
































































































































































































































































































Prestart Conditions for 'Unit Power On' 

All the circuit breakers on the front of the power module must be closed if a 
normal-on sequence of power is desired. If either the ·Dc NON-MARGINAL CHECK 
CB TRIP lamp or DC MARGINAL CHECK CB TRIP lamp is lighted, only the AC power 
can be applied. If the AC FILAMENT CB TRIP lamp is lighted, one of the AC filament 
circuit breakers is open; therefore, no DC power can be applied, and regulated AC is 
lost to the load which is fed by that particular CB. Unregulated AC and -48V DC and 
+130V DC have been applied during control at the PCD and MCD units. 

MCD unit 19 must be on and operating properly for power to be applied to unit 2. 
During the usual normal-on sequence, the AC ON-AC OFF and DC ON-DC OFF switches 
on unit 2 would have been in the central position, and power would have been applied 
to unit 2 when it was applied to other units associated with unit 19 through the start 
and hold signals and power received from the switchgear components. However, when 
the AC ON-AC OFF switch is left in the AC OFF position, power is not applied to 
load unit 2 when power is applied to the MCD unit and the associated load units. 

SUMMARY QUESTIONS 

1. The initial control voltage for turning on power is _____ volts DC. 

2. -48V and +72V has a warning voltage monitor that sounds a warning when the 

supply is off by %. 

3. Regulated AC is cycled up from 20% to 100% to protect the --------· 

4. The last contactor to close in the MCD during the normal power-on sequence 

is the ______ 

5. All regulated AC and DC can be removed to one load unit by opening the ___ _ 

______ CB in the MCD for that load unit. 

6. If a DC CB is opened on module B of the MCD, ____ power will be removed 
from one load unit. 

7. _____ volts DC is present in a load unit in the AC only condition. 

8. If a knife switch is closed but not far enough to close the micro switch, the 

MCD will have _____ power present. 

9. If K44 (DC Hold) has an open pick coil, only ___ _ ___ ,and ___ _ 
volts will be present in the load unit after 5 seconds. 

10. -48 volts is applied first for ___ , and------
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SIMPLEX POWER DISTRIBUTION AND CONTROL 
(Sites 1 thru 16 only) 

NOTE: This section will cover the distribution and control of power 
into units 56, 58, and 48 only. 

Introduction 

The prime source of power to the site equipment is diesel generators which 
supply 2400V to a split bus bar. 

This power is used for three approximately equal loads: 

1. Air conditioning 

2. Lighting and ·Miscellaneous 

3. AN/FSQ-7 

The AN/FSQ-7 equipment is made up of four separate power systems: 

1. System A 

2. System B 

3. System C 

4. System D 

Each of these systems will use three principal types of power: 

1. Unregulated AC 

2. Regulated AC 

3. Regulated DC 

The Unregulated AC will be stepped down from 2400 volts to 208V 3~ by a trans­
former. 

The Regulated AC will be produced by a generator which is driven by a motor 
that is connected to the 2400V bus bar. 

The Regulated DC is produced by rectifying the output of another AC generator 
that is connected to the same motor as the Regulated AC generator. 

One motor and two generators make up one motor generator (MG) set. One of 
these sets will be used in each of the four power systems. 
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Units 60 and 61 contain the DC power supplies that rectify the AC and regulate 
and filter the DC output voltages. Unit 60 produces 11 DC voltages and Unit 61 produces 
10. The power requirements for +72 volts in the simplex equipment are not great 
enough to warrant the addition of a separate supply for this voltage. It will be developed 
in the MC Unit 58 across a voltage divider network from the +90 volt supply. The DC 
voltages produced by Unit 60 are as follows: 

1. +600 

2. +250 

3. +150 

4. +90 

5. +72 

6. +10 

7. -15 

8. -30 

9. -48 

10. -150 

11. -300 

The output from the DC supplies will go to Unit 64 which is a Power Control and 
Distribution (PCD) unit. This unit will separate the DC voltages on different lines to be 
distributed to Circuit Breaker (CB) units in a simplex system or to Marginal Check 
and Distribution (MCD) units in a duplex system. 

The CB units will distribute the voltage to individual display consoles and Power 
Distribution (PD) modules for inputs. They will also provide CB's for protection of each 
of these units. 

The MCD units provide the distribution of the voltages to separate load units and 
contain CB' s for protection and control relays for the control of power to the different 
load units. 

Simplex Power Distribution 

1. General 

The two simplex power systems are referred to as C and D. These two systems 
are identical in content. Therefore, the units in the systems will be discussed as one 
power system. The different unit numbers will be preceded by a C or D to indicate the 
system that this unit is used with. Two units are used for both power systems but are 
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not common to either. These are MC58 and PD 55. Only one of each of these units is 
contained in an AN/FSQ-7. 

2. PCD Unit 64, Figures 7-9, 7-12. 

Each PCD unit 64 is divided into three modules, A, B, and C, in that order 
from right to left as viewed from the front. Module A is covered by two doors and one 
combination-type lock at the front and also at the rear. Module A contains knife switches 
and bus bars for the distribution of power. Module B contains the indicators and con­
trols to monitor the power that is available for distribution. Module C contains the 
main CB's that are used to interrupt the AC power as follows: regulated AC to CB 
unit 48, CB unit 56, and the AC voltage monitors; unregulated AC to CB unit 48, CB 
unit 56, internal convenience outlets and ripple voltmeter power supply, and projector 
units 251 and 252. 

Power control and distribution unit 64, which receives unregulated AC from the 
transformer, regulated AC from generator 2 and DC from power supply unit 61, distri­
butes and controls this power for the simplex equipment. The power is applied to CB 
units ·48 and 56 for distribution to the simplex load units. 

Knife switches are provided in unit 64 to permit removal of power close to the 
source. Bus bars have numerous terminals for distribution of power, and CB's protect 
the circuits against overloads. Switches, indicators, and metering circuits permit 
observation and control of the distribution circuitry. 

3. Display Console CB Unit 48, Figure 7-9, 7-13. 

Each display console CB unit 48 comprises 10 modules, A through K (the 
letter I is not used), from left to right as viewed from the front. Module A contains 
the UNIT OFF pushbutton, the AC CB TRIP and DC CB TRIP lamps, and CB's and a 
CB TRIP lamp for each display console. 

Display console unit 48 provides for distribution of power to the display consoles 
and protects the distribution circuitry with CB's. The AC CB TRIP lamp or the DC 
CB TRIP lamp lights whenever a CB opens. The CB TRIP lamps in the last eight mo­
dules of unit 48 indicate which display consoles are inoperative because of open CB's. 

~ Circuit breakers in Module A can remove power received from PCD unit 64 as 
follows: 

Unregulated AC for projector units 251 and 252. 

All regulated AC for distribution modules of unit 48. 

Plus 600V DC for distribution modules of unit 48. 

ircuit breakers in module B can remove the DC from the distribution modules. 
The CB's in the other eight modules control the power to the display consoles. 
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4. Simplex Input CB Unit 56, Figures 7-11, 7-14~ 

Each simplex input CB unit 56 comprises six modules, A through F, from left 
to right as viewed from the front. Module A contains the UNIT OFF pushbutton, the 
AC CB TRIP, DC CB TRIP, and MC CB TRIP lamps, and CB's. 

Module B contains CB's. The remaining four modules contain numerous CB's 
and a CB TRIP lamp for each channel. 

Simplex input CB unit 56 provides for distribution of power to the input channels 
and protects the distribution circuitry with CB's. The AC CB TRIP, DC CB TRIP, 
or MC CB TRIP lamp lights whenever a CB opens. The CB TRIP lamps in the last 
four modules of unit 56 indicate which channels are inoperative because of open CB's. 

Circuit breakers in module A can remove the following power received from 
PCD unit 64: unregulated AC for the convenience outlets, the computer entry punches, 
and the amplidyne motor; regulated AC for the distribution modules of unit 56. 

1. Module B contains the DC backup CB's for the distribution modules and simplex 
mamtenance console unit 47 and DC distribution CB's for MC unit 58. Module C contains 
the unregulated AC distribution CB' s in addition to the regulated AC and DC distribution 
CB's located in the remaining three modules. 

5. Simplex Input PD Unit 55, Figure 7-10. 

Simplex input PD unit 55 comprises 12 modules, A through M (the letter I is 
not used), from left to right as viewed from the front. Module A contains three sliding 
units. Each of the remaining modules contains six sliding units. The front of each module 
is closed by a combination-type locking door. Above the doors and above each sliding 
unit are two POWER ON lamps and an AC ELAPSED TIME indicator. 

Power distribution unit 55 contains circuitry that selects the power from power 
system C or D and distributes that power to the simplex input load units. The relays 
that transfer the power are in the sliding units, each of which provides the power for 
one channel as marked on the front of PD unit 55. The AC ELAPSED TIME indicator 
records the time during which the regulated AC (filament power) is applied to the chan­
nel equipment. When DC is applied to that channel, one of the POWER ON lamps, above 
the AC ELAPSED TIME indicator, lights. The upper lamp is lighted when power system 
C is providing the power; the power lamp, when system Dis providing the power. 

6. Display Console 

All units that take power from CB unit 48 are called display consoles in this 
text regardless of the actual function of each unit. For descriptions of display consoles, 
refer to Display System JPC's. 
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POWER AND MARGINAL CHECKING 

PCD Unit 64, Left Front View 
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~implex Input Load Unit 

Some of the input load units and portions of several others are simplex equip­
ment. These units receive their power from simplex input PD unit 55, which receives 
the power from system C or D through the respective CB unit 56. The duplex portions of 
these divided load units receive the power from System A or B through the respective 
MCD unit 59. 

··-y~1ated~ 
The voltage is used at the convenience outlets of all units in the simplex power 

system. It is also used to run the~?;.. motor )tor si,~~'Z~t If C'7: 
SIMPLEX POWER CONTROL ~ ~ ~ ~ ~";j ()-fl; '17 k) ~ 
Controls 

1. When power system C or D is turned on to provide power for the simplex dis­
plays, the power is also brought up for the simplex inputs on the same system, unless 
the appropriate knife switches and CB' s are opened to prevent power from being dis­
tributed to the inputs. 

Controls on simplex maintenance console unit 47 provide for most of the control 
of the power for the simplex displays. Power system C or Dis brought individually 
to power-on or AC only status by depressing the correct pushbutton on the simplex 
maintenance console. Each power system is normally shut down from the simplex 
maintenance console. Pushbuttons on several units in each power system permit quick 
shutdown of that power system. Emergency switches located on columns throughout the 
operations building shut down all power systems simultaneously. 

The operator at duplex switching console unit 45 selects the active power system 
by depressing the correct ACTIVE pushbutton. The power status of each display console 
can be selected by means of the unit status switch on each console. 

2. Power Supply Unit 61 

Power supply unit 61 has a UNIT OFF pushbutton on each module. Depressing 
this pushbutton shuts down all power distributed from the associated power system 
without sequencing. The DC power supplies are remotely controlled and require no 
individual operating controls. 

3. PCD Unit 64 

The UNIT OFF pushbutton for PCD unit 64 is in Module B. The CB's in Module 
C are normally closed before the power system is energized, unless some units are 
faulty. These CB's, when opened, keep regulated or unregulated AC from the CB unit 
or other equipment, as is designated above the control. 

Voltage monitors (Sensitrols) indicate deviations from the rated voltage. When a 
deviation occurs which causes the indicating needle to touch the magnetized pin at the 
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other end, the indicating needle remains on the pin and shorts out a relay coil. If the 
de-energized relay is a warning circuit, a lamp is lighted. If the de-energized relay is 
in a shutdown circuit, the source of power for the power supply unit is disconnected. 
One RESET switch is provided to center the indicating needles of all voltage monitors. 
A TEST-NORMAL switch is provided for each voltage monitor. This switch bypasses 
the voltage monitor to permit adjustment of that particular DC power supply. 

The DC knife switches in the PCD unit are protected by doors on the unit. Since 
interlocks on the doors shut off the power when a door is opened, these knife switches 
must be positioned as desired and the door secured before the power system is ener­
gized. 

4 •. Display Console CB Unit 48 

Display Console CB unit 48 and unit 56 have a UNIT OFF pushbutton, located 
on module A, in addition to the CB's. The remaining modules have rows of CB's. 

5. Display Console 

Power on a display console can be controlled at each display console by means 
of the UNIT STATUS switch. 

6. Simplex Input PD Unit 55 

Simplex Input PD Unit 55 has no external controls to operate the simplex 
equipment. All sliding units are covered by doors that are locked with combination­
type locks. 

7. Simplex Maintenance Console Unit 47 

Power controls on the simplex maintenance console are located on module H. 
In the power control group are three pushbuttons: POWER ON, POWER OFF, and AC 
ONLY. These are used to initiate sequences to place the associated power system-in 
the desired power status. In the status group is the RESET AUDIBLE ALARM push­
button, which silences the audible alarm that was set off by any circuit on the power 
panel. The audible alarms circuit is automatically restored to active status when the 
trouble is cleared. At the bottom of the power supply control panel is the SERVICE 
OPPOSITE SIMPLEX SWITCH. When maintenance on the inactive power system is con­
templated, the SERVICE OPPOSITE SIMPLEX SWITCH on the active power system is 
shifted downward to remove the -48V control power from the circuitry in the system 
requiring maintenance. 

8. Duplex Switching Console Unit 45 

The ACTIVE pushbuttons on the simplex switching panels of the duplex switching 
console are used to select the power system that will be active. This pushbutton is 
described with the other controls on the duplex switching console. 
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Indicators 

1. Power Supply Unit 61 

There are no visible indicators on the power supply unit for the simplex equip­
ment. A DC voltmeter is installed in the control chassis of each DC power supply to 
indicate the output of the supply. In normal operation, the voltmeters are behind the 
closed doors of unit 61. 

2. PCD Unit 64 

Module B in PCD unit 64 contains all the indicators. In the upper left corner 
are two power status lamps: FIL INPUT DE-ENERGIZED and POWER OFF. In the 
upper right hand corner are the AC ONLY and the POWER ON lamps. Between the 
pairs of power status lamps are the AC voltage monitors. These include the shutdown 
level filament AC, the power supply input, and the warning level filament AC. The other 
voltage monitors include 10 shutdown level and 10 warning level voltage monitors for 
the DC power supplies. 

The off-limit lamps include the FILAMENT VOLTAGE lamp, the INPUT TO 
SUPPLIES lamp, and one lamp for each of the 10 DC power supplies. The four meters 
permit accurate reading of all voltages. The multiple-position control on the AC VOLT­
METER provides a visual indication of any AC voltage. The multiple-position controls 
on the DC AMMETER, the RIPPLE VOLTMETER, and the DC VOLTMETER provide 
individual readings of the 10 DC voltages. 

3. Display Console CB Unit 48 

Numerous indicators on the front side of CB unit 48 show which display console 
has power applied. Near the UNIT OFF pushbutton on Module A are the AC CB TRIP 
lamp and the DC CB TRIP lamp. Numerous other CB TRIP lamps are located at the top 
of modules C through K. One CB TRIP lamp is located above each column of circuit 
breakers. 

4. Display Consoles 

A column of panel lamps illuminates the column of controls for the display 
console. These lights can be dimmed by a series potentiometer. A row of lamps illu­
minates the desk at the front of the display console. These lights can also be dimmed 
by a series potentiometer. 

5. Simplex Input CB Unit 56 

CB Unit 56 has indicators on the fronts of modules A, C, D, E, and F to show 
which channels have power applied. Near the UNIT OFF switch in module A are the AC 
CB TRIP lamp, the DC CB TRIP lamp, the MC CB TRIP lamp, and the spare lamp. 
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6. Simplex Input PD Unit 55 

POWER ON lamps on PD Unit 55 indicate whether the sliding units receive 
power from system C or D. The upper lamp, when lighted, indicates that power for 
the sliding unit is :received from system C; the lower lamp indicates that power is 
received from system D. Every module contains one pair of lamps for every sliding 
unit in that module. Below each pair of lamps is an AC TIME ON (elapsed time) indica­
tor for every sliding unit. 

7. Simplex Maintenance Console Unit 47 

Numerous lamps on the simplex maintenance console indicate the status of 
power in power systems C and D and in the channels of the simplex input load units. 
The power supply control panels for power systems C and D are located in module H. 
The lamps on these two panels are grouped according to the functions under alarm, 
power control, and status. 

The seven alarm lamps are described below: 

a. PCD UNIT ALARM - Indicates a failure in the PCD unit and, when lighted, 
is accompanied by an audible alarm. 

b. SWITCH GEAR UNIT ALARM - Indicates a failure in the AC switch-gear 
and is accompanied by an audible alarm when lighted. 

c. AC BACKUP CB UNIT 56 - Indicates an open backup CB that normally 
provides AC to the LRI, GFI, or XTL unit. There are two AC backup CB's for LRI, 
each supplying half of the channels, one for XTL and one for GFI. 

d. DC BACKUP OR -48V CB UNIT 56 - Indicates that one of the backup CB's 
that supply DC to LRI, XTL, or GFI is open. There are two sets of DC backup CB's 
for LRI, one for XTL, and one for GFI. This lamp also indicates an open CB in the 
-48V line supplying the interlock relays and the status relays. 

e. AC BACKUP CB UNIT 48 - Indicates an open AC backup CB for displays. 
There is an AC backup CB for every· 20 display consoles. 

f. DC BACKUP OR -48V CB UNIT 48 - Indicates that one of the backup CB's 
that supply DC to the displays is open. There is a group of CB's for every 20 display 
units. This lamp also indicates an open CB in the -48V line supplying the interlock 
relays and the status relays. 

g. VOLTAGE OFF LIMITS ALARM - Lights whenever the VOLTAGE OFF 
LIMITS lamp in the PCD unit lights. 

The. five status lamps are described below: 

a. ACTIVE - Lights at the same time as the ACTIVE lamp on the duplex 
switching console and indicates when that power system is active. 
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b. STANDBY - Lights whenever the ST AND BY lamp on the simplex panel of 
the duplex switching console lights. 

c. -48V UNIT 48 - Lights whenever the -48V control power is applied to CB 
unit 48, and shows that the CB which provides -48V to the indication circuits in unit 48 
is closed. An audible alarm is sounded whenever this light is extinguished by opening 
of the indication CB. 

d. -48V UNIT 56 - Lights whenever the -48V control power is applied to CB 
unit 56, and shows that the CB which provides -48V to the indication circuits in unit 56 
is closed. An audible alarm is sounded whenever this light is extinguished by opening 
of the indication CB. 

e. MASTER READY - Indicates that all power has been supplied to the simplex 
load units connected to this power system and that a time delay has been allowed to 
stabilize the components. 

Introduction 

1. When cycling up power the AC must be applied to the filaments before the DC 
is applied to the loads. 

2. -48 volts is brought up before any other DC voltage for use in control and 
indication. 

3. The DC supplies are brought up ·in two steps and allowed to settle down before 
the outputs are applied to the loads. 

4. -48 volts must be applied to the display consoles and the PD unit to close AC 
contactors so that when the AC is cycled up the tube filaments are connected to the out­
put of generator Nr. 2. 

5. AC is first applied by causing 20% control current to be applied to the field 
winding of generator 2. This current is increased at a linear rate over a 60 second 
period to 100%. This will heat the filaments slowly to increase the tube life. 

6. After AC is cycled up DC contactors are closed in the display consoles and 
the PD unit to apply DC to the loads. 

7. The initial control voltage for picking relays to bring up power is 130 volts 
from batteries in the power house. 

Power On Sequence 

1. Prestart Conditions 

a. The diesel generators must be running and the high-voltage bus in the power 
house must be energized. 
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b. The Battery Disconnect switch and the Battery Disconnect CB must be 
closed. 

c. The MG set circuit breaker must be closed 'ilnd the motor up to speed. 

2. Power Off to Power On 

When the prestart conditions have been fulfilled, a power on sequence may be 
initiated by pressing the power on pushbutton. 

AC ONLY TO POWER ON - A Power Supply System in the AC-only status is placed 
in the power-on status by depressing the POWER ON pushbutton on the simplex main­
tenance console. 

Power Off Sequence 

This sequence is similar to the power-on to power-off sequence for duplex equip­
ment, and is automatic after the POWER OFF pushbutton on the simplex maintenance 
console is depressed. 

SUMMARY QUESTIONS 

1. The prime source of power to the site equipment is----------~ 

2. The four power systems are ___ _ _ ___ and _____ _ 

3. Power contactors for a Display console are located in the _______ _ 

4. Power contactors for an input load are located in Unit ____ _ 

5. Back up breakers are located in Units _____ and ___ _ 

6. -----power is applied to the simplex loads before low DC. 

7. All unregulated AC to Unit 55 can be removed with CB's on Units------

and ______ _ 

8. A backup CB in Unit 48 supplies power to consoles. 

9 •. A distribution CB in Unit 48 supplies power to console. 

10. Signal status relays are picked when volt is available if all CB's are 
closed. 

11. All DC power will be applied to a PD cell before AC. 

12. If a console is active, power is applied to that console from the------­
power system. 
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13. No ____ voltages are supplied to a display console. 

14. Unit 58 is used for ______ _ 

15. There are ___ CBs in a +lOV line between the PCD and a console. 

DUPLEX POWER DISTRIBUTION AND CONTROL 
(Sites 17 through 26 only} 

Introduction 

The total requirements of a DC system is approximately 3,000 kilowatts. This 
is divided into three approximately equal sections: 

1. Air Conditioning 

2. Lighting and Miscellaneous 

3. AN/FSQ-7 Equipment 

The primary source of power for a SAGE site is diesel generators located in the 
powerhouse. The high AC voltage produced by the diesel generators (480V AC) is fed 
to bus bars for .further distribution to the sub-stations, the load centers, the bus duct 
sequencing device, the air-conditioning system, and the lighting system. 

In an AN/FSQ-7 or an AN/FSQ-8 site, one bus bar feeds one duplex and one sim­
plex power system; another bus bar feeds the other duplex and simplex power system. 
These bus bars can be connected together when necessary. In combined sites, one bus 
bar feeds the AN/FSQ-7 equipment and another feeds the AN/FSQ-8 equipment. The 
bus bars in the combined site may be connected so that any four (or less) diesel genera­
tors will supply both the AN/FSQ-7 and the AN/FSQ-8 equipment. 

Since the split-bus voltage is affected by many transients and fluctuations, trans­
former and regulator equipment is utilized before power is supplied to the Air Con­
ditioning, Lighting, and Miscellaneous equipment. 

Load Centers - The two load centers are located on the second floor of the opera­
tions building. Each load center contains a 300-KVA, delta-wye-connected transformer 
and input and output circuit breakers (CB's). The transformer reduces the 3-phase 
480 VAC to 120 V AC (phase-to-neutral} 208 VAC (phase-to-phase). This unregulated 
AC is fed through CB's to the induction regulators, Units 94 to 95. 

Substations - Each of the three substations receives 480 V AC from the powerhouse. 
This voltage is transfOrmed by a 500-KVA, delta-wye-connected transformer to 208V 
unregulated AC and is fed through CB's to the Power Control and distribution (PCD) 
units. Normally, only two substations are in use, the third is a spare which may re­
place either another substation or a load center. 

Induction Regulators - The induction regulators regulate the unregulated AC 
voltage to 120/208 VAC +1% for load center transformer output-voltage variations of 
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+10%. The output of the induction regulators is distributed to the filament transformers 
in the load units. 

Power Supply Units - The four power supply units receive unregulated AC from 
the diesel bus bars and produce the regulated DC voltages required by the Central. 
Duplex power supply units A60 and B60 produce 11 DC voltages; simplex power supply 
units C61 and D61 produce only 10 DC voltages since simplex equipment does not require 
+72 VDC. 

PCD Units - There are four PCD units in each Central. Two of these (units A63 
and B63) are associated with duplex equipment. The other two (units C64 and D64) 
are associated with the simplex equipment. The PCD units receives DC power from 
the power supply units, regulated AC from the induction regulators, and unregulated 
AC from the substation transformer. Each of the PCD units monitors, controls, and 
distributes power to the MCD units (for duplex equipment) and to the CB units (for 
simplex equipment). 

MCD Units - Power systems A and B each contain six MCD units: Units 19, 29 
46, 31; 27 and 59. These units serve as secondary power distribution points and contain 
relays, contactors, and CB's for distribution and control of power to load units. 

Display Console CB Units - The two display console CB units (units C48 and D48) 
contain the AC anc;l DC CB' s required to supply power to the various display consoles 
of the simplex equipment. These units also contain the signal-status relays for displays. 

Simplex Input CB Units - The two simplex input CB units (units C56 and D56) 
contain the CB's necessary to distribute power to the simplex maintenance console 
and simplex equipment. These units also contain the signal-status relays for inputs. 

Simplex Input PD Unit - Sill).plex input PD Unit 55 contains relays and contactors 
·to select power from power systems C or D for simplex input units as designated by 
the UNIT STATUS switches and the power supply status. 

MC Unit 58 - The Marginal Check Unit contains the indicators, circuit breakers, 
and control circuitry for applying margins to input channel equipment. 

Control and Indication 

1. Duplex Maintenance Console 

a. Duplex Maintenance Console - One maintenance console is provided for 
duplex equipment A and one for duplex equipment B. The power controls are located 
on module H of the duplex maintenance console. 

Module H contains the following POWER GROUP pushbuttons: 

UNIT OFF pushbutton - removes without sequencing all power fo-,: the asso­
ciated system. 

POWER OFF pushbutton - initiates a power-off sequence for the associated 
power system. 
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AC ONLY pushbutton - initiates a DC-OFF sequence on the power system and 
leaves AC on the filaments of the tubes, at convenience outlets, and on motors. 

POWER ON pushbuttons - initiates a power-on sequence for the associated 
power system. 

2. Indicators 

a. Power Supply Unit - There are Power On indicators on the duplex power 
supply unit. A DC voltmeter is installed in the control chassis of each DC power supply 
to indicate the output of the supply. During normal operation, the voltmeters are behind 
the closed doors of the unit. 

b. PCD Unit - Module C of PCD Unit 63 contains all of the power supply indi­
cators except those required for marginal checking. In the upper left corner are two 
power status lamps: FIL INPUT DE-ENERGIZED and POWER OFF. In the upper right 
corner are the AC ONLY and the POWER ON power status lamps. Between the pairs 
of power status lamps are voltage monitor relays associated with the AC filament 
voltage shutdown level, the AC filament voltage warning level, and the power supply 
input. The remaining voltage monitor relays include 11 shutdown level monitor relays 
and 11 warning level monitor relays for the DC power supplies. 

The off-limit lamps include the FILAMENT VOLTAGE lamp, the INPUT TO 
SUPPLIES lamp, and one lamp for each of the 11 DC power supplies. 

Four meters permit accurate reading of all voltages. The AC VOLTMETER 
provides a visual indication of the AC voltages. The multiple position controls on the 
on the DC AMMETER, the RIPPLE VOLTMETER, and the DC VOLTMETER provide 
a means of determining the voltage, amperage, and the ripple voltage of each of the 
11 DC supplies. 

c. MCD Units - Every MCD unit has one of each of the following: 

Green RESET lamp 

Red AC CB TRIP lamp 

Red DC CB TRIP lamp 

Green ALL UNITS ON lamp 

In addition, each MCD unit contains one amber UNIT OFF lamp for each unit 
associated with the MCD unit. 

d. Load Units - The indicators for a load unit are on the control and indication 
panel . located on the rear of the Z module of that load unit. Four lamps indicate the 
following conditions: AC FILAMENT CB TRIP, DC-NON-MARGINAL CHECK CB TRIP, 
DC MARGINAL CHECK CB TRIP, and UNIT OFF. Lamps are also located above and 
below the AC ON-OFF and DC ON-OFF switches to indicate the following conditions: 
AC ON, AC OFF, DC ON, and DC OFF. 
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e. Duplex Maintenance Console - Indicators on the duplex maintenance console 
which apply to the Power Supply System are the alarm lamps located on module G. 
These lamps are listed below: 

MCD AC BREAKER 

NEON ALARM 

VOLTAGE OFF LIMITS ALARM 

MAINTENANCE CONSOLE AC BREAKER 

COMPUTER MCD 

PCD UNIT 

AC SWITCH GEAR 

TAPE ADAPTER 

DISPLAY MI MCD 

OUTPUT MCD 

DRUM MCD 

TAPE POWER SUPPLY 

AUXILIARY DRUM MCD 

DUPLEX INPUT MCD 

Module G also contains the computer status lamp. 

Module H contains POWER GROUP indicator lamps associated with the POWER 
OFF, POWER ON, and AC ONLY pushbuttons.Asingle lamp is associated with the opera­
tion of each pushbutton. 

3. Interlock Circuits 

a. General 

The interlock circuits ensure that power is applied to the various portions 
of the equipment only when there is no danger of injury to personnel or of damage to the 
equipment; The interlocks consist of micro-switches operated by CB's or knife switches. 
These micro-switches control contactors which permit the flow of power to various 
portions of the equipment. Separate interlock circuits are provided for AC and DC cir­
cuits. In the DC circuits, there are separate interlocks for the MC and the non-MC lines. 
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b. Knife-Switch Interlocks - The 9-pole and 5-pole knife switches in the PCD 
unit are interlocked with the DC-hold circuit. All knife switches must be closed before 
the DC-hold relay in each MCD unit can be picked. In addition, since the microswitch 
contacts are normally open when the knife switches are closed, opening a knife switch 
causes all DC power for the associated MCD to cycle down and causes an interlock to 
close to complete a circuit to the PCD TROUBLE lamp at the duplex maintenance con­
sole. 

c. Door interlocks prevent operation of the equipment with the console doors 
open. Since dangerous high voltages exist inside the equipment when it is in operation, 
microswitches mounted on the. doors energize contactors when the doors are opened. 
The door interlock contactors operate in the same manner as the knife switch interlock 
to open normally closed points in the power circuitry and prevent power from being 
applied or to cause all DC power for the associated system to cycle down. 

SUMMARY QUESTIONS 

1. The total requirements for a DC system is approximately kw. 

2. This is divided into three equal sections: , and ___ _ 

3. The primary source of power is. ______ _ 

4. There are ____ power systems in the AN/FSQ-7. 

5. A load center changes. ___ volts AC to. ____ volts AC. 

6. Substations supply 120 VAC unregulated to the ____ _ 

7. The regulated AC from the Induction Regulators goes to ____ .in bad units. 

8. volts DC is produced in Unit 60 but not in Unit 61. 

9. There are PCD units in an AN/FSQ-7. 

10. There are MCD's in an AN/FSQ-7. 

11. Signal-status relays for displays are located in units ____ and ___ _ 

12. Only ___ PD unit is contained in an AN/FSQ-7. 

13. The induction regulators supply regulated AC to the -----------

14. The sub-station supplies 208V 30 AC for the ______ _ 

15. The supply input is ____ volts 30 AC. 

16. All power used in the AN/FSQ-7 goes through a _____ unit. 

17. There are ___ ~MCD units in an AN/FSQ-7. 
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18. The power off button does not remove ________ power from the load 
units. 

19. The relay points that short out the 50% regulated AC resistor is located in the 

------ unit. 

20. There is one contactor in the -----voltage line from the PCD to the load. 

21. MC loads are supplied power through the ______ knife switches. 

Induction Regulators 

1. Purpose 

Induction regulators are used to regulate the 208V AC output of the load centers 
because the induction regulators introduce no · AC waveform distortion or DC ripple, 
have a high power factor, and are easy to maintain. 

Status Switching 

1. Introduction 

a. The status of the four systems is controlled by the Duplex switching console 
unit 45. 

b. The power systems A or B will in no way be affected by Duplex switching. 
Signal status relays in MCD 27, MCD 59, and the output storage unit will cause signals 
to be switched but power will not be changed. 

c. The power to simplex units will be switched by a simplex status change. 

d. The Active simplex power system will supply power to the Active simplex 
loads. The standby simplex power system will supply power to the standby simplex 
loads. Each of the simplex loads can be changed to a different status with the unit status 
switch associated with that load. 

e. A Simplex Display Console will receive signals from the Active computer 
when the console is Active, and from the standby computer whe:l the console is standby. 
There must be eight status control lines entering each display console, two from each 
system. Only four of these lines will have power applied at any one time. If the A and C 
systems are Active and B and Dare standby, the Active status contr<;>l lines from MCD 
A 27 and CB C 48 will have -48V applied. The standby status control lines from MCD 
B27 and CB D48 to the console will have -48 volts applied. This will cause power con­
tactors in the console to apply power from the C power system if the console is Active, 
or from the D power system if the console is standby. The signal relays in the console 
will be closed to connect the output of DOGE and SDGE of the A computer to the console 
circuits, if the console is Active. If the console is standby, signal relays to the B com­
puter will be closed. 
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f. A CEP or any of the input PD units receive 8 status control signals. Only 
four of these will be hot at any one time. If the A and C systems are active and Band 
D are standby, the Active status control lines from the A and C systems will be hot 
and the standby status control lines from the Band D systems will be hot. If the CEP 
is Active, contactors will be closed in the CEP that will cause power to be applied to 
the loads from the C power system and the CE P will send signals to the A computer. 
If the CEP is standby, power will be applied from system D and signals will be sent 
to the B computer. 

g. The Switching Console Unit 45 has 4 sections labelled A, B, c, and D. Each 
section will control the status of the corresponding system. Each section contains a 
relay that will be picked when the corresponding system is Active. All relays will be 
dropped in a section when the corresponding system is standby. standby relays will be 
picked in the A system from the B panel when the B system is active. This will also 
hold true with the other systems. This allows relays in any system to be picked by 
power from that system. 

@General 

Duplex switching controls which of the two duplex equipments, A or B, is in 
the active status. The alternate duplex equipment is in the standby status. 

If a failure occurs in the power system supplying the active equipment, duplex 
switching is necessary to transfer the alternate duplex equipment to the active status. 
Maintenance can then be performed on the power system connected to the standby duplex 
equipment without interruption of the air defense function. 

Power systems A and B are turned on at the duplex maintenance console. However, 
they are permanently connected to their respective computers. The operator at the 
duplex switching console decides which computer will be active. status and alarm lamps 
indicate the condition of each power system. 

~Duplex Switches on Duplex Switching Console 

a. Active Pushbutton 

The Active pushbutton on either duplex signal switching panel, when de­
pressed, initiates the switching action which makes the associated equipment active 
by performing the following functions: 

Sends a signal to place the other computer in standby status. 

Places MCD units 27 and 59 in active or standby status, depending on whether 
equipment A or B is active. These MCD signals, in turn, operate relays which supply 
-48V DC to the display consoles, to determine which computer information will be 
displayed, and to the XTL input channel. 
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BB 

Switches output storage unit 33 by means of an output active signal that determines 
whether the output information is to be sent over telephone lines or used for testing 
purposes when unit 33 is in the standby status. 

~ ----.. 
· b. ,Jnterlock Override Bypass Pushbutton 

I ---··---- -. 
The Interlock Override Bypass pushbutton allows the operator of the duplex 

switching console to bypass any open power interlock which would prevent duplex 
switching. In the event that an emergency condition occurs, this switch enables the 
operator to apply -48V DC to the Active pushbutton. This pushbutton is located in a 
recessed position and cannot be depressed accidentally during normal operating pro­
cedure. 

c ! Operate-Test Overrride Bypass Switch 

The switch allows an active computer and its associated power system to 
be placed in the test mode. Usually, the computer is placed in the test mode only when 
the computer is in standby status. This signal is applied to the master TEST-OPERATE 
COMPUTER switch located on the duplex maintenance console. 
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The OPERATE-TEST OVERRIDE BYPASS switch is operated with a key which 
remains in the custody of the maintenance supervisor. 

)_~~nit status Switi.8 Point Y 

The unit status switch controls the distribution of the control and signal 
lines only for the display portion of the duplex switching console. 

3. status Lamps on Duplex Switching Panel 

a. Operate Lamp Point D 

This lamp is lighted when the associated computer is not in the test mode 
or is not disabled. 

b. Active Lamp Point F 

This lamp is lighted when the asi:;ociated computer has received a switching­
complete signal. 

c. standby Lamp Point H 

This lamp is lighted when the associated computer is in the standby status, 
and can be tested, marginally checked, or utilized for regular computer functions not 
involved in the air defense program. 

d. Test Lamp Point L 

This lamp is lighted when the particular computer is in the test mode. 
Normally, this lamp is lighted when the standby lamp is also lit; but if the computer 
is in the Active status with the Active lamp lighted, the Test lamp is lighted by means 
of the Operate-Test Override Bypass pushbutton and air defense functions are not 
being performed. 

4. Alarm Lamps on Duplex Switching Panel Point D 

a. Output Switching Lamp 

When the Output Switching Lamp is lighted, one of the relays in output 
storage unit 33 has not transferred, and computer information is not being sent out on 
telephone lines. This malfunction will occur only during switching from the standby 
to the active ·status. 

b. Voltage Off Limits Lamp Point G 

Whenever one of the power supplies deviates more than +5% from (+10% 
for -48V or +72V) the regulated output, the associated voltage monitor relay in the 
PCD unit completes a circuit that lights the Voltage OFF Limits on the duplex switching 
console. This lamp is only an alarm and indicates that a search would be initiated to 
determine the deviating power supply and the cause of th e malfunction. When th e 
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deviation reaches ± 20%, (±10% for AC shutdown) there will be an automatic shutdown 
of power from the power supply unit and PCD unit involved. 

c. Neon Alarm Lamp Point K 

The ~eon alarm lamp on the duplex switching console is lighted when the 
Neon Alarm Lamp on the duplex maintenance console is lighted, indicating some alarm 
condition in one or more of the duplex load units. 

d. Disabled Lamp Point L 

An open power contactor in the MCD unit associated with its respective 
Central Computer, Drum, Display, Input, or Output System lights the Disabled lamp. 
This signal is routed through PCD unit 63 and is sent to the duplex maintenance console 
as an interlocked signal that prevents duplex switching and lights the Disabled lamp on 
the duplex switching console. 

5. Detailed Duplex Switching Action 

a. General 

Duplex. switching is the changing of the standby computer (and associated 
power supply and other duplex equipment) to the active status. 

Depressing the Active pushbutton on the appropriate duplex switching panel of the 
duplex switching console initiates a relay sequence that performs the switching opera­
tion. Assume that Computer A is active and Computer Bis in standby status. 

b. Duplex Switching Interlocks 

When all the interlocks are closed, points la-lb of relays 1E2(K8) and 1E2 
(Kl4) (7.1.14) points 2a-2b of relays 1G4(Kl4) and 1G4(Kl5) and interlock contacts in 
in the duplex power equipment are open, leaving interlock relay 1F3(K7) de-energized. 

c. Duplex Switching Permitted 

A -48V duplex-switching-permitted signal (7 .1.14) is then applied across 
points 4-5 of relay 1 F3(K7) (7 .1.14), Pin S of cable connector J2 on the duplex switching 
console (7 .2.1) across contacts AC of the depressed Active pushbutton 45B(S2), to pin 
F of Pl on panel B of the duplex switching console, to pin A of Pl on panel A of the 
duplex switching console, to energize the trip coil of latching-type switching relay 
45A(Kl), placing computer A in standby status. 

d. Computer B Active 

Point~ la-le of 45A(Kl) (7 .2.1) open, interrupting the circuits to the Active 
lamps for system A. Points 2a-2c open, interrupting the circuit to the standby lamps 
for system B. The above lamps are extinguished. Points 3a-3c of 45A(Kl) open, de­
energizing 45A(K2). 
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Normally closed points la-lb of 45A(K2) now close, providing -48V to pin E 
of Pl on panel A of the duplex switching console, to pin D of Pl on panel B, to energize 
pick coil of switching relay 45B(Kl). 

Points le-la of 45B(Kl) close, completing the circuits to light the active lamps 
for system ·B. Points 2c-2a close, completing the circuits to light the standby lamps 
for system A. Points 3a-3c of 45B(Kl) close, energizing 45B(K2). 

The action of the other points on 45B(K2) and 45A(K2) activates relays that per­
form other duplex switching functions. 

e. MCD Unit 27 Signal Status Relays 

Points 2a-2c of 45B(K2) close, energizing status relays in MCD unit 27 
(5.4.4. 7). This circuit is traced from CB 27J2G9, to terminal 27K2A2n, to terminal 
1G3(E34)a(7 .2.1), to pin D of J2 on the computer B switching panel on unit 45, across 
now closed contacts 2c-2a of 45B(K2) to pin E of J2, to terminal 1G3(E34)b, to terminal 
27N1Jla(5.4.4. 7) in MCD unit 27 for System B, to the coils of active status relays 
27NlA2 through 27NlH2 and 27N3A2 through 27N3H2 for· system B duplex display 
consoles. 

The standby status relays for system A duplex display console are energized 
through points 5c-5a of 45B(K2). This circuit can be traced from terminal 1G3(E34)a 
(7 .2.1) in the duplex maintenance console for system A, across normally closed contacts 
la-lb of the Service Opposite Duplex Switch 1G3{S21), to terminal 1G3(E34)e, to pin C 
of J3 in the computer B switching panel of unit 45, across now closed points 5c-5a of 
45B(K2), to pin D of J3, to terminal 1G3(E34)f in the duplex maintenance console for 
system A, to the coils of standby status relays 27NlA3 through 27NlH3 and 27N3A3 
through 27N3H3 for system A duplex display consoles. When the Service Opposite 
Duplex Switch is switched off, contacts la-lb are opened and the standby status relays 
cannot be energized. 

f. MCD Unit 59 Signal status Relays 

Points 3c-3a of 45B(K2) complete the circuits to energize the active status 
relays for the simplex input load units. 

This circuit can be traced from CB 59A2H3(5.4. 7 .6) in MCD unit 59 of power 
system B to terminal 1G3(E34)c (7.2.1) in the duplex maintenance console for system 
B, to pin F of J3 on the computer B switching panel of unit 45, across now closed 
contacts 3c-3a of 45B(K2), to pin G of J3, to terminal 1G3(E34)d in the duplex main­
tenance console for system B, to terminal 59B6A4d(5.4. 7 .6) in MCD unit 59 of power 
system B, to the coil of relay 59F3E2 for the test pattern generators of computer 
entry punch units 352, 353, and 354, across now closed points 5-6 of high-voltage DC 
contactor relays K3 in locations 59B6, 59C6, 59D6, and 59G6 (applied the high-voltage 
DC to the load units from MCD unit 59 when these relays were energized during duplex 
power-on sequence) to the coils of the other active status relays. standby status relays 
59FlA3, 59FlB3, 59F3A3, 59F3B3 in MCD unit 59 of power system A, can be energized 
through points 6c-6a of relay 45B(K2) (7 .2.1) and a circuit similar to the standby status 
relays in MCD unit 27, if the MC contactor relays K4 (5.4. 7 .6) are energized. 
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g. Outputs Switching 

Points 4c-4a of 45B(K2) (7 .2.1) initiate the outputs switching by completing 
the circuits that energize the outputs active relays. Whenever one of the active relays 
fails to pick, the OUTPUTS SWITCHING alarm lamps are lighted. 

h. Switching Time Delay and Audible Alarm 

At the same time that the ACTIVE lamps (7 .1.15) on the duplex maintenance 
console are lighted (points le-la of 45BK1 close), relay 1F4(Kl0) is energized through 
normally closed points la-lb of 1F4(Kll). Points le-la of 1F4(Kl0) close, applying 
120V AC to the Hayden Timer 1F4(Kl0) (7.2.1). Points 2a-2c of 1F4(Kl0) (7.1.15) 
close, applying a -48V surge to the 5-uf capacitor (7 .1.14) between terminals 27 and 
28 on terminal board 1F3(E2). The surge is transmitted across the diode between ter­
minals 32 and 31, to energize relay 1F3(K8) momentarily. Points 5-7 of 1F3(K8) then 
hold the relay energized, providing an audible alarm to indicate that the computer is 
active. This alarm is stopped by depressing the RESET AUDIBLE ALARM pushbutton 
1G3(S32), opening contacts 2a-2c. The other circuits activate this alarm in a similar 
manner. 

Points 3a-3c of 1F4(K10) (7.1.15) provide a ground circuit for the grid of the 
thyratron pulse generator in the Central Computer. The output of this generator sets 
up the controls to indicate that duplex switching is initiated. 

At the end of the time delay set by the Hayden Timer 1F3(E35), points a-c of the 
timer close, applying -48V to 1F4(Kll). Points la-lb of 1F4(Kll), open, dropping 1F4 
(KlO). Points 2a-2c of 1F4(Kll) provide a hold circuit when the Hayden Timer is de­
energized by points la-le of relay 1F4(Kl0) opening. Points 4a-4c send a duplex 
switching-completed signal to Selection Control unit 5 of the Central Computer. Points 
2a-2c of 1F4(K12) provide a ground circuit for the grid of the thyratron pulse generator 
in Instruction Control unit 4 of the Central Computer. The output of this generator 
sets up the controls to indicate that duplex switching is completed. Points 3a-3c of 
1F4(Kl0) were opened, breaking the circuits to the grid of the thyratron pulse generator 
that sets up the controls to indicate that duplex switching was initiated. The floating 
grid stops the thyratron pulse generator. 

The comparable relays in the duplex maintenance console for computer A, 1F4(Kll) 
and 1F4(K12), are de-energized when the ACTIVE lamps are extinguished by points 
la-le of 45A(Kl) in the computer A switching panel of unit 45. 

i. System Disabled 

The DISABLED lamp, X9, on a duplex switching panel of unit 45 is lighted 
whenever an interlock is open and relay 1F3(K7) (7 .1.14) is energized. The -48V is 
then applied along the duplex switching interlocked line from point 2a of 1G4(K15), 
across now closed points 5-7 of 1F3(K7), to terminal 1H3(E15)c, to pin R of J2 on the 
duplex switching console, to the DISABLED lamp. 
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j. Emergency Switching 

An INTERLOCK OVERRIDE pushbutton is provided in the event that duplex 
switching is required when an interlock is open and the DISABLED lamp is lighted. 

If interlock relay 1F3(K7) (7 .1.14) is energized (an interlock is open), contacts 
4- 5 will be open and the duplex-switching-permitted signal will be interrupted. Con­
tacts of the ACTIVE switch S2 on the duplex switching console will have no voltage 
applied. When INTERLOCK OVERRIDE pushbutton S3 and ACTIVE pushbutton S2 are 
depressed, -48V is applied through the following circuit (Table 7-1). Trip coil UL of 
45A(Kl) will initiate the switching sequence to make computer B active. 

k. Test-Operate Override Bypass Switch 

When the STANDBY lamps on the duplex maintenance console for system B 
are extinguished (above), 1F2(Kl6) (7 .1.15) is de-energized. 

Points a-c of 1F2(Kl6) (7 .2.1) are then open, which prevents any testing operations 
on the active computer unless the TEST-OPERATE OVERRIDE BYPASS switch 45B(Sl) 
is closed with the key. If this switch is closed, -48V can be applied to computer test 
relays 1G4(Kl 7) and 1G2(K5) by shifting the OPERATE COMPUTER-TEST switch to 
the TEST position. The circuit can be traced from point 3c of duplex switching relay 
45B(Kl), across points a-c of the bypass switch, to pin T of J2 on the computer B 
switching panel of unit 45, to terminal 1F3(El8)a in the duplex maintenance console for 
system B, to point c of 1F2(Kl6), across contacts 4b-4a of OPERATE COMPUTER­
TEST switch 1G3(S9), and across now closed contacts 2a-2b to the coils of 1G4(Kl 7) 
and 16G(K5). 

TEST lamps 1G3(Xl 79) and X2 in duplex switching console unit 45 are lighted 
when points 2a-2c of 1G3(K5) close. OPERATE lamps 1G3(Xl80) and X5 in unit 45 are 
lighted when 1G4(Kl 7) is de-energized, normally closed points 3a-3b are closed, and 
-48V is provided by the closing of points la-le of duplex switching relay 45B(Kl) in 
Computer B switching panel of unit 45. 

6. Service Opposite Duplex Switch 

When one computer and associated equipment are shut down for maintenance, 
the associated duplex switching panel of unit 45 still receives -48V through several 
circuits from the active duplex maintenance console. This -48V power can be removed 
by switching off the SERVICE OPPOSITE DUPLEX SWITCH on the active duplex main­
tenance console. The contacts listed below are then opened, interrupting the circuits 
that would be provided in the normal position. 

Contacts la-lb of the SERVICE OPPOSITE DUPLEX SWITCH are closed in the 
normal position. The circuit can then be completed to energize the standby status relays 
in standby MCD unit 27 with -48V from the active MCD unit 27. Contacts 2a-2b, when 
closed (in the normal position) during standby status, provide -48V to light the standby 
lamps. Contacts 3a-3b provide -48V from active MCD unit 59 to energize the standby 
status relays in standby MCD unit 59. 
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INTERLOCK OVERRIDE cmCUIT 

POINT OR COMPONENT LOGIC 
TERMINAL DIAGRAM 

e CB 19B2Hl 5.3.3.10 

f 1G3(E33) 7.1.4 

le 1F2(K7) 7.2.1 

le 1F4(Kl2) 

e 1F2(Kl6) 

le 1G2(K9) 7.2.1 

7 1F3(K5) 7.1.14 

7 1F3(K4) 

7 1F3(K3) 

7 1F3(Kl) 7 .1.14 

3b 1G4(Kl7) 7.1.7 

2a 1G2(K5) 7.1.7 

2a 1G3(S21) 7.2.1 

d 1H3(E25) 

B P2-J2 

le 45B(Kl) 

3e 45B(Kl) 

e-a 45B(S3) 

a-e 45B(S2) 

F Jl-Pl 
(Computer B) 

A Pl-Jl 
(Computer A) 

y' 45A(Kl) UL 7.2.1 

Table 7-1 
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7. Alarms 

a. Neon Alarm 

The NEON ALARM lamp, 1G3(X6), on the duplex maintenance console 
(7.2.1) and the associated NEON lamp in the alarm group on the duplex switching console 
light whenever an alarm condition occurs. The -48V is provided to these lamps when 
1G2(K9) is energized. This circuit proceeds from CB 19B2Hl (5.3.3.10), to terminal 
1G3(E33)f (7.1.4), to point le of 1F4(Kl2), to point c of 1F2(Kl6), and across now closed 
points le-la of 1G2(K9) to the lamps. 

Relay 1G2(K9) is. energized whenever any alarm relays 1F3(Kl), (K3), (K4), or 
(K5) is energized as the result of a condition that causes a drum alarm, computer 
alarm, outputs alarm, or an angular position counter (APC) alarm in the drums. 

b. Voltage Off Limits 

The VOLTAGE OFF LIMITS lamp, 1G3(X7), on the duplex maintenance 
console (7 .2.1) is lighted, and 1F2(K7) is energized when any of the voltage monitor 
relays in PCD unit 63 detects an excessive voltage deviation. Points le-la of 1F2(K7) 
close, applying -48V from CB 19B2Hl (5.3.3.10), across now closed points le-la of 
1F2(K7) (7.2.1), to terminal 1G3(E8)f, to pin N of J2 on computer B switching panel of 
unit 45, to VOLTAGE OFF LIMITS lamp Xll. 

SUMMARY QUESTIONS 

1. Unit ____ controls the status of all four systems. 

2. ----------- relays in Unit 27 and 59 will be changed by the duplex 
switching console. 

3. There are K2 relays in the A and B panels of unit 45, but only one 
of these will be picked at any one time. 

4. When computer A is active, status control relays in both systems will be picked 

by relay K2 in panel ____ __ 

5. An active computer may be put into test by closing the ----------

-------Switch. 

6. The unit status switch on unit 45 changes the status of the 

7. An open DC contactor in the MCD will light the _____ lamp on the switching 
console. 

8. There are. ____ standby signal status relays in unit 27. 

9. Each of these relays contain ____ sets of contacts. 
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1. General 

Simplex switching, performed at the duplex switching console, controls which 
of the two simplex power systems C or D, is connected to the active simplex equipment 
and which is. connected to the simplex units in the standby status. If a failure occurs in 
the system supplying power to the active simplex units, simplex switching is necessary 
to interchange the active and the standby power systems. After switching, maintenance 
is performed on the system connected to the standby simplex equipment, without inter­
rupting the air defense function. 

These power systems are turned on at the simplex maintenance console. The 
operator at the duplex switching console decodes which system will be active and which 
standby. Status and alarm lamps indicate the conditions of. each power system. 

2. Simplex Controls on Duplex Switching Console 

a. Active Pushbutton 

The ACTIVE pushbutton on either simplex power switching panel, when 
depressed, places the associated simplex power system in the active status and auto­
matically places the other simplex power system in the standby status. 

b. Interlock Override Bypass Pushbutton 

When any power supply in the simplex power supply unit deviates more than 
a fixed amount, an off-limits alarm is activated and provides an interlock that prevents 
switching the standby power system for simplex equipment to the active status. The 
INTERLOCK OVERRIDE BYPASS pushbutton allows the operator at the duplex switching 
console to bypass the power interlock and switch the standby power system to the active 
status. 

3. Indicators on Simplex Switching Panel 

a. ON Lamp 

The ON lamp is lighted when the associated power system is on. The on­
off status of the power system is controlled by the operator at the simplex maintenance 
console. 

b. ACTIVE Lamp 

If the ACTIVE pushbutton is depressed when the ON lamp is lighted the 
power system will become active and the ACTIVE lamp will light. 

c. STANDBY Lamp 

The ST AND BY lamp indicates a standby status and lights when the particular 
power system is on and the ACTIVE pushbutton on the alternate power system is de­
pressed. 
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d. POWER ALARM Lamp 

The POWER ALARM lamp lights when a regulated voltage from the simplex 
power supply unit deviates more than +5% from its normal output. The POWER ALARM 
lamp also lights when the power is shut down. 

4. Detailed Simplex Switching Action 

Simplex switching operations involve power transfer and are accomplished 
as follows: power system C is assumed to be the active system, and power system D 
the standby system. To place the simplex power equipment in this status, ACTIVE 
pushbutton 45C(S2) is depressed to pick 45C(Kl) and 45C(K2). Power is transmitted 
through points of AC-on control relay 64B5K39 and DC-on control relay 64B5K41 to 
pick active status relay 56C3J2 from system c. Points of the active status relay apply 
-48V power through the unit status switch (in the ACTIVE position) on unit 47 to the 
DC contactor. A typical DC voltage· from power system C is then applied to the simplex 
load. The -48V power from system D is transmitted through points 4 of 45C(K2) of 
system C to standby status relay 56C3H2 of system D. 

When ACTIVE pushbutton 45D(S2) on the power system D switching panel of unit 
45 is depressed 45C(Ll) is energized through points lb-la of 45C(K2). Points le-la 
of 45D(Kl) (S 5.4.11.1) close to light the ACTIVE lamps associated with power system 
D. Points 2c-2a close to light the STANDBY lamps associated with power system C. 
Points 3c-3a close to energize 45D(K). 

Relay 45D(K2) completes circuits that activate status relays for displays and 
simplex inputs. Points 2c-2a complete the circuits that energize the active status 
relay associated with power system D. A typical DC voltage is applied through points 
of 56C3J2 and the ACTIVE position of the unit status switch on the associated panel 
of the simplex maintenance console to DC contactor is then applied through this con­
tactor to a simplex input load. Points 3c-3a complete the circuits that energize the 
active status relays in CB unit 48. The -48V that energizes the standby status relay 
in CB unit 56 for power system C is controlled by points 4c-4a of 45D(K2) after crossing 
contacts la-lb of the SERVICE OPPOSITE SIMPLEX SWITCH on power system D con­
trol panel on the simplex maintenance console. Points 5c-5a control the standby status 
relays in CB unit 48 for power system C after the -48V is provided across contacts 
2a-2b of the SERVICE OPPOSITE SIMPLEX SWITCH. This switch must be in the normal 
position to energize the standby status relays of power system C. 

When power system C is shut down and maintenance is desired on the power sys­
tem C switching panel of unit 45, the -48V is removed from the plug connectors by 
switching off the SERVICE OPPOSITE SIMPLEX SWITCH on the power system D con­
trol panel of the simplex maintenance console. In addition to interrupting the two cir­
cuits listed above, the switch also opens contacts 3a-3b and removes the -48V that 
appears as far as the open circuit ending at point 2c of 45C(Kl). 

SUMMARY QUESTIONS 

1. The active simplex power supplies power to the------display consoles. 
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2. The power to a console may be switched with the _______ switch on 

the console or by changing the _____ of simplex power. 

3. The of a console will not be changed during simplex switching. 

4. Each CEP has status control signal lines. 

5. The C power system is made standby by pressing th.~---- pushbutton on 

panel ______ _,,f unit 45. 

6. The C power system service opposite switch removes -48V to the ___ panel 

of unit 45 from system------

Display Consoles Status Switching 

1. Introduction 

a. Before an attempt is made to learn the status control for simplex display 
consoles, it would be to the students' advantage to thoroughly understand the distribu­
tion of power to a display console. 

b. This power is applied to bus bars in modules A and B of unit 48. Eight 
backup CB's are connected to each bus bar. The backup CB's will supply power to 20 
consoles through distribution CB's. One distribution CB will supply one DC voltage on 
10 of AC to a display console. 

c. Each backup breaker has interlock points that are used to pick control 
relays for 20 consoles. 

d. Each distribution CB has interlock points that control the status control 
lines to the console fed by the associated CB. 

e. All backup and distribution CB's supplying power to a console must be 
closed before all power can be applied to that console. 

2. Unit Status Switch 

a. This switch has 5 positions that will be used to control the signal and power 
status of the console. 

b. The AC position of the switch allows the AC contactor in the standby AC 
power line to apply power to the filaments. No DC power or signals will be connected 
to the circuits in the console. 

c. The POWER position causes power (both AC and DC) to be applied to the 
loads in the console from the standby simplex power system. 
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d. The ST AND BY position causes power to be applied to the console from the 
standby simplex power system, and signals to be applied from the standby computer. 

e. The OFF position disconnects all power and signals from the loads in the 
console. 

The ACTIVE position of the switch causes power to be applied to the loads in 
the console from the active simplex power system and signals to be applied from the 
active computer. 

3. Status Control 

a. The relays in the console contain the relay number and the system that 
this relay is used with. KlC, for instance, is used with the C power system. SlA is a 
signal contactor that connects the signals from the A computer to the loads. Two sets 
of power contactors are contained in each console so that power may be applied from 
either of the simplex power systems. Two sets of signal relays are contained in the 
console to apply signals from either the A or B computers. 

b. The KlC relay is an AC contactor. It will be picked if the following conditions 
are present: 

(1) KlD is dropped. 

(2) The C supply is active and the unit status switch is in the active position 
or if the C supply is standby and the unit status switch is in the positions 1, 2, or 3. 

(3) The K28C points are closed and if the unit status switch is in positions 1, 
2, or 3. The K28C points are closed if all backup CB's are closed for this console and 
the C power system is standby. -

(4) The interlocks are all closed on the AC distribution CB's for this one 
console. 

(5) The -48V distribution CB for this console is closed. 

(6) -48V is present in C48. 

c. Relay KlC must be closed 45 seconds before the DC voltages are applied to 
allow the filaments to get hot. The TD relay is a 45 sec. delay pick relay that will 
delay the closing of the DC contactors. When KlC picks, the KlC points in series with 
the TD relays will apply -48V to the pick coil through the -48V distribution CB in CB48. 
The TD relay has very small contacts. They will not carry the large current necessary 
to pick the large DC contactor relays, but they will not be damaged by the current to 
pick the TDS relay. This relay has the large contacts required for picking DC contactors. 
KlC also closes points to pick K2C, which is a DC control relay. The sequence of apply­
ing DC after AC is applied is as follows: 

(1) K2C picks and the TD relay starts to close. 
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(2) After 45 sec., the TD points close to pick the TDS relay. 

(3) The TDS points are in series with K2C points to pick the low DC con-
tactor. 

(4) The low DC contactor has large current carrying points in the +10, 
-30, and -150 volt lines. This low DC is applied first to provide bias for the tubes before 
the plate voltages are applied. 

(5) The K4C points in parallel with the K2C and TDS points are used when 
bringing power down on the console to make sure that high DC drops before low DC. 

(6) The K3C points closing in series with the K4C relay will apply high 
DC voltages. 

d. When power is applied to the console from the C power system, signals 
may still be applied from either the A or B computer. Signals will only be applied to 
the console when the unit status switch is in the active or standby position. The relays 
that connect the signals from the A computer are labelled SlA to Sl8A and from the B 
computer are labelled SlB to S18B. The sequence for applying signals is as follows: 

(1) When the DC control relay has picked, the points in series with the KA 
and KB relays will close. 

(2) With the unit status switch in the standby position, the KA relay will 
pick if the A computer is standby or the DB relay will pick if the B computer is stand­
by. 

(3) With the unit status switch in the active position, the KA relay will 
pick if the A computer is active or the KB relay if the B computer is active. 

(4) Before the KA Relay can be picked, the A computer must have power 
applied to MCD 27 and the -48 V CB in unit 27 for this console must be closed. The 
active or standby relays in unit 27 must also be closed for this console. These relays 
will be picked through the K2 relay in the A section of unit 45 when the A computer is 
active or through the B section of unit 45 when the A computer is standby. The duplex 
switch and interlock relays will allow the K2 relay in section A or B of unit 45 to be 
picked if all 'interlocks are closed. These interlock points are shown in logic 7.1.15. 

(5) A jumper between J37 - P3 and J37 - P4 in the console must also be 
present to pick the KA relay. 

e. Th& different combinations of power and signals to a display console are 
controlled by the status of the console and the status of the four systems. The following 
chart lists all of the possible combinations. 
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~ 

~ 
~ 

~ Status Status Status Signal 
of of of Source Source 

Computers Simplex Power Console to Console to Console 

A Active C Active Active A c 
B Standby D Standby. 

A Active C Standby Active A D 
B Standby D Active 

A Standby C Standby Active B D 
B Active D Active 

A Standby C Active Active B c 
B Active D Standby 

A Active C Active Standby B D 
B Standby D Standby 

A Active C Standby Standby B c 
B Standby D Active 

A Standby C Standby Standby A c 
B Active D Active 

A Standby C Active Standby A D 
B Active D Standby 

Either Active C Active Power None D 
D Standby 

Either Active C Standby Power .None c 
D Active 

Either Active C Active AC None D 
D Standby (AC only} 

Either Active C Standby AC None c 
D Active (AC only} 

SUMMARY QUESTIONS 

1, When computer A is active, a standby console can have power applied to its 

loads from simplex power system. 

2. One backup CB in unit 48 controls power to consoles. 

3. One DC distribution CB can control all voltages to a console. 
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4. The backup CB's have interlocks that are in series to control the pick voltage 

to a ___________ relay. 

5. The DC distribution CB's for one console have interlock points in series to 

pick the ____ relay in the console. 

6. The sequence of applying power to a console is __ _ _ ___ , and then 

------- in that order. 

7. The down sequence of power when a console is turned off is -----· first, 

then , and then ___ _ 

8. Signals are applied low DC power. 

9. The TD relay points close seconds after power is applied to the pick 
coil. 

10. The _____ power system supplies the power to pick the A signal relays in 
a console. 

Input Channel Status Switching 

1. Introduction 

a. Before an attempt is made to learn the status control of input channels, it 
would be to the students advantage to thoroughly understand the distribution of power 
to an input channel. 

b. This power is applied to bus bars in modules A and B of unit 56. Four 
backup CB's are connected to each bus bar plus one MC CB to each of the MC voltage 
buses. The backup CB's supply power to 20 input channels through distribution CB's. 
One distribution CB will supply one DC voltage or 10 of AC to a channel. 

c. Each backup CB has interlock points that are used to pick control relays 
for 20 input channels. 

d. Each distribution CB has interlock points that control the status control 
lines to the input channel fed by the associated CB. 

e. All backup and distribution CB' s supplying power to a channel must be closed 
before all power can be applied to that channel. 

f. The power source of an input channel can be either the C or D power system. 
The switching of this power takes place in the PD unit 55 sliding units. 
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This sliding unit will be controlled by the unit status switch for the associated 
channel and the status of duplex equipment. Each input channel has a control panel on 
unit 47, the simplex maintenance console. 

2. Unit status Switch 

Each pluggable panel on the simplex maintenance console associated with a 
simplex input channel contains a unit status switch for control of power distribution 
to that channel. 

!!'he non-MC voltage lines, MC lines, and signal lines are switched, as listed 
below, for the six positions of the unit status switch: 

a. ACTIVE - The non-MC power lines are connected to the non-MC power bus 
bars from the active power supply. The MC lines are connected to the non- MC power 
bus bars from the active power system. The AC power lines are connected to the AC 
bus bars from the active power system. The signal lines are connected to the active 
computer. 

b. STANDBY - The non~MC power lines are connected to the non-MC power 
bus bars from the standby power system. The MC power lines are connected to the non­
MC power bus bars from the standby power system. The AC power lines are connected 
to the AC bus bars from the standby power system. The signal lines are connected to 
the standby computer. 

c. STANDBY - MC - The non-MC power lines are connected to the non-MC 
power bus bars from the standby power system. The MC power lines are connected 
to the MC. bus bars from the standby power system by the MC relays in the simplex 
MC unit. The AC power lines are connected to the AC bus bars from the standby power 
system. The signal lines are connected to the standby computer. 

d. POWER ON - The non-MC power lines are connected to the non- MC power 
bus bars from the standby power system. The MC lines are connected to the non-MC 
bus bars from the standby power system. The AC power lines are connected to the 
AC bus bars from the standby power system. The signal lines are disconnected. 

e. AC ONLY - All DC lines are disconnected. The AC power lines are con­
nected to the AC power bus bars from the standby power system. The signal lines are 
disconnected. 

f. OFF - All power lines and signal lines are disconnected for the associated 
unit of simplex equipment. 

3. status Control 

a. The relays in the PD cell contain the relay number and the purpose of this 
relay. Two sets of power contactors are contained in each PD cell so that power may be 
applied from either of the simplex power systems. Two sets of signal relays are con­
tained in the PD cell to apply signals from either the A or B computers. 
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b. The Kl relay is an AC contactor. It will be picked if the following conditions 
are present: 

(1) Kl2 is dropped. 

(2) The C supply is active and the unit status switch is in the active position 
or if the C supply is standby and the unit status switch is in position 1, 2·, 3, or 4. 

(3) If the unit status switch is in the first 4 positions, the AC standby status 
relay must be picked. 

(4) The AC distribution CB's must be closed to close the interlocks to 
supply the power to pick the relay. 

(5) The AC standby status relay will be picked by K2 in the D section of 
unit 45 through status control relay points •. 

(6) The status control relay will be picked by closing all of the backup CB's 
for this PD cell. 

c. Relay Kl must close 45 secs. before the DC contactors to allow time for 
the filaments to get hot before plate voltages are applied. This delay is provided by 
relay K7. K7 has small relay contacts. The necessary current to pick the large DC 
contactors would burn out these contacts, so K7 picks Kl6, which has larger contacts. 
The sequence for picking the DC contactors is as follows: 

(1) When the AC contactor closes, points are closed in the pick path for K7 
and K4. K4 will be picked if the status relay points are closed, the DC distribution 
CB's are closed, and the unit status switch is in position 2, 4, or 6. The K4 relay 
closes points in the signal relay pick path and in the high and low DC contactors pick 
paths. 

(2) When the 45 sec. delay is over, the K7 relay will pick Kl6 which will 
close contacts in the K3 pick path which will cause this relay to pick. 

(3) When K3 picks the low DC voltages will be applied to the input channel 
loads. It will also close point to pick K2. 

(4) When K2 picks, the high DC voltages will be applied·to the loads in the 
input channel. K2 also closes points in the signal relay line to close signal contactors 
from either the A or B computers. Signals can only be applied when the unit status 
switch is in the standby MC, standby, or active positions. 

d. Before margins can be applied to the input channel, the MC contactors must 
be closed to connect the MC voltages to the MC loads. These contactors will be closed 
in the following sequence when the unit status for a channel is in the standby MC posi­
tion. 

(1) The DC control relays cannot be picked when applying margins so the 
DC contactors will be picked by MC control relays KS and Kl3. 
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(2) The Kl relay will pick the TD relay K7 which in turn picks K16. It will 
also pick the MC control relays through the writ status switch, the K50 points, and nor­
mally closed points of K9 and K4. The K50 points will be closed if there is a zero output 
from the amplidyne, the MC CB's are closed on the standby writ 56, and the MC distri­
bution CB's are closed on writ 58. 

(3) KB will close points to pick K3. It will also close points in the pick 
lines to K6, K14, Kl5, K2, K4, and the signal relays. 

(4) K3 will apply the low DC and pick K2, K6, K14 and K15. 

(5) K2 will apply the high DC and pick the signal relays. It also closes 
point to K3. This ensures that the high DC drops before low DC. 

(6) K13 will close points in series with the K51 points. 

(7) K51 will pick when an excursion is applied with the amplidyne. This 
prevents the MC contactors from opening while margins are applied to these contactors. 
If the writ status switch is moved from standby MC to standby while margins are applied, 
the MC control relays will remain picked through the K51 points until the margin is 
removed. 

e. The different combinations of power and signals to an input channel are 
controlled by the status of the console and the status of the four systems. The following 
chart lists all of the possible combinations. 

Status Status Status Signal Power 
of of of Source Source 

Computers Simplex Power Channel to Channel to Channel 

A Active C Active Active A c 
B Standby D Standby \ 

A Active C Standby Active A D 
B Standby D Active 

A Standby C Standby Active B D 
B Active D Active 

A standby C Active Active B c 
B Active D Standby 

A Active C Active standby MC B D 
B standby D Standby or Standby 

A Active C Standby Standby MC B c 
B Standby D Active or Standby 

A Standby C Standby Standby MC A c 
B Active D Active or standby 
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Status Status status Signal Power 
of of of Source Source 

Computers Simplex Power Channel to Channel to Channel 

A standby C Active Standby MC A D 
B Active D Standby or standby 

Either Active C Active Power None D 
D Standby 

Either Active C standby Power None c 
D Active 

Either Active C Active AC None D 
D Standby (AC only) 

Either Active C standby AC None c 
D Active (AC only) 

SUMMARY QUESTIONS 

1. When computer A is active, a channel can have power applied to its loads from 

------- simplex power system. 

2. One backup CB in writ 56 controls power to _____ channels. 

3. One DC distribution CB can control all _____ voltages to a channel. 

4. The backup CB's have interlock points that are in series to control the pick 

voltages to a. _________ relay. 

5. The DC distribution CB's for one console have interlock points in series to 

pick the------ relay in the console. 

6. The sequence of applying power to a console is ___ _ _ __ , and then 

------in that order. 

7. Signals are applied _____ high DC power. 

8. The time delay relay points close _____ seconds after power is applied 
to the pick coil. 

9. The ______ power system supplies the power to pick the A signal relays 
in a PD cell. 
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MARGINAL CHECKING 

Introduction - Part I 

1. Need for a Marginal Checking System 

a. MIT demonstrated the value of such a system in the following tests: 

(1) statistically a 5,000 tube and a 10,000 diode computer will break down 
every half hour. 

(2) A computer of 50,000 or more tubes can never operate. 

(3) MIT constructed test units of 400 tubes. 

Performed repetitive operation 24 hrs. a day 

Installation of M.C. System increased reliability by 50 to 1. 

Machine was checked for 1/2 hr. in every 24 hrs. to remove aging com-
ponents. 

With this treatment, the machine operated without error for three weeks 
on the average and several times up to 45 days. 

2. Definition of Marginal Checking 

.~means of artificially aging circuits by varying voltages used to detect aging 
·components. ~w 

a. Any· variation of the voltage from the normal is called an excursion. 

(1) A plus excursion on a grid simulates a tendency towards sensitivity of a 
circuit. 

(2) A minus excursion on the grid of a circuit simulates low conductivity 
due to age. 

(3) Excursions in Flip-Flop circuits simulate an unbalanced condition as 
would an aging component. 

b. The point of voltage variation at which a circuit fails or at which the varia­
tion has reached a safe limit is called the margin. 

t.3· Method of Operation J 
a. Test routines are run through the element to be checked and voltage varia­

tions are induced in circuitry in one of~ ways. 

~I) Manual Mode ~ 
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Circuit and voltage selections and variations are made from the Main­
tenance Console. 

'/j'(2) Calculator Mode(~~} 
Circuit and voltage selections are coded in an M.C. word and are opera­

te~d on b~ the compu~ef. ~; ~~-~~~~~~~ 
~~~~~~~/WJllA~~r,::1:z- I ) 

b. The test routines that are most used in conjunction with the Marginal g;:;:7 
ing System are: 

• FR•liability Programs J 
To determine the overall operation and condition of the equipment. 

Mainly used with the Calculator Mode. 

Since the computer operates correctly under excursions, it can be relied 
upon to calculate correctly for a predetermined period in the future. 

1!2> Diagnostic P:!>grams J 
Generally used after a reliability program has discovered a low margin 

or failure. 

Are more capable in narrowing down the area of malfunction or in ac­
tually locating the trouble. 

4. Procurement of Marginal Checking Data 

a. Life Expectancy curves on all selections are continuously being improved 
and revised by information derived from the Prototype Machines and the sites in opera­
tion. Results from these tests are used for the establishment of Prescribed Margins. 

(1) A Prescribed Margin is the point at which, if the circuit does not fail, 
it is considered good. Note that a Prescribed Margin is not fixed. It depends on the 
type of test being run. 

T ese are three separate M.C. Systems 

Duplex "A'' 

Duplex "B" 

Simplex 
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b. Duplex "A" and "B" 

(1) Both of these two systems are identical and as a result what is said of 
one is applicable to the other. 

(2) Duplex Systems feed their corresponding computers. 

c. Simplex System 

(1) The theory of this section of the system is the same as that for the 
other portions; except for its operation in the Calculator Mode. 

(2) In the Calculator Mode of operalion, the Simplex System must be set 
into motion through the standby computer's Marginal Checking System. 

6. Power Distribution 

a. Normal power flow to Non-M.C. Loads 

b. Normal power flow to M.C. Loads 

c. Power flow to M.C. Loads during M.C. Operation 

(1) Discuss the Marginal Check Relay 

Make before break points to prevent arching and to accomplish a smooth 
change-over in origin of operating voltage. 

Points are able to carry the current load but not able to break it. 

Circuitry is designed to allow the operation of the Marginal Checking 
Relay only when there is less than one volt difference between the N/O points and the 
N/C points. 

d. Power Flow Diagram (Duplex Power Distribution) (See Figure 7-26) 

n Description of the Marginal Checking Control Panel on the Duplex Maintenance 
Co~ 
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a. Selection Pushbuttons and Switches 

~<J!lipment Group Pus-ns 

Eight in number, one for each logical physical breakdown of the system. 

' 'MC-1 
MC-2 

'MC-3 
~MC-4 

MC-5 

Core Memory 
Arithmetic Units 
Program Element 
Selection Control Element 
Drums 
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POWER AND MARGINAL CHECKING 

MODULE 
A 

REFERENCE VOLTAGE 
POWER SUPPLIES FOR 
SIMPLEX MARGINAL CHECKING 

Figure 7-28. Simplex MC Unit 58 
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\ MC-6 Display element, manual Inputs, etc. 
V MC-7 Input Common Equipment 
VMC-8 Output Equipment 

~Only one of the above <:an be selected at any one lime because of me­
chanical and electrical interlocks. 

It should be noted that the first four of these selections are concerned 
with the computer per section and will be controlled by MCD 19. The other selections 
will be controlled by their individual MCD but for the exception of auxiliary drums. 
This will be explained later. a Voltage Group Pushbuttons 

Five in number, one for each of the following: 

+250 volts 
+150 volts 
+ 90 volts 
-150 volts 
-300 volts 

Only one of the above can be selected at any one time because of me~ 
chanical and electrical interlocks. 

G Circuit Group swttches 

Total of 6 switches which are lettered A through F. 

Any combination of these switches can be made at any time. If no 
switches are depressed, all selections will automatically be made. 

\(4)J Line Group Switches 

U Total of 6 switches numbered 1through6. 

Any combination of these switches can be made at any time. If no 
switches are depressed, all selections will automatically be made. 

(§Combination of Switches 

The maximum number of selections that can be made at any one time is 
36. This is because there can only be: 
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One Equipment Group Selection 
One voltage group selection · ' . A~~~ 
~ ~ircuit group se~ections / / 'J..,,~ i4L"""""/l- -, , 
Six line group selections L "lk-~ ~ 



(6) Circuit Capabilities 

There is a total possible operation of 1440 selections. In use at the 
present time there are approximately 1000. 

Marginal Checking Definitions 

_M The following terms are pertinent to the Marginal Checking System: 

~ GJ Amplidyne - An electromechanical amplifier whose output is a variable 
voltage that is inserted in series with an MC service voltage to produce an MC test 
voltage. 

b. Circuit Group - All those circuits which have approximately the same safe 
limit for one specific MC voltage. 

c. Equipment Group - The largest amount of equipment which is combined for 
MC purposes; also called MC group. The 9 equipment groups are: 

(1) MCl - Memory 

(2) MC2 - Arithmetic 

(3) MC3 - Program and Instruction Co~trol 

( 4) MC4 - IO Selection control 

(5) MC5 - Drums 

(6) MC6 - Displays, manual inputs and warning lights 

(7) MC7 - Common phone-line input, duplex portion 

(8) MC8 - Outputs 

(9) MC9 - Simplex equipment 

d. Excursion - the range through which the service voltage is var!ed during 
an MC .operation; the voltage variation itself. 

e. Line Group - A group of circuits which usually have the same logical func-
tions. 

f. Margin - The amount of voltage variation introduced into a circuit before 
circuit failure occurs. 

g. MC Service Voltage - One of the five DC service voltages used for MC 
purposes. 
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h. MC Test Voltage - The algebraic sum of the MC service voltage and the 
excursion. 

i. Prescribed Margin - The margin at which, if a circuit does not fail, it is 
assumed to be capable of reliable operation until the next test period. 

j. Safe Limit - An excursion which, if exceeded; could result in damage to 
circuits and components. 

k. Voltage . Group - All of those circuits which are serviced by a particular 
MC service voltage. 

2. Philosophy 

Marginal checking is a preventive maintenance procedure used to increase the 
reliability of AN/FSQ-7 and -8 equipment. A computer containing 5,000 tubes and 10,000 
diodes can be expected to fail every 1/2 hour after the circuit elements are initially 
aged. Since the number of diodes and tubes in AN/FSQ-7 and -8 equipment exceeds 
these quantities, computer failure can be expected more frequently than every 1/2 
hour. The Marginal Checking System is incorporated to increase the useful operating 
time of the equipment by determining the components which are likely to fail between 
scheduled maintenance periods. In addition to determining the reliability of the equip­
ment, the Marginal Checking System also aids maintenance personnel in diagnosing 
and locating troubles. 

Marginal checking is usually controlled by a program. The program directs 
the computer to perform the normal computer operations of addition, subtraction, 
etc., while the program varies certain circuit parameters about their normal values. 
In this way, the computer is made to perform normal functions under adverse operating 
conditions. 

3. Methods of Marginal Checking 

Marginal checking is a method of preventive maintenance in which certain 
operating conditions are varied about their normal values in order to detect compo­
nents which are deteriorating. These deteriorating components can then be replaced 
before they fail and cause computer errors. Since components values normally change 
with age, the variations that can be introduced before component (or circuit) failure 
occurs becomes less as the components age. The amount of variation from the nominal 
value that can be introduced before circuit failure occurs is called the margin of re­
liability of that circuit. 

There are three variations which could be introduced into a circuit: 

a. Variation of vacuum-tube filament voltages. 

b. Variation of circuit component values. 

c. Variation of circuit DC service voltages. 
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Each of these methods is discussed below. 

4. Variation of Filament Voltages 

If the filament voltage of a tube were periodically varied, it would be possible 
to simulate a condition in which a low cathode emission would cause failure. Anti­
cipation of this condition would make it possible to replace the tube before failure 
occurs. 

Low cathode emission could be simulated by periodically decreasing the voltage 
on the filament froin its nominal operating value to a value at which useful emission 
failed. Each time the filament voltage was decreased, the difference between the nomi­
nal operating voltage and the failure point would be noted. over a period of time, this 
difference, or margin, would become smaller. 

Eventually, a point would be reached where this difference 'fas so small that 
emission failure could reasonably be expected before the next periodic check. The tube 
would be replaced at that time in order to prevent tube failure from occurring during 
computer operating time. This failure-anticipation and prevention would improve com­
puter reliability and minimize the computer down-time. 

However, this method of marginal checking is not used, except in some display­
console tubes, because it is limited to the anticipation and prevention of those computer 
failures caused only by tube failures. A more comprehensive method is necessary to 
detect imminent failures caused by failures of components other than vacuum tubes. 

5. Variation of Component Values 

Failure of components other than vacuum tubes could be anticipated by a 
periodic artificial aging of the components. Artificial aging could be accomplished by 
introducing components with different values into the circuit to determine the effects of 
such a change. By periodically noting the amount of change necessary to cause circuit 
failure, and by determining how much normal component aging would produce such a 
change, a time could be established at which the component must be replaced to prevent 
circuit failure before the next scheduled test. 

To introduce changes to component values, it would be necessary to connect 
variable components to the normal circuit for testing purposes. Because of the large 
quantity of circuit components used in AN/FSQ-7 and -8 equipment, this method of 
marginal checking would be impractical. Therefore, it is not used. 

6. Variation of DC Service Voltage 

Another method of marginal checking (that used in AN/FSQ-7 and -8 equipment) 
is to vary the service voltage on the circuit. Since the circuit components change in 
value with age, the amount that a circuit's service voltage may be varied before circuit 
failure occurs will also change. The amount of voitage variations that can be introduced 
before the circuit fails is called the margin of the voltage on the circuit. As the com­
ponents age, the margin decreases. When the circuit fails at normal operating voltage, 
the margin is zero. However, if the margin is regularly checked and its gradual decrease 
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is noted, the time of circuit failure can be anticipated. The components which would 
cause the anticipated failure can then be replaced to prevent the circuit from failing 
during normal equipment operation. 

This method of marginal checking provides a practical test method applicable to 
all equipment components. For this reason, it is the method of marginal checking used 
in AN/FSQ-7 and -8 equipment. 

7. Marginal Checking Techniques 

The actual circuit to be marginally checked is selected on the basis of an 
equipment breakdown. The MC procedure must simulate a normal circuit operation so 
that the MC test may be performed under dynamic circuit conditions. 

The figure represents a typical circuit selected for marginal checking. The 
operation of this circuit is such that successive pulses place a "1" in FF 2, transfer 
it to FF 4, and then clear both flipflops. 

During the MC operation, an excursion is applied to the MC voltage lines of 
FF2. Assume that at some excursion value, the computer senses that a "1" was not 
transferred to FF4. 

The excursion is stopped and the margin is noted. A first analysis might 
indicate that FF2 has deteriorated enough to cause circuit failure when the excursion 
was applied. A further analysis would indicate that the defect may not be in FF2. It is 
possible that gate tube (GT) 1 is delivering a pulse with an amplitude which is so small 
that a slight change in the voltage applied to FF2 causes the circuit to fail. It is also 
possible that GT 3 has aged to the point where the output of FF2 must be normal in 
order for GT 3 to pass the pulse. 

By using this type of analysis, maintenance personnel can determine the overall 
operating condition of the various elements of the equipment. By using marginal check­
ing, maintenance personnel can determine whether failures may be expected within a 
given time, or whether a particular portion of the equipment has deteriorated to the 
extent that components must be replaced to prevent system failure. 

8. Determining Circuit Reliability 

When a circuit is designed, an initial prescribed margin, based on line voltage 
and safe limits, is assigned. During MC tests, the prescribed margin is applied to the 
circuit. If the circuit functions properly with the prescribed margin applied, the circuit 
is assumed to be capable of reliable operation until the next scheduled test. 

To determine the voltage at which the circuit will fail, increasing excursions 
are applied until the circuits fail. The results of this test are plotted to establish a life 
curve (margin· at failure versus circuit operating time). A new prescribed margin is 
now established on the premise that the circuit will fail before the next test period if 
the present margin is equal to or less than a certain value. The circuit being tested 
must be replaced before the margin reaches its prescribed limit. For example, if a 
reliability test shows that the margin is 25V, it is apparent from the life curve that 

204 



POWER AND MARGINAL CHECKING 

(4) 

(3) 

(2) 

(I) 14---....i...>-PULSE 
INPUT 

MC Selection on Logic Diagrams MC Selected Circuit 

60r-.,...--.,...--...,.._~ 

50-+++++ 
4 ++++++++ 
30 ++ +++++++ 
20 ++++++++++ 
10 ++++++++++ LIMIT 

NORMAL 
LINE VOLTAGE I 2 3 4 5 6 7 8 9 10 II I? 

TIME 

Typical Life Curve 

Figure 7-29 

205 



the margin will drop below the allowable limit before the next reliability test is per­
formed. At this point, the circuit is replaced to prevent circuit failure during the 
computer operation. 

A useful curve is one that allows the margin limit to be approached gradually 
during each successive testing period. Certain circuits do not have useful curves 
because they deteriorate gradually but fail suddenly. other circuits operate for long 
periods with practically no change in margin, and then the margin drops sharply in a 
short· period of time. Since, in these latter circuits, no appreciable decrease takes 
place, it is difficult to determine when the circuit should be replaced. The circuits for 
~es cannot be established represent only a small percentage of the cir­
cuits in the AN/FSQ-7 and -8 equipment. Most circuits in the equipment have life 
curves which allow relatively accurate determination of the time at which the circuit 
must be replaced to prevent failure during computer operating time. 

9. MC Equipment Groups 

The MC equipment groups are based on the physical location and function of 
the equipment. 

Only one of the first eight groups is marginally checked by the duplex MC 
equipment. The ninth group is marginally checked by the simplex MC equipment. This 
group may be selected and tested simultaneously with one of the eight duplex MC groups. 

10. Voltage Groups 

The +250, +150, +90, -150, and -300 volt potentials in both duplex and simplex 
equipment may be varied for marginal checking. Only one of these voltages may be 
varied at one time because only one amplidyne (variable voltage source) is available 
in each MC system. 

The combination of an equipment group and a single voltage represents the 
largest amount of equipment that can be tested at one time, and this combination is 
further broken down into circuit groups and line groups. 

11. Circuit Groups 

A voltage group is divided into circuit groups on the basis of circuit type and 
application. Each voltage group is divided into six circuit groups in simplex equipment. 
Any number of circuit groups may be selected simultaneously. 

When a circuit group is selected, only the circuits serviced by the selected 
MV voltage within the selected MC equipment group will be marginally checked. This 
selection isolates equipment faults to a relatively small area. 

12. Duplex Line Groups 

In duplex equipment, circuit groups are further divided into line groups. This 
breakdown is made to distinguish various parts of a circuit group. Each circuit group 
is divided into six line groups, any of which may be selected at one time. 
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The amount of simplex equipment does not warrant a line-group breakdown. 
In place of a line-group breakdown, simplex equipment is provided with UNIT STATUS 
switches. 

13. Simplex Unit status Switches 

The circuit groups of the simplex equipment may be subdivided by the UNIT 
STATUS switches on the simplex maintenance console. Only those channels whose 
UNIT STATUS switches are in the STANDBY-MC position are connected to the simplex 
MC system. Any number of UNIT STATUS switches may be placed in the STANDBY-MC 
position simultaneously. 

14. Calculator Mode 

During calculator-mode operations, the MC system is controlled automatically 
by programmed instructions from the computer. The speed of the calculator mode 
makes it the most advantageous type of control for routine testing. The slower-speed 
manual and satellite modes are used to investigate specific circuits found to be faulty 
during calculator-controlled tests. 

When MC operations are controlled by the computer, only the following main­
tenance console controls remain effective on the MC control panel. 

a. STOP EXCURSION 

b. STOP AMPLIDYNE 

c. MODE SELECTOR 

d. MC CONTROL TEST 

For calculator control of the simplex MC system, a duplicate set of calculator 
control lines connects the duplex PCD unit to the simplex MC system. A relay interlock 
controlled by the duplex switch on the duplex switching console permits only the lines 
from the PCD unit of the standby computer to be connected to the simple:X- MC system. 

It is possible to have calculator-controlled excursions on both the duplex and 
the simplex MC systems simultaneously. However, the simplex excursions must be 
applied first. If the duplex excursion is applied first, initiating a simplex excursion 
will stop the duplex excursion. 

15. Manual Mode 

In the manual mode of control, the equipment to be tested is selected by means 
of pushbuttons and toggle switches on the MC control panel of the maintenance console. 
The voltage excursion is controlled by a potentiometer on the MC control panel of the 
maintenance console, and observed on a voltmeter at the same location. During this 
mode, all controls and pushbuttons on the MC control panel are operative. 
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16. Logic Diagrams 

Marginal checking information is included on the logic diagrams of the equip­
ment that is marginally checked. Some of this information is included in the block re­
presentation of the circuit being checked. The OR circuits, AND circuits, and other 
occasional circuits which are not marginally checked are the only circuit blocks which 
do not contain MC information. 

The MC information appearing on the logic diagram indicates the MC selection 
for that particular circuit with respect to the parameters of a complete MC selection. 
The four parameters of a complete duplex MC selection are: equipment group, voltage 
group, circuit group; and the line group. The three parameters of a complete simplex 
MC selection are: equipment group, voltage group, and circuit group. 

The equipment group is indicated beneath the logic number in the upper right­
hand corner of the block diagram. The equipment group is designated by the letters 
MC followed by a number. Asterisks are used to designate more than one equipment 
group for a logic diagram. 

The voltage group is indicated by the left-hand numbers inside the circuit 
block. The voltage and the identifying voltage-group numbers are as follows: (1) +250V, 
(2) +150V, (3) +90V, (4) -150V, and (5) -300V. 

The circuit group is indicated by the letter in the circuit block. The circuit 
groups for duplex equipment are designated by the letters A through F. The circuit 
groups for simplex equipment are designated by the letters A through M, excluding I. 

The line group is indicated by the right-hand number in the circuit block. 
No line group selection is indicated for simplex equipment. The letter S between the 
voltage-group number and the circuit-group letter indicates simplex equipment. 

Circuits which may be tested by more than one selection are represented as 
shown by the special circuit block. The selection having the most positive voltage ap­
pears inside the block; the most negative voltage appears in the lowest position outside 
the block. An indirectly checked circuit is represented by the letter M, as shown in 
the AGT circuit block. 

SUMMARY QUESTIONS 

1. The device used to vary the voltage to an MC load is an ____ _ 

2. All of the circuits which have about the same safe limits for one MC voltage 

make up a ______ group. 

3. Drums make up one----- group. 

4. A circuit is assumed to be good if it does not fail at--------

5. Filaments voltages are varied for marginal checking in ----------
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Amplidyne 

1. Introduction 

a. Physical Description 

Amplidyne is a DC Generator with the normal output brushes shorted. 

This short circuit causes a large current to flow through the shorted winding and 
thus a secondary field is built up 90 degrees out of phase with the primary field. 

Adding a second set of brushes 90 degrees from the original set will now allow 
us to pick up output due to the shorted winding. 

Polarity of the input to the primary field will determine the polarity of the output 
at the secondary brushes. 

The output of the amplidyne is controlled by a very small amount of input voltage 
on the field winding due to the amplification effect in the amplidyne. 

b. Advantage of the Amplidyne 

When inserted in a voltage line, it has a very low resistance, less than one 
ohm. 

Response to a reference voltage is extremely fast. The rise time plus the settling 
down time allowable in the AN/FSQ-7 system is 150 ms. 

The Amplidyne can be controlled with a minimum of circuitry and power. 

When inserted in the circuitry it will compensate for any loss within itself. 

Marginal Checking Programming 

1. Introduction 

The Marginal Checking System is controlled automatically by the Central 
Computer during calculator-mode operations. The Central Computer is controlled by a 
program which instructs the computer to perform certain functions. Pertinent operating 
and sensing instructions and a typical control word and MC program are discussed 
in the following paragraphs. 

2. Basic MC Program 

01 CAD 
02 FST 
03 PER21 
04 HLT 

Marginal check word 
377760 (Live Test regist~r) J 

00000 ~ ,-m, c ~ 
00000 

a. Instruction 01 will take the MC word and place it in the accumulator. 
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b. Instruction 02 will place the MC word in the live test register where it 
will be transferred to relays in the MC system via Thyratrons located in the Left and 
Right Arithmetic Units. 

c. Instruction 03 will cause the Thyratrons that are conditioned to fire and in 
combination with the Left Sign bit will cause either a Start or Change Excursion to 
occur. 

d. Instruction 04 is necessary to allow time for the cams to rotate and then 
let the coded restarts indicate the next operation to take place with the computer. 

3. MC Program Instructions 

Six program instructions are especially applicable to the calculator mode of 
marginal checking. Three of these instructions are in the operate class, two are in 
the sense class, and one is the Halt (HLT) instruction. The operate instructions start 
and stop the MC process. The Sense instructions interrogate the MC FF in the Central 
Computer to determine the status of the MC system. 

Before a control word in the test register can be recognized and interpreted 
by the MC control system, the appropriate Operate instruction must be given by the 

i=~ Per 21 start Excursion Instruction 

• (1) Per 21 and Left sign a "1" will cause a start New Excursion in either the 
Duplex or Simplex equipment depending on the Group selection. 

(2) Per 21 and Left sign an "0" will cause a Change Excursion in either the 
Duplex or Simplex equipment depending on the Group selection. 

(3) This instruction must be programmed after the test register is loaded 
with an MC control word. In the MC system, the PER 21 instruction removes the selec­
tions of the previous excursions and provides for restoring the computer program in 
the mode designated by bits Ll-L2 of the control word after an excursion has been 
applied. In the Central Computer, the PER 21 instruction causes the information held 
in the test register FF' s to be gated into the thyratron register. In this way, the control 
word is stored in the calculator-MC-control relays. The instruction also resets all con­
trol flip-flops (FF's) in the Central Computer, resets all FF's in the manual data input 
element, and fires a thyratron which energizes a start-excursion relay . 

.}ll b. Per 22 Stop Duplex MC Excursion Instruction. 

'Y Per 22 is used to stop a Duplex MC Excursion. 

The PER 22 instruction provides a control- clear pulse to reset the control 
FF's in the Central Computer and to reset all FF's in the manual data input element. 
In the MC system, the instruction provides for restarting the computer in the mode 
indicated by bits L3- L4 after the excursion is removed. 
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Y.. Per 23 stop Simplex MC Excursion Instruction. 

Per 23 is used to stop a Simplex MC Excursion only and usually is followed 
by a HLT instruction. 

This instruction (PER 23) operates in the simplex system in the same 
ma1U1er as a PER 22 instruction functions in the duplex system. 

~d. BSN 20 Sense Duplex MC Excursion On Instruction 

/ This instruction interrogates the duplex MC FF to determine whether an 
excursion has been applied to the duplex MC system. The test branch of the program 
will be executed if the FF is set (excursion on) at the time of interrogation. The sensing 
process will not affect the condition of the FF. 

~. BSN 27 Sense Simplex MC Excursion On Instruction _, r ~ This instruction interrogates the simplex MC FF and operates in the same 
ma1U1er as the BSN 20 instruction. 

The MC FF in either system is used in calculator mode. Manual-mode 
operations do not affect the normally- cleared FF • 

.Dif f, Halt (HLT) Instruction r This instruction causes the Central Computer to stop executing instructions. 
Any operation in progress, at the time the HLT instruction is given is decoded and 
completed, then the computer will halt. When the computer is halted by this instruction, 
the program counter contains the address of the instruction immediately following so 
that restarting the computer by depressing the CONTINUE pushbutton will cause the 
instruction immediately following the HLT to be executed. 

A marginal check control word MC-restart operation will not return control to 
the instruction following the HLT, but rather to test memory, core memory, load from 
card reader, or load from AM drums. 

g. Change Excursion LS-0 

(1) A normal start Excursion must have first preceded this operation since 
Per 21 with L sign an "0" will only affect bits Ll, L2, L7, L9, LlO, Lll, L12. Thus it 
has no effect on the selection only on the restart, polarity, and voltage magnitude and 
Bits L3-L4-L5 and L6 under certain conditions. 

(2) Change Excursions cause the rotation of cam unit 2 only. 

(3) The Change Excursion must be given before the existing selection is 
stopped either by a Per 22, Per 23, or the time duration set up in the start excursion 
word. 
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h. stop Excursion 

(1) Two programming methods of stopping an excursion exist. The first is 
the already discussed Per 22 or Per 23. The second method is the time duration coding. 

(2) Either method will cause both cam units to rotate and give the restarts 
specified by the left 3 and 4 bits. 

i. Restarts 

(1) There are two restart locations specified in the MC word. 

(a) Restart after start excursion 

(b) Restart after stop excursion 

(2) The Restart after start Excursion will be the place or location where 
the computer will begin from after a Per 21 and a New or Change Excursion word. The 
coding for this restart is located in the Left 1 and 2 bits of the Marginal Check word. 

(3) The Restart after stop Excursion will be the place or location where the 
computer will begin from after a Per 22, Per 23 or when the time duration specified 
in the MC word has expired. The coding for this restart is located in the Left 3 and 4 
bits of the Marginal Check Word. 

(4) Types of Restarts 

(a) Continue from 3. 77760 

This restart will cause the computer to react the same as if the 
Start from Test Memory pushbutton on the Maintenance Console were depressed. 

(b) Load from Card Reader 

This restart will cause the computer to react the same as if the 
Load from Card Reader pushbutton on the Maintenance Console were depressed. 

The program initiated by this restart is as follows: 

LDC 00000 

SEL 01 00000 

RDS 00030 

BPX 00000 

(c) Load from AMA-1 Drum 
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This restart will cause the computer to react the same as if the Load 
from AM Drums pushbutton on the Maintenance Console were depressed. The program 
initiated by this restart is as follows: 

LDC 0.00000 

SDR 02 0.00000 

RDS 0.00030 

BPX 0.00000 

(d) Continue from Core Memory Location 0.00000 

This restart will cause the computer to react the same as if the Con­
tinue pushbutton on the Maintenance Console were depressed since just prior to the 
receipt of the continue pulse, a Reset Flip- Flops pulse will be generated by the MC 
system. 

j. Reset Flip- Flops Pulse 

(1) This pulse is identical to the pulse generated by the Reset Flip-Flops 
pushbutton on the Maintenance Console. 

(2) The timing between any of the Restarts and the Reset Flip-Flops pulse 
is very critical and is further complicated by a pulse that will set an indicating Flip­
Flop. 

4. MC Control Word 

The MC control word is a 32-bit word with specific control functions assigned 
to groups of bits within the word. The functions assigned to the groups of bits are given. 
Each bit of the MC word is associated with an FF in the test register. Each FF, in 
turn, conditions a thyratron relay driver (RYD) which is operated by a stop-Excursion 
or Start-Excursion instruction. Each group of bits within the MC word controls a dif­
ferent MC selection or operation. The MC control relays actuated by the MC word 
are the same relays actuated by controls on the maintenance console during manual 
control. 

An MC word may start an excursion sequence (start-excursion word) or make 
changes in an already applied excursion (change-excursion word), The left sign (LS) 
bit of the word determines whether the word is a start-or- change excursion word. 

a. start-Excursion Word 

If the left-sign bit of the MC word contains a one (LS-1), the MC word is a 
start-:'excursion word. A start-excursion word removes any existing selections in the 
MC system and selects new equipment and excursions. In a start-excursion word all 
information pertinent to equipment and excursion selections must be specified. 
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b. Change-Excursion Word 

If the left-sign bit of the MC word contains a zero (LS-0), the word is a 
change-excursion word. A change-excursion word alters the magnitude and polarity 
selections of the existing excursion. The excursion duration is not normally changed, 
but the excursion-duration timers are reset to zero. A change-excursion word does not 
provide for equipment selection nor remove previous equipment selections. 

In a change-excursion word, the excursion magnitude, polarity, and first restart 
information must be specified, even if these values are to remain unchanged. Second 
restart and time duration can be altered due to a logical addition of these bits. 

5. Typical MC Program 

A typical MC program may be divided into two interwoven routines: the execu­
tive routine, and the test routine. The executive routine loads the test routine: sets up 
the initial test conditions of equipment to be tested, excursion magnitude, and excursion 
duration; and checks the results of the test routine. The test routine causes the selected 
circuits to perform normal operations with the excursions voltages applied. 

In the typical program, the test routine is loaded into memory from the card 
reader. The executive routine then reads the MC control word, stores it in the live test 
register, gives a PER 21 instruction, and halts. The MC system initiates a restart 
which branches to the BSN 20 instruction stored in memory location 0.00000. Providing 
an excursion is on (BSN 20 instruction), the test routine is begun and the required tests 
are made on the selected circuits. If an excursion is not on, the program branches back 
to the executive routine to obtain an MC word and begin an excursion. 

At the end of the tests, the result is fed to the executive routine which determines 
the success or failure of the test. If the test failed, the excursion is lowered, the error 
is printed out, and the test is rerun. If the test was successful, it is repeated and the 
program is continued. 

BIT 

LS 

LS 

1and2 

3 and 4 

FUNCTION 

start Excursion 

Change Excursion 

Restart the computer program 
after the excursion has been 
applied Restart #1 

Restart the computer after 
the excursion has been re­
moved Restart #2 

BINARY OPERATION 
CODE 

1 New Start 

0 Change magnitude, polar and 
first restart 

01 Continue from 00000 
11 Load from Card Reader 
00 Load from drums 
10 Continue from 3. 77760 

10 Continue from 3.77760 
11 Load from card· reader 
00 Load from drums 

01 Continue from 00000 
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BIT FUNCTION BINARY OPERATION 
CODE 

5 and 6 Excursion duration 00 Infinite 

01 3 seconds 

10 7 seconds 

11 30 seconds 

7 Excursion polarity 0 Positive 

1 Negative 

8 Spare 

9 to 12 Excursion Magnitude 0000 ov 
0001 10 v 
0010 12 v 
0011 14 v 
0100 16 v 
0101 18 v 
0110 20 v 
0111 25 v 
1000 30 v 
1001 35 v 
1010 40 v 
1011 50 v 
1100 60 v 
1101 70 v 
1110 85 v 
1111 100 v 

13 to 15 Voltage Group 001 +250 v 
010 +150 v 
011 + 90 v 
100 -150 v 
101 -300 v 

RS to 3 MC Equipment Group 0000 Spare 
0001 MC-1 Memory 
0010 MC-2 Aritlunetic 
0011 MC-3 Prog. & Cont. 
0100 MC-4 1/0 Control 
0101 MC-5 Drums 
0110 MC- 6 Displays 
0111 MC-7 Inputs 
1000 MC-8 Outputs 
1001 MC-9 Simplex 
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BIT FUNCTION BINARY OPERATION 
CODE 

1010-1111 Spares 

4 to 9 Circuit-group selection 000 000 No selection 
100 000 Circuit A 
010 000 Circuit B 
001 000 Circuit C 
000 100 Circuit D 
000 010 Circuit E 
000 001 Circuit F 

10 to 15 Duplex Line-group selection 000 000 No selection 
100 000 Line 1 
010 000 Line 2 
001 000 Line 3 
000 100 Line 4 
000 010 Line 5 
000 001 Line 6 

Simplex circuit group 000 000 No selection 
selection (MC-equipment- 100 000 Circuit G 
group 9) 010 000 Circuit J 

000 100 Circuit K 
000 010 Circuit L 
000 001 Circuit M 

SUMMARY QUESTIONS 

1. Margins can be applied with a program when in the mode. 

2. An excursion can be started with the instruction. 

3. If LS of an MC word is a 1, this is a. ______ word. 

4. A change-excursion word must contain ___ _ _ ___ , and ___ bits. 

5. The two routines of an MC program are _____ and ____ _ 
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1. THEORY MANUALS 

2. REFERENCE MANUALS 

3. SCHEMATICS BOOKS 

4. PLUGGABLE UNITS BOOK 

5. MAINTENANCE MANUALS 
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APPENDIX 

AN/FSQ-7 PUBLICATIONS 

3-32-0 
3-42-0 
3-52-0 
3-62-0 
3-72-0 • 
3-82-0 
3-92-0 
3-112-0 

3-3-0 
3-4-0 
3-12-0 
3-13-0 
3-22-0 

3-212-0 
3-222-0 
3-232-0 
3-242-0 
3-252-0 
3-262-0 
3-272-0 

3-282-0 

MI-01 
MI-02 
MI-03 
MI-04 
MI-05 

MI-06 
MI-07 
MI-08 

MI-09 
MI-10 
MI-11 
MI-12 
MI-13 
MI-14 
MI-15 
MI-16 
MI-17 
MI-18 
MI-19 

CENTRAL COMPUTER SYSTEM 
DRUM SYSTEM 
INPUT SYSTEM 
DISPLAY SYSTEM 
OUTPUT SYSTEM 
POWER SUPPLY SYSTEM 
MARGINAL CHECKING SYSTEM 
THEORY OF PROGRAMMING 

SPECIAL CffiCUITS 
ILLUSTRATED PARTS BREAKDOWN 
INTRODUCTION 
LOGIC INDEX HANDBOOK 
BASIC CIRCUITS 

CENTRAL COMPUTER SYSTEM 
DRUM SYSTEM 
INPUT SYSTEM 
OUTPUT SYSTEM 
DISPLAY SYSTEM 
POWER AND MARGINAL CHECKING 
WARNING LIGHTS SYSTEM 

CONTAINS SCHEMATICS OF ALL PUs 

AIR CONDITIONING SYSTEM 
CALIBRATION 
CARD READER IBM TYPE 713 
CARD RECORDER, IBM TYPE 723 
CENTRAL COMPUTER AND 
MAINTENANCE CONSOLE 
COMPUTER ENTRY PUNCH 
DISPLAY CONSOLES 
DISPLAY GENERATOR, MI AND 
WARNING LIGHTS 
DRUM SYSTEM 
GAP FILLER INPUTS (OBSOLETE) 
LRI AND CROSSTELL SYSTEMS 
MC SYSTEM 
64 MEMORY 
OUTPUT SYSTEM 
PRRE 
POWER SYSTEM 
PRINTER, IBM TYPE 718 
CONSOLE COORDINATOR 
TAPE POWER SUPPLY SYSTEM 



MI-20 
MI-21 
MI-22 

TAPE SYSTEM IBM TYPE 728 
TEST PATTERN GENERATOR 
256 MEMORY 

DIVIDED INTO SECTIONS (ABOVE RED BOOKS) 

1. INTRODUCTION 

2. PREVENTIVE MAINTENANCE TASKS 

3. DIAGNOSTIC TECHNIQUES 

4. CHECK PROCEDURES 

5. CORRECTIVE PROCEDURES 

6. FIELD TECH. INSTRUCTIONS 

7. MISCELLANEOUS 

ATC Keesler 8-1833 
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SAVE A LIFE 

If you observe an accident involving electrical shock, 
DON'T JUST STAND THERE - DO SOMETHING I 

RESCUE OF SHOCK VICTIM 
The victim of electrical shock is dependent upon you to give him prompt first aid~ 

Observe these precautions: 
1. Shut off the high voltage. 
2. If the high voltage cannot be turned off without delay, free the victim from the 

live conductor. REMEMBER: 
a, Protect yourself with dry insulating material. 
b. Use a dry board, your belt, dry clothing, or other non-conducting material to 

free the victim. When possible PUSH - DO NOT PULL the victim free of 
the high voltage source. 

c. DO NOT touch the victim with your bare hands until the ~igh voltage circuit 
is broken. · 

FIRST AID 
The two most likely results of electrical shock a.re: bodily injury from falling, ·and. 

cessation of breathing. While doctors and pulmotors are being sent for, DO THESE 
THINGS: 

1. Control bleeding by use of pressure or a tourniquet. . 
2. Begin IMMEDIATELY to use artificial respiration if the victim is not breathing 

or is breathing poorly: 

a. Turn the victim on his back. 

b. Clean the mouth, nose, and throat. (If they appear clean, start artificial 
respiration immediately. If foreign matter is present, wipe it away quickly 
with a cloth or your fingers). 

c. Place the victim's head in the "sword-swallowing" 
position. (Place the head as far back as possible so 
that the front of the neck is stretched). 

d. Hold the lower jaw up. (Insert your thumb between the 
victim's teeth at the midline - pull the lower jaw force­
fully outward so that the lower teeth are further forward 
than the upper teeth. Hold the jaw in this position as 
long as the victim is unconscious). 

e. Close the victim's nose. (Compress the nose between 
your thumb and forefinger). 

f. Blow air into the victim's lungs. (Take a deep breath 
and cover the victim's open mouth with your open 
mouth, making the contact air-tight. Blow until the 
chest rises. If the chest does nbt rise when you blow, 
improve the position of the victim's ·air passageway, 
and blow more forcefully. Blow forcefully into adults, 
and gently into children. 

g. Let air out of the victim's lungs. (After the chest rises, quickly separate lip 
contact with the victim allowing him to exhale). 

h. Repeat steps f. and g. at the rate of 12 to 20 times per minute. Continue 
rhythmically without interruption until the victim starts breathing or is 
pronounced dead. (A smooth rhythm is desirable, but split-second timing is 
not essential). 

DON'T JUST STAND T~RE - DO SOMETHING! 
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