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PART 1
'INTRODUCTION

CHAPTER 1
PURPOSE AND SCOPE OF MANUAL

The purpose of this manual is to provide a compre-
hensive description of the operation of the Drum System
-employed in AN/FSQ-7 equipment. The manual is in-
tended to assist field engineers engaged in the main-
tenance of the Drum System and to aid in training other
technical personnel who require detailed knowledge of
the AN/FSQ-7 Combat Direction Central. ‘

The manual is divided into four parts. Part 1 indi-
cates the function of the Drum System as a part of the
AN/FSQ-7 equipment, and describes the functional sub-
divisions of the Drum System itself. Part 1 concludes with
an overall description of the composition and physical
characteristics of the Drum System.

Part 2 presents a detailed description of the oper-
ation of the six main drums of the Drum System and of
their associated circuits. Part 2 is organized to explain
the primary function of the main drums. This function
is the transfer of information between the Central Com-
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puter System and the Input, Output, and Display Systems
of the AN/FSQ-7. :

Part 3 describes the operation of the circuits con-
nected with auxiliary memory drums C, D, E, F, G, and
H. Part 3 presents the auxiliary drums as a medium

~ capacity, medium access time, auxiliary storage facility

for the Central Computer System.

Part 4 describes the special circuits and assemblies
of the Drum System which are essential to the operation
of the Drum System, but which are not included among
the basic circuits employed by the system.

The manual concludes with an index which lists, in
alphabetical order, the major circuits and assemblies of
the Drum System. The page references in the index cite
the pages on which either a functional or an operational
description of the circuit may be found. If a circuit per-
forms several functions, these functions are listed alpha-
betically as subcategories under the circuit name.

UNCLASSIFIED 1
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Function and Analysis
2.1-2.2

CHAPTER 2
DESCRIPTION OF DRUM SYSTEM

2.1 FUNCTION OF DRUM SYSTEM IN COMBAT
DIRECTION CENTRAL AN/FSQ-7

The Drum System (fig. 1—1) of AN/FSQ-7 Combat
Direction Central effects the exchange of information be-
tween the Central Computer System and the other systems
of the Combat Direction Central. The component systems
of the Combat Direction Central are illustrated in figure
1—2. During combat operations, tactical data is trans-
ferred from the Input System to the Central Computer
System via the Drum System. Data from the Central Com-
puter System is transferred through the Drum System to
the Output and Display Systems.

The primary function of the Drum System in data
transfers is to act as a time buffer. The Drum System can
store information for as long as necessary; it has an aver-
age access time of 10 milliseconds (ms). The Drum Sys-
tem, being a storage device, performs no computations.
Data is entered into, and removed from, the Drum System
without alteration.

Tactical information to be applied to the Drum Sys-
tem for transfer to the Central Computer System arrives
in large quantities and at random times. The Drum Sys-
tem stores this information until it is required by the
Central Computer System. Tactical data processed by the
Central Computer System for use in other systems of
AN/FSQ-7 Combat Direction Central is applied to the
Drum System at a relatively high rate of speed. The
Drum System transmits this data to the other systems of
the equipment at speeds compatible with their operation.

Central Computer System programs and subpro-
grams are too extensive to be stored in the Central
Computer System core memory in their entirety. Addi-
tional storage space is supplied by the Drum System. The
access time of data stored in the Drum System (10 ms
average), while longer than the access time of data stored
in the core memory (6 microseconds (usec)), is still short
enough to make the Drum System a valuable source of
auxiliary memory space.

In addition to its storage function, another im-
portant function of the Drum System is the development
of the timing information used by all systems of the
Combat Direction Central except the Central Computer
System. This timing information not only provides the
systems with a means of timing and controlling oper-
ations, but also serves as a means of synchronizing these
systems with the Drum System during data transfers.

4/1/511

Synchronization of Drum System and Central Computer
System operations is performed by circuit components
within both systems.

Circuits are built into the Drum System to provide
for rapid detection of Drum System malfunctions by
allowing automatic testing by Central Computer System
programs. Additional circuits permit testing to be per-
formed under manual control. These circuits allow Drum
System tests to be performed with the Drum System dis-
connected from the other systems of the Combat Direc-
tion Central. As a result, they serve as a valuable aid to
installation as well as to maintenance.

Drum System operations are performed to rigorous
reliability standards. Many self-checking circuits are in-
cluded which reduce the time required to isolate the cause
of faulty operation. Should faulty operation be produced
by component failure, alarms and indicating circuits dis-
tributed throughout the Drum System would facilitate
rapid detection and location of the failure.

The AN/FSQ-7 Combat Direction Central contains
two Drum Systems and two Central Computer Systems
(duplex system). One Drum and Central Computer Sys-
tem combination actively processes and transfers data.
The other combination is in a standby state. When main-
tenance is to be performed on the active combination,
the functions of the active Drum and Central Computer
System are switched to the standby systems. In order to
shorten the data-transfer time, intercommunication is
maintained between active and standby equipment at all
times. Intercommunication between Central Computer
Systems is also used to emable the standby Central Com-
puter System to check the operation of the active Central
Computer System. The active Central Computer System
constantly generates intercommunication data for trans-
fer to the standby system. The circuits between computer
and drums (CD) in the active Drum System transfer this
intercommunication data from the active Central Com-
puter System to the magnetic'drums so that it may be
stored and transferred to the standby Central Computer
System. The transfer from the magnetic drum to the
standby Central Computer System is through the CD cir-
cuits of the standby Drum System. ‘

2.2 OPERATIONAL ANALYSIS dF DRUM SYSTEM

Drum System circuits fall into two major categories:
those exchanging information with the Central Computer

UNCLASSIFIED 3
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Figure 1—2. Component Systems of AN/FSQ-7, Block Diagram

System and those exchanging information with other sys-
tems. Information exchanges with the Central Computer
System are known as CD operations. Information ex-
changes with other systems are known as OD (other than
Central Computer System-Drum System) operations. In
figure 1—3 are shown the major circuits of the main
drums; the corresponding circuits for the auxiliary drums
are shown in figure 1—4. For purposes of clarity, the test
circuits are omitted. The function and relative position of
the test circuits are described in 2.2.11.

The following subsections describe from a functional
point of view the circuits and assemblies shown on fig-
ures 1—3 and 1—4, beginning with the drums themselves.

2.2.1 Magnetic Drums

The magnetic drums in the Drum System serve as
electromagnetic storage ‘devices. The number of registers
available for data storage in the Drum System is large in
relation to that in the core memory in the Central Com-
puter System. Each drum has a capacity of approximately
405,504 information bits. The access time of drum-stored
data is short in relation to the access time of the data
stored on .card and tape machines used in other portions
of the Combat Direction Central. Drums, therefore, are
storage devices that fulfill the requirements of medium
access time and medium storage capacity. _

Each magnetic drum is divided into logical divisions
known as fields. Each field, except track display (TD)
and radar data (RD) fields, contains 2,048 axially ori-
ented registers, which are numbered consecutively about
the circumference of the drum. One 33-bit information
word can be stored in each register. All but one of the
magnetic drums contain six fields which are named for
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‘the type of data they store. The RD drum has nine fields.
Magnetic drums are named for the fields they contain.
The LOG and MIXD drums are the only magnetic drums
which contain more than one type of field. The names
LOG and MIXD were evolved in the following manner:
The letter L in LOG is the first letter of the long-range
radar input field name; the letter O is the first letter of
the output buffer field name; and the letter G is the first
letter of the gap-filler input field name. Similarly, the
letter M in MIXD is the first letter of the manual input

~ field name; the letter I is the first letter of the intercom-

munication field name; the letter X is the first letter in
the abbreviation for the crosstelling field name; and the °
letter D is the first letter in the digital display field name.
All other magnetic drums contain only one type of field;
each drum is named for the particular type field that it
contains. (Refer to table 1—1.)

The access time to information stored on the mag-
netic drums averages 10 ms. The maximum access time
is 20 ms (the time taken by one revolution), but succes-
sive data transfers can occur as rapidly as 10 usec apart.
This access time is relatively fast when compared with
that of tape or card machine storage devices, but is slower
than the access time of the Central Computer System core
memory (6 usec).

2.2.2 CD Field Selection and Switching Circuitry

The field selection and switching circuitry (figs. 1—3
and 1—4, logic drawings 1.1.1 and 1—2.1.1) performs
two functions required for an information exchange be-
tween the drum fields and the Central Computer. It acti-
vates the field designated by the Central Computer and
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functions are accomplished by the decoding circuits and
the diode switching circuits.
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2.2.3 Drum Timing Circuitry
The drum timing circuitry, logic drawings 1.1.2 and
1—2.1.2, times the operations of the Drum System and of
all other systems of the AN/FSQ-7 with which the drums
exchange information, except the Central Computer. Each

drum generates timing pulses for itself. The timing pulses
are used to initiate and to effect the operations which
cause the Drum System circuits to write and to read.
They are also used to step the vatious counters used in
the Drum System circuits.
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TABLE 1—7. MAGNETIC DRUM AND FIELD DESIGNATIONS
DRUM DRUM FIELD TYPE FIELD
DESIGNATION ABBREVIATION AND QUANTITY ABBREVIATION
LOG None Long-range radar input (2) LRI 1 and 2
Output buffer (3) OB 1,2 3
Gap-filler input (1) GFI
MIXD None Manual input (1) MI
Intercommunication (1) IC
Crosstelling (1) XTL
Spare crosstelling (1) SP XTL
Digital display (1) DD
Spare aux memory (1) SP AM
Aux memory A AM-A Aux memory (6) AM-A 1 to 6
Aux rﬁemory B AM-B Aux memory (6) AM-B 7 to 12
Aux memory C AM-C Aux memory (6) AM-C 13 to 18
Aux memory D AM-D Aux memory (6) AM-D 19 to 24
Aux memory E AM-E Aux memory (6) AM-E 25 to 30
Aux memory F AM-F Aux memory (6) AM-F 31 to 36
Aux memory G AM-G Aux memory (6) AM-G 37 to 42
Aux memory H AM-H Aux memory (6) AM-H 43 to 48
Radar data RD Radar data (9) RD 1to 9
Track display TD Track display TD 1 to 6

2.2.4 Read-Write Control Circuitry

The key Drum System circuits in any information ex-
change with the Central Computer are the read-write
control circuits, shown on logic drawings 1.2.1 and
1—2.2.1. The Central Computer sends transfer control in-
structions into this circuit, where they are combined with
drum-timing pulses and field-selection levels to produce
drum-transfer-control levels. These levels activate the
Drum System circuits which select the field registers to
or from which information will be transferred, and also
control the transfer.

2.2.5 Angular-Position-Counter Circuits

The angular-position-counter circuits, logic drawings
1.2.3 and 1—2.2.3, are used in conjunction with the afore-
mentioned read-write control circuits to determine ex-
plicitly the field registers to or from which data is to be
transferred. When the Central Computer designates, by
number, the register or registers with which the data
exchange is required, the angular position counter counts
the drum registers passing under the read-write heads.

8 UNCLASSIFIED

When the number so counted compares with the Central
Computer designation, the data transfer is performed.
This method of register selection, known as address con-
trol, is used in CD writing and reading from the display
fields, from the auxiliary memory fields, and from the
intercommunication field.

2.2.6 Read-Write Circuitry

The read-write circuitry consists of two separate
groups of circuitry: the read circuitry (shown on logic
1.2.2) and the write circuitry (logic 1.2.1). The write
circuitry is capable of placing, at one instant of time, a
complete information word (33 bits) on the drum sur-
face. Only one write circuit is employed on the CD side
of the drums. A separate write circuit for each of the
input fields is employed on the OD side of the drums.
The read circuitry is the means by which a complete in-
formation word (33 bits) is read at one instant of time
from the drums. Only one read circuit is employed on the
CD side of the drums. On the OD side of the drums,
separate read circuits are employed for the OB fields cir-
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cuitry and for the intercommunication field circuitry. Two
read circuits are used in the display fields circuitry.

2.2.7 Input Fields Operate Circuitry

Four data types (LRI, MI, GFI, and XTL) comprise
the input to the Combat Direction Central. Information
is received by the input fields operate circuitry, logic
drawings 1.3.1 through 1.3.6, at different rates and at
random intervals. The input fields operate circuits store
this data on the drums for later transfer to the Central
Computer. The transfer from the Drum System to the
Central Computer System is performed at Central Com-
puter System command.

These circuits employ a method of register selection,
the criterion for which is the full or empty status of the
register. Under appropriate control conditions, informa-
tion is automatically transferred into empty registers by
the Input System and is removed from full registers.
Upon removal, the data is sent to the Central Computer
circuits. This method of transfer, known as status-con-
trolled transfer, is used by all the input field operate
circuits,

The input fields operate circuitry consists of six sep-
arate circuits. Each circuit handles a particular type of
input data and is associated with one of the six input
fields on the main drums. These fields, in summary, are:
the MI, the GFI, LRI 1 and LRI 2, the XTL and SP
XTL fields (table 1—1).

2.2.8 Ovutput Buffer Fields Operate Circuitry

The Central Computer System develops large quan-
tities of tactical data for transfer to the Output System.
This transfer is performed by the OB fields operate cir-
cuitry, logic drawing 1.4.1, using the status transfer
method outlined in 2.2.7. Since the operations of the
Central Computer are considerably faster than the oper-
ation of the Output System, the transfer of tactical data
is regulated by the OB fields operate circuitry to provide
data for the Output System at a rate compatible with the
Output System operations.

2.2.9 Display Fields Operate Circuitry

The display fields operate circuitry, logic drawings
1.5.2 and 1.5.3, takes display data that has been stored
on the magnetic drums by the CD circuits and transfers
it to the Display System. Like output data, display data
is generated at speeds that are too great to be handled in
the Display System. The Drum System, therefore, reduces
the rate of transfer of display data to the Display System.

The display fields operate circuitry consists of three
distinct circuits. The first of these circuits is used for
reading digital display information from the drums and
into the Display System. The second and third circuits
are used for consecutively reading track display informa-
tion and radar display information from the drums into
the Display System.
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2.2.10 Intercommunication Field Circuitry

The intercommunication field circuitry, logic draw-
ing $—1.6.1, takes intercommunication data that has been
stored on the magnetic drums by the CD circuits in the
active Drum System and transfers it to the standby Cen-
tral Computer System. This transfer takes place under the
control of the standby Central Computer System. The
intercommunication field thus provides a means of stor-
ing intercommunication data until needed by the standby
Central Computer System.

2.2.11 Drum System Test Circuitry

Drum System test circuitry is of two types: loop test
and manual test circuitry. The computers (loop) test cir-
cuitry (fig. 1—5, logic drawings 1.8.1 and 1.8.2) provides
the Central Computer System with a means of performing
tests on the Drum System to detect alteration of data.
When the Drum System is in an operate mode, the
Central Computer System exchanges information with the
magnetic drums via the CD circuits only. However, when
the Drum System is in a computer test mode, the com-
puter test circuits provide the Central Computer System
with access to OD circuits. The additional data paths
made possible are shown by dashed lines on figure 1—5.

The manual test circuitry (fig. 1-5, logic drawing
1.7.2) enables maintenance personnel to exercise manual
control over Drum System operations so that Drum Sys-
tem performance can be checked. The manual drum test
circuitry has facilities for checking the storage operations
of the magnetic drums and the control operations of the
CD and OD circuits, as shown by the light lines of figure
1—5. In addition, the manual drum test circuitry contains
manually operated controls that energize and de-energize
the Drum System, and lamps that indicate the condition
of Drum System circuits.

2.3 COMPOSITION AND PHYSICAL
CHARACTERISTICS OF THE DRUM SYSTEM

Drum System operating circuits are contained in the
three units shown in figure 1—1. These are unit 20, the
auxiliary drum control and housing unit; unit 21, the
main drum control unit; and unit 22, the main drum
housing unit. These units are of modular construction;
their dimensions are listed in table 1—2.

The back panels of units 20 and 21 contain test doors
from which manual tests can be performed on the system.
Each one of the six drum assemblies housed in units 20
and 22 is mounted on a hinged frame, which permits the
drum to be swung out of the housing when checking or
maintenance is required. Each module of the three units
has a letter designation. The Z module of each unit mon-
itors the power circuits which feed the circuits of that
unit. Each module which contains control or transfer
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TABLE 1—-2. DRUM SYSTEM UNIT DIMENSIONS

DIMENSION UNIT 20 UNIT 21 UNIT 22

Width 27ft1lin. 30 ft1lin. 34 ft 2 in.

Depth 32in. 32in. 32in.

Height 6 ft8in. 6 ft8in. 6 ft8in.

Weight 10,165 9,755 12,488
(pounds)

circuitry consists of pluggable units which, like the mod-
ules, are designated by letter. The module designations
run from left to right; the pluggable unit designations
run from top to bottom.

These designations are used to advantage on the

Drum System logics to locate the physical circuitry. A

circuit with the designation 21 BE, for example, is located
in pluggable unit E of module B in unit 21. All circuits
in the Drum System logics are so designated, with the
result that their locations are immediately known.

4/1/511

The six main drums of the Drum System are
mounted in the drum housing of unit 22, the main drum
housing unit. Six additional auxiliary drums are mounted
in the drum housing of unit 20. Each of the drums rotates
on a fixed shaft at high speed. As the drum rotates, fixed
drum heads transfer information in binary form to and
from the surface of the drum. Information is stored in
the form of electromagnetic flux patterns which are re-
tained without distortion unless deliberately removed or
accidentally changed. The flux patterns will be retained
even if the power is turned off. If the power fails or if
the voltages are not sequenced off properly, however, it is
possible that the flux patterns will be altered. Transfer of
information from the magnetic drums does not disturb
the flux patterns, which can be altered only by trans-
ferring new information into the same storage space oc-
cupied by the old information. Since transfer does not
change the flux patterns, magnetic drum storage is de-
scribed as nondestructive.

A detailed description of the magnetic drum assem-
bly is given in Chapter 2 of Part 4; paragraph 2.2 includes
a discussion of the arrangement of the read-write heads
about the surface of the drum.
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PART 2
DETAILED THEORY OF OPERATION OF THE MAIN DRUMS

CHAPTER 1
INTRODUCTION

The main drums function as the connecting link
and time buffer for information exchanges between the
Central Computer System and the Input, Output, and
Display Systems. :

This Part describes how the transfer of data is ac-
complished between the Central Computer System and
the Input, Output, and Display Systems via the main
drum fields and the associated CD and OD circuits. The
theory of operation of the main drum fields and circuits
is presented in a sequence which conforms to the nor-
mal flow of data through the Drum System. For exam-
ple, in a description of the transfer of data originating
at the Central Computer System, the CD circuits involved
in field selection and drum writing are presented first.
The OD circuits concerned with field selection and read-
ing are next discussed. When the transfer of data origin-
ating at the Input System is described, the sequence of
presentation is reversed.

The drum fields and the associated CD and OD cir-
cuits used in the transfer of different types of data
(input, output buffer, display, and intercommunication)
are discussed in separate chapters. Timing generation
and distribution, being similar for all drums, is incorpo-
rated in one chapter. The CD field selection is also
similar for all the drum fields; therefore, it, too, is dis-
cussed in detail in a single chapter. All CD data trans-
fers are controlled through a single CD read-write con-
trol circuit. A single read circuit is employed for all CD
read transfers, and a single write circuit for all CD
write transfers. For this reason, the operation of the
CD read-write control circuits and the read-write cir-
cuits are also described in one chapter (Ch 4, CD Data

4/1/511

Transfer Control). Any modifications of CD field selection
and CD data transfer processes which occur in the data
transfer circuits of a given field are discussed in the chapter
devoted to that field.

The following chapters contain the information
outlined below:

- Chapter 2 (Timing Generation and Distribution)
discusses the function and formation of the drum timing
and index pulses, and their distribution.

Chapter 3 (CD Field Selection) explains the func-

~ tion of field selection, and describes the field selection

and switching circuits of the system.

Chapter 4 (CD Data Transfer Control) discusses
the function and source of the signals which control
CD writing and reading. Descriptions of the flow path
of CD data, and the circuitry required for CD writing
and reading, are included.

Chapters 5, 6, 7, and 8 describe the transfer of in-
put fields data, output buffer fields data, display fields
data, and intercommunication fields data. Descriptions
of the respective fields and associated circuits are pre-
sented. Chapter 7 also includes a detailed description
of the precession process utilized in the OD reading of
the display fields.

Chapter 9 (Main Drum Testing) describes the man-
ual tests and checks that can be performed on the func-
tions of the Drum System. The test circuits utilized for
the performance of these tests are discussed. Included
in this chapter are descriptions of the manually initiated
timing-rewrite, and erase controls, and of the drum-
motor-control circuits,
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CHAPTER 2
TIMING GENERATION AND DISTRIBUTION

The drum timing system times the operation of all
systems except the Central Computer System. There is
no fixed time relationship between individual drums,
since each drum is rotated by a separate motor. It is
necessary, therefore, that each drum generates the tim-
ing pulses that time and control its own operations and
the operations of the systems (excepting the Central
Computer System) with which it is directly associated.

The timing pulses are used to initiate the control
operations which prepare Drum System circuits to write
or read; they are also used to trigger reading and writ-
ing operations and to step the various counters used in
the Drum System circuitry. '

2.1 TIMING PULSE GENERATION

Drum circuit timing pulses are obtained from a tim-
ing channel recorded on each drum. Timing channels on
all drums contain a closed series of sine waves. During
the operation of each drum, each sine wave cycle is read
from the timing channel and is converted to four stand-
ard pulses, 2.5 usec apart. These four pulses, known as
drum timing pulses (DTP 1, 2, 3, and 4) constitute one
10-usec operational period of the drum, The DTP 1 and
DTP 3 pulses _are-produced directly from the timing
channel; their repetition rate is a direct function of
drum speed. The DTP 2 and DTP 4 pulses are produced
by delaying DTP 1 and DTP 3 pulses for 2.5 usec.
Drum timing pulses which time Drum System operations
during information exchanges with the Central Com-
puter System are designated as CD 1, 2, 3, and 4. Drum
timing pulses which time Drum System operations in-
volved in other information exchanges, and which time
the operations of other systems, are designated as OD
1, 2, 3, and 4.

Drum timing pulses are formed from the closed
sine wave series recorded on each drum. In a closed
series, there is no method of distinguishing between any
two sine wave cycles. It is, therefore, necessary to arbit-
rarily select one cycle to represent the beginning or
ending of a drum revolution. This selection is performed
by recording an additional channel, known as an index
channel, on each drum. Each index channel contains a
single 1 bit which establishes a zero reference point in
drum rotations. The remainder of the index channel
contains 0 bits.

The single 1 bit in the index channel is used to
represent the beginning of a drum revolution during
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information exchanges between the Drum System and
the Central Computer System. During information ex-
changes between the Drum System and all other systems,
the single 1 bit indicates the end of a drum revolution.
Drum timing and index channels are written at the same
time; the writing operation will be performed whenever
the drum has been erased.

2.1.1 Writing of Timing and Index Channels

The timing and index channels are written before
Drum System operations are begun or following main-
tenance procedures in which timing and index channels
are erased. A block diagram for the writing of a timing
and index channel on any one of the drums is shown in
figure 2—1. A timing disc is mounted on one end of
each drum. This timing disc is opaque except for a small
optical track near the outer edge. The disc is mounted
so that the optical track varies the intensity of a beam
of light from an exciter lamp falling on a photoelectric
cell. As the drum rotates, the optical track varies the
amount of light passing through it at a sinusoidal rate.
The photoelectric cell converts this varying light to sine
waves of electrical energy. For all drums (except the

OPTICAL
TIMING
DISC

TIMING
CHANNEL
INDEX
CHANNEL

—-J a :
Y 7
OPTICAL
FREQUENCY
GENERATOR
TIMING PULSE INOEX _CHANN
GENERATOR eReUrT
WRITE CIRCUIT

REF: LOGIC 1.7.3

Figure 2—1. Writing of Timing and Index
Channels, Block Diagram
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RD and TD drums), a closed series of 2,048 sine waves
is recorded for one complete revolution of the drum.
(A closed series of 2,060 sine waves is recorded on the
RD and TD drums for one complete revolution.) At
normal drum speed (2,914 revolutions per minute), the
- frequency of the sine waves is approximately 100 kc per
second. These sine waves are read from the optical fre-
quency generator and are applied to a timing pulse
generator, which converts each input sine wave cycle to
two successive standard timing pulses. These pulses (fig.
2-2) are called TP 1 and TP 3. The 1 timing pulses are
formed at each negative-going zere cfossing of the in-
put sine wave. The 3 timing pulses are formed at each
positive-going zero crossing of the input sine wave. At
normal drum rotation, there are 5 usec between zero-
crossing points. This interval is, therefore, present be-
tween a TP 1 and a TP 3 of the same cycle.

These timing pulses are applied to a timing-and-

index-channels-write circuit. This circuit writes a 1 bit in_

je————5 usEC—

'
TPG ;|

3
5(};‘0 /\‘
303+I—VIV /
4 \/ |

INPUT WAVEFORM

20V
40V

— 008 TO 0.I12 USEC

=15V
OUTPUT 3

~I5V

OUTPUT |

Figure 2—2. Output of Timing Pulse Generator
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the timing channel and a 0 bit in the index channel on
receipt of each TP 3. Thus, for all drums except the RD
and TD drums, 2,048 evenly spaced 1 bits are recorded
in the timing channel. For the RD and TD drums,
2,060 evenly spaced 1 bits are entered in the timing
channel. When timing channel writing is completed, the
next TP 3 that is produced records a single 1 bit in the
index channel. Timing and index channel writing is then
stopped. The circuits used to write the timing and index
channels of the main drums are part of the erase-and-
timing-write circuits of the Drum System. These circuits
are described in Chapter 9 and are shown on logic 1.7.3. -

2.1.2 Reading of Timing and Index Channels

The timing and index channels of each drum are
read continuously during operation of the Drum System.
(See fig. 2—3.) The flux pattern on the timing channel
of a drum causes a series of sine waves to be induced in
the timing channel read héad. (These sine waves are
similar to the sine waves developed by the optical fre-
quency generator.) The induced sine waves are applied
to a timing pulse generator, which converts them to two
of the four fundamental timing pulses used to time the
circuits of the drum. These pulses are called drum tim-
ing pulses (DTP’s) 1 and 3.

The DTP 1 pulses are formed at each negative-
going zero crossing of the input sine wave; the DTP 3
pulses are formed at each positive-going zero crossing
of the input sine wave. At normal drum rotation speeds,
there are 5 usec between zero-crossing points (fig. 2—2).
The same interval is, therefore, present between DTP 1
and DTP 3 pulses. ;

In each drum timing circuit the DTP 1’s are sent
to.a 2.5-usec delay line. The output of this delay line
is called a DTP 2 pulse. The DTP 3 pulses are also sent
to a 2.5-usec delay line, the output of which is termed a
DTP 4 pulse. The DTP pulses 1 through 4 comprise
the fundamental timing pulses of each drum. The 2.5-
usec interval between each pulse results in a pulse cycle
of 10 usec. This corresponds to the time required for
one register on the drum surface to pass a read or
write head during normal rotation of the drum.

Drum timing pulses which time drum operations
during information exchanges between the Drum System
and the Central Computer System are designated as
CD 1, CD 2, CD 3, and CD 4. Drum timing pulses
which time drum operations during information ex-
changes with systems other than the Central Computer
System are designated OD 1, OD 2, OD 3, and OD 4.

" Within the Drum System, CD 1 and OD 1 pulses
are used for reading, and CD 3 and OD 3 pulses are
used for writing. The CD 2, CD 4, and the OD 2, OD
4 pulses are used for control operations which prepare
the Drum System circuits to read or write.
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Figure 2—3. Timing Channel and Index Channel Read Circuit, Simplified Logic Diagram

The index channel is read by two index channel
drum read heads, the CD index head and the OD index
head (except in the AM drum, where there is only a
CD index head).

The CD index read head sends the sine wave pro-
duced by the index bit to the index channel drum read
amplifier. The drum read amplifier conditions a gate to

pass the DTP 1 pulse occurring at that time. This gated
DTP 1 pulse is called the CD-index pulse. The OD head

sends its sine wave to another drum read amplifier,
which conditions another gate to pass 2 DTP 3 pulse.
This DTP 3 pulse is called the OD-index pulse. The
CD-index pulse coincides with a DTP 1 timing pulse,
and the OD-index pulse coincides with a DTP 3 timing
pulse.

The CD-index pulse is a reference point that indi-
cates the beginning of a drum revolution during infor-
mation transfers between the Drum System and the
Central Computer System (i.e., the CD-index pulse will
be associated with the first of the 2,048 registers).

The OD-index pulse represents the end of a drum
revolution during information exchanges between the
Drum System and the Input, Output, or Display Sys-
tems (i.e., the OD-index pulse will be associated with
the last of the 2,048 registers). o

2.1.3 RD and TD Drum Timing Pulses

The timing circuits of the TD and RD drums are
modified slightly so as to delay the application of OD
and CD pulses to the TD and RD circuitry. A delay of
120 usec is required to allow time for switching tran-
sients, developed during RD and TD field switching
operations, to subside. The modification is accomplished
as follows.
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The timing disc on the TD and RD drums is con-
structed to cause the writing of 2,060 timing cycles in
the TD and RD timing channels, instead of the 2,048
timing cycles found on all other drums. The DTP 1 and
DTP 3 pulses derived from these channels are fed into
gap counters which cause the first 12 cycles duting each
revolution of the drums to be skipped. The counters
prevent the DTP 1 pulses and DTP 3 pulses of the first
12 cycles of each revolution from being sent to the read
and write circuits of the TD and RD drums, thereby
delaying the RD and TD operations for 12 cycles (120
usec).

In the case of the RD and TD drums, a distinction
is made between the DTP pulses and the equivalent OD
or CD pulses. The DTP can be taken from any point on
the 2,060-cycle timing channel; OD and CD signals ate
taken only from the 2,048 cycles that are present after
12 cycles are skipped. The OD and CD pulses represent
the output of the gap counters. With 120 usec skipped
at the beginning of each revolution, no register on any
of the TD or RD fields is read before the required
switching time has elapsed. "

2.1.3.1 TD Timing Circuit, Circuit Analysis

The optical timing disc, employed in the writing of
the timing channel of the radar data and track display
drums, contains 2,060 sinusoidal cycles. The timing pulse
generator in the timing channel read circuit for these
drums (fig. 2—4) alternately generates two timing
pulses, DTP 1 and DTP 3, for each sine wave cycle de-
tected by the timing channel read head. Both timing
pulses are delayed 2.5 usec to produce DTP 2 and DTP 4.

The DTP 1 and DTP 3 pulses are passed by the
output of the TD CD gap counter, to produce the TD
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CD 1 and TD CD 3 pulses used by the TD angular
position counter. The DTP 2 pulse is passed by the
TD OD gap counter to produce the TD OD 2 pulse
and a TD timing level. The TD OD 2 pulse is used to
step the TD register counter; the TD timing level is a
necessary condition for the operation of the TD OD
read circuits.

The TD CD gap counter is shown in figure 2—5.
The counter is initially cleared by the index pulse. With
flip-flops 3 and 4 at 0, OR circuit 1 conducts. The output
of OR circuit 1 conditions gate 1 to pass DTP 1’s to the
counter, The 0 outputs of flip-flop 3, flip-flop 4, or both
flip-flops maintain conduction in OR circuit 1 until 12
DTP 1’s have been counted. At this time flip-flops 3
and 4 are both in the 1 state and OR circuit 1 conduc-
tion stops. With OR circuit 1 output level removed
from gate 1, counting stops until the next index pulse
" clears the counter and resumes conduction in the OR
circuit. In the period before the index pulse arrives
(from the 13th to the 2,060th DTP 1 pulse), flip-flops
3 and 4 are in the 1-state; and AND circuit 1 conducts,
producing an output level. The level at the output of
gap counter 1 passes the 13th through the 2,060th DTP
1 and DTP 3 pulses at gates 1 and 2 of figure 2—4,
respectively.

The TD OD gap counter uses the OD index pulse
to clear its flip-flops and uses DTP 2 pulses for count-
ing. In all other respects, the TD OD gap counter is
identical with the TD CD gap counter. The output
level of the TD OD gap counter passes the 13th through
2,060th DTP 2 pulses at gate 3 (fig. 2—4). In addition,
the output level is used as a necessary condition for TD
reading.

By skipping the first 12 pulses after every index,
the track-display-timing-circuit-and-gap counter pro-
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duces a 120-usec period during which OD timing pulses
are not available for reading, writing, or register count-
ing purposes. At the end of the delay, however, 2,048
timing cycles remain during which the drum can read
and write the usual number of drum registers.

2.1.3.2 RD Timing Circuit, Circuit Analysis

The radar drum (RD) timing circuits are shown in
figure 2—6. The generation of the DTP and CD pulses
for the radar field circuits is identical to the generation
described in 2.1.3.1 above for the corresponding pulses
of the track drum. The RD CD gap counter is identical
with the TD OD gap counter. The RD OD gap counter
is identical to the TD OD gap counter. The level gen-
erated by this counter conditions gates 3, 4, and 5 to
pass the 13th through 2,060th DTP 1, 2, and 4 pulses
respectively; thereby producing the RD OD 1, the RD
OD 2, and the RD OD 4 pulses used for RD OD read-
ing, writing, or counting purposes.

2.1.4 Formation of Special Purpose Timing
Pulses and Levels

The application of drum timing pulses to key points
in the transfer control circuits of the Drum System is
dependent on the drum involved in the transfer. This
dependence is effected by feeding the required timing
pulse into gates. In order to conduct, the gates must be
conditioned by a select drum level. The select drum
level is present whenever a field is selected by the Cen-
tral Computer for an information exchange. The array
of gates and the subsequent OR’s into which the timing
pulses are fed is called the timing pulse distributor. The
output of each gate is called a selected-drum-timing
pulse. The timing pulse distributor poduces a selected-
CD-index and CD 3 pulse for each drum; in addition,

oTP1 GT Ile 0-12 DTPI LEVELS
oD IX > > >
Yy
\ \ A |
FF I FF 2 FF 3 FF 4
| 0 | 0 | 0 | 0
<{OR |
o 13-2,060
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Figure 2—5. TD CD Gap Counter, Simplified Logic Diagram
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Figure 2—6. Radar Display Timing Circuit, Simplified Logic Diagram

it produces a selected CD 1 pulse for each drum, except-
ing the LOG drum. The derivation of the select AM-A
CD 1, CD 3, and index pulses is shown on figure 2—7.

In addition to the select drum classification of tim-
ing pulses, there is a select CD classification. The select
CD 4 pulses, the select CD 3 pulses, the select CD 1
pulses, and the address select CD 1 pulses are included
in the select CD classification.

The select CD 3 pulses are derived from an OR
(OR 1, fig. 2—7) whose inputs include five of the six
select dtum CD 3 lines. (The select LOG CD 3 is not
used here.)

The select CD 4 pulses are derived from an OR
(OR 2, fig. 2—7) whose three inputs consist of a select
CD 3 line in which a 2.5-usec delay has been inserted,
a LOG CD 4 line, and a select MIXD CD 4 line. Avail-
ability to the OR of LOG CD 4 pulses is dependent on
* the presence of a select-field level corresponding to one
of the fields on the LOG drum.

The address select CD 1 pulses are derived from an
OR (OR 3, fig. 2—7) whose five inputs consist of five
of the six select drum CD 1 lines (from those drums

20 UNCLASSIFIED

which have fields read or written by address). (The se-
lect LOG CD 1 is not used here.)

The select CD 1 pulses are derived from an OR
(OR 4, fig. 2—7) whose inputs include an address select
CD 1 line and a LOG CD 1 line. Availability of LOG
CD 1 pulses is dependent on a select OB field level,
which is generated upon the selection of the OB fields
for an information transfer.

The drum timing circuitry also produces LOG OD
3 + L1.7-usec pulses and MIXD OD 3 - 1.7-usec pulses.
These pulses are obtained by inserting a 1.7-usec delay
in one of the LOG OD 3 lines and in one of the MIXD
lines. The pulses are used to deactivate the drum write
drivers in the MI, GFI, LRI, and XTL circuits.

2.2 TIMING DISTRIBUTION

Within the Drum System the drum CD 1 and OD 1
pulses have their primary application in the read cir-
cuits, where they are gated to act as read sample pulses.
The drum CD 3 and OD 3 pulses have their primary
application in the write circuits, where they initiate the
write-on-drums operation. The drum CD 3 pulses are
also used to step APC'’s associated with each drum. The
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Figure 2—7. Development of Select AMA-Timing Pulses

drum CD 2, CD 4, OD 2, and OD 4 pulses are used for
subsidiary control and short time (10 usec or less) reset
functions throughout the System. The various counters
" employed in the Drum System are stepped by one of the
timing pulses; the timing pulse used is dependent on
the purpose of the counter. The drum-index pulses
(both OD and CD) have their primary application in
the various counter and synchronizing circuits, where
they perform the resetting function required at the com-
pletion of one or more drum revolutions. The OD-
index pulse is also used as an extra counting pulse dur-
ing the precessed reading of the display fields.
The following paragraphs consider the distribution
of the pulses associated with each drum.

2.2.1 LOG Drum, Pulse Distribution

The LOG timing pulses time the operation of the
CD and OD circuits of six fields; the GFI field, the two
LRI fields, and the three OB fields. The LOG-OD pulses
are also sent to the Input and Output Systems to syn-
chronize the Output System operations with the oper-
ations of the circuits of the Drum System. The overall
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distribution of the LOG t