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PART 1
INTRODUCTION

CHAPTER 1

GENERAL
1.1 PURPOSE, SCOPE, AND ORGANIZATION Central and AN/FSQ-8 Combat Control
OF MANUAL Central
3—92—0  Theory of Operation of Marginal Check-

1.1.1 Purpose

This manual is intended primarily as an aid in
training field engineers in the detailed theory of opera-
tion of the Central Computer, Magnetic Tape, and
Warning Light Systems of the AN/FSQ-7 Combat Direc-
tion Central and AN/FSQ-8 Combat Control Central
equipment. Its secondary purpose is to furnish a refer-
ence source for field engineers in the maintenance of
these systems.

1.1.2 Scope

In general, the scope of this manual is restricted to
the basic Central Computer, Magnetic Tape, and Warn-
ing Light Systems. However, portions of the other units
and systems of the equipment which are involved in the
transfer of information into and out of these systems
are discussed in varying degrees, as required for adequate
coverage. Whenever applicable, direct reference is made
to the theory of operation manuals of the other systems
of the equipment. The numbers and titles of these man-
uals follow:

3—12—0 Introduction to AN/FSQ-7 Combat Direc-
tion Central and AN /FSQ-8 Combat Con-
trol Central
Theory of Operation of Drum System for
AN/FSQ-7 Combat Direction Central and
AN /FSQ-8 Combat Control Central
Theory of Operation of Input System for
AN/FSQ-7 Combat Direction Central and
AN /FSQ-8 Combat Control Central
Theory of Operation of Display System
for AN/FSQ-7 Combat Direction Ceniral
and AN /FSQ-8 Combat Control Central
Theory. of Operation of Output System
for AN/FSQ-7 Combat Direction Central
and AN/FSQ-8 Combat Control Central
Theory of Operation of Power Supply
System for AN/FSQ-7 Combat Direction

3—42—0

3-52—0

3—62—0

3—72—0

3—82—0

ing System for AN/FSQ-7 Combat Direc-
" tion Central and AN/FSQ-8 Combat
Control Central
3=713—0 Card Reader Type 713
3—718—0 Line Printer Type 718
3—723—0 Card Recorder Type 723
3—728—0 Tape Drive Type 728

The Introduction to AN/FSQ-7 Combat Direction
Central and AN /FSQ-8 Combat Control Central manual
is provided to define the function of the equipments in
relation to the SAGE System, which is the overall air
defense system, and to define the function and relation-
ships of the major units and systems of the equipment.
Each of the other manuals listed above provides the de-
tailed theory of operation of one of the major divisions
of the equipment.

The theory of operation contained in this manual is
based on the engineering logic drawings that represent
the 12th AN/FSQ-7 (DC-12) and the 3rd AN/FSQ-8
(CC-3) equipments. In providing the detailed theory of
operations, direct reference is made to the logic draw-
ings whenever possible; however, simplified block dia-
grams are included in the manual if they serve to sim-
plify a particular logic analysis.

Since the theory of operation contained in this
manual is presented at the block diagram level, the
schematic diagram analysis of the various circuits con-
tained in these systems are not included in the logic
discussions except as required to define the function of
specific blocks. The detailed theory of operation of all
the circuits of these systems is contained in the following
manuals:

3—22—0  Basic Circuits for AN/FSQ-7 Combat
Direction Central and AN/FSQ-8 Combat

: Control Central
3—3—0  Special Circuits for AN/FSQ-7 Combat

Direction Central and AN /FSQ-8 Combat
Control Central
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In general, it is assumed that the reader is familiar
with the logic function of each of the basic circuits;
therefore, direct reference is not made to the basic cir-
cuits manual. However, since the special circuits are
defined as being the unique circuits of a system, direct
reference is made to the special circuits manual when-
ever a special circuit is first encountered.

1.1.3 Organization

Parts 1 through 10 of this manual contain an in-
troduction to, and a detailed analysis of, the theory of
operation of the Central Computer, Magnetic Tape, and
Warning Light Systems of the AN/FSQ-7 equipment.
Part 1 contains the introduction to and a general de-
scription of these systems. Paragraphs 1.2 and 1.3 of this
chapter define the function of these systems and their
relationship to the other portions of the equipment.
Chapter 2 of this Part is the only portion of this manual
that deals with the physical aspects of these systems.
Chapters 3, 4, and 5 define the primary characteristics
and functional elements of the Central Computer and
provide a broad overall explanation of computer opera-
tion. Chapter 5 provides a statement of function of each
of the 59 instructions that the Central Computer is
capable of executing.

Parts 2 through 8 each contain a detailed analysis
of one of the functional elements of the Central Com-
puter System.

Parts 9 and 10 contain a detailed analysis of the
Magnetic Tape and Warning Light Systems, respectively.

Part 11 contains a detailed analysis of the differ-
ences in the internal operation of the Central Computer
System of the AN/FSQ-8 Combat Control Central as
compared with the Central Computer System of the AN/
FSQ-7 Combat Direction Central.

1.2 DESCRIPTION OF AN/FSQ-7 EQUIPMENT

The Central Computer Systems of the AN/FSQ-7
Combat Direction Central and the AN/FSQ-8 Combat
Control Central are functionally identical in perform-
ing their overall tasks, but some differences exist in the
internal operation of the two systems. Since the two
systems perform essentially the same overall function,
the following brief discussion of the relationship of the
Central Computer System to the other systems of the
two equipments will be based on the AN/FSQ-7 equip-
ment only. A more detailed description of the AN/FSQ-7
and AN/FSQ-8 equipments is contained in manual 3-12-0,
Introduction to AN/FSQ-7 Combat Direction Central
and AN /FSQ-8 Combat Control Central.

The AN/FSQ-7 Combat Direction Central is a data-
processing machine designed to handle large amounts
of military tactical data associated with a number of
aircraft detection and weapon devices. Basically, the
equipment receives radar data, converts it into meaning-
ful target information (location, speed, and direction of
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aircraft), and displays this information for human in-
terpretation and decision-making. Commands and re-
quests issued by human operators that are pertinent to
specific aircraft are then processed by the equipment and
then sent back to the scope operators or to weapons
centets, friendly aircraft, missile bases, etc., so that
defense action can be carried out.

Because of operational considerations, the AN/
FSQ-7 Combat Direction Central is divided into 10
major groups of circuits, each of which has its own
special function to perform. These major groups, shown

* in figure 1—1, are as follows:

®

Input System

-Drum System

Central Computer System
. Output System

Display System

Warning Light System

. Card Machines

. Tape System
Maintenance Consoles

FToF® e a0 T

. Power and Marginal Checking System

As noted in figure 1—1, the Input, Output, Display,
Drum, and Central Computer Systems are closely related
in the performance of the air defense task. One of the
functions of the Input System is to control the flow of
target data that is transferred to the central from numer-
ous radar sites, to convert this data from serial form into
patallel form, and to store it on the appropriate input
fields of the Drum System. The Drum System is a
medium-speed, medium-capacity storage device used as
an intermediate time buffer between the Central Com-
puter System and the Input, Output, and Display Sys-
tems. Periodically, the accumulated. input data is trans-
ferred from the input drum fields to the Central Com-
puter System under computer control. Thus, although
the input data is received at random, it is transferred to
the computer as a block of data. Further, since the Drum
System is a medium-speed storage device, the input data
is transferred to the computer at a speed compatible
with the high information-handling speed of the Central
Computer System. It is the function of the Central Com-
puter System to correlate and process this input data
and to assemble the results into a block of data for sub-
sequent transfer to the Display System or to the Output
System. Periodically, and under computer controls, the
block of processed target data is transferred to the dis-
play fields or output fields of the Drum System for sub-
sequent transfer to the Display System or to the Output
System. o

Since the Display System is a relatively slow-operat-
ing device, the Drum System acts as a time buffer in
that it controls the transfer of discrete pieces of display
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Figure 1—1. AN/FSQ-7 Combat Direction Central, System Diagram

data at the optimum operating speed of the Display
System. Each piece of data thus transferred is decoded
for visual presentation to human operators for inter-
pretation and control. If one of the operators desires
more information about a specific target or that some
action be taken, he will communicate his requests to the
Central Computer System through the Input System.
This input information is transferred under com-
puter control in essentially the same manner as input
target data. After the transfer is accomplished, the Cen-
tral Computer System processes these requests and/or
commands and assembles the resulting information into
a block of data for subsequent transfer back to the
Display System or to the Output System. The Output
System is the interconnecting link between the Central
Computer System and devices external to the AN/FSQ-7
equipment (i.e., air bases, missile bases, other centrals,
etc.). Periodically, under computer control, this block of
output data is transferred to the output fields of the
Drum System. Discrete portions of the output data are
then transferred to the Output System at its own operat-
ing speed. The Output System forms this data into the
specified messages, converts each message from parallel
form into serial form, and transmits the data to its
destination through the selected telephone links or radio
transmitters of ‘the output channel equipment.

The other systems and units (fig. 1—1) of the
AN/FSQ-7 equipment do not control the flow of operat-
ing data within the central; therefore, they are not as
interrelated as the systems previously discussed. The
Warning Light System of the AN/FSQ-7 equipment is a
passive alarm system actuated by the Central Computer
System to warn operators at the various consoles of
unusual air defense situations, impending operations,
action requests, and/or malfunctions which require hu-
man intervention. The card machines and tape system
are large-capacity, slow-speed devices which are pri-
marily used as direct input and output devices for initial
program-loading and maintenance-testing of the equip-
ment. The maintenance consoles of the equipment con-
tain all the maintenance and switching controls used for
setting up initial operations, and for maintenance con-
trol of the equipment. These consoles also contain indi-
cator lights and neons which indicate the status of the
various registers and controls of the equipment. The
Power Supply and Marginal Checking System contains
the required d-c power supplies and all the a-c and d-c
distribution equipment to supply electrical power to all
the other systems. In addition, this system contains the
controls and equipment required to provide for the mar-
ginal checking of selected circuits during reliability test-
ing of the equipment. :
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Because the nature of the air defense task requires
that the equipment be operational 100 percent of the
time, spare equipment is provided so that each portion
of the operating equipment can be replaced for mainte-
nance checking purposes. This need for keeping the
equipment continually operational resulted in the phi-
losophy of duplex operation, wherein most of the equip-
ment is duplicated as one operating unit. This duplicated
(duplex) equipment, referred to as computer A and
computer B, consists of the Central Computer System,
the Drum System, the Warning Light System, the Mag-
netic Tape System, the Output System, the common por-
tion of the Input System, the decoding portion and
some of the display consoles of the Display System, the
associated (duplex) power supply and marginal check-
ing equipment, and the associated maintenance console.
The remainder of the equipment, referred to as simplex

units, consists primarily of the conversion (channel)

equipment of the Input System, the majority of the dis-
play consoles of the Display System, the associated
(simplex) power and marginal checking equipment, and
the various indicators of the Warning Light System.
Since the input channel equipment contains three
groups of identical units, only a few spare units are
provided for each group. Spare simplex display consoles
are not required in this equipment because the distribu-
tion of display data is such that the function and cover-

age of each simplex display console is overlapped by other -

simplex display consoles in the system. The simplex
power supply units are duplicated so that the simplex
load units can receive power from one of two sources.
As noted in figure 1-2, the duplex equipment is
controlled so that only one portion of this equipment
is always in active status (that is, performing the air
defense task) while the other portion is in standby
status. Individual portions of the duplex equipment can-
not be controlled separately. The status of each of the
simplex units, including the spare input units, is in-
dividually controlled so that each unit may be con-
nected to the active duplex equipment or to the standby
" duplex. equipment, or disconnected from both portions
of the duplex equipment. During normal operation (fig.
1-2), the input channel units, the output channel equip-
ment, the warning light indicators, and all the simplex
“display consoles are connected to the active duplex
equipment to perform the air defense-task; the spare
input units are connected to the standby duplex equip-
ment. When maintenance is to be performed on a given
active simplex input unit, one of the spare input units is
substituted to take over its function, and the deactivated
input unit is connected to the standby duplex equipment
for maintenance purposes. After the maintenance opera-
tion has been completed, the statuses of the tested input
unit and the spare unit are reversed so that the spare
unit may be used as a substitute for another simplex

4
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input unit. This principle of substitution can be used to
check each of the simplex input units to ensure their
reliable operation. Prior to performing maintenance on
a given simplex display console, the maintenance opera-
tor must ensure that the function and coverage of the
specific console has been taken over by the other active
consoles in the system. The specific console is then con-
‘nected to the standby duplex equipment for maintenance
purposes. After reliable operation of the display console
is assured, it is again connected to the active duplex
equipment to resume its normal function and coverage.
When maintenance is to be performed on the active
duplex equipment, the statuses of the two duplex equip-
ments are reversed; that is, the standby duplex equip-
ment is made active and the active duplex equipment
becomes standby. The active simplex equipment becomes
automatically connected to the newly active duplex
equipment. The previously active duplex equipment is
then available for maintenance purposes. Reliable opera-
tion of all standby equipment is continually maintained
so that, if some portion of the active equipment becomes
faulty or erratic, it can be replaced with a minimum loss
of operational time. o

1.3 FUNCTION OF CENTRAL COMPUTER SYSTEM

As previously stated, the primary function of the
Central Computer System is to algebraically and logi-
cally process the information supplied to it from the
Input System via the Drum System, and to arrive at re-
sults pertinent to the air defense situation. This process-
ing takes the form of numerical computation with binary-
coded data concerning tactical conditions in the geo-
graphical sector of AN/FSQ-7 Combat Direction Cen-
tral. All tactical information supplied to the Central
Computer System is in binary numerical form, and the
Central Computer System processes the data as if it were
numerical in both content and nature.

As tactical information is introduced into the Cen-
tral Computer System, it is processed and correlated in a
fixed pattern. The actual manner of processing is pre-
determined by additional information (a program) in-
troduced. into the Central Computer System. This pro-
grammed information consists of a series of orders
which, when executed in the prescribed sequence, cause
the Central Computer System to process the available
tactical data and to arrive at the desired results; that is,
to update the previously processed data. After the com-
putations are completed, the processed data is trans-
ferred to the Drum System for temporary storage and
subsequent transfer to the Output and Display Systems.
This sequence of events — the transfer in of new raw
data, the processing of this data to update the old data,
and the transfer out of the latest data for display and/or
output purposes — constitutes the basic operational cycle
of the equipment. This cycle of events is controlled by
the computer program and is continuously repeated to
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. constantly inform the Air Defense Command personnel
and associated weapons systems of the status of the air
defense situation. ’

In addition to its function of processing raw in-
formation, the Central Computer System acts as the con-
trol center for the AN/FSQ-7 Combat Direction Central.

3-32-0
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As information is processed, signals are generated by
the Central Computer System and sent to the Drum
System for use by the Input, Output, and Display Sys-
tems. These signals control the transfer of data between
systems, initiate operational cycles, set up control cir-
cuits for impending operations, and generally synchro-
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nize the action of each of these systems with that of the
Central Computer System.

In summary, the purpose of the Central Computer
System may be separated into two parts: (1) informa-
tion-processing and (2) synchronization and control.
Information-processing takes place within the Central
Computer System and involves the computation of re-
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sults from supplied information. The synchronization
and control function of the Central Computer System
supervises and co-ordinates the acquisition, transfer,
transmittal, and storage of information through the
AN/FSQ-7 Combat Direction Central, so that all opera-
tions take place at the proper time and in the proper
sequence,



VOL |, PART 1 3-32-0 Introduction
CH 2 2.1

CHAPTER 2
PHYSICAL DESCRIPTION

2.1 INTRODUCTION

Although the theory of operation presented in this
manual is based on the functional rather than on the
physical division of the systems, a description of the
physical units which these systems comprise is included
in the manual for reference purposes. Figure 1—3, which
is a partial floor plan of the first floor of the SAGE
Site building which houses the AN/FSQ-7 equipment,
identifies and shows the relative position of the physical
units of the Central Computer and Magnetic Tape Sys-
tems. In addition, this figure also identifies and shows
the relative location of the IBM card machines and the

!
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duplex switching console, which are functionally asso-
ciated with the Central Computer System.

The. physical units of the Warning Light System
consist of the warning light storage unit, the warning
light interconnection unit, and the warning light indi-
cators. The warning light storage and warning light
interconnection units, although not included in figure
1—3, are also located on the second floor of the SAGE
Site building. The individual warning light indicators,
usually discussed as a group, are actually distributed
among approximately 100 consoles.

The physical units of the Central Computer, Mag-
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Figure 1—3. Second Floor of SAGE Building, Partial View
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netic Tape, and Warning Light Systems represent three
types of construction: standard pluggable unit type
modular construction, panel type modular construction,
and nonmodular construction.

2.1.1 Standard Modular Construction

Most of the physical units of the Central Computer
System and the magnetic tape adapter unit of the Mag-
netic Tape System and the warning light storage unit of
the Warning Light System belong in this group. Stand-
ard modular units are defined as consisting of several
standard pluggable unit racks (modules) bolted togeth-
er to form a unit. Each standard module has. the
capacity to hold 20 pluggable units. These pluggable
unit locations are designated, from top to bottom, as
pluggable unit row C, D, E, F, G, H, ], K, L, M, N, P,
R,S,T,U,V,W, X and Y.

The following Central Computer units use standard
modular construction:
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Instruction control unit
Left arithmetic unit
Right arithmetic unit

. Program unit

Selection control unit

e a0 TR

Left memory 2 unit

g. Right memory 2 unit

In addition to the above, the left and right memory
1 units utilize a modified version of standard modular
construction in that these two units are composed of
modules that contain 23 pluggable units each. The three
additional pluggable unit locations are designated as
pluggable unit row AA, BB, and CC.

2.1.2 Panel Type Modular Construction
The duplex maintenance and duplex switching con-
soles of the AN/FSQ-7 equipment which contain the
manual controls and indicators associated with the du-

TABLE 1-—1. LIST OF PHYSICAL UNITS

SYSTEM UNIT FIGURE
Central Computer Left arithmetic (unit 2) + 1—4
Right arithmetic (unit 3) v 1-5
Instruction control (unit 4) # 1-6
Selection control (unit 5) ~ o 1-7
- Program (unit 6) 7 1-8
Left memory 1 (unit 65) - ’ 1-9
Core memory 1 array (unit 66) ‘ 1-9
Right memory 1 (unit 67) ' 1-9
Left memory 2 (unit 10) = ‘ 1-10
Core memory 2 array (unit 11) : 1~10
~Right memory 2 (unit 12) : ; . 1-10
Duplex maintenance console (unit 1)»~ 1-11
Tape Magnetic tape adapter- (unit 13)- : 1-12
IBM 728 magnetic tape drive (unit 14) - 1-13
IBM 728 magnetic tape drive (unit 15) 1-13
IBM 728 magnetic tape drive (unit 16) 1-13
IBM 728 magnetic tape drive (unit 17) _ 1-13
Magnetic tape power supply (unit 18) 1-14
Warning Light Warning light storage (unit 30) o 1-15
Warning light interconnection (unit 91) 1—16
Card Machines IBM 713 card reader (unit 51) . 1-17
IBM 718 line printer (unit 52)' 1—18
IBM 723 card punch (unit 53) ' 1-19
Auxiliary Console Duplex switching console (unit 45) 1—20
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plex portion of equipment are made up of panel type
modules. Panel type modular units are defined as con-
sisting of several 4-sided verticle chambers (modules)
which are bolted together to form a unit. The switches
and indicators associated with a specific module are
mounted on the front panel of that module, and the
relays and connectors associated with these components
are mounted on the inner side of the left and right
panels of the module.

2.1.3 Nonmodular Construction

The two memory array units of the Central Com-
puter System, the magnetic tape drive units and magnetic
tape power supply unit of the Magnetic Tape System,
and the warning light interconnection unit of the Warn-
ing Light System belong in this group. The magnetic
tape drive units are modified commercial IBM equip-
ment adapted for use with the AN/FSQ-7 equipment.
The other units listed above are specially constructed

REAR VIEW
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Nonmodular Construction
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pieces of equipment which could not be manufactured
in standard modular form. All the units in this group
consist of free-standing assemblies.

2.2 DESCRIPTION OF INDIVIDUAL UNITS

Since the physical description contained in this
manual is included for reference purposes only, the
scope of the description is purposely limited and con-
sists almost entirely of photographs. In addition to pro-
viding coverage for the physical units of the Central
Computer, Magnetic Tape, and Warning Light Systems,
photographs are also included of each of the IBM card
machines and the duplex switching console. These later
units, although not part of the scope of this manual,
are included here because of their functional relation-
ship with the Central Computer System.

Table 1—1 lists the individual units by group,
name, and number and provides a reference to the
photographs that are included in this chapter.
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