking out circuits
in the Uniservos and other input-output auxiliaries,
where response requirements are not so stringent. The
user should familiarize himself with the circuits of
every instrument he uses, especially with the input cir-
cuits. Paralleling the impedance of these circuits
across the circuit being inspected sometimes invali-
dates the readings.

3-108. REQUIRED TOOLS

3-109. Table 3-4 lists hand tools that should be avail-
able to the maintenance force. Manufacturer’s model
numbers have been specified on certain tools that are
designed specifically for use with the components in
the equipment, or that have proved most useful by ex-
perience. For example, the Western Electric bulb-
extractor is designed to handle Western Electric C2
pilot lamps, which are used as the small jewel lights on
the supervisory control panel, as the voltage-monitor,
abnormal-operations, primary-fault and thermostat in-
dicators. Amphenol crimping tools are necessary for
fastening the Amphenol lugs in the equipment. In-
formation on the use of Clare relay tools should be ob-
tained from the manufacturer. No attempt should be
made to adjust relays without consulting the manu-
facturer’s recommendations. On the other hand, the
model 1001 tube extractor is specified only because ex-
perience has shown that it is the easiest model to use
without interfering with components on the external-
components boards. Similarly the Hytron soldering
aid is especially suited for work on Univac system
terminal boards.

3-110. OTHER MATERIALS

3-111. Paragraph 3-93 lists items that are useful in
certain special maintenance procedures. The first four
are used for cleaning and lubricating the voltage-
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monitor stepping switches. Visimag is a suspension of
magnetically susceptible powder in a liquid carrier.
It is useful for inspecting the residual magnetic fields
on tape, to determine whether information is being
recorded properly in all channels. The residual fields
can be seen best when Visimag is applied to recorded
tapes for a short time, to avoid building up an accumu-
lation of powder. The resulting image then can be
transferred to transparent gummed tape. If a piece of
gummed tape is laid over the magnetic tape, the pow-
der pattern will adhere to the gum; the gummed
tape can then be removed and pressed on clean
white paper. This process gives an image with greater
contrast between powder and background, simplifying
study of the result.

3-112. PUBLISHED INFORMATION

3-113. Most problems in isolating and remedying dif-
ficulties in the Univac I system require reference to
published lists, charts, and diagrams. Prints are sup-
plied with the computer, and there are also manuals
available.

3-114. The prints supplied with the equipment in-

clude:

Backboard Wiring Troubleshooting Charts
Diagrams of the backboards of all the bays, showing
the routes of the most frequently used sequencing
and control signals: time-out and time-selection
signals, clock pulses, timing pulses, continuous-wave
signals, and cycling-unit signals.

Bypass and Cable Termination Boards
One print per section. Describes the wiring of all
screen-voltage bypass boards and coaxial-cable termi-
nation boards in the section, specifies voltages to
which bypass capacitors are connected and the names
of the signals associated with the coaxial-cable termi-
nations.

Coaxial Cable Wiring Table
One print per section. Contains pictorial diagram
of wiring of all coaxial cables in the section, indi-
cates chassis terminals to which the cables connect,
the location of the cable terminations, and the con-
nectors. The accompanying wiring table specifies
the type of cable, name of the signal, connections be-
tween terminals, and the wiring route.

DC and Heater Power-Wiring Table
One table per section. Lists every voltage in the
section, indicates the fuseboard terminal on which
the voltage first enters the section, lists all backboard
terminals that are supplied with the voltage, and
specifies wire size.

Fuse Panel 13, Fuse Panel 14
One print of each per section. Pictorial layout and
wiring table. The layout section shows the fuse-
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board and all wiring on that board, and resistors for
the alarm system. The table specifies voltages at the
load sides of fuses, types of fuses, and connections to
heater transformers and to alarm lines on other fuse
channels. These prints also give rectifier-plug
wiring data.

High-Speed Wiring Diagrams
Single-section backboard, pictorial, one print per
section. Shows the routing of all high-speed wires
on the section, indicates where each line connects
to a terminal, names the inter-section wires, specifies
the next section and chassis terminal, and shows com-
- ponents mounted on the backboard.

Low-Speed Wiring Table, or Backboard Signal Wiring

Table
One print per section. Describes five types of low-
speed wiring for each section: within section, inter-
section, function table, supervisory control, and relay
wiring. Also specifies source, route, destination, and
name of the signal. The direction implied on the
table is merely a wiring direction to guide the as-
sembler. It is not necessarily the same as the func-
tional direction of current flow.

Signal Harness Book
One table for each signal-harness plug-and-socket
connector on each bay, and for each connector on
the side of bay A. Describes each connector pin by
pin, giving the name of the signal and all harness
connections to the pin.

Supervisory Control Directory

One table for each plug-and-socket connector in the
supervisory control desk, giving the names of the
signals by pin number. Lists all signals and voltages
entering or leaving the control console, specifies con-
nector pins at the console and at bay A, and specifies
schematic and layout drawing numbers and the
inital tie-point in the control desk.

3-115. Six of these groups of prints are indexed by
bay and chassis on a print entitled Layout of Bays and
Associated Drawing Numbers, drawing number C801
820. The six are Bypass and Cable Termination Boards,
Coaxial Cable Wiring Table, DC and Heater Power-
Wiring Table; Fuse Panel 13, Fuse Panel 14; High-
Speed Wiring Diagrams, Low-Speed Wiring Table.
3-116. The following manuals are available. All are
published by Remington Rand Univac, Division of
Sperry Rand Corporation, at Philadelphia, Pennsyl-
vania.

Analyses of Univac Instruction. October 1956.
Summarizes each step of each instruction. Lists func-
tion signals as they arise on each step, and describes
all gates, flip-flops, and delay flops used during the
instruction.

Univac 1 System Signals and Logical Components.

February 1958.

Lists operating signals, function signals, gates, flip-
flops, delay flops, and binary counters. Each list
tells where, when, and how each component is used,
and supplies block and schematic diagram numbers
as well as chassis and test tertainals.

Maintenance Manual for Uniprinter. June 1951.
Contains a functional, physical, and electronic de-
scription of the Uniprinter, an auxiliary of the Uni-
vac system for transcribing from magnetic tape to
typewritten copy.

Maintenance Manual for Univac Power Supply. June

1952.

Describes the operation and wiring of the Central
Computer power supply.

Supervisory Control Manual. June 1952.

Gives function of each of the switches on the super-
visory control panel and the wiring connections be-
tween supervisory control and the Central Computer.

Uniservo 1 Handbook and Maintenance Manual.
February 1958. '
Gives operating and maintenance procedures for
Uniservo I as used with Univac I Central Computer
Group, high-speed printer, and card-to-tape con-
verter.
Univac Test Routines for Univac 1 Central Computer
Group. January 1958.
Gives manual check-circuit test routines, step by
step, and description and operation of automatic
test routines, and useful programming routines, of
the standard Service Routines tape.

Univac Troubleshooting Diagrams for Univac I
Central Computer. July 1957.
Shows separate electronic circuits, such as amplifiers,
gates, and flip-flops, in the form of logically con-
nected blocks. Troubleshooting information, in-
cluding chassis designations, vacuum tube locations,
chassis terminals, and test terminals, is included with

the block symbols,
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SECTION IV
PREVENTIVE MAINTENANCE ;

4-1. GENERAL

4-2. Efficient, dependable operation of the Univac 1
system requires strict adherence to a regular system of
maintenance. Although routine maintenance will
interrupt a 24-hour operating schedule, eliminating or
short-cutting maintenance procedures is false economy.
Maintenance should be scheduled into the computer
program, not conducted on a hit-or-miss basis. If the
computer operates on a 168-hour week, 15 percent of
this time should be set aside for maintenance. This
allows 80 percent of the schedule for operating and 5
percent for downtime or other contingencies. In draw-
ing up a schedule for the individual installation, it is
better to overestimate maintenance requirements, then
gradually readjust them as time and usage dictate. If

a two-shift operating schedule is set up, routine mainte-
nance can be carried out during the 8-hour break
between operating shifts.

4-3. Table 4-1 breaks down maintenance requirements
according to period—daily, weekly, biweekly, monthly,
quarterly, and semiannually. Following each listing in
this table are numbers of the paragraphs in this manual
in which the maintenance procedure is described in
detail. References to the Uniservo I manual are also
indicated. The maintenance schedule for the Uniservo
should not interfere with the operating schedule of the
computer. Generally, an installation does not use all
ten Uniservos on each shift. Schedule cleaning, ad-
justments, or other Uniservo maintenance during an
operating shift. This will avoid overlapping servo
maintenance time with computer maintenance time.

Table 4-1. Routine Maintenance Schedule

Note:

Procedures for the Uniservo are given in section VI of the Uniservo I manual.

DAILY

QUARTERLY

Clean printer dolly.

Clean control desk and printer (paragraph 4-11).

Clean and dust supervisory control panel (paragraph 4-10).

Clean, inspect, and perform daily maintenance on all Uni-
servcs (paragraph 4-8).

Perform weekly maintenance for one or two Uniservos.

WEEKLY

Check memory channels (paragraph 4-13).

Perform routine tube test (paragraph 4-14).

Check AGC voltage (paragraph 4-15).

Check control printer (paragraph 4-16).

Perform monthly maintenance for two or three Uniservos.

Measure power-supply hum (paragraph 4-27).

Check phase fault detectors (paragraph 4-28).

Lubricate voltage-monitor motor (paragraph 4-29).

Inspect voltage-monitor stepping switches (paragraph 4-30).

Inspect microswitches (paragraph 4-31).

Check airflow switches (paragraph 4-32).

Check bay thermostats (paragraph 4-33).

Check fuse and chassis screws (paragraph 4-34).

Adjust long-tank standby and overheat switches (paragraph
4-35).

Check short-tank alarm circuits (paragraph 4-36).

Make bleeder adjustment (paragraph 4-37).

Clean control printer chassis (paragraph 4-38).

BIWEEKLY

SEMIANNUALLY

Check power supply (paragraph 4-19.)

MONTHLY

Perform check-circuits test routine (paragraph 4-22).

Lubricate blowers (paragraph 4-23).

Lubricate the interrupted-operaticn switch (paragraph 4-24).

Check supervisory control switches and lubricate as necessary
(paragraph 4-25).

Check timing-pulse generator (paragraph 4-40).

Check cw generator (paragraph 4-41).

Check cw buffer drivers (paragraph 4-42).

Check fuse alarm circuits (paragraph 4-43).

Check alarm primary contacts (paragraph 4-44).

Check protective rectifiers (paragraph 4-45).

Clean and inspect all components of the Central Computer
(paragraph 4-46).

Inspect Uniservo components for signs of wear, overheating,
and breakage.

4-1
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(For details of Uniservo routine maintenance, refer to
section VI of the Uniservo I manual.)

4-4. SAFETY PRECAUTIONS

4-5. For his personal safety, the technician should fol-
low these suggestions: ,

(1) Never work on the computer alone.

(2) If it is necessary to turn dc off, the d-c lock
switch also should be turmed off.

(3) When working inside the computer, remove the
key from the d-c lock on the supervisory control panel,
or push the tab over the D. C. OFF button in bay P.

(4) Turn dc off when:

(a) Making resistance measurements in d-c cir-
cuits.

(b) Removing or replacing a chassis.

(c) Pulling any capped tubes.

(d) Making any power supply adjustments.

(e) Repairing any mounted chassis.

(5) Turn ac off when; .

(a) Making resistance measurements in a-C cir-
cuits. »

(b) Replacing heater fuses or any d-c fuse next
to a heater fuse.

(6) Turn standby power off, as well as dc, when:

(a) Removing a short-tank chassis, or a chassis
next to a short tank.
(b) Replacing a standby-voltage fuse.

(7) Interlocks and power alarms are safety devices.
Do not jam them unnecessarily; repair them if they
fail, and advise others if they are faulty or jammed.

(8) Ring the warning bell twice when applying
power. Ring it once when removing power. Always
look at the power warning lights before working on
the computer.

4-6. OPERATING PRECAUTIONS

4.7. To avoid damaging the computer, follow these
suggestions:

(1) Do not hold the FAULT TEST switch down
while turning on dc.

(2) If the load on a circuit continues to blow fuses,
investigate carefully for a serious trouble.

(3) Insert and remove tubes gently, using a tube
extractor. Be sure that the rim of the tube base does
not catch on resistors or other external components.

(4) Do not use alligator clips as probes. A probe
should have no more than 14 inch of exposed tip.

(5) After replacing a 4D32 or 829B tube, always
allow at least 2 minutes to elapse before turning on
dc. When replacing mercury vapor rectifiers, allow
at least 15 minutes.

(6) Keep doors and kickplates closed. Loss of air
is serious. If a bay thermostat opens, investigate im-
mediately.
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(7) When inserting extenders or chasses, be careful

not to bend the backboard contacts.

~ (8) Replace chasses as quickly as possible. While
a chassis is mounted on a flexible extender, deflect it
as little as possible.

(9) Never short an error circuit or fault alarm to
force the computer to start operating.

(10) When changing fuses, be sure that no screws
or pieces of fuse fall into the fuseboards.

(11) Uniservo chasses should be removed only after
connectors JPA and JPB are removed. Connectors JPA
must be removed first and replaced last.

(12) Turn off power before trying to remove any
foreign object from the computer or any of the input-
output auxiliaries.

(13) Except in an emergency, do not make any sub-
stitutions of components or fuse sizes.

4-8. ROUTINE MAINTENANCE
4-9. DAILY

4-10. The daily routine maintenance requires the
technician to; .

(1) Clean and inspect all Uniservo heads, strings,
pulleys, and mylar tape. Details of these procedures
are given in section VI of the Uniservo I manual.

(2) Clean printer dolly.

(3) Dust supervisory control panel.

(4) Perform weekly preventive maintenance and
cleaning on one or two Uniservos. The number of
Uniservos that must receive weekly maintenance
depends, of course, on the number of Uniservos at the
installation and on the number of operating shifts.
Refer to section VI of the Uniservo I manual for weekly
preventive maintenance procedures.

4-11. CONTROL DESK AND PRINTER. Use a
vacuum cleaner with a soft dusting attachment to clean
the control panel, the inside of the control desk, and
the inside and outside of the control printer.

4-12 WEEKLY.

4-13. MEMORY CHANNELS. Examine the contents
of all memory channels with the supervisory control
oscilloscope. This procedure overlaps the AGC check,
but is simplifies the detection of weak signals. The
procedure is as follows:

(1) Read pulse trains into all memory channels.

(2) Push the SYNC switch up to select Op0 as the
sweep synchronizer signal.

(3) Examine the contents of each channel, first with
-1.75-volt bias with the LF. BIAS CONTROL set to
NORMAL, then with -2.25-volt bias with the LF.
BIAS CONTROL set to HIGH. If a channel shows a
20-percent difference in amplitude, the GAKS5 tubes,
or the 6ANS5 tube, are getting weak and should be re-
placed.
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4-14. ROUTINE TUBE TEST.

MARGINAL CHECK switch on and the LF. BIAS

CONTROL set to HIGH. In computers without

marginal-checking equipment, check one bay of tubes
every two weeks. Always use a Univac Tube Tester.
Proceed as follows:

(1) Test a complement of tubes at least 100 hours
old to replace the tubes in the scheduled bay.

(2) Remove tubes in bay and replace them with
tested tubes.

(3) Test removed tubes, and use all that pass in-
spection for the next bay. ‘

(4) Allow a few minutes for troubleshooting at the
conclusion of this procedure.

4-15. AGC-VOLTAGE CHECK. The procedure for
checking AGC voltage is:

(1) Plug the monitor voltmeter into the AGC jack
on the supervisory control panel. Use a voltmeter with-
out a 1-megohm resistor in the probe.

(2) Using the AGC monitor pushbuttons, read and
record the AGC voltages on the local drivers. These
should read from -3 to -5 volts. If the voltage drops
below -8 volts the 807 tubes in the driver circuit should
be checked. If all the driver voltages read below —8
volts, check the timing-pulse generator (paragraph
4-40). )

(3) Read all pulse trains into mercury channels.

(4) Use the AGC monitor pushbuttons to select
channels. Measure and record the AGC voltage on all
memory channels. These should read from -3 to -2
volts.

(5) Decrease the a-c filament voltage from 230 to
220 volts on computers that have Stabiline regulators
(table 3-5). Record the AGC readings and investigate

the i-f values and recirculation chasses that cannot hold

a -2-volt level.

(6) If the voltage in a channel approaches -1. 75:
volts, check the channel. The fault should be traced
Put in_

without using the computer as a tube tester.
a new video amplifier tube, 25L6, in position V5 on
the amplifier chassis.
low, replace the amplifier chassis, check all the ampli-
fier tubes type 6AKS, and the detector driver, 6ANS.

(7) If several chasses have low AGC voltages, look'
for failure patterns that indicate a defective element’
common to the group, such as cw buffer-driver, or a'

local timing pulse driver.

(8) If all memory channels read low, and the short

tanks read high, one of the two cw generators is faulty
(paragraph 4-41).

(9) If all the mercury channels are low, the timing

pulse generator should be checked (paragraph 4-40).

4-16. CONTROL PRINTER. The control printer
requires a weekly check of:

In computers with
marginal- checkmg equipment, check tubes with the

If the reading continues to be

(1) All voltages on the fuseboard located in the
cabinet of the printer dolly on the power rack. Check
the voltages of the two d-c fuse connections with a volt-
meter. They should read between —-90 and —100 volts.
The a-c supply fuse connection should read 110 volts.

(2) The printer-action signal, Check with an oscil-
loscope at terminal T46 of chassis 12. This signal is
actuated by the printer-action switch and should pro-
duce a sharp positive sxgnal All bounce signals should
occur within 5 milliseconds of the original signal.
If the printer-action switch does not operate, the signal
is not returned to the printec-action flip-flop. The
switch is the second, counting from left to right, in the
back of the typewriter. To adjust it, loosen the two
bracket-mounting screws which pass through slotted
holes of the bracket. Move the bracket up to make the
switch close sooner, and down to make it close later.
The switch should close when the type bar is lifted by
hand approximately 12 inch from the platen. When
the type bar returns to rest position, the switch should
open. The switch arm should travel slightly after the
type bar returns to rest position.

(3) The operation of the margin switch. Operate
the printer. The switch is normally open. If the switch
sticks, the line-spacing operation will continue. The
margin switch is the fourth, counting from left to
right, in the back of the typewriter. To prevent stick-
ing, the mounting-switch operating slide should be
cleaned, the slide-guide aligned, or the switch mount-
ing bracket positioned by the two mounting-bracket
screws.

(4) The EMPTY operation.

(5) The carriage-return operation. The carriage-
return switch is the first, counting from left to right,
in the back of the typewriter. The switch is open

when the carriage-return operation is normal. The

carriage-return switch should close at the same instant
the carriage-return dog-crank returns to normal posi-
tion. If the carriage-return switch operates too late,
the carriage will return but no printing will follow. If
the switch operates too soon, the typewriter will print
while the carriage is moving. When either fault inter-
feres with the operation of the carriage, adjust the
mounting bracket of the switch. Loosen the two screws
that pass through the slotted holes of the bracket and
move the bracket down if the switch operates too late.
Move the bracket up if the switch operates too soon.
If the adjustment cannot be made by moving the
bracket, form the contact arm of the switch in the
direction of the adjustment.

(6) The tabulating operation. The TAB switch is
the third, counting from left to right, in the back of
the typewriter. The switch is open during a TAB
operation, and closed just before the bell-crank reaches
its normal position. If the TAB switch operates t0o
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late, the carriage will move but printing will cease. If
the switch operates too soon, the typewriter will print
while the carriage is moving. When either fault inter-
feres with the tabulating operation, adjust the mount-
ing bracket of the TAB switch. Loosen the two screws
that pass through the slotted holes of the bracket, and
move the bracket up if the switch operates too soon.
Move the bracket down if the switch operates too late.
If the adjustment cannot be made by moving the
bracket, form the contact arm of the switch in the di-
rection of the adjustment.

4-17. UNISERVOS. Perform monthly maintenance
for two or three Uniservos, depending on the number
at the installation and the number of shifts being
worked. Refer to the Uniservo I manual.

4-18. BIWEEKLY

4-19. POWER SUPPLY. Small variations in power-
supply voltage can cause trouble. For example, varia-
tions in the grid-return voltage would make the
operation of a flip-flop unstable. As part of regular
preventive maintenance, check the 14 power-supply
voltages (located in the power-supply unit and read
in the KL corner) with a 0.5-percent d-c voltmeter.
The voltage of each supply should be within 1 percent
of the required voltage output (table 2-1) after a
reasonable warmup time. Correct a greater deviation
by adjusting the percentage links or switches in the
power supply. If the voltage rises to half the expected
value, one of the two phases in the power supply is
open. Turn off the dc 1mmed1ately and investigate and
correct the cause. This type of trouble may be caused
by a defective percentage sw1tch or an incorrectly
seated link.

4-20. Switches also oxidize and accumulate dirt. If
a switch is rotated in and out of a new position several
times and does not function when dc is turned on, re-
place the switch. When a switch cannot be adjusted
to compensate for an aging selenium rectifier, replace
the rectifier. Keep a log of the voltage readings of
power-supply rectifiers to observe the aging process.

4-21. MONTHLY

4-22. CHECK-CIRCUIT TEST ROUTINE. The
principal maintenance operation in the monthly
schedule is the check-circuit test routine. This routine
is important because the reliability of the computer
depends on the correct functioning of the checking cir-
cuits. If these circuits do not function, errors are not
detected. The test routine consists of running errors
inserted by the operator or by a recorded program.
These intentional errors must effect certain results,
which stop- the computer and light the error neons on
the control panel. This and other routines are described
in detail in the Univac I Test Routines manual (para-

grap 3-115).
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4-23. BLOWER LUBRICATION. Lubricate all
biowers and blower motors in the Central Computer
and the power supply according to the manufacturer’s
sEeaﬁcatlons

4.24. INTERRUPTED - OPERATION SWITCH
LUBRICATION. Lubricate the ball bearing at the
base of the interrupted-operation switch with DC 200
oil or graphite. The ball bearing can be reached by
removing the supervisory control keyboard, or by open-
ing the front of the supervisory control panel. A dry
ball bearing is the primary cause of broken interrupted-
operatlon switches.

4- 25 SUPERVISORY CONTROL SWITCHES.

Check all supervisory control switches for freedom of
movement. If any of them stick, open the supervisory
control panel to lubricate the pivots with DC 200 oil.
4-26. QUARTERLY

4-27. POWER-SUPPLY HUM MEASUREMENT.
Power-supply measurements are made to detect faulty
ﬁlter capacitors. To detect excessive hum, use a Tek-
tronix 531 or 535 oscilloscope (table 3-5), calibrated
to one volt per inch on the d-c amplifier, and switch to
the a-c amplifier input to measure and record the hum
at all power points in the KL corner with the oscillo-
scope. If there is a pronounced difference between the
measured hum value and that given in table 2-1, or be-
tween the current readings and a set of previously
recorded readings, the capacitor is aging. Excessive
hum is corrected by replacing faulty filter capacitors in
the power supply.

4-28. PHASE-FAULT DETECTORS. The phase-fault
detectors are not the same in all computers. In some
computers, the detectors consist of four relays, RP28,
RP29, RP30, and RP31, connected in series with the
main fuses. In other installations, the phase-fault de-
tectors are auxiliary switches ganged to the main cir-
cuit breakers. To test the detectors, open the a-c main
circuit breaker. The associated relay or auxiliary switch
should turn off ac and light all neons on the side of bay
P and the main fuse indicator. Replace any neon that
does not light. If none of them lights, check wiring.

4-29. VOLTAGE-MONITOR MOTOR. Inspect the
oil cup on the voltage-monitor motor. If necessary,
add SAE20 motor oil to the cup.

430. VOLTAGE-MONITOR STEPPING
SWITCHES. Inspect the four voltage-monitor stepping
switches in the KL corner. Clean and check for free
movement. For detailed maintenance information,
consult Clare and Co. specification M1001 (table 3-5).

4-31. MICROSWITCHES. Iaspect the microswitches
in the KL corner. Clean cams and switches and adjust

COl'l tacts.

4- 32 AIRFLOW SWITCHES. Manually check the
tl;ree airflow switches. Two are located in the Central
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Computer: one in the bottom of bay C, and one in the
bottom of bay J. The third is located in the power-
supply unit in the bottom of bay W. Proceed as fol-
lows:

(1) Make certain that the switch housing is bolted
tightly to the bay beam, and that the airvane is per-
pendicular to the air stream.

(2) Open the airflow switches momentarily. Each
one should turn off dc. Do not hold the switches open.
If they are held open, a-c power also will be turned off.

4-33. BAY THERMOSTATS. There is a thermostat
in the top of each bay in the Central Computer, in the
power-supply unit, in the HJ corner, and in the BC
corner. Each thermostat is manually operated. Pro-
ceed as follows:

(1) Push the bimetallic disc on the back of each
thermostat until it clicks and opens the thermostat.
The a-c interlock then opens, turns off ac and lights
an indicator on the side of bay P (paragraph 2-253).
Reset the thermostat by pushing the ceramic button on
the front of the thermostat.

(2) Repeat the procedure on each thermostat.

4-34. FUSE AND CHASSIS SCREWS. Tighten screws
at fuse terminals and remove any fallen parts. Tighten
chassis screws in all bays and tanks.

4-35. LONG-TANK STANDBY AND OVERHEAT
SWITCHES. The long-tank standby and overheat
switches control ac to the long-tank heating coils. If
either switch gets out of adjustment, the ac may either
overheat or underheat the tank. Overheat alarms and
abnormally long periods for dc to reach equilibrium
can indicate that the overheat switch and the standby
switch are out of adjustment. If a tank that develcps
an overheat can hold pulses when the neon goes out,
the overheat alarm is false and the overheat switch is
out of adjustment. If the tanks are slow in reaching
d-c equilibrium after the cycling unit has been turned
on, the standby switch is out of adjustment. (Slow
means longer than 15 minutes if only ac has been
turned off, while standby power remained on; 30
minutes to an hour if the computer has been turned off
only a few hours; a full hour, after a weekend shut-
down.)

To adjust the standby and overheat switches:

(1) Shut off dc.

(2) Remove the cover plate held by the four screws
on the exposed end of the tank.

WARNING
When working on the GV tank, transfer the over-
heat-alarm ground wire from the cover plate to
the chassis strut. This wire is hot when it is re-
moved from ground. The terminals next to the
switches also have a high potential (230 volts ac).

Two screws are mounted under the cover plate on the
end of the tank. One is labeled OH (overheat), and
the other SB (standby). These are the stop-set screws
by which the system is adjusted. If the label is not near
the adjusting screw, follow the arrow to the adjusting
screw.

(3) Turn on dc. Start the cycling unit and wait
until the memory tanks have reached the operating
temperature (d-c equilibrium). (In all Univac I sys-
tems except the first eight, dc will not come on unless
control power is turned off and turned back on again,
or relay RP27 in KL corner is picked up manually, or
RP28 is dropped out.)

(4) Turn the standby adjusting screw counter-
clockwise until the STAND-BY HEATERS-LONG
TANKS neon for the tank lights. (This light is on
the supervisory cor:trol panel.) Rotate the screw one-
third turn clockwise.

(5) Rotate the overheat adjusting screw clockwise
until the overheat neon on the end of the tank lights.
At this point dc should go off. Turn the adjusting
screw one-third turn counterclockwise. (In all instal-
lations from the ninth on, RP28 in KL corner is drop-
ped out to reestablish dc after an overheat.)

(6) Turn off dc to replace the coverplates. The
ground connection for the GV tank must be replaced.

4-36. SHORT-TANK ALARM CIRCUITS. Check
the short-tank overheat alarm circuits for correct oper-
ation. A short-tank overheat may be simulated by con-
necting a 3.9-kilohm resistor with insulated leads
between terminals A and C on a short tank. This
should cause standby power to drop, and the drop
should show on the six meter-movement relays in the
DE corner. When a short tank overheats during
normal operation, three of the six meters identify the
tank. A short-tank overheat chart in the DE corner
lists the combination of meters that indicates each tank.

4-37. BLEEDER ADJUSTMENTS. Check all power-
supply voltages quarterly. Ensure before adjusting
bleeders that supply voltages are correct (paragraph
4-19). When components age, the bleeder taps require
adjustment. This adjustment is more difficult than a
power-supply adjustment because there is an inter-
action between the various levels in a power supply.
When one resistor tap is moved, all other voltages in
the particular supply must be checked, adjusted, and
the defective bleeder resistors replaced. Taps should
be set within 2 percent of the bleeder resistor values in
table 2-1. Before the power supply is adjusted, the
computer must be in operating condition and at normal
temperature, and the memory must be clear, (The pro-
cedure for clearing the memory is given in table 5-25.)

WARNING
To avoid shock when adjusting bleeder taps, dc
must be turned off momentarily.
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If the voltage monitor is used to check the voltage
levels, the taps should be set with an accurate meter
and the voltage monitor checked at the same time.
Even though two voltages may be within 2 percent of
normal, their differences may be 4 percent, which is
the maximum deflection on the voltage monitor meter.

4-38. CONTROL DESK AND PRINTER. Remove
all chasses from the control printer and clean them
thoroughly. Inspect all components for breaks, signs
of wear, and overheating.

4-39. SEMIANNUALLY

4-40. TIMING-PULSE GENERATOR TUNING.
The purpose of this check is to tune the timing-pulse
generator (figure 4-1). The timing-pulse generator is

located on chassis G11, in position 12V. Proceed as
follows: ,

(1) Connect a 20,000-ohm per volt meter to the
screen grid of the clipper tube at test terminal B8.

(2) Adjust the tuning capacitor in the oscillator cir-
cuit for minimum reading at test terminal BS.

(3) Connect a precision oscilloscope to the plate of
tube V4, chassis G11, position 12V, and observe the
waveform of the ringing circuit. Tune the inductor in
this circuit so that the ringing circuit produces the
third harmonic wave of the input signal. The last
cycle of the decaying third harmonic wave should fol-
low smoothly into the first cycle of the next group.
4-41. CW-GENERATOR TUNING. The purpose
of this check is to tune the cw generators (figure 4-2).

MASTER RINGING CLIPPE
OSCILLATOR |- 223MS 675Mc R PULSE | 2.25Mc
CIRCUIT - TRANSFORMER Clockpulse
8298 or 8298 or
vi 807 v4 8298 vs 8298
TTBS
= aN AGC
_|_—‘° O CIRCUIT
-
2820
Figure 4-1. Timing-Pulse Generator
225
c.ock“;,f,se FIFTH-HARMONIC
from GENERATOR A PPOWER PULSE
Timing-Pulse 25L.6 SHeLIFIER | TRANSFORMER [~ !1-22Me
Generator V5 or VIO 807 V3 or viz cw
E12
(C17)
AGC
Circuit

Figure 4-2. CW Generator
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The cw generators are located on chassis N1T:
To tune:
(1) Connect a 20,000-ohm per volt meter between

the screen grid of the power-amplifier stage at test

terminal C17 and ground for generator 1, and between
test terminal E12 and ground for generator 2.

(2) For generator 1, tune the inductor (V4-posi-

tion) in the first stage, and the inductor (V2-position)

in the second stage, for minimum reading at test
terminal C17. ' '

(3) For generator 2, tune the inductor (V11-posi-
tion) in the first stage, and the inductor (V13-posi-
tion) in the second stage for minimum reading at test
terminal E12.

4-42. CW BUFFER DRIVER TUNING. The pur-
pose of this check is to tune the 16 cw buffer drivers.

Four buffer drivers are mounted on each of chasses

M12T, M12V, M12X, and N12X. Each chassis has four
test terminals, TTA1l, TTE15, TTCl11, and TTG15,
connected to the screen grids of the driver tubes. There
is a variable inductor in the anode circuit of each driver
tube. To tune each buffer driver:

(1) Connect a 20,000-ohm per volt meter to the
test terminal,

(2) Tune the inductor for minimum reading at the
test terminal.

4-43. D-C AND HEATER-SECONDARY ALARM
CIRCUITS. The purpose of this check is to test the
fuse-alarm circuits. Proceed as follows:

(1) Short an alarm contact on a negative fuse to
the line side. This should turn dc off and the d-c fault
indicators on the control panel should indicate the lo-
cation of the fuse being tested.

(2) Short an alarm contact onh a positive fuse to the
line side. This should turn dc off and the d-c fault in-
dicators on the control panel should indicate the lo-
cation of the fuse being tested.

(3) Turn dc off. Check the d-c and heater-secondary
alarm contacts listed in table 4-2. Do this by shorting
each alarm contact to the supply side of the fuse and
depressing the d-c fault switch on the control panel.
The d-c fault igdicaiors on the control panel should in-
dicate the location of the fuse being tested (figure
2-37).

Table 4-2. D-C and Hea;ter-Secondary Alarm Contacts

Board and Board and Board and Board and Board and
Section Contact Section Contact Sect Contact Section Contact Section Contact
AT 13Q23 DV 13Q26 NT 14Q26 HT 14Q26 LT 14Q1
AT 13Q26 DV 14Q1 LT 14Q25
AT 14Q1 NV 13Q1 HV 13Q26 LT 14Q1
DX 13Q26 NV 13Q26
AV 13Q25 DX 14Q1 NV 14Q1 EX 13Q25 Lv 14Q25
AV 13Q26 DX 14Q23 NV 14Q26 EX 141Q1 LV 14Q26
AV 14Q1 EX 141Q3
AV 14Q4 ET 13Q23 NX 13Q1 LX 14Q1
ET 13Q25 JT 13Q26 LX 14Q25
AX 13Q22 ET 14Q1 CT 13Q26 T 14Q1
AX 13Q24 ET 14Q14 CT 14Q16 T 14Q26 PT 13Q26
AX 14Q2 CT 14Q1 PT 14Q1
EV 13Q26 . Jv 13Q26 PT 13Q25
BT 13Q26 EV 14Q1 Cv 13Q26 Jv 14Q1
BT 14Q1 EV 14Q15 Ccv 14Q1 Jv 14Q24 PV 13Q5
BT 14Q25 PV 13Q25
MT 131Q1 GT 13Q4 JX 13Q25 PV 14Q20
BV 13Q26 MT 13Q25 GT 13Q25 JX 14Q1 PV 14Q1
BV 14Q1 MT 14Q1 GT 13Q26 JX 14Q26
MT 14Q26 GT 14Q1 PX 13Q26
BX 13Q26 GT 14Q25 KT 13Q26 PX 14Q1
BX 14Q1 MV 13Q10 KT 14Q1
BX 14Q17 MV 13Q25 GV 13Q1 KT 14Q24 HV 14Q1
BX 13Q17 MV 14Q1 GV 13Q25 KT 14Q25 HV 14Q26
MV 14Q25 GV 14Q1
CX 13Q26 GV 14Q13 KV 13Q25 HX 14Q1
CcX 14Q1 MX 13Q1 GV 14Q25 KV 14Q1 HX 14Q26
MX 13Q25
DT 13Q24 MX 14Q1 GX 13Q26 KX 13Q26 KX 14Q24
DT 14Q3 MX 14Q24 GX 14Q1 KX 14Q25
DT 14Q24 GX 14Q22 NX 13Q23 KX 14Q1
NT 13Q1 GX 14Q25 NX 13Q26
DV 13Q6 NX 14Q1 PX 14Q25
DV 13Q7 HT 14Q1 NX 14Q26

4-7
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4-44. ALARM PRIMARY CONTACTS. The alarm
primary contacts to be checked are:

(1) The alarm contacts on the four d-c fuseboards
on the back of bay R should turn off dc and light the
red primary-fault indicator.

(2) The following contacts should turn off dc and
light the green primary-fault indicator:

(a) The contacts on the a-c fuseboard on the
back of bay R.”

(b) The contacts of each of the five fuseboards
on side of bay P.

(c) Q1 and Q14 on the a-c fuseboard in the BC
corner, and Q25 in each Uniservo.

4-45. PROTECTIVE RECTIFIERS. The purpose of
this check is to locate protective rectifiers that have
aged too much to protect the clamping diodes. (Refer
to paragraph 1-49.) If a selenium diode does not pass
this test it should be replaced. When a faulty com-
ponent has been detected, refer to drawing D800 297,
which shows the location of components and detailed
connections. To check:

(1) Turn off dc.

(2) Disconnect the two rectifier plug connectors,
RP13 and RP14, from their sockets, RS13 and RS14,
on bay A.

(3) Refer to drawing D800 297 and determine
which pairs of pins on RP13 and RP14 are connected
to the same selenium diode. With an ohmmeter (scale
R x 100), measure and record the resistance in both
directions through all protective diodes. Record read-
ings. Compare these readings with previously recorded
readings. The ratio of backward to forward resistance
should be 10 to 1 or greater. If it is not, replace recti-
fiers.

(4) Repeat this procedure for all bays in the Central

Computer.
4-46. CLEANING AND INSPECTION OF ALL
COMPONENTS OF CENTRAL COMPUTER. Ac-
cumulations of dirt can reduce the effectiveness of the
cooling system, accelerate aging of components, and
cause partial short circuits and arcing or dissipated
'signals. Proceed as follows:

(1) Turn off all power except ¢1L5 while cleaning
the computer. This line supplies power to the con-
venienee outlets and lights.

(2) Clean all compeonents, backboards, terminal
strips, and structural members with a vacuum cleaner.
Use a soft dusting attachment. Remove each chassis
for cleaning. Do not disturb any fixed component or

- bend the spring contacts. Inspect all components for

b}eaks, indications of arcing and overheating, and
ogher signs of trouble. »

(3) Clean the power supply, using the same pro-
cedure as in steps 1 and 2. ' ’

(4) Tighten barrier strip connections at quadrangle
and bay bases.

(5) Inspect all fan belts for signs of wear, and re-
p}ace them if necessary.

4-47. UNISERVOS. Inspect Uniservo components for
signs of wear, overheating, arcing, and breakage. Refer
to Uniservo I manual.

4-48. MAINTENANCE LOG

4-49. Tt is sound maintenance practice to record inter-
mittent troubles and their symptoms in a maintenance
log, as soon as the troubles occur. Enough evidence
will build up in the log concerning the trouble to
enable the technician to trace it with minimal waste
effort during maintenance periods. The Electronics
Services Division of Remington Rand Univac has de-
vised an Intermittent Log Report and has distributed
it to Univac system installations. See figure 4-3.

4-49. SPARE PARTS

4-50. A complete supply of spare parts is essential to
the maintenance of an installation. The spare-parts
procurement schedule and the maintenance schedule
should be managed so as to assure that replacement
parts are always on hand. Lists of recommended spare
parts are supplied on request by the Electronic Services
Division of Remington Rand Univac. Some of these
parts are available on the open market. Others are
manufactured and supplied solely by Remington Rand.

4-51. Purchase spare parts on the open market with
caution. Many of the components for the Univac sys-
tem must meet more rigid specifications than those sup-
plied to the radio and television industry. Crystal

‘diodes that are erratic, or that drift, or that are me-

chanically unstable, may be adequate for many uses
but cause errors when used in certain high-speed com-
puting circuits. Tubes that have screen or plate cur-
rents greater or less than standard values, irregular cut-
off characteristics, low emission, and a slow response
time may function adequately in some circuits, but be
completely unusable in others. The “sleeper” tube
is an example. Such tubes have many applications.
Their dynamic characteristics are only stightly different
from those of standard tubes. The steeper is inadequate,
however, in a sequencing circuit or an instruction-con-
trol circuit, in which amplifier tubes are forced to re-
mazin cut off for long periods and then seabilize rapidily
at full conduction for a brief period.



Preventive Maintenance

INTERMITT ENT LOG REPORT
DATE: TIME:
Maintenance Personnel:
Operator:
Programmer:
PROGRAM INFORMATION

Type of run:

Phase of run:

Elapsed time into run:

Had operator intervened in program progress?

FAILURE INFORMATION

Instruction: Cycle Counter:
Program Counter:

Other pertinent counter readings:

Other supervisory control indications (Time Selection, Overflow, Direction of Memory, etc.):

Errots:
Typeouts:
DETAILS OF INVESTIGATION:

THEORIES:

FURTHER INVESTIGATION:

Figure 4-3. Form for Logging Intermittent Troubles



SECTION V
SYSTEM ANALYSIS

5-1. GENERAL

5-2. ‘Four methods are available to diagnose troubles
in the Univac I System Central Computer. They are:

(1) Analysis of the indications at the control panel.

(2) Forcing recurrence of the error, if possible.

(3) Isolating the faulty circuit by operational
analysis.

(4) Tracing signals, and checking voltages and
components,

5-3. In paragraph 5-4, controls and indicators on the
supervisory control panel and the associated keyboard
are explained in detail. Paragraph 5-24 explains
analysis by power turn-on, start procedure, error
analysis, and sample troubles.

5-4. SUPERVISORY CONTROL
5-5. GENERAL

5-6. The supervisory control console group, consisting
of the panel (figure 5-1), the associated keyboard
(figure 5-2), the monitor oscilloscope, and the control
printer, is the principal means of communication be-
tween the operator or programmer and the Central
Computer. Power turn-on and start procedures as well
as subsequent operations are performed from the con-

trol panel. In addition, the controls and indicators on
the panel are useful maintenance and troubleshooting
tools.

5-7. SUPERVISORY CONTROLS AND INDI-
CATORS

5-8. All the switches and pushbuttons (controls) and
neons and jewel lights (indicators) of the supervisory
control panel are listed and explained in tables 5-1
through 5-31.

5-9. KEYBOARD AND PRINTER CONTROLS
5-10. GENERAL. Keys on the control keyboard and
switches on the printer dolly activate some of the super-
visory control console functions. The control key-
board is the same as the keyboard used on the Model
1 Unityper; it consists of three sections (figure 5-2).
One is a slightly modified version of a standard type-
writer keyboard. The second is a bank of 12 control
keys. The third section is a 12-key numeric keyboard.
At the bottom of the composite keyboard are two bars
—the space bar on the left, and the start bar on the
right.

5-11. The keyboard is used to type information di-
rectly into the memory or the control register, and to
start the computer after a breakpoint or stop.

5-1
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Table 5-1.

Figure 5-2. Supervisory Control Panel Keyboard

Power Controls and Indicators, Located on Top Left Panel

Number and Type

Distribution

Function

CONTROLS

1 telephone-key switch marked
STAND-BY POWER, 3-
position, with associated
neon (see Indicators)

1 lock-and-key

4 pushbuttons, spring-loaded,
with associated jewel-lights
(see Indicators)

—

—

p—t

pushbutton marked HEATERS
ON

pushbutton marked HEATERS
OFF

pushbutton marked D. C. ON

pushbutton marked D. C. OFF

Released: Acts as holding contact for stand-by power relay
RP24 (figure 2-14).

Up: nonlocking, marked RESTORE above switch, turns on
d-c stand-by power supply to heat short mercury tanks,
lights neon above switch.

Down: locking, marked OFF below switch, turns off stand-
by power and neon.

Must be turned on before dc can be applied.

Turns on heater power, lights green jewel-light above push-
button; after warmup delay, lights yellow jewel-light to
right of pushbutton to indicate that dc may be turned on.
Effective only when orange jewel-light (diagonally to right
of pushbutton) is on.

Turns off heater power and green jewel-light; also turns off
dc and red jewel-light above D.C. ON pushbutton.

Turns on dc, lights red jewel-light above pushbutton. Effec-
tive only when d-c lock switch is turned on and yellow
ready jewel-light is on.

Turns off dc and red jewel-light above D.C. ON pushbutton.

INDICATORS

1 neon

4 jewel-lights

—

orange
green

yellow

red

Lights when d-c stand-by power is on. Turns off when d-c
stand-by power is off, or when a short mercury tank is
overheated.

Lights when control power is on.
Lights when heater power is on.

Lights 5 minutes after heater power is turned on. (Often

called ready light.)

Lights when dc is on.




System Analysis

Table 5-2. I-F Bias Control and Indicator, Located on Top Left Panel
Number and Type Distribution Function
CONTROL
1 telephone-key switch marked Released: no effect. Nonrestoring circuit.*
I.F. BIAS CONTROL, 3- Up: marked HIGH above switch, places —2.25v bias on
position nonlocking, with _— IF stages in all memory channels.
associated neon (see Indi- Down: marked NORMAL below switch, places —1.75v bias
cator) on IF stages in all memory channels.
INDICATOR

1 neon

Lights when —1.75v bias is applied (NORMAL position of
switch).

* Nonrestoring circuits, as identified here, are those from which the control switch is automatically disconnected immediately
after it is pushed up or down. The released, or middle, position of a switch that affects a nonrestoring circuit is not significant,
in that the last engaged position continues to control the switch until it is pushed in the opposite direction.

Table 5-3. Start Controls, Located on Upper Left Panel
Number and Type Distribution Function
5 telephone-key switches 1 switch, 2-position nonlocking Released: no effect.
Down: marked CU-TSC CLEAR, clears 7- and 13-pulse

—

—

—

switch, 3-position nonlocking

switch,

3-position nonlocking

switch, 3-position nonlocking

switch, 3-position locking

loops in cycling unit, restores cycling unit error flip-flops,
and clears time-selection counter to decimal zero.

Released: no effect.

Up: marked INITIAL CLEAR 1, clears rV, rY, and all
arithmetic registers to binary zero.

Down: marked CU START INTERLOCK, alerts output
of single-pulse device in cycling unit.

Released: no effect.

Up: marked INITIAL CLEAR 2, inserts pulses into each
register to stabilize automatic gain-control circuits.

Down: marked CU START, triggers single-pulse device in
cycling unit.

Released: no effect.

Up: marked CLEAR FF TS, restores time-selection and re-
peat flip-flops.

Down: marked GENERAL CLEAR, clears cycle counter to
alpha, and restores many of the flip-lops and binary
counters throughout the computer.*

Released: (unmarked) permits memory check to occur au-
tomatically every 3 seconds during normal computer
operation.

Up: marked INHIBIT PMC, permits normal computer op-
eration without periodic memory check. Lights green
error-delete jewel-light. (Refer to Abnormal Operation
Indicators, table 5-24.)

Down: marked MEMORY CLEAR, inserts decimal zero in
all memory locations; stops computer.

* A complete description of the effect of the INITIAL CLEAR and GENERAL CLEAR switches is given in the Supervisory
Control Manual (paragraph 3-111).

5-6
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Sequence Indicators, Control Circuits, Located on Left of Center Panel

iz

Number and Type

Distribution

Function

20 neons

8 neons marked PROGRAM

N

COUNTER, _upper 4 for PC,
lower 4 for PC

neons marked CYCLE COUNT-
ER, upper 2 for CY, lower 2 for
CY

neons marked REPEAT, upper
1 for unbarred repeat flip-flop,
lower 1 for barred repeat flip-
flop

neons marked TO, upper 1 for
FFTO, lower 1 for FFTO

neons, marked TS, upper 1 for
FFTS, lower 1 for FFTS

neons marked STOP, upper 1 for
unbarred stop flip-flop, lower 1
for barred stop flip-flop

Indicate reading of program counter in binary code.
neons out indicates first program-counter stage.

All

Indicate reading of cycle counter in binary code. All neons

out indicates the alpha stage.

Light when repeat flip-flops are set.

Light when time-out flip-flops are set.*
Light when time-selection flip-flops are set.

Light when stop flip-flops are set.*

* The STOP, STALL, and TO neons are all lighted:
1. when a 90m (stop) instruction has been completed;
2. when the STOP switch is pushed down;

3. when a 50m (supervisory control printout) instruction is set up in static register and OUTPUT switch is in BREAKPOINT
4

position;

. when a ,m (breakpoint stop) instruction is set up in static register and BREAKPOINT switch is in BREAKPOINT posi-

tion;

5. when a Qam or Tnm (conditional transfer breakpoint stop) instruction is set up in static register and either ALL push-
button or pushbutton numbered the same as the n in the instruction is pushed (CONDITIONAL TRANSFER BREAK-
POINT SELECTOR pushbuttons);

~N QN

for 3 seconds.

. when interrupted-operation switch is in noncontinuous position and the computer has been stopped for 3 seconds;
. during initial read operation. STALL neon blinks on and off during initial read operation because no ending pulse occurs

5-7
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System Analysis

Sequence Indicators, Arithmetic Circuiis, Located on Left of Center Panel

P

Number and Type

Distribution

Function

20

neons

8 neons marked MULT.-QUOT.
COUNTER, upper 4 for MQC,
lower 4 for MQC

2 neons marked IER, upper 1 for
IER, lower 1 for IER

2 neons marked OR, upper 1 for
OR, lower 1 for OR

2 neons marked IER-OR, upper 1
for IER-OR, lower 1 for K

2 neons marked >3, upper 1 for
>3, lower 1 for >3

2 neons marked S1-CP, upper 1 for
S1-CP, lower 1 for S1-CP

2 neons marked S1-X, upper 1 for
S1-X, lower 1 for ST-X

Indicate reading of multiplier-quotient counter in binary
code. 0011 indicates decimal-zero stage when S1-X neon
is on.

Light when FF121A in multiplier-quotient counter is set.
Light when FF121B in multiplier-quotient counter is set.
Light when FF121C in multiplier-quotient counter is set.
Light when FF120 in multiplier-quotient counter is set.

Light when FF152 in comparator is set to procduce the S1
(complement adder input) signal.

Light when BC120 in multiplier-quotient counter is in the
“do not complement” (alert noncomplementing gates in

the MQC) condition, but does alert complementer in the
adder.

Table 5-6.

v

Interrupted-Operation Switch, Located on Lower Left Center Panel.
(Operation Control)

Number and Type

Function

1

toggle switch, 5-position
locking, in shape of a cross|

Released (center positicn):
No effect.

normal operation position, also called continuous position.

Up: marked ONE OPERATION, stops computer operation each time the time-out flip-
flop is set. Lights TO and STOP neons. Lights orange I0S lamp. (Refer to Abnormal
Operation Indicators, table 5-24.)

Down: marked ONE INSTRUCTION, stops computer operation after each ending pulse.
Lights TO and STOP neons and orange I0S lamp.

Right: marked ONE ADDITION, stops computer operation after each addition, sub-
traction, or shift during the repeated steps of a multiply or divide instruction, and at
every time out. Lights TO and STOP neons and orange IOS lamp.

Left: marked ONE STEP, stops computer operation each time the program counter is
stepped during a multistage instruction, and at every time-out. Lights TO and STOP
neons and orange IOS lamp.

5-8
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Table 5-7. Conditional Transfer Breakpoint Controls; and Indicators, Located on Lower Left of Center Panel
(Operation Control)

Number and Type

Distribution

Function

__CONTROLS

11 pushbuttons, locking, with
associated neons, marked
CONDITIONAL TRANS-
FER BREAKPOINT SE-
LECTOR

1 release pushbutton, red

1 telephone-key switch, 3-posi-
tion nonlocking, with as-
sociated neons

1 pushbutton marked ALL.

10 pushbuttons marked 0 through
9

Stops computer operation after the first program counter
step of all conditional transfer instructions (Qnm and
Tnm).

Stop computer operation after Q and T instructions if the
second instruction digit, n, equals the number on the
pushbutton. Any number of these pushbuttons will stay
down together. Each pushbutton lights the neon above it.
Any pushbutton lights the BREAKPOINT INDICATOR
jewel-light. (Refer to Abnormal Operation Indicators,
table 5-24.)

Releases all the conditional-transfer pushbuttons.

Released: no effect.

Up: marked TRANSFER, during time-out of program-
counter step 2 of a Qnm or Tnm instruction, sets FF155
in comparator to produce a CT (conditional transfer)
signal regardless of actual result of comparison performed
during the first program counter step of the conditional
transfer instruction.

Down: marked NO TRANSFER, restores FF155 so that CT
signal will not be produced.

INDICAT!

ORS

11 neons

2 neons, marked CONDI-
TIONAL TRANSFER

2 neons, marked OVERFLOW

11 neons, one above each CONDI-
TIONAL TRANSFER BREAK-
POINT SELECTOR pushbutton

2 neons, located to
BREAKPOINT switch

right of

Lights when associated pushbutton is pushed in.

Upper neon lights when FF155 in comparator is set to pro-
duce CT signal. Lower neon, same for FF155.

Upper for unbarred flip-flop, lower for barred. Light when
overflow flip-flops in adder are set.

Table 5-8. Stop Controls, Located on Left of Center Punel.
(Operation Control)

Number and Type Distribution Function
2 telephone-key switches, 2- |1 switch, nonlocking, marked | Released: no effect.
position STOP Down: marked STOP, sets stop flip-flop and TO flip-flop;

1 switch, locking, marked BREAK-
POINT

stops computer operation. Lights TO and STOP neons.
(Should be used only when computer is stalled.)

Released: interprets the ,m instruction (breakpoint stop)
as an 00m (skip) instruction.

Down: marked BREAKPOINT, interprets the ,m instruction
as a stop, sets stop flip-flop (FF205). Lights TO and
STOP neons (table 5-4). 3 seconds later STALL neon
lights (table 5-14). Also lights white breakpoint jewel-
light (table 5-24).
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Table 5-9.

System An

Static-Register Controls and

alysis

Indicators, Located on Center Panel

Number and Type

Distribution

Function

CONTROLS

27 telephone-key switches, 3-
position locking, with as-
sociated neons (see Indica-
tors)

3 telephone-key switches, 3-
position nonlocking

switches for FIRST INSTRUC-
TION DIGIT

switches each for SECOND,
FOURTH, FIFTH, SIXTH IN-
STRUCTION DIGIT

switch to clear static register,
marked INST.

switch to clear static register,
marked MSR

—

switch to clear static register,
marked SR

Correspond to the 7 pulse-positions (1 check pulse, 2 zone-
indicator pulses, 4 numeric pulses) of st instruction digit.

Released: no effect, the circuit is nonrestoring.

Up: restores associated static-register flip-flop (binary zero),
lights blue static-register light.

Down: sets associated static-register flip-flop (binary 1),
lights indicator neon, lights blue static-register light.

Correspond to 5 pulse-positions (1 check pulse, 4 numeric
pulses) of 2nd, 4th, 5th, and 6th instruction digits.

Released: no effect, the circuit is nonrestoring.

Up: restores associated static-register flip-flop (binary zero),
lights blue static-register light.

Down: sets associated static-register flip-flop (binary 1),
lights indicator neon, lights blue static register light.

Released: no effect.

Up: marked DECIMAL ZERO above switches, clears in-
struction register (first 2 digits of static register) to decimal
zero.

Down: marked BINARY ZERO below switches, clears
first 2 digit positions of static register to binary zero.

Released: no effect.

Up: (DECIMAL ZERO), clears memory-switch register
(4th, 5th, 6th digits of static register, containing memory
address) to decimal zero.

Down: (BINARY ZERO), clears 4th, 5th, 6th digit posi-
tions of static register to binary zero.

Released: no effect.
Up: (DECIMAL ZERO), clears entire static register to
decimal zero.

Down: (BINARY ZERO), clears entire static register to
binary zero.
INDICATORS

27 neons

neons for FIRST INSTRUC-
TION DIGIT

neons each for SECOND,
FOURTH, FIFTH, SIXTH IN-
STRUCTION DIGIT

Lights when associated switch is down or associated flip-flop
is set (binary 1).

Lights when associated switch is down or associated flip-flop
is set (binary 1).

Table 5-10. Instruction Digit Decoding Indicators, Located in Center of Center Panel
Number and Type Distribution Function

FIRST INSTRUCTION DIGIT

16 neons 4 vertical Comprise the coordinates of a decoding table. Reading top

to bottom, signify 00, 01, 10, or 11 in the zone-indicator

positions of the 1st instruction digit.

12 horizontal Reading left to right, signify 0001-1100 in the numeric-pulse
positions.

These excess-3-coded representatives are decoded in the
printed letters and numbers above and below the horizontal
neons.

SECOND INSTRUCTION DIGIT
11 neons 11 marked 01234567890- Each represents one of the 11 possible code combinations of
the 2nd instruction digit.
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Table 5-11. Input-Output Controls and Indicators, Located on Right of Center Panel

Number and Type

Distribution

CONTROLS

1 telephone-key switch,
marked INITIAL READ, 2-
position nonlocking, with
associated neon

10 pushbuttons, interlocking,
marked INITIAL TAPE
SELECTOR

10 pushbuttons, locking,
marked BLOCK SUBDI-
VISION SELECTOR, with
associated neons

1 reset pushbutton, red

10 pushbuttons marked 123456789-

10 pushbuttons marked 123456789-

Function
A tape input control.
Released: no effect.
Down: marked INITIAL READ, fills input register with

one block of information (f.om tape on Uniservo selected
by INITIAL TAPE SELECTOR pushbuttons), transfers
the information to memory locations 000 through 059.
Lights IR TIMER neon.

A tape input control selects one Uniservo for initial read
operation. Only one button can stay down at a time.

A tape output control.

Select a Uniservo by number. Uniservos 1-7, Uniservos se-
lected insert a l-inch space on tape between groups of
10 words during write instructions. Uniservos 8, 9 and -
subdivide blocks by 0.1-inch spaces. Any combination of
pushbuttons can be pushed down. Each lights its associated
neon, and white block subdivider jewel-light (labelled P
for printer).

Must be used to release BLOCK SUBDIVISION SELECTOR
pushbuttons.

INDICAT

ORS

8 neons, tape input indicators

6 neons, input-output indica-
tors

17 neons, tape-output indica-
tors

4 marked OUTPUT SYNCHRO-

3 marked OUTPUT TANK

1 marked IR TIMER

4 marked INPUT SYNCHRONI-
ZER COUNTER

marked INPUT TANK COUNT-
ER

w

1 marked DIRECTION STORAGE

marked REVERSE
marked FIRST BLOCK

—

—

marked READ INT.
marked WRITE INT.
[
marked REWIND OVERLOAD

— =

NIZER COUNTER

COUNTER

10 above BLOCK SUBDIVISION
SELECTOR pushbuttons

Lights during initial read operation.
Tape-input indicators.

Give the reading of the 4-stage input synchronizer binary
counter. Counter is initially cleared to 0011 (decimal 0
in excess-3 code) and counts to 1100 (9 in excess-3 code).
At 1100, clears to 0011 and steps input tank counter.

Give reading of the 3-stage input tank binary counter.
Counter is initially cleared to 001 and counts to 110 (6th
tank). Any programmed instruction which requires the
input tank clears the counter to 001.

Lights when an instruction calling for forward read is set
up. Remains lighted until a backward read instruction.

Lights while the reversal memory flip-flop is set.

Lights when selected Uniservo is in position to read or write
first block. Remains lighted until the 1.0-second read-first-
block (1.5-second write-first-block) delay has been initi-
ated.

Lights diring a tape or supervisory control read instruction.
Lights during a tape or supervisory control write instruction.
Lights while the rewind overload relay is energized.

Give the reading of the 4-stage output synchronizer binary
counter. Counter is initially cleared to 0011 (decimal 0
in excess-3 code) and counts to 1100 (9 in excess-3 code).
At 1100, clears to 0011 and steps output tank counter.

Give the reading of the 3-stage output tank binary counter.
Counter is initially cleared to 001 and counts to 110 (6th
tank). Any programmed instruction which requires the
output tank clears the counter to 001.

Light when associated pushbutton is down.
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Table 5-12. Keyboard Input-Output Controls and Indicators, Located on Right of Center Panel

Number and Type

Distribution

Function

CONTROLS

3 telephone-key switches

9 pushbuttons marked OUT-
PUT SELECTOR

1 switch, 3-position locking, marked
SCI above switch (Supervisory
Control Input)

1 switch, 2-position nonlocking,
marked SCI CR (Supervisory
Control Input to Control Regis-
ter)

1 switch, 3-position locking, marked
OUTPUT directly below switch
(Supervisory Control Output)

1 marked M

7 marked A, X, L, F, C, CR, and
SYI

1 marked EMPTY

Released: no effect.

Up: marked CR, interlock for SCI CR switch.

Down: marked FILL, inserts words typed on supervisory
keyboard into successive memory locations, starting with
the location specified by the control-counter reading when
fill operation begins.

Released: no effect.

Down: sets up 1 10 0010 in 1st-digit position of static
register if SCI switch is in CR position. Sets cycle counter
to beta time. Lights SCI CR neon in 1st-digit decoder.

Released: when a 50m (supervisory control output) in-

struction occurs in a program, released position permits

supervisory control printer to print out one word selected
by OUTPUT SELECTOR pushbuttons.

Up: marked SKIP, the 50m instruction is decoded as a
00m (skip).

Down: marked BREAKPOINT, the 50m instruction is in-
terrupted just before printout, after interlock test has
been performed in input-output control circuits. Computer
stops with TO, STOP, and OUTPUT READY neons
lighted. Operator can read from source selected by OUT-
PUT SELECTOR pushbuttons. Computer starts when
start bar is pushed down.

Reads word from memory location specified by static register
to printer.

Reads word from specified short-tank register to printer.

Not associated with 50m instruction.

Computer proceeds normally to next beta-period, then per-
forms empty operation, printing out contents of memory
beginning at location specified by control number. Com-
puter does skips in gamma and delta after each word is
printed, performs alpha, and types next word during beta,
continuing until (1) IOS switch is pushed to any non-
continuous position, or (2) another OUTPUT SELECTOR
is pushed, or (3) carry of a 1 to 2and instruction digit
causes F.T. INTER. error to stop computer.

INDICATORS

6 neons

1 marked INPUT READY

2 marked SYI1 and SYI2

1 marked 12TH DIGIT

1 marked INPUT ERROR

Lights when interlock test for any supervisory control input
instruction has been completed. Indicates that operator
may start typing. Remains lighted until the WORD REL.
key on keyboard is pushed down.

Lights when output gate of corresponding synchronixer regis-
ter is first opened. Remains lighted until output gate of
other synchronizer register is opened. One neon is always
on.

Lights when the 12th digit of a word has been typed on

supervisory keyboard and sent to the input synchronizer

register. Remains lighted untii WORD REL. or ERASE
key on keyboard is pushed down.

Lights if (1) 2 or more keys on the supervisory control key-
board are struck less than 50 msec apart; (2) WORD
REL. key is pushed down when fewer than 12 digits have
been typed; (3) a 13th digit is typed before the WORD
REL. key is pushed down; (4) a key is pushed down
during a carriage return or tab operation.

[As long as the input-error remains, the keyboard encoder-
matrix is disabled, which prevents the transfer of the
word out of input synchronizer register.
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i
Table 5-12. Keyboard Input-Output Controls and Indicators, Located on Right of Center Panel (cont)

Number and Type

Distribution

Function

INDJCATORS

1 marked OUTPUT READY

Remains lighted until ERASE key or GENERAL CLEAR
switch is pushed down.

Lights when program-counter step 1 of a 50m or empty
instruction is completed. Remains lighted until 50m or
empty instruction is compléted.

Table 5-13.

!

t
£
r
i

Fuse-Fault Controls andjlndicaiors, Located on Lower Left of Panel

Number and Type Distribution Function
CONTROLS
2 telephone-key switches, 2- |1 marked PRIMARY FAULT |Released: no effect.
positions, 2-position non- RELAY RESET Down: opens ground-return circuit of RP18 and RP19
locking (primary-fault-indicator relays in KL corner). Turns off

1 marked FAULT TEST

either primary-fault jewel-light.

Released: no effect.

Down: connects stand-by power to all D.C. FAULT IN-
DICATORS (neons). When a fuse blows, its alarm contact
grounds the associated neon.

INDICATORS

3 jewel-lights

16 pairs of neons

1 neon

1 green, marked P

1 red, marked P

1 white, marked T

Pairs marked BAY A, B, C, D, E,
M, N, G H, J, K, L, P, DE
CORNER, POWER SUPPLY,
UNISERVOS

1 marked UNISERVO SCREEN
FUSE

A-C primary fault indicator.
Lights when a fuse blows in heater primary circuits (in
BC corner or power supply or bay P) or when a Uni-
servo heater fuse blows. Remains lighted until fault relay
is reset.

D-C primary fault indicator.
Lights when a fuse blows in d-c primary circuits (in power
supply). Remains lighted until fault relay is reset.

Thermostat fault indicator.
Lights when bay thermostat or phase-fault breaker opens.
Remains lighted until thermostat is restored or phase-
fault breaker is reset. Also lights when master thermostat
is energized and remains lighted until thermostat is re-
stored. (Master thermostat, under computer floor, turns
off a-c and d-c.)

Each pair detects blown fuse in associated bay (or DE corner,
bay W for power supply, BC corner for Uniservos). Upper
neon indicates fuse faults in positive-voltage lines (fuse-
board 14 of Central Computer bays). Lower neon indi-
cates fuse faults in negative-voltage lines (fuseboard 13).
The neons do not light when fuses fail until FAULT
TEST switch is used.

Upper neon for bay H can be lighted by alarm contacts in
either bay H or HJ corner.

Normally lighted. Goes out when any of 8 Uniservo-screen-
supply fuses in BC corner blows. Remains off until fuse
is replaced.
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Table 5-14. Stall Alarm Coritrols and Indicator

Number and Type

Distribution

Function

CONTROLS

1 telephone-key switch, 3-

position locking

1 knob-control

1 marked SPEAKER, on lower left

e

of panel

marked VOLUME, on left of
center panel

Released: no effect.

Up: marked HSB, produces audible signal while computer
is functioning properly.

Down: marked STALL, produces an 800-cps signal if com-
puter stops for 3 seconds.

Regulates stall-alarm volume.

INDICATOR

1 neon

—

marked STALL, on left of center
panel

Lights when cycle counter does not receive an ending pulse
for 3 sec. Remains lighted until pulse is received or dc
goes off. (Refer to note following table 5-4.)

Table 5-15. Cleuri'hg Switch C;:nirols and Indicator

Number and Type

Distribution

Function

CONTROLS

6 telephone-key switches

y—

marked GENERAL CLEAR, 1
marked MEMORY CLEAR, on
upper left of panel

Refer to table 5-3, Start Controls.

1 switch, 2-position nonlocking, | Released: no effect. _
marked CLEAR CY, on left of | Down: clears both cycle counters (CY and CY) to alpha.
center panel
1 switch, 2-position nonlocking, | Released: no effect.
marked CLEAR C, on right of | Down: actuates the start circuits; clears control counter
center panel and static register to decimal 0, and program counter
to binary 0 (PC1). Stops computer in alpha time-out.
Should not be operated during continuous operation.
1 switch, 3-position nonlocking, | Released: no effect. ___
marked CLEAR PC, on left of | Up: marked CLEAR PC, clears barred program counter to
center panel binary 0 (PC1). Used for test purposes only. Causes the
2 program counters to get out of step; therefore program-
counter comparator-decoder has no_output.
Down: marked CLEAR PC AND PC, clears both program
counters to binary 0 (PCl1).
1 switch, 2-position nonlocking, | Released: no effect.
marked CLEAR I AND O, on [Down: clears input and output tanks to binary 0.
right of center panel
INDICATOR
1 neon 1 marked PMC, located top center | Lights during periodic memory check and memory clear.

panel

Normally remains lighted for less than 0.1 sec. If com-
puter stops during a memory check, or memory clear,
however, neon remains lighted.

i
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Table 5-16. Trouble;shooﬁng-Aid Controls

Number and Type

Distribution

Function

RETAIN C/RETAIN INSTRUCTION CONTROL

1 telephone-key switch, 3-

position locking

1 on upper left of panel

Released: no effect.

Up: marked RETAIN C, inhibits addition of 1 to control-
counter reading which occurs during beta-time. Permits
cycle counter to repeat same alpha-beta-gamma-delta cycle.

Down: marked RETAIN INSTRUCTION, prevents ending
pulse from stopping cycle counter and retains cycle-counter
and control-counter readings.

Computer performs same instruction (in static register) re-
peatedly.

FAULT CIRCUIT

CONTROLS

3 telephone-key switches, 2-
position  locking  {15th,
16th, 17th on top center
panel}

1 marked DELETE SELECTOR

1 marked MASTER DELETE

1 marked RESET CONTROL

Operates only in conjunction with 10 delete switches for
duplicated check circuits, marked by dot for up position.

Released: inhibits output gate of an unbarred check circuit
when its delete switch is pushed up.

Down: inhibits output gate of a barred check circuit when
its delete switch is pushed up.

Released: no effect.

Down: inhibits output gates of all check circuits that in-
hibit G216 and G311, thus prevents error signals from
stopping computer. Lights green error-delete jewel-light
(table 5-24).

Used for test purposes only.

Released: permits a signal from the start bar, through
start circuits, to restore all error flip-flops.

Down: prevents start circuits from restoring the error
flip-flops.

Table 5-17. Uniservo,

Ihput-Output, and HSB Controls

and Indicators, Located Across Top Center Panel

Number and Type

Distribution

Function

CONTROLS

17 telephone-key switches

1 switch, 3-position, marked SER-
VO POWER

1 switch, 3-position locking, marked
GAIN

1 switch, 3-position locking, marked
SERVO SEL., with 2 associated
neons

1 switch, 2-position locking, marked
TAPE CHECK, with 1 associated
neon

1 switch, 2-position locking, marked
1.8.>720 with 1 associated neon

Released: power for Uniservos comes on with dc.

Up: locking, marked OFF, turns off all 246v power to
Uniservos. Lights red voltage-monitor jewel-light (table
5-24).

Down: nonlocking, marked ON, turns off all 246v power
to Uniservos only while switch is held down. Does not light
voltage-monitor jewel-light.

Released: biases trigger amplifiers of input flip-flops. Bias
value is one-fifth standard signal strength.

Up: marked HIGH, changes bias on trigger amplifiers to
one-third standard signal strength.

Down: marked LOW, changes bias on trigger amplifiers to
one-seventh standard signal strength.

Released: no effect.

Up: marked with dot, connects the 2 check circuits on the
Servo selector to DELETE SELECTOR switch.

Down: inhibits output gates of both servo-selector check
circuits. Lights green error-delete jewel-light.

no effect.
inhibits output gate of the check circuit which
Lights

Released:

Down:
inspects for a sprocket pulse in every taped digit.
green error-delete jewel-light.

no effect.
Restores the 720-error flip-flop (FF609) in input
Lights green error-delete jewel-light.

Released:
Down:
synchronizer.
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Table 5-17. Uniservo, Input-Output, and HSB Controls unid Indicators, Located Across Top Center Panel (cont)

Number and Type

Distribution

Function

CONTROLS

1 switch, 3-position locking, marked
LS. O-E, with 2 associated neons

1 switch, 3-position locking, marked
0.S. O'E, with 2 associated neons

1 switch, 2-position locking, marked
I-O INT., with 1 associated neon

1 switch, 3-position, marked LS.
ERROR INSERT

1 switch, 2-position nonlocking,
marked 1.S. ERROR CLEAR

1 switch, 2-position nonlocking,
marked O.S. ERROR CLEAR

1 switch, 2-position locking, marked
HASB TO MEM.

1 switch, 2-position locking, marked
HSB TO SYO

1 switch, 3-position locking, marked
HSB O-E, with 2 associated neons

1 switch, 2-position locking, marked
HSB COMP., with 1 associated
neon

Released: no effect.

Up: marked with dot, connects the 2 odd-even check cir-
cuits in the input synchronizer to DELETE SELECTOR
switch.

Down: inhibits output gates of input-synchronizer odd-even
check circuits. Lights green error-delete jewel-light.

Released: no effect.

Up: marked with dot, connects the 2 odd-even check circuits
in the output synchronizer to DELETE SELECTOR switch.

Down: inhibits output gates of output-synchronizer odd-
even check circuits. Lights green error-delete jewel-light.

Released: no effect.
Down: inhibits G815 to release input-output interlock gate.
Lights green error-delete jewel-light.

Released: no effect.

Up: nonlocking, marked S, sets FFGO1A, the final-storage
flip-flop in check-pulse position (in input synchronizer)
to add a check pulse to combinations containing an odd
number of pulses. Introduces an artificial error in input
synchronizer to test operation of odd-even check circuits.

Down: locking, marked R, restores FF601A to remove
check pulse from combinations containing an even number
of pulses. Introduces an artificial error in input synchron-
izer to test operation of odd-even check circuits.

Released: no effect.

Down: clears input synchronizer errors by clearing tape-
check, input-synchronizer-greater-than-720, input-synchro-
nizer-odd-even, and input-output-interlock error circuits,
generating a read-ending signal to clear the read-interlock
flip-lop and read thyratron, restoring the final-storage
flip-flops, and clearing BCG601 to odd.

no effect.

Down: clears output synchronizer errors by clearing tape-
check, output-synchronizer-odd-even, and input-output-
interlock error circuits, and generating a write-ending
signal to clear the write-interlock flip-flop and write
thyratron.

Released:

Released: alerts G414 to read contents of high-speed bus
to memory during normal operation.

Down: alerts G414 to read contents of barred high-speed
bus to memory.

Released: no effect. Normal operating procedure: con-
tents of unbarred high-speed bus read to output-synchro-
nizer register during output instructions.

Down: energizes HSB-to-rSYO2 relay on PT backboard
to read contents of barred high-speed bus to output-syn-
chronizer register during supervisory control output
instructions.

Released: no effect.

Up: marked with dot, connects output gates of both odd-
even check circuits in HSB to DELETE SELECTOR switch.

Down: inhibits output gates of both HSB-odd-even check
circuits. Lights green error-delete jewel-light.

Released: no effect. .

Down: inhibits output gate of the check circuit that de-
tects a disagreement between the duplicate high-speed
buses. Lights green error-delete jewel-light.
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Table 5-17. Uniservo, Input-Output, and HSB Controis and In_dicalors, Located Across Top ‘Center Panel (cont)

Number and Type

Distribution

Function

CONTROLS

1 switch, 2-position nonlocking,
marked HSB ERROR INSERT

1 switch, 3-position, marked AU-
TOMATIC RE-READ above
switch, located on right center
panel, with 2 associated neons.
(See Indicators.)

Released: no effect.

Down: alerts G445 to read random t76+ pulses into the
barred high-speed bus. Used to test HSB comparator cir-
cuit, which should indicate disagreement when switch is
down.

Released: permits automatic re-read when input error is
detected. (Normal operation.)

Up: nonlocking, marked CLEAR, clears all automatic re-
read circuits.

Down: locking, marked LOCKOUT, prevents input errors
from starting an automatic re-read.

INDICAT

ORS

14 neons

2 located above SERVO SEL. switch

1 located above TAPE CHECK
switch

1 located above 1.S.>720 switch

2 located above L.S. O-E switch

2 located above O.S. O-E switch

1 located above I-O INT. switch

2 located above HSB O-E switch

1 located above HSB COMP. switch

2 located above AUTOMATIC
RE-READ switch

Upper for unbarred check circuit, lower for barred.

Lights when servo-selector check circuit has detected more
than 1 line energized in servo selector. Remains lighted
until start bar is pushed down.

Lights when tape-check circuit detects information without
a sprocket pulse. Remains lighted until I.S. ERROR
CLEAR or O.S. ERROR CLEAR switch is pushed down.

Lights when check circuit detects error in input count.
Remains lighted untii GENERAL CLEAR, LS. ERROR
CLEAR, or 1.8.>720 switch is pushed down.

Upper for unbarred check circuit, lower for barred.

Lights when input-synchronizer odd-even check circuit de-
tects combination with even number of pulses. Remains
lighted until I.S. ERROR CLEAR switch is pushed down.

Upper for unbarred check circuit, lower for barred.

Lights when output-synchronizer odd-even check circuit de-
tects combination with even number of pulses. Remains
lighted until O.S. ERROR CLEAR switch is pushed down.

Lights if read or write instruction takes place when appro-
priate interlock is not set, or if tape direction indicated
by static-register instruction differs from direction indicated
by input-output control circuits. Remains lighted while
input-output interlock gate is inhibited untii GENERAL
CLEAR, LS. ERROR CLEAR, or O.S. ERROR CLEAR
switch is pushed down.

Upper for unbarred, lower for barred check circuit.

Light when odd-even check circuits detect combination with
even number of pulses. Remain lighted until start bar
is pushed down.

Lights when high-speed comparator detects disagreement
between the duplicate high-speed buses. Remains lighted
until start bar is pushed down.

1 marked AUTO RE-READ lights when RY2 is energized
during all automatic re-read operations.

1 marked ORIGINAL DIRECTION lights when tape resumes
the direction in which it was moving when error was
detected. Also lights when Ledex switch is in even-num-
bered position.
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Table 5-18.

System Analysis

Sequencing-Fault Controls and Indicators, Located Across Top Center Panel

Number and Type

Distribution

Function

CONTROLS

6 telephone-key switches

1 switch, 3-position nonlocking,
marked C.U. ERROR INSERT

1 switch, 2-position locking, marked
TIME OUT with 1 associated
neon

1 switch, 3-position locking, marked
CYC UNIT, with 2 associated
neons

1 switch, 3-position locking, marked
F.T. OUTPUT, with 2 associated

neons

1 switch, 2-position locking, marked
F.T. INTER., with associated
neon

1 switch, 3-position locking, marked
TANK SEL., with 2 associated
neons. (See Indicators.)

Released: no effect.

Up: marked A, inhibits G502 to delete one input to HA416
(one output from barred 7-pulse and 13-pulse loops in
the cycling unit).

Down: marked B, inserts one extra pulse in HA422, half-
adder which compares duplicate 7-pulse and 13-pulse loops
in the cycling unit.

Used to test cycling-unit check circuits, which should indicate
error when switch is used. Does not insert pulse in the
cycling unit loops; affects the check circuit.

Released: no effect.

Down: inhibits output gate of circuit which checks for
agreement between the 2 time-out flip-flops (FFTO and
FFTO). Lights green error-delete jewel-light.

Released: no effect.

Up: marked with dot, connects output gates of the 2 cycling-
unit check circuits (G335 and G336) to DELETE SE-
LECTOR switch. G335 normally passes an A-type error
(disagreement between the barred 7-pulse and 13-pulse
loops and the 27-pulse delay), while G336 passes a B-type
error (disagreement between duplicate 7-pulse and 13-
pulse loops).

Down: marked CYC UNIT, inhibits both G335 and G336.
Lights green error-delete jewel-light.

Released: no effect.

Up: marked with dot, connects to DELETE SELECTOR
switch the 2 output gates of the duplicate circuits which
check for an even number of function signals.

Down: marked F.T. OUTPUT, inhibits output gates of the
duplicate function-table output checkers. Lights green
error-delete jewel-light.

Released: no effect.

Down: inhibits output gate of intermediate-line check cir-
cuit, which detects simultaneous selection of more than
one intermediate line. Lights green error-delete jewel-light.

Released: no effect.

Up: marked with dot, connects output gates of both mem-
ory-selector check circuits to DELETE SELECTOR switch.

Down: marked TANK SEL., inhibits output gates of both
memory-selector check circuits. Lights green error-delete
jewel-light.

1 jack 1 marked TIME-OUT RESET, | The multivibrator unit plugs into this jack. Since the multi-
located bottom left panel vibrator energizes the start relay, it performs much the
same function as the start bar and can provide a start pulse
at controlled intervals.
INDICATORS
8 neons 1 located above TIME OUT switch | Lights when time-out check circuit detects disagreement be-

2 located above CYC UNIT switch

2 located above F.T. OUTPUT

switch

1 located above F.T. INTER. switch

tween duplicate time-out flip-flops.

Upper for A-type error, lower for B-type error.

Light when respective comparison circuits detect disagree-
ment among the cycling-unit loops. Remain lighted until
CU-TSC CLEAR switch or start bar is pushed down.

Upper for unbarred check circuit, lower for barred.

Light when duplicate function-table output check circuits
detect an odd number of function signals. Remain lighted
until start bar is pushed down.

Lights when function-table intermediate-line check circuit
detects an error. Remains lighted until start bar is pushed
down.
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Table 5-18. Sequencing-Fault Controls and Indicators, Located Across Top Center Panel (cont)

Number and Type

Distribution

Function

INDJCAT

ORS

2 located above TANK SEL. switch

Upper: marked 4TH, for check circuit on 1st address-digit
(hundreds) selector.

Lower: marked 5TH, for check circuit on 2nd address-digit
(tens) selector. Light when selector check circuits detect
1 or more, 2 or more, or no selector lines energized, during
an operation which requirés memory selection.

Table 5-19.

?

Arithmetic Fault Controls ur;\d Indicators, Located Across Top Center Panel

Number and Type

Distribution

Function

CONTROLS

10 telephone-key switches

1 switch, 3-position locking, marked
ADDER MIN,, with 2 associated
neons

1 switch, 3-position locking, marked
ADDER SUB,, with 2 associated
neons

1 switch, 3-position locking, marked
ADDER ALPH., with 2 associ-
ated neons

1 switch, 2-position locking, marked
ADDER COMP., with 1 associ-
ated neon

1 switch, 2-position locking, marked
F COMP., with 1 associated neon

1 switch, 2-position locking, marked
L COMP,, with 1 associated neon

1 switch, 2-position locking, marked
A COMP., with 1 associated neon

1 §witch, 2-position locking, marked
X COMP., with 1 associated neon

Released: no effect.

Up: marked with dot, connects output gates of adder-
minuend odd-even check circuit and minuend-comparison
check circuit to DELETE SELECTOR switch.

Down: marked ADDER MIN, inhibits output gates of odd-
even check circuit and comparison check circuit on the
minuend inputs to duplicate algebraic adders. Lights green
error-delete jewel-light.

Released: no effect.

Up: marked with dot, connects output gates of adder-
subtrahend odd-even check circuit and adder-subtrahend
comparison check circuit to DELETE SELECTOR switch.

Down: marked ADDER SUB,, inhibits output gates of odd-
even check circuit and comparison check circuit on sub-
trahend inputs to duplicate algebraic adders. Lights green
error-delete jewel-light.

Released: no effect.

Up: marked with dot connects to DELETE SELECTOR
switch the output gates of circuits that detect alphabetic
characters occurring simultaneously in minuend and sub-
trahend inputs to duplicate algebraic adders.

Down: marked ADDER ALPH.,, inhibits output gates of
duplicate detector circuits. Lights green error-delete jewel-
light.

Released: no effeat.

Down: inhibits output gate of circuit that detects disagree-
ment between sums produced by duplicate algebraic adders.
Lights green error-delete jewel-light.

Released: no effect.

Down: inhibits output gate of circuit that detects disagree-
ment between the contents of duplicate F registers. Lights
green error-delete jewel-light.

Released: no effect.

Down: inhibits output gate of circuit that detects disagree-
ment between the contents of the duplicate L registers.
Lights green error-delete jewel-light.

Released: no effect.

Down: inhibits output gate of circuit that detects disagree-
ment between contents of the duplicate A registers. Lights
green error-delete jewel-light.

Released: no effect.

Down: inhibits output gate of circuit that detects disagree-
ment between the contents of the duplicate X registers.
Lights green error-delete jewel-light.
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Table 5-19. Arithmetic Fault Céntrols and Indicators, Located Across Top Center Panel (cont)

i

Number and Type

Distribution

Function

1 switch, 2-position locking, marked

COND. TRANS., with 1 associ-
ated neon

1 switch, 2-position locking, marked

X+ ERROR STOP

Released: no effect.

Down: inhibits output gate (G346) of flip-flop FF402.
FF402 is set when there is disagreement between barred
and unbarred FF155, the flip-flop which produces the
conditional transfer signal. Lights green error-delete jewel-
light.

Released: (unless MASTER DELETE switch is pushed
down) alerts G440 and G440 to pass error-signal output
from A-register comparison check or X-register comparison
check circuits to set time-out flip-flop in control circuits.
Error detected by check circuits cannot stop computer until
subsequent time-out.

Down: no effect. Computer stops in next time-out if an
error develops.

INDICATORS

14 neons

—

(=

marked OVERFLOW, located to
left of SECOND INSTRUC-
TION DIGIT decoder (center
panel)

located above ADDER MIN.

switch

located above ADDER SUB.

switch

located above ADDER ALPH.
switch

located above ADDER COMP.
switch

located above F COMP., L
COMP,, A COMP., and X
COMP. switches, respectively

located above COND. TRANS.
switch

Upper for FF705, lower for FF705.

Light when the duplicate overflow flip-flops are set, indicating
capacity of adder has been exceeded and a carry from
the 11th place has been produced.

Upper: marked O-E, lights when odd-even check circuit
on unbarred minuend input to algebraic adder detects
digit with even number of pulses.*

Lower: marked COMP., lights when disagreement occurs
between 2 minuend inputs. Remain lighted until start
bar is pushed down.*

Upper: marked O-E, lights when odd-even check circuit
on unbarred subtrahend input to algebraic adder detects
digit with even number of pulses.

Lower: marked COMP., lights when disagreement occurs
between 2 subtrahend inputs. Remain lighted until start
bar is pushed down.

Upper for unbarred detector circuit, lower for barred.

Light when alphabetic-character detector circuits find simul-
taneous alphabetic characters in minuend and subtrahend
inputs to adder during 11-place addition (A, S, and X
instructions). Also light when any character other than
a sign is detected in sign position. Remain lighted until
start bar is pushed down.

Lights when disagreement is detected between sums produced
by duplicate adders. Remains lighted until start bar is
pushed down.

Lights when disagreement is detected between duplicate F
(L,A,X) registers. Remains lighted until start bar is
pushed down.

Lights when FF402 is set, indicating disagreement between
2 conditional-transfer flip-flops. Remains lighted until
start bar is pushed down.

* ADDER MIN. and ADDER SUB. neons: In early Univac systems, the upper neon is the indicator for the unbarred odd-
even checker, the lower for the barred. These systems have no comparison circuit between the 2 check circuits.
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tor Controls, Located on Left of Panel

Number and Type

Distribution

2 telephone-key switches

12 pushbuttons, interlocking,
marked REGISTER SELEC-
TOR, located on center of
left panel

20 pushbuttons, interlocking,
marked MEMORY SELEC-
TOR-HUNDREDS and
MEMORY SELECTOR-
TENS

1 switch, 3-position locking, marked
OSCILLOSCOPE (also called
group selector switch)

1 switch, 3-position locking, marked
SYNC below switch, located on
top left panel

—

marked HSB

5 marked F/F, T/L, A/A, X/X,
and Y/V
1 marked CR

1 marked M

3 marked O/I, TC/CU, and TPG
1 marked C

10 pushbuttons marked 00, 10, 20,
30, 40, 50, 60, 70, 80, 90

10 pushbuttons marked 0, 1, 2, 3,
4,5 6,7,89

Function
Released: no effect; the circuit is nonrestoring.
Up: marked GROUP 1, makes final selection, for AGC and

video monitoring, between pairs of circuits tapped by

REGISTER SELECTOR pushbuttons. The upper source

of the pushbutton is the one selected: HSB, F, L, A,
X, Y, CR (long delay), 0 (further selection is made by
SECONDARY SELECTOR pushbuttons: 0-5 for r0, 6
for rSYI1, 7 for rSYOI1, 8 for SYIP, and 9 for SYOP),
TC (the temperature-control channels, selected by SEC-
ONDARY SELECTOR 0-6), TPG (the 11th local driver,
selected by SECONDARY SELECTOR 0), and C (the
control counter). The M pushkbutton does not connect
through the OSCILLOSCOPE switch.

Down: marked GROUP 2, selects from the lower sources
of the REGISTER SELECTOR pushbuttons: HSB, F,
L, A, X, V, CR (short delay), I' (further selection is made
by SECONDARY SELECTOR pushbuttons: 0-5 for rl,
6 for rSYI2, 7 for rSYO2), CU (further selection is made
by SECONDARY SELECTORS 0-4), and TPG (first 10
local drivers, further selection made by SECONDARY
SELECTORS 0-9). The control-counter selector push-
button (C) is ineffective when the OSCILLOSCOPE switch
is pushed down (GROUP 2 position).

Released: marked pO0, selects minor-cycle synchronizing
pulse from the Central Computer time-selection circuits,
for synchronizing sweep on monitor oscilloscope when
inspecting short-tank registers.

Up: marked 0pO, selects major-cycle synchronizing pulse
from time-selection circuits, for inspecting all contents of
a 10-word register at one time.

Down: marked TSP, selects a synchronizing pulse from
time-selection circuits for inspecting one selected word
from a 10-word group (according to the Gth instruction
digit in the static register) on the oscilloscope.

Connects both high-speed buses to OSCILLOSCOPE switch.

Connects indicated pairs of registers to OSCILLOSCOPE
switch.

Connects long-delay and short-delay halves of control regis-
ter to OSCILLOSCOPE switch.

Connects MEMORY SELECTOR - TENS and MEMORY SE-
LECTOR - HUNDREDS pushbuttons to AGC jack and
monitor oscilloscope.

Connects SECONDARY-SELECTOR circuits to OSCILLO-
SCOPE switch.

Connects control counter signal to GROUP 1 contacts of
OSCILLOSCOPE switch.

Selects one group (of 10 possible groups) of 100 successive
memory locations, when M pushbutton of REGISTER
SELECTOR is pushed.

Selects one group of 10 memory locations from 100 selected
by the MEMORY SELECTOR-HUNDREDS pushbuttons.
The 10 words in the 10 selected memory locations are
sent through contacts of relay governed by M pushbutton
of REGISTER SELECTOR, to monitor oscilloscope and
AGC jack. The 10 words are presented on oscilloscope as
a 10-word grouping when SYNC switch is pushed up to
0p0, as 10 superimposed single words when. SYNC switch
is released, or individually when SYNC switch is pushed
down to TSP, which selects the word determined by the
6th instruction-digit flip-flops.
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Table 5-20. AGC and Video Monitor Controls, Located on Left of Panel (cont)

Number and Type

Distribution

Function

1 jack

10 pushbuttons, interlocking,
marked SECONDARY SE-
LECTOR

1 marked AGC

10 pushbuttons marked 7p/0, 7p/1,
13p/2, 13p/3, 27p/4, 5, SYI/6,
SYO/7, SYIP/8, SYOP/9

External voltmeter used for measuring automatic-gain-control
voltage is plugged into this jack. The various circuits
whose AGC voltages are measured at this jack are selected
by REGISTER, MEMORY, and SECONDARY SELECTOR
pushbuttons and OSCILLOSCOPE switch.

Pushbuttons are used in conjunction with O/I, TC/CU and
TPG pushbuttons of REGISTER SELECTOR. Connections
are shown in table 5-21.

C
Table 5-21. Register-Selector Connections
To O/1 Relay To TC/CU Relay To TPG Relay
Secondary
Selector Group 1 Group 2 Group 1 Group 2 Group 12 Group 22
(Temperature Control) (Cycling Unit)

7p/0 rO-1 rl-1 GV tank 7-pulse loop 11 1
'71—3/ 1 r0-2 rl-2 NT tank Duplicate 7-pulse looph —_ 2
13p/2 r0-3 rI-3 NV tank 13-pulse loop — 3
13p/3 r0-4 rl-4 NX tank Duplicate 13-pulse loopb — 4
27p/4 rO-5 rl-5 MT tank 27-pulse line — 5

5 r0-6 rl-6 MV tank — 6
SYI/6 rSYI1 rSYI2 MX tank — 7
SYO/7 rSYO1 rSYO2 —_ — 8
SYIP/8 SYIP —_ —_ — 9
SYOP/9 SYOP — — — 10
a Local drivers.

b Part, but not all, of the cycling unit is duplicated. The duplicate outputs of these 7- and 13-pulse loops are not always used

in duplicate circuits.

Table 5-22. Heater Monitor Control and Indicators

Number and Type

Distribution

Function

CONTROL

1 rotary switch,
TANK HEATER VOLT-
AGE MONITOR, located at
left of lower center panel

marked

1 rotary switch, 7-position, marked
from left to right GV, NT, NV,
NX, MT, MV, MX

Used with TANK HEATER VOLTAGE/VOLTAGE MONI-
TOR REMOTE switch. Selects 1 of 7 long-tank tempera-
ture-control channels for monitoring voltage present at
anode of heater-coil driver. Switch is, in some cases,
numbered counterclockwise instead of being marked with
the tank designations. In these instances, position 1 picks
up GV tank; 2, NT tank; 3, NV tank; 4, NX tank; 5, MT
tank; 6, MV tank; 7, MX tank.

See paragraphs 2-91 through 2-94.

INDICATORS, Located Bottom of Left Panel

1 neon, marked STAND-BY
POWER (HEATER)

Lights when control power is turned on, which applies a-c

standby heating power to long-tank heating coils. Remains
lighted until control power is removed or when computer
overheats. In early installations (I to VI), remains lighted
until dc is turned on, which opens contacts of RP22 to
disconnect stand-by power from long-tank heater circuits.
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Table 5-22.

Heater Monitor Control and Indicators (cont)

Number and Type

Distribution

Function

INDICATORS

7 neons, STAND-BY HEAT-
ERS - LONG TANKS

16 neons, HEATERS - SHORT
TANKS

marked from left GV, NT, NV,
NX, MT, MV, MX

marked from left to right, top and
bottom F, F, L, L, A, A, X, X,
C, V, CR1, CR2, SYI1, SYI2,
SYO1, SYO2

Lights when a-c standby power is applied to heater circuit
in associated long-tank. Remains. lighted until ac is re-
moved. These lights should never be on after dc is turned
on, cycling unit is started, and the long-tank d-c heat has
stabilized.

Light when driver for an associated short-tank heater coil
is conducting, indicating that heat is being applied to
short tank. Remain lighted until heater-coil driver is cut off.

Table 5-23.

Voltage Monitor Controls and Indicators, Located on Right of Panel

Number and Type

Distribution

Function

CONTROLS

1 voltmeter, zero-centered,
graduated in percentage of
allowable deviation

5 telephone-key switches

1 switch, 3-position locking, marked
TANK HEATER VOLTAGE
above switch

1 switch, 3-position locking, marked
MEASURE/DELAYED SHUT-
OFF

1 switch, 2-position locking, marked
REF. VOLTAGE

Connected to voltage-monitor circuit when TANK HEATER
VOLTAGE/VOLTAGE MONITOR REMOTE METER
switch is released, and MEASURE switch is pushed up. If
VOLTAGE MON. MANUAL switch is pushed down,
voltage-pair selector pushbuttons must be used. If it
is released, automatic voltage-monitor stepping circuit con-
nects meter to successive pairs of voltages.

See paragraphs 2-78 through 2-83.

The switch is also called the meter-transfer switch.

Released: connects the deviation meter between MEASURE
switch and sampling contact to which selected voltages are
brought from pickup of stepping switches.

Up: marked TANK HEATER VOLTAGE, connects devia-
tion meter between -+200-volt source and TANK HEATER
VOLTAGE MONITOR selector switch.

Down: marked VOLTAGE MONITOR REMOTE METER,
removes deviation meter from monitor circuit, and con-
nects monitor circuit to terminals B6-13 and BG-7 in
negative-voltage capacitor area of power supply. Volt-
meter can be connected to these terminals, for remote
monitoring. Negative-voltage capacitor area is between
bays Z and W of power supply; terminals B6-13 and B6-7
are on terminal strip just next to bay Z.

Released: connects relay RP3 located in KL corner, between
voltage-sampling contact and REF. VOLTAGE switch.
When switch is in this position any voltage that has de-
viated beyond its maximum allowable range does not
shut off dc, but stops automatic stepping circuit.

Up: marked MEASURE; connects deviation meter between
voltage-sampling contact and REF. VOLTAGE switch.
Permits automatic sampling of voltages until switch is
pushed down. Lights red voltage-monitor jewel-light.

Down: marked DELAY SHUT-OFF, connects relay RP3
between voltage-sampling contact and REF. VOLTAGE
switch. Lights red voltage-monitor jewel-light. When
faulty voltage is found with switch in this position, relay
RP3 inhibits stepping circuit, and after 30-second delay,
shuts off dc.

Released: connects armature of MEASURE/DELAYED
SHUT-OFF switch to relative reference supply.

Down: marked ABSOLUTE, connects armature of MEAS-
URE/DELAYED SHUT-OFF switch to absolute reference

supply.
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Table 5-23. Voltage Monitor Controls and Indicators, Located on Right of Panel (cont)

Number and Type

Distribution

Function

CONTROLS

26 pushbuttons, interlocking

1 switch, 2-position locking, marked
VOLTAGE MON. MANUAL
SWITCHING

1 switch, 2-position nonlocking
marked VOLTAGE MON.
FAULT RELAY RESET

6 horizontal, marked from left to

right 0-5, and 20 vertical push-
buttons marked from top to
bottom 0-19

Also called automatic/manual switch.

Released: applies power to automatic stepping circuit which
activates solenoid that turns stepping switches. The 120
voltage-pairs are selected and monitored at rate of one a
second.

Down: marked VOLTAGE MON. MANUAL SWITCH-
ING, permits selection of individual voltage-pairs by means
of selector pushbuttons, and removes power from stepping
circuit.

Used during automatic monitoring operations. When moni-
toring operation stops, fault relay must be reset before
monitoring can continue.

Released: no effect.

Down: marked VOLTAGE MON. FAULT RELAY RESET,
resets fault relay.

Column-selector pushbuttons used with row-selector push-
buttons to select voltage-pair during manual monitoring.

INDICATO

RS

2 jewel-lights

26 neons

—

purple marked HIGH and 1
green marked LOW

6 horizontal, marked from left to

right 0-5 and 20 vertical, marked
from top to bottom 0-19

Lights if relay RP3 detects voltage deviation that exceeds
(falls below) allowable range. Remains lighted until
fault relay is reset by pushing the VOLTAGE MON.
FAULT RELAY RESET switch down.

Light when associated pushbuttons are pushed down, or when,
during automatic monitoring, associated voltage-pair is
being inspected. Remain lighted until another pushbutton
is pushed down.

Table 5-24.

Abnormal-Operation Indicators, Located at Middle of Right Panel

Number and Type

Function

6 jewel-lights

Distribution
1 red
1 green
1 blue
1 orange
1 white, marked B

1 white, marked P

Voltage monitor and servo power indicator.

Lights when the MEASURE/DELAYED SHUT-OFF switch
is pushed either up or down, when SERVO POWER switch
is pushed up to OFF.

Error-delete indicator.

Lights when any error-delete switch is pushed down, when
the MASTER DELETE switch is pushed down, or when
the MEMORY CLEAR switch is pushed up to INHIBIT
PMC position.

Static register indicator.
Lights when any static register switch is pushed up or down.

Interrupted-operation switch indicator.
Lights when the interrupted-operation switch is in any
position other than continuous.

Breakpoint indicator.

Lights when the BREAKPOINT switch is pushed down, or
when one or more of the CONDITIONAL TRANSFER
BREAKPOINT SELECTOR pushbuttons is pushed down.

Block subdivider. Marked P for printer.
Lights when one or more BLOCK SUBDIVISION SELEC-
TOR pushbuttons is pushed down.
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5-12. The control printer is not intended to be used
as an output device during normal operation, but for
testing, correcting programs, inspecting intermediate
results, and in other special conditions, it is invaluable.

5-13. The printer is the same as that used with the
Unityper and Uniprinter. It is an electronically-
actuated electromechanical typewriter. The control
circuits are in the cabinet and in bay A. The printer
itself is on top of the cabinet. All information typed
in on the supervisory keyboard is printed out on the
printer unless the printer is on SKIP. If the printer
is turned off, the absence of the first printer-action
signal from the printer prevents type-in.

5-14. The printer also can be used independently of
the supervisory keyboard. The printer cabinet con-
trols and indicators are discussed in paragraphs 5-22
and 5-23. Further information concerning the printer
is available in the Uniprinter Maintenance manual.

5-15. ALPHANUMERIC KEYBOARD. There are
72 keys, a spacebar on the left, and a start bar on the
right of the supervisory control keyboard.

5-16. All of the character keys operate microswitches
under the keyboard, discharging capacitors through an
encoding matrix to send pulse combinations into one
of the two input-synchronizer registers. At the same
time, the same pulse-combination is set up in the
printer thyratrons. The SKIP, BACKSPACE, NO
LOOP, LOOP 1, and LOOP 2 keys are effective only on
the Unityper.
5-17. Each of the printer control keys (SHIFT,
SPACEBAR, SHIFTLOCK, UNSHIFT, CARRIAGE
RETURN, and TAB) also sends a pulse-combination
into the input synchronizer register, on NORMAL and
COMPUTER DIGIT positions of the PRINT SELEC-
TOR switch, besides performing the necessary oper-
ation at the control printer when on NORMAL. A
complete description of the supervisory control key-
board is given in the Uniprinter manual.
5-18. The start bar is at the bottom right of the con-
trol keyboard. It starts the computer by:

(1) Restoring the STOP flip-flop, FF205.

(2) Restoring all error flip-flops except the five
input-output error and tank-selection error flip-flops.

5-19. The ERASE and the WORD REL. keys are used
during supervisory type-ins. The ERASE key deletes
an incorrect type-in. The word-release key permits
the computer to accept a completed word. The ERASE
key is used whenever the operator has made an error
and wishes to cancel an uncompleted word. There
are several circumstances in which this is necessary,
the most obvious being a typographical error. There
are several types of input errors that the computer de-
tects (for example: characters typed without sufficient

time between them; more or fewer than 12 digits in
aword). These errors light the INPUT ERROR neon
and deenergize the keyboard.

5-20. The ERASE key clears the precessor and re-
starts it. It clears the partially constructed word out
of the input-synchronizer register, and clears the input
flip-flops. It also clears the input-error flip-flop. When
the key is released, it clears the odd-even counter,
BCG601, in the input synchronizer to odd. The oper-
ator then retypes the word.

5-21. When the twelfth-digit neon lights, a word has
been correctly typed into the input-synchronizer
register and the operator can push the WORD
REL. key. This key closes a relay, one pole of
which sends a voltage through a special encoder that
causes the control printer to print a period at the end
of the word. Voltage from the second pole samples
the input-error circuits; if no error is present, it opens
the output gate from the synchronizer registers and
generates a supervisory read-ending (SRE) signal.
This signal steps the program counter, and the new
program-counter step enables function signals to trans-
fer the word from the input-synchronizer register to
the memory or the control register. The function sig-
nals also terminate the operation.

5-22. PRINTER CONTROLS. The printer controls
are:

(1) Print selector, or FUNCTION SW, a 2-position
rotary switch on the printer dolly. Left, marked
NORMAL, permits the printer to operate normally,
printing each character and performing each control
function, under control of the supervisory keyboard or
the Central Computer. Right, marked COMPUTER
DIGIT (or sometimes, CHECK), permits the printer
to type out a character for every decoded pulse-combi-
nation except the space and printer-stop symbols. Car-
riage-return and tab operations are not carried out as
they are decoded; the carriage returns automatically
when it reaches the margin stop. The printer-stop
symbol stops the printer; the space symbol permits the
carriage to move one space. Thus there is only one
character-space on paper for every computer digit re-
ceived from the memory or inserted from the keyboard.

(2) BREAKPOINT STOP: two-position locking
telephone-key switch on the printer dolly. When the
switch is released, the printer interprets the break-
point symbol as an ignore. If the PRINT SELECTOR
switch is in NORMAL position, the printer skips over
the symbol: if PRINT SELECTOR is in COMPUTER
DIGIT position, the printer prints an “x.” If the
BREAKPOINT STOP switch is down, marked
BRKPT. (breakpoint), the printer interprets the
breakpoint symbol as a stop, stops the printer and
lights the BREAKPOINT neon, regardless of the po-
sition of the PRINT SELECTOR.
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(3) SKIP: two-position locking telephone-key
switch on the printer dolly. Released, no effect on
printer operation. This switch is to be used only in
Uniprinter operation and must be released on the con-
trol printer at all times.

5-23. PRINTER INDICATORS. The three printer
indicators are:

(1) PRINTER STOP: neon indicator, lights when-

ever the pulse-combination meaning stop is decoded by
the printer. Remains lighted (the printer remaining
stopped) until any key is pushed on the printer key-
board.
(2) BREAKPOINT:  neon indicator, lights when-
ever the pulse-combination meaning breakpoint is de-
coded by the printer, if the BREAKPOINT switch is
pushed down. Remains lighted until any typewriter
key is pressed.

(3) Eight neon decoder indicators (figure 1-30)
are inside the printer dolly. On later models, these
neons are duplicated on top of the cabinet. Seven of
these neons are associated with the seven pulse posi-
tions in a computer digit. The eighth is associated with
the sprocket pulse. They are used to indicate what
digit is set up in the decoder.

5-24. TROUBLESHOOTING PROCEDURES

5-25. GENERAL TROUBLESHOOTING SUGGES-
TIONS

5-26. REFERENCES AND LABELS. Keep reference
books containing the following information on the
control desk: Analyses of Univac Instructions, a list of
function signals, sources of function signals, a list of
important synchronizer-signal points, and a list of
calibration points. Post a list enumerating important
test points, and any other information pertinent to the
bay, on the back of each bay door. Label the positions
of important chassis neons such as those for TO, TS,
FIR, BIR, photocell, and tape-channel flip-flops.

5-27. FUNCTION SIGNALS. Use the function-sig-
nal neon bank in the DE corner. Be sure that the func-
tion signal indicators lighted are the correct indicators,
and that the neons that should not be lighted are not
lighted. When trouble appears, check voltages at the
source terminals of the function table. Any permissive
voltage higher than 60 volts, or any inhibitory volt-
age lower than 490 volts, is a potential source of
failure.

5-28. TEST SWITCHES. Use these test switches in
the Central Computer:

ELIMINATE RE BI12T, V14
ELIMINATE WE AllX, V5

RETAIN PC DX, bypass board C
IER/OR H4X backboard
FT1 TEST DE corner -

FTO ' D7X, V7
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5-29. TEST OSCILLOSCOPES. Use test oscilloscopes:

(1) Always have the sync leads and signal probe
assembled and ready to use. A 1l-second delay can
mean the difference between finding or losing an inter-
mittent trouble,

" (2) Some signals that have a long duty cycle, such
as tape instructions and multiply and divide instruc-
tions must be examined with a direct-coupled oscillo-
scope.

" (3) Changes in baseline level observed on a direct-
cbupled oscilloscope are indications of trouble.

(4) The monitor or test oscilloscopes give only an
approximate indication of amplitude and uneven form.
Check the signal at its source to be sure.

" (5) Use a dual-sweep oscilloscope to trace signals
and compare waveforms in duplicate circuits. )

5-30. EXTENDERS. If a circuit has no satisfactory
test terminals, an extender can be used to probe. Before
installing an extender:

(1) Turn dc off.

(2) Turn dc on to see if the trouble has corrected
itself. If not, turn dc off and install the extender.
Never use a chassis extender if a tube extender will
suffice,

5-31. ANALYSIS BY POWER TURN-ON AND
START PROCEDURE

5-32. Each step of this analysis and its check pro-
cedure is detailed in table 5-25. When this procedure
has been successfully completed, the operator is ready
to perform an initial read operation from the tape on
a selected Uniservo.

5-33. ERROR ANALYSIS

5-34. GENERAL. The technician must be able to
interpret the symptoms of a trouble, if he is to trouble-
shoot the failure as quickly as possible. For example,
a stall alarm is usually the first indication of trouble in
the computer. The alarm occurs when the cycle
counter has not been stepped for more than three sec-
onds. The indication depends on the setting of the
SPEAKER switch and can be either a silence, if the
switch is set to HSB, or an 800-cycle tone from the stall
speaker, if the switch is set to STALL. When an alarm
occurs, push the STOP switch down to prevent the
computer from starting. The symptom should be
recorded immediately in the computer log book, the
trouble traced and recorded. The practice of recording
troubles and their symptoms will provide a source of
igformation useful in isolating future troubles.

5¢35. If errors occur in different circuits at the same
time, a circuit or signal common to all or most circuits
is the probable cause of the trouble. For example, the
control and sequencing signals, and the cycling-unit
stgnals can cause trouble in the adder, the registers, or
:?yethernhwdptnofthempuur,butthednnia



System Analysis

Table 5-25. Power Tu;_rn-On and Start Procedure

Step Procedure Check
1 Make certain that d-c lock and SERVO POWER switches | Turn d-c switch fully counterclockwise and push SERVO
are in OFF position.* POWER switch up.
2 Turn on power at main power installation: If no indicators light, check phase 1L6 in the power
(1) Control power lamp should light. installation. If (3) or (4) does not occur, measure
(2) Supervisory control bell starts to ring. voltage between phase 1L8 and phase 1L9 at power
(3) STAND-BY POWER (HEATER) neon lights. installation. Voltage realing is 208. If (4) does not
(4) All STAND-BY HEATERS - LONG TANKS occur check neon and then check for 208v(ac) at the
neons light. terminals at the end of tank whose neon fails .
to light. Check stand-by microswitch under the cover-
plate (figure 2-7).
3 Turn short tank STAND-BY POWER on: If no neon lights, check phase 1L7.
(1) Supervisory contrcl bell stops ringing. If (3) but not (2) occurs, check neon.
(2) The STAND-BY POWER neon lights. If one of the short-tank neons does not light, check the
(3) All HEATERS-SHORT TANKS neons light. neon first, then check at the chassis neon. Check the
circuit on the chassis (figure 2-12).
4 Wait until the long tanks have reached a-c equilibrium;
that is, until the STAND-BY HEATERS - LONG
TANKS neons begin to blink (about 20 minutes).*
5 Press HEATERS ON button: If nothing comes on check all elements in the a-c interlock
(1) The green heater-power jewel goes on. (figures 2-10 and 2-11).
(2) Blowers start. (1) Check jewel-light.
(3) Heaters come on dimly; their brightness then in- (2) Check blower motors.
creases in three distinct steps. (3) Check the resistors, timer motors, and relays in
(4) A-C elapsed-time meter starts. slow heater-turn cn circuit,
(5) Two minutes after the heaters are up to full (4) Check RPS.
power, the yellow ready light comes on.
6 Check for blown d-c or heater secondary fuses by push- |Replace any blown fuses.
ing the FAULT TEST switch down.
7 Ring warning bell twice signifying d-c is to be turned
on. The button for this bell is under the left side of
the supervisory control desk.
Turn d-c lock key clockwise.
92 Press the D.C. ON button. If nothing occurs, check all elements in the d-c interlock,
(1) Red d-c jewel-light goes on. RPS8, RP10A, and RP10B (figures 2-10 and 2-12).
(2) On systems which use RP22, all long-tank heating
indicators go off.
(3) D-C elapsed-time meter starts.
10 Push CU-TSC CLEAR switch down. This clears all four |To examine the contents of the cycling-unit loops with
cycling-unit loops and clears the time-selector counters the video monitor:
to decimal zero. It is important to start cycling unit as (1) Push OSCILLOSCOPE switch down (to Group 2).
soon as dc is on. This is particularly important in com- (2) Push TC/CU button and select loops with SEC-
puters that use relay RP22, since this relay removes ONDARY SELECTORS 0, 1, 2, 3, and 4.
heating power from the long mercury tanks as soon There are no pulses in any of these loops.
as dc comes on. To check time-selector counters, examine their chassis
neons.
11 Push the CU START INTERLOCK switch down and
hold it. As long as this switch is held down the input
gates to the cycling-unit loops are held open.
12 Push the CU START switch down and hold it. This |JIf a CYC UNIT error neon comes on, repeat steps 10

sends a single timing pulse into each of the cycling-
unit loops.

through 14. If the error persists, one of the cycling-
unit loops may not be receiving a pulse or may have
an open circuit. Examine the cycling-unit loops with
the video monitor. There is one pulse in each loop.
If one of the loops has no pulse, repeat steps 10 through
14 while observing the faulty loop on a scope. If
none of the loops contains a pulse, check the cycling-
unit start circuit. For signal tracing, trigger the circuit
repeatedly by plugging the test multivibrator into P8V-
V5 socket.
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Table 5-25. Power Turn-On and Start Procedure (cont)

Step Procedure Check

13 Release the CU START INTERLOCK switch. This closes
the input gates to the cycling-unit loops.

14 Release the CU START switch to disable single-pulse
circuit.

15 Push both INITIAL CLEAR 1 and INITIAL CLEAR 2 | Examine registers to see if they have been properly cleared.
switches up. INITIAL CLEAR 1 blocks all short-regis-
ter clear gates. INITIAL CLEAR 2 reads gain control
pulses into the register.

16 Release INITIAL CLEAR 1. Gain control pulses are present in all short registers. If
any register does not hold pulses, check the temperature-
control neon. If it is on, the tank is cold. Determine
the cause of any delay in warmup time.

17 Release INITIAL CLEAR 2.

18 Push the GENERAL CLEAR switch down. Investigate any circuits whose neons do not conform to

This restores most flip-flops and clears the cycle counter this pattern.
and program counter to binary zero.
In addition it sets the time-out and stop flip-flops.
The following neons should be on: 2 STOP neons,
2 TO neons.
STALL neon comes on after 3 seconds.
MQC and input-output counter neons may be lighted
in random order. No other neons on the center
panel light.

19 Push memory clear switch down to MEMORY CLEAR.

20 Push interrupted-operation (I-O) switch up to ONE
OPERATION.

21 Push the CLEAR C switch down. All error neons go out except the 4TH and 5TH tank
selector neons. Delete 4th and 5th tank selector errors
and clear C again.

22 Press the start bar several times and look at either the | If the 4TH and 5TH tank selector neons are not on, ten
FOURTH or FIFTH INSTRUCTION DIGIT neons is added to the static register each time the start bar
of the static register. is pressed.

23 Put the I-O switch on ONE INSTRUCTION.

Press the start bar.
24 Push the MEMORY CLEAR switch up to INHIBIT PMC. | If the HSB O-E neon lights, repeat steps 19 through 24.
Push CLEAR C switch down. Then if the HSB O-E neon is still on, repeat steps 19
Put I-O switch on continuous. Press the start bar. The through 24 with the RETAIN INSTRUCTION switch
computer will do a memory check 10 times and stop down.
with the F.T. INTER. neon on.

25 If no HSB O-E error is present, and the computer com-
pletes a memory check successfully, put IOS in ONE
INSTRUCTION and push CLEAR C switch down.

26 Push LF. BIAS CONTROL switch down to NORMAL.

Neon above switch lights.
27 Computer is ready for an initial read.

* In later Univac I system computers, this procedure is not necessary.
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that produce the signals do not indicate the trouble.
Where circuits that develop errors function inter-
dependently, the cause of the error is probably in only
one of the circuits. Where circuits use another circuit
in common, it is sensible to investigate the common
circuit first.

5-36. CAUSING ERROR TO RECUR. One of the
first steps in the analysis of the trouble is to try to cause
the recurrence of the error by repeating the instruction
that initiated it. Ordinarily, the computer stops during
the first time-out period following the detection of the
error by one of the checking circuits. The exceptions
to this generalization are the input-output errors, and
the A COMP or X COMP errors if the X—— ERROR
STOP switch is released. Consequently, it is neces-
sary to change either the program-counter reading or
the control number. If the program-counter reading is
PC-1 (all neons out), the entire instruction that caused
the trouble has passed, and the instruction in the static
register will follow. The control number must be
changed in this way:

(1) Push the interrupted-operation switch left to
ONE STEP.

(2) Push the RETAIN C/RETAIN INSTRUC-
TION switch up to the RETAIN C position.

(3) If the reading of the cycle-counter is delta (all
neons lighted), push the statis register clear switch
(marked SR) up to DECIMAL ZERO. This substi-
tutes a skip instruction for the delta half of the instruc-
tion pair, so that any pulse-train containing an error
is held in its register. Press the start bar; the computer
will perform the skip and step to alpha.

(4) When the computer is in alpha, press the start
bar. When the cycle counter reading is beta, the con-
trol number plus one is set up in the static register
(fourth, fifth, and sixth digits). Use the static register
setup switches on the control panel to decrease the
sixth digit by one.

(5) If the computer stops during gamma time out,
the error occurred during beta, and must be analyzed in
terms of the special conditions of the beta operation.

5-37. When the control number has been changed,
press the start bar, and push the RETAIN C/RETAIN
INSTRUCTION switch down. The instruction pair
is now in the control register and the gamma half
is set up in the static register. The instruction is re-
tained, and since the interrupted operation switch is
in the ONE STEP position, it can be performed one
step at a time.

5-38. If the program-counter reading is not zero, the
instruction set up in the static register caused the error.
Push the RETAIN C/RETAIN INSTRUCTION
switch down, and the interrupted-operation switch to
ONE STEP. Then push the CLEAR PC switch down.

The instruction remains in the static register, and can
be performed one step at a time.

5-39. Analyze the instruction. If it involves a series
of 10-word memory transfers, push the interrupted--
operation switch up to ONE OPERATION before
beginning the instruction. If it is a multiply or divide
instruction, push the interrupted-operation switch to
ONE ADDITION to give the most minute breakdown

of the instruction.

5-40. Certain types of errors are caused by the absence
of function signals. Check the function-table neon
bank in DE corner to see that the neons for the correct
function-table signals are lighted.

5-41. If anaylsis of the instruction gives no clue, press
the start bar. The computer will start the instruction.
If it is a one-step instruction the computer will finish
it. If the error indications remain the same, the trouble
is probably systemic, and isolating procedures must be
used to find it (paragraphs 5-45 and 5-52). If the
error indications are different, the trouble may be
caused by certain marginal signal conditions, or by a
partial intermittent trouble. If error indications do
not develop, the cause of the error was a true inter-
mittent trouble, one caused by loose connections,
partial breaks, or faulty solder joints, as distinguished
from true faults, caused by faulty components, blown
fuses, or circuit failures.

5-42. As a further test, retain the program-counter
reading in which the error seemed to develop, or the
instruction, if the step that produced the error is un-
known, and set the interrupted-operation switch in the
continuous (center) position. Press the start bar. The
computer will repeat the same instruction or step. This
procedure may cause the error to develop when inter-
rupted operation would not. If the error does develop,
the cause is probably an overloading a-c coupling cir-
cuit, or a faulty d-c restoration at some point along the
line.

5-43. If the error does not develop under these con-
ditions, record the symptoms in the logbook, and re-
lease the computer to the operator. If there is any
possibility that information in the computer was in-
validated by the error or the maintenance procedure,
notify the programmer as well, so that the operation
can proceed under his guidance.

5-44. At each point in this procedure, the important
aspect is the analysis of the various results of each test:
of the initial symptoms as they appeared; of the in-
struction and step in which they appeared; of any
secondary symptoms; and of whether the trouble was
systemic or intermittent.

5-45. ISOLATING TROUBLE TO A CIRCUIT. If
the symptoms of a trouble recur each time the instruc-
tion is set up, then the trouble is a true one. To deter-
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mine what it is, and to correct it, the trouble must be
isolated. Analytic isolation of a trouble to a major
unit must precede electronic isolation and signal
tracing.

5-46. First, analyze the type of instruction that is
causing the error, and the error symptoms. If there is
only one error symptom, isolation is fairly simple.
Probably, the circuit in which the single error develops
is at fault. For example, aa X COMP error, which oc-
curs during any instruction using the accumulator cir-
cuits, indicates a trouble in one of the X-registers. To
check this:

(1) Inspect the X-register on the video monitor, or
set up a 50 + BREAKPOINT, and push OUTPUT
SELECTOR X.

(2) Read out of the X register with HSB TO SYO
switch in both positions, or set up a Jm instruction,
using an empty address, and observe whether a HSB
O-E or HSB COMP error develops.

5-47. Any of these procedures will detect a faulty
pulse-train in register X. To determine at what point
in register X the pulse-train develops the trouble, set
up and retain an L instruction. Put the interrupted-
operation switch in the continuous (center) position
and check signals in register X.

5-48. If there is more than one error-symptom, isola-
tion becomes a problem of determining what common
circuit or common signal causes the error. Sometimes
this procedure can be simplified by using the inter-
rupted-operation switch to obtain the smallest possible
breakdown of an instruction. For example, comparison
errors may develop in one accumulator register during
an MNP or X instruction, and be passed into another
register or adder later when either register or adder is
used. If a ONE ADDITION instruction is performed
the source of the trouble may be detected.

5-49. The symptoms themselves sometime provide
clues. When HSB COMP, L COMP, and X COMP
errors develop during an L instruction, the trouble is
in one of the duplicated high-speed bus paths. When
HSB O-E and ADDER SUB erorrs occur on an A, S, or
X instruction, the trouble is in register X, because it
is used by all three instructions. HSB O-E errors on
the first step of any arithmetic instruction indicate a
faulty pulse train from the memory (or a faulty high-
speed bus).

5-50. When many apparently unrelated errors occur,
a control, sequencing, function or operating signal may
be at fault, or a cycling-unit signal may be missing.
The arithmetic-sequencing signals and most of the con-
trol signals are represented by neons on the control
panel. (Refer to tables 5-1 through 5-24 and see figure
5-1.) The function signals are all represented in the
function-signal neon bank. The cycling-unit signals
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are more difficult to trace, but an error should cause at
least one of the two CYC UNIT error neons to light.
It is important to remember that the neons on the con-
trol panel are usually connected to amplifiers close to
the generating circuits. Many of these controlling sig-
nals go through many stages of amplification before
they arrive at their destination. Failure of any of these
amplifiers might cause the error indication on the
panel.

5-51. After the symptoms are analyzed, verify any
preliminary conclusions. If one particular circuit or
group of circuits is suspected, set up an instruction
that uses part or all of that circuit. For example:

(1) If errors are produced on 5n or 7n instructions,
exempt all the tape-control circuits, the counters, and
rSYOL if a 50 or an EMPTY does not produce errors.

(2) If an input-synchronizer odd-even error de-
velops while a routine containing more than one tape
instruction is in progress, try reading the block by it-
self. If no error develops, the initial trouble was
probably due to crosstalk.

(3) If an output-synchronizer odd-even error de-
velops, read the block that caused it. An L. S. O-E
error on read-back indicates trouble in the output cir-
cuits. To check the output-synchronizer registers in
this case, set up a 30 instruction and then EMPTY
from memory. Trouble in rSYO1 will cause an in-
complete second word and in rSYO2, a incomplete first
word.

(4) Errors occurring on 3n or 4n instructions may
be due to faulty channels in register I, or to the syn-
chronizer circuits, With the interrupted-operation
switch in the ONE OPERATION position, determine
if the error always recurs on the transfer from the same
channel. If so, that channel is probably at fault. If
not, type out from the memory to examine the infor-
mation. Consistent errors in alternate words indicate
trouble in the rSYI1 or rSYI2. To determine which
of the registers contains the trouble, try type-in instruc-
tions. When either the SYI1 or SYI2 neon is lit, the
output gate of the associated register is open. Random
errors indicate a faulty path between rSYI1 and rSYI2,
and the input register.

5-52. ISOLATING TROUBLES IN A CIRCUIT.
After the operational analysis of the computer, analyze
the conditions in a selected circuit. If the symptoms
that have developed during operational analysis indi-
cate a missing or intermittent control signal, check the
source and distribution of that signal. If a voltage
deviation is suspected, use the voltage monitor.

5-53. Errors that result from a deviating voltage, or
from a drop in tube emission, are errors of still another
kind. The amplitude of a signal may drop too low to
operate one circuit, but still be sufficient to operate
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another. Sporadic HSB COMP or HSB O-E error in-
dications in one circuit and not in its duplicate fre-
quently can be traced to this source. If the trouble
can be traced to a single location, normal signal-tracing
techniques can be efficiently used.

5-54. INTERMITTENT TROUBLES. Intermittent
troubles should be traced only after alternate explana-
tions are thoroughly considered. Do not disturb the
condition of the computer. Do not turn off dc, remove
tubes or chasses, change duty cycles or make any other
change that will alter or erase the symptom. If the
trouble stops the computer but cannot be made to recur
(paragraph 5-36), record the indications at the control
panel before attempting to make it recur as suggested
_in paragraph 5-55.

5-55. An intermittent trouble sometimes may be made
to recur by changing the duty cycle or repetition rate
of the operation with the test multivibrator or the
interrupted-operation switch.

5-56. Brute-force techniques are sometimes useful for
tracing intermittent troubles. For example:

(1) Substitute spare chasses in the memory.

(2) Interchange chasses in the duplicate circuits to
see if the trouble moves with a chassis.

(3) Substitute tubes one at a time.

(4) Tap tubes, chasses, and backboards while the
routine is running.

(5) Pull a normally nonconducting tube to open a
signal path. Short the grid to the cathode to turn a
tube fully on.

(6) When a tube is pulled, monitor the faulty cir-
cuit to see if the trouble is corrected.

CAUTION

Some tubes may be removed while dc is on. How-
ever, this should never be done without first refer-
ing to the schematic diagrams of the circuit to
determine if any damage will result. Generally,
never remove a chassis or tube without turning off
dc, and always check the circuit on a schematic
before pulling a tube with dc on.

5-57. An oscilloscope is much more sensitive than the
error circuits. It may, therefore, interpret marginal
signals, which are detected as intermittent by the error
circuits, as consistent faults.

5-58. POWER TROUBLES. Check for power faults
in the following circumstances:

(1) If neons on the control panel light, or if random
fuses blow in various parts of the computer. One com-
plete rectifier circuit may have failed, or a single phase
of input power may be low. Check voltages with a
2-percent meter, but turn power on for a short time
only. If random fuses blow after voltages have been
adjusted, check voltages at supply points. Half-voltage

or no voltage may indicate defective percentage
switches. '

(2) If a fuse fault is not due to fuse fatigue, remove
the fuse and measure the resistance in both directions
between the load side (terminal W) and ground.

(3) If the resistance is high, turn on dc and measure
current. If the current increases as time passes, the
trouble is probably a defective crystal.

(4) If the resistance is low in either direction, check
schematics to determine the value of the voltage, and
what resistance it should encounter.

(5) If a direct short appears, remove chasses one at
a time until the short indicatica disappears.

(6) If a signal wire is shorted to a power point, the
power surge can cause serious damage to crystals. Tracc
out both lines and check all crystal diodes connected to
them. Use an ohmmeter (R x 100 scale).

5-59. Reject a crystal if the forward resistance is
greater than 1 kilohm and if the backward resistance is
less than 20 kilohms. Do not unsolder leads unless a
diode is suspected.
5-60. Check the resistance of wire-wound resistors as
quickly as possible after turning off dc, since a break
in the resistor may reconnect as the wire cools.
5-61. Tubes, crystal diodes or capacitors, may pass
static tests, but fail under dynamic conditions. If there
is any doubt, replace the component.
5-62. Errors occurring during PMC, initial read, or
beta may be easier to find on program instructions such
as A or B. PMC can be terminated by jamming 990
into the 4th, 5th and 6th digits of the static register.
For troubleshooting tape errors, refer to section VI of
the Uniservo I maintenance manual.
5-63. SAMPLE TROUBLES
5-64. GENERAL. This section gives examples of the
methods of analysis and isolation discussed in the pre-
ceding sections. In almost all cases of systemic trouble,
there are many possible approaches. The solutions of
the cases cited here are not the only solutions, but they
illustrate the analytical approach.
5-65. ADDER. In a sample trouble for the adder,
the symptoms are:

(1) Computer stops.

(2) STALL neon lights.

(3) ADDER COMP. and A COMP. neons light.

(4) Cycle counter is at alpha and cycle counter
neons are not lighted.
5-66. Push the STOP switch down and push the
interrupted-operation switch down to ONE INSTRUC-
TION to analyze the symptoms. Since the ADDER
COMP. and A COMP. neons both are lighted, the
trouble is either in the adder or in register A. Assume
the error occurred in the previous instruction (delta
stage).
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5-67. Set up the previous instruction:

(1) Push RETAIN C/RETAIN INSTRUCTION
switch up to RETAIN C.

(2) Delete the A COMP. and ADDER COMP. error
indications by pushing down the switches.

(3) Press the start bar. This reads the control num-
ber from the control counter into the static register,
steps the cycle counter to beta, and resets the ADDER
COMP. neon. The static register neons indicate
00 087, the control number for the next two instruc-
tions.

(4) Change the sixth instruction digit to a 6 by
operating the appropriate static-register switches. This
enables the computer to select the address that contains
the instruction which caused the error. Press the start
bar, stepping the cycle counter to gamma.

(5) Execute the B500 instruction indicated by the
static register neons. The information in registers A
and X is now the same and the A COMP. neon goes
out. The cycle counter is now in delta stage. The
static register now contains instruction A0 112. Press
the start bar. If the ADDER COMP. and the A COMP.
neons do not light, an intermittent fault or an over-
loaded a-c coupling may have caused the original error.
If both neons light, indicating a repetition of the
original error, determine which A-register contains
the error.

(6) Push the interrupted-operation switch down to
ONE INSTRUCTION. Press start bar twice to ad-
vance to gamma stage.

(7) Set up a 50m instruction in the static register.

(8) Press OUTPUT SELECTOR A.

(9) Press the start bar twice to advance the program
counter to 3. The computer will print the word held
in register A.

(10) Push the CLEAR PC switch down and release
it.

(11) Push the HSB TO SYO switch down and press
the start bar twice. The computer will print the word
held in register A.

5-68. Result: the type-out of registers A and A indi-
cates which register is faulty. Therefore, the error is
in the adder associated with that register.

5-69. The following routine, applicable to an 11-
place addition, allows the operator to examine the
adder with an oscilloscope, with the 0p0 signal as syn-
chronizing voltage, and to see the particular minor
cycle during which the addition takes place. The
routine is as follows:

(1) Set up a 10 003 instruction in the static register
and type in instruction B0 005 and A0 007.

(2) Setup a 10 005 instruction and type in the word
055 555 555°555. o

(3) Set up a 10 007 instruction and type in the word
033 333 333 333.
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(4) Release the RETAIN INSTRUCTION switch.

(5) Push the SCICR switch down and release it.
Type in instruction 000 000 U0O0 003.

(6) Retain C and release the I-O switch to the con-
tinuous position. Press the start bar to execute the in-
struction in memory location 003. This will produce
an ADDER COMP., A COMP. error if the circuitry is
at fault. To locate the faulty adder, type out of register
A and register A. The register holding the word
088 888 888 888 is not faulty.

(7) Put the computer in continuous operation.
Using an oscilloscope with 0p0 as synchronizing volt-
age, check the adder and proceed to locate the trouble.

(8) If it is not obvious which adder is faulty, it will
be necessary to use two other words that will produce
a long carry, such as 077 777 777 777 and 004 444
444 444.

5-70. MEMORY. In a sample trouble for the mem-
ory, the symptoms are:

(1) Computer stops.

(2) STALL neon lights.

(3) HSB O-E and PMC neons light.

(4) Instruction set up in the static register is
00 550 (skip).

(5) The cycle counter reading is at alpha. (All
cycle-counter neons out.)

5-71. Push the STOP switch down to analyze the
symptoms. Since the error occurred during PMC, the
fault is probably in memory channel 540 to 549. Put
the interrupted-operation switch in ONE INSTRUC-
TION position and the RETAIN C/RETAIN IN-
STRUCTION switch at RETAIN C. A

5-72. Examine channel 540 with the video monitor:

(1) Push REGISTER SELECTOR M.

(2) Push hundreds-selector 50.

(3) Push tens-selector 4.

(4) Push SYNC switch up to 0p0.

5-73. Result: no pulses are seen on the monitor oscil-
loscope because information is not entering or recircu-
lating in the channel.

5.74. Determine which condition prevails:

(1) Push the HSB O-E switch down to delete the
error indication.

(2) Press the start bar twice to step the cycle counter
to gamma. This prevents PMC from causing additional
€rrors.

(3) Set up the instruction HO 540 in the static regis-
ter. -

(4) Release the interrupted-operation switch to the
continuous position.

(5) Push the RETAIN INSTRUCTION switch
down. -

(6) Press the start bar to cause a word to appear on
the scope. '
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5-75. Push the interrupted-operation switch down to
ONE INSTRUCTION. This causes the word to dis-

appear.

5-76. Conclusion: channel 540 is functioning prop-
erly. A probable cause of the trouble is the cathode
follower. Channel 540 is in chassis G6V. Therefore,
check V14 in G6V.

5-77. TEMPERATURE CONTROL. In a sample
temperature-control trouble, the symptoms are:

(1) Computer stops.

(2) STALL neon lights.

(3) HSB O-E and PMC neons light.

(4) Cycle counter reading is at alpha.

(5) Instruction set up in the static register is 00 630.

5-78. Push the STOP switch down to analyze the
symptoms. The error occurred during PMC. As each
memory channel is checked, the MQ13 flip-flop signal
sets the time-out flip-flop, clears the static register, and
sets up in the static register the address of the next
memory channel to be checked. Therefore, the error
must have occurred while channel 620 was checked.

5-79. Examine channel 620 with the video monitor:
(1) Push REGISTER SELECTOR M.
(2) Push hundreds-selector 60.
(3) Push tens-selector 2.
(4) Push the SYNC switch up to 0p0.

5-80. Result: a blurred pulse-train moves across the
face of the oscilloscope. This indicates a fault in the
temperature-control channel. (Channel 620 is located
on tank NX.)

5-81. Examine the temperature-control channel of
tank NX with the video monitor:

(1) Push the OSCILLOSCOPE switch up to
GROUP 1.

(2) Push REGISTER SELECTOR TC/CU.
(3) Push SECONDARY SELECTOR 4.

5-82. Result: no pulses appear on the screen. There
should be ten pulses, one for each minor cycle.

5-83. Conclusion: since the temperature-control chan-
nels for the other tanks are functioning, the t16’s from
the cycling unit are entering the memory sections. The
trouble is in the channel itself. Troubleshoot chassis
N2X and its associated amplifier chassis (tank-mounted
chassis 18). Check for t16 pulses at test terminals G12,
G13, Al7 (figure 2-8), and at the input to the chassis
on terminal T59, chassis N2X. If the location of the
trouble is not apparent, isolate the trouble in the bay-
mounted temperature-control chassis, the amplifier
chassis on the tank, and the mercury channel itseif.
5-84. OUTPUT-SYNCHRONIZER ODD-EVEN
CHECKER. In a sample trouble, the symptoms are:

(1) Computer stops.

(2) STALL neon lights.

(3) O.S. O-E neon lights.

(4) Cycle counter is at delta (all cycle counter
neons on).

(5) Instruction set up in the static register is 51.

(6) WRITE lamp on Uniservo 2 lights.

5-85. Push the STOP switch down to analyze the
symptoms. The error occuzred during the writing of
the last block on tape 2. It is caused by a checker mal-
function or an error on the tape.
5-86. To determine whether the trouble is in the
checker:

(1) Push the RETAIN INSTRUCTION switch
down.

(2) Push the O. S. O-E switch down to cancel the
effect on both output-synchronizer odd-even checkers.
(3) Set up a 22 instruction in the static register.

(4) Press the start bar.
If an input-synchronizer odd-even error does not occur,
the trouble is in the output-synchronizer checker. If
an input-synchronizer odd-even error does occur, an
error developed during the write instruction.
5-87. To isolate the faulty write channel:

(1) Set up a 10m instruction in the static register,
using the first of at least seven unused memory loca-
tions.

(2) Set the PRINT SELECTOR switch on the con-
trol printer to COMPUTER DIGIT.

(3) Press each of the following keys 12 times:

Ignore = 100 0000

Tabulator (TAB) = 010 0000

Carriage Return (C.R.) = 001 0000

Five = 000 1000

One = 000 0100

Hyphen =000 0010

Space = 000 0001
(The code for each of these characters contains only
one pulse.)

(4) Type out the successive words that were typed
in. Change the address after each typeout. That is,
set up a 50m instruction. (If desired, perform an
SCI CR operation to the address of the first word and
then initiate an empty.)

5-88. Result: the computer will print out the seven
words that were just typed in. When the error occurs,
the printer will stop. Since each character has only
one pulse, the faulty channel is indicated by the
character that cannot be printed. Therefore, check the
head-driver tube for that channel.

5-89. POWER FAILURE. In a typical trouble, the
symptoms are:

(1) DC goes off.
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(2) Primary fault indicators and the thermostat
fault indicator do not light.
5-90. Push the FAULT TEST switch down. The
upper BAY C neon lights. Fuse CT14-6, which pro-
tects the 4120 line in bay C, has blown because of fuse
fatigue or overload. Replace the faulty fuse and turn
on dc. )

591. 1If the fuse blows again, check the power wiring
print for section CT ana measure the resistance be-
tween point 14§W6 and ground in both directions. The
print shows that 4120 volts is supplied to terminals
2T7, 3T3, 5T8, 8T8, 10T8, and 12T7. If a direct short-
circuit is found while measuring the resistance, remove
the faulty chassis.

534

5-92. If no direct short-circuit is located:

(1) Compute the resistance, using the following
equation: Resistance equals voltage divided by 60 per-
cent of the current rating of the fuse.

(2) If a partial short is indicated, locate and remove
the faulty chassis.
£-93. If no partial short is found:

(1) Remove half of the chasses that receive the
voltage.

(2) Turn on dc.

(3) If the fuse blows, remove the remaining chasses
and repeat steps (1) and (2).

(4) Repeat the preceding steps until the fault has
been located and corrected in the chassis.



