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Presentation Notes

I. INTRODUCTION

A.

Purpose and Objective: This course is to instruct
in the operation of the Selection and Comtrol of I/0
devices. This is a general outline of the course.

l. Review of the Program Elenent.
2. Selection Element and Controls.
3. Miscellaneous I/0 wnits.

k, Card Machines

5. Tapes

These will be broken into various sections. For
example: Card Machines is broken into:

l. Type 713 Card Reader.
2. Type 723 Card Recorder.
3. Type 718 Line Printer.

Discussed will be the use of the various wnits,
programuing of these units, the units operation,
and computer timing. Block diagrams and logic
will be used.

Septeaber 15, 1960
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II.

Physical Layout of Unit #6

A.
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1.

Program Counter

Select Indicated Memory Unit and Specific

Memory Address.

-

Program Counter (PT-Time)

Register (OT - Time)

Address Counter (During Breaks)

Address
I/0

a.
b.
c.
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Modify addresses through indexing.

a. Address Register
b. Address Register Adder
c. Index Registers

Partial Control of I/0 Operation

a. I/0 Word Counter

b. I/0 Address Counter
c. Drum Control Register
d. I/0 Buffer

Serves as an information path for some I/0
devices.

a. I/0 Buffer

1 Druns

2 Card Reader

3 Mamal Input Matrix
L Burst Time counters.

General.

The program element, acting under the
control of the instruction control element,
carries out the instruction sequence
scheduled by the programmer. The program
element registers perform the following
functions in the scheduling and sequencing
of operations to be performed by the AN/
F8Q-T7 Combat Direction Central:

&, Select the memory wnit, and the
memory address within that unit,
as specified by the program in-
struction.

b. Regulate the normal program instruc-

tion sequence and the branching of
control so that the program is executed

properly.
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c. Modify the address portion of the
instruction word by the process of
indexing. This process modifies
the content of the address register
in the program element without
affecting the instruction word con-
tained in the memory element.

Program element operations are synchronized
with the operations of both the instruction
control element and the I/0 element. Briefly,
the I/0O element generates the commands that
‘execute the actual transfer of words into

or out of the core memory element, the
instruction control element generates the
commands which execute the program in-
structions, and the program element exercises
control of instructions during internal
Central Computer System operations.

An internal Central Camputer System oper-
ation is defined as one in which instructions
and data contained in the memory element

are used wholly within the Central Computer
System. When memory is used in the trans-
fer of a word to or from an external device,
such a transfer is referred to as an I/0
operation and is analyzed separately &s a
function of the I/0 element.

c. Address Register Figure 4-1
1l. Loaded from:

a. Memory Buffers -- IS of L.M.B. and
RS-R15 of R.M.B. at PT-7.

bo m R‘g“ter’ (1, 2’ h, m 5) -
Through Address Adder

lg At PT-8 delayed when indexing
2 At PT-3 of a conditional BPX
Instruction (Reducing Specified
Index Register)
3) At PT-9 of an ADX Instruction.
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d.

0030
AN/FSQ - T

Right Accumilator (1X Reg #3) --
Through Address Adder .

lg At PT-10 of an XAC Imstruction

2) At PT-8 delayed when indexing
3) At PT-9 of an ADX Imstruction

Left Accumlator Sign -- Through
address adder at PT-10 of an XAC
(10) Imstruction.

Complement of Index Imterval Regis-
ter at PT-2 of BPX Imstruction.
(Pre])po.ring to reduce specified 1X
Reg.

Loads

a.

b.

Ce

d.

£.

I/0 Address Counter at PT-3 of an
ILDC Imstruction.

I/0 Vord Counter at PT-2 of a RDS

or WRT Imstruction. -- Complement
transfer.

Program Counter at PT-0 of Branch
Class Instruction when Branch Con-
dition is met.

Index Registers (1, 2, 4, or 5)

1) At Pr-6 of a conditional EPX

Instruction if IS « O and branch

FF on.

2) At PT-6 of an XAC Imstruction
if IS = 0.

3) At PT-6 of an XIN Imstruction
if 18 = O,

Right A Register -- At PT-5 of an
ADX Imstruction.

Memory Address Registers

J.g At PT-0 if Branch FF is set.
2 At 0T-0

Presentation Notes
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Information Presentation Notes

L) 12 Bits to MAR 2 -- R4-R15
5) L Bits to T.M. MAR -- R12-R15

8. Drum Control Register

3% 16 Bits to MAR 1 -- RS-R15

1 At PP-2 of an SDR Imstruction
2 At PT-2 of an SEL Imstruction

3. General -- Address Register Figure k-1

The address register is a 17 bit register
that holds the right half-word of the instruc-
tion word received from the memory element
during a program cycle. The 17 bits are
loaded initially with informetion from bits
18 of the left memory buffer and from bits
RS-R15 of the right memory buffer. The
contents of the address register are then
utilized in other registers of the computer,
as specified by the operation part of the
instruction.

If indexing is specified by the instruction,
the contents of both the selected index regis~
ter and the address register are added in the
index adder before the right half-word in the
address register is utilized in the other
registers of the computer. The index adder
is an integral pert of the address register.
The indexing operation modifies the operand
address called for by the instruction. The
sun of the index register and the initial com-
tents of the address register is held in the
address register for further operatioms. The
original contents of the address register are
lost by this addition but can be found in the
mnemory register from which the original in-
struction was taken. The contents of the
index register remain unchanged unless further
operations are specified which change it. Not
all instructions may be index in this mammer.
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Tndex Registers (1, 2, 4, and 5)

Loaded from Address Register at PT-6
of an XIN instruction if IS = O.

1.

2.

3.

Address Adder

b.

Ce

Used in conjunction with index
registers.

13 For indexing

2 During a conditiomal BFX

. instruction
3) During an ADX instruction

Review operation of adder using
Figure 1.

Adder Reg. 0.101 0.101

Index Reg. 0.110 _1.011
I0.X  T0.000

1

0.001

Trace in lLogic -- Normal Adder
Logic

General - Index Registers

Four index registers, each 17 bits long,

are provided in the program element. In
addition to these registers, the right ac-

cumlator register of the arithmetic
élement may also be used as an index

register.

of the instruction word.

As noted, it is the functiom of the index
registers to modify the address portion
of the instruction word whem this type of
operation is specified by the operatiom

part of the instruction word.

Selection of an individual index
register is determined by the contents of
bits 11, 12, and L3 of the operation part

Figure 1

CC logic Vol II
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The four index registers are used in pér-
forming cyclic loop programs; the right
accumlator register may be uséd as an
index register to perform table J.oohap
operations. -The right accumlator regis-
ter can also be used to reset any one of
the four index registers for subsequent
cyclic loop operation. The index registers -
are initially loaded by mtructions of the
reset class.

E. Program Counter CC Logic Vol. IT

1.

2.

0.k4,1
17 Bit Counter stepped by: Figure L-1

&. Every PT-T7 :

b. O0T-9 of a TOB instruction if the bit
tested equals "1" (S‘bep P. C. one
extra time).

c. OT-T7 of a TTB instruction if the first
bit tested equals "1" (Step PC two
extra times).

d. OT-9 of a TTB instruction if the second
bit ';ested equals "1" (Step PC one extra
time

e. OP-9 of the Compare :Lnstmctiom it
no compere condition (Step PC one
extra time).

Bet to 3.7T760 by:

a. Select T. M. Pushbutton

b. Start from T. M. Pushbutton

8et to 3.7TT770 by en Alarm Branch

Loaded from the Address Register at TP-O of
:SB:::c.:h Class instruction if the Branch FP

Transferred to R. A. Register at IP-11 of a
branch instruction if the branch FF is set.

Transfers to MARs at PT-0 if the Branch FF
is clear. -- Start Memory.
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General -- Program Counter

The Program Counter is a 17 bit register
that 1s used to specify the memory address
of the next instruction in the program. As
soon a8 an instruction is transferred to the
operation and address registers from the
memory buffer register, alisadﬂzdtothe
contents of the program counter so that this
counter will always specify the memory
addregs of the next program instruction.

The contents of the program counter may

be changed by instructions of the branch
class, which may be either conditional or
unconditional. A conditional branch instruc-
tion senses for one of the following: the
status of the sign bit of the selected: index
register, the status of certain registers in
the arithmetic element, or the status of
certain indicators and alarms, both inter-
nal apnd external to the computer. An wn-
conditional branch instruction is ﬂways
performed.

When the branch condition is met for a
conditional branch instruction, or if an
unconditional branch is to be performed,
the program branches to the memory.address
specified by the address portion of the
branch instruction word. This address

is transferred from the address register
t0 ‘the memory address register which

then selects the address in the memory .
element from vhich the next instruction
is to be taken. Under these conditions,
the program counter is cleared and the
same address is transferred to the pro-.
gram counter so that succeeding instruc-
tions are selected from sequential memory
locations starting with this new address.

Presentation Notes
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F.  I/0 Address Counter

1.

2.

3.

h,

Controls Memory Selection during I/
operations. .

Loaded from Address Register at PT-3 of
an IDC instruction.

Stepped by BI-2 or BO-2 pulses -- inhibited
by PER(T5).

General -- I/0 Address Counter

The I/0 address counter is used during I/0
operations to designate the memory addresses
from which or into which words are to Ye
transferred during break cycles. The initial
memory address which is involved in a word
transfer is loaded into the I/0 address
counter from the address register by the
Load I/0 Address Counter (IDC) instructionm.
Information transfer between the memory
element and the external storage equipment
can occur in either direction. As each

word is transferred, a 1 is added to the comn-
tents of the I/0 address coupter, thus
ensuring that the next, sequential memory
address is specified for the subsequent word
transfer. The I/0 address counter and I/0
word counter are always used jointly during
I/0 operations.

G. I/0 Word Couxrter

1.

Loaded by
a. Address of RDS or WRT

1 At PP-2
2 In complement form.

b. Set to complement of 3.7T7760 by
"Master Reset" or "Clear Memory"

c. BSet to complement of 27g by "Load
from Card Reader" or "Load from
AM Arums". -

CC logic Vol. II
o.h.l

Figure 4=1

Figure h-1

CC logic Vol. II
0.7+.3
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Figure 4—1. Program Element, Logic Block Diagram
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Stepped by
a. Command 290 -- PT-3 of RDS or WRT

b. BI-2 or BO-2 for all I/0 Devices
except Drums and Warning Lights.

Controls the mumber of words to be trans-
ferred during an I/0 operation.

I/0 Buffer

1.

2.

1.

2.

Used for temporary storage during I/0
operations. ‘

Loaded from
a. Drums

1} Angular Position Counter (APC)
2 Drum Words

b. Card Reader
c. M.I. Matrix
d. Burst Time Counters

Transfers to I/0 Register

Use in conjunction with Drum Control Register

a. To compare APC during addressable
drum operation.

b. To compare identity bits during Status

Identity drum operation.

Drum Control Register

Used to determine:

a. Starting address during addressable
drum operation.

b. Which words to accept during Status
Identity drum operation.

Loaded from Address Register at PT-3 of SDR

and at PT-3 of SEL.

Presentation Notes

CC logic Vol. II
0.7.1, 0.7.2

CC Logic Vel. II
0.7.2
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Sunmary Questions

1.
2.

The Program Counter is used to:
The I/0 Buffer is used to:
The Address Register is not used to load which of the following:

’
a. Drum Control Register
b.  I/O Register
c. I/0 Word Counter
d. Memory Address Register

The Index Registers are used to:

Name the registers that can load the Address Register and give the times
when it is loaded by each register.

PA #1 in 6CU (0.4.1) 9B is defective. The contents of which memory
location will be in the accumilators at the end of this instruction?

1000 1 CAD 1.01776.
C(Ix;) = 0.00011

GT #7 in 4EH (0.k.1) 13C is defective. What instructions will be affected
and how?

PA #5 in 4FE (0.4.1) 6A is defective. What instructions will be affected
and how?

Address comparison for Drum operations is made between which register?

a. I/0 Buffer and I/O Register

b.  I/0 Register and Drum Control Register
c¢.  I/0 Buffer and Drum Write Register

d.  I/0 Buffer and Drum Control Register
e.  Memory Buffer and I/O Register
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IIX. INTRODUCTION TO SELECTION CONTROL

Refer to Logic Index

A. Physical Layout of Unit 5
A B ~C D E F G p2
Ix.Int. | Sense SEL Drum | Break | Card Alarm Power
Reg. Gates & RS/ | Con- | Mach. | Indica-
and and PER WRT | trols | Tape tor FF
PER I/0 Getes | Con- | and and
SEL Parity trols | Break | Misc.
BSN Check Pulse | Con-
Matrix | Circuits Gen. trols
B. Functions
1. I/0 unit selection and comtrol
2. BSN Imstructions -- senses the status of a FF
3. PER Imstructions -- Operate various units '
4, Break control and pulse generation.
c. Breakdown
l. Belection Control -- performs a selection
function.
2. I/0 Element -- controls I/0 transfers.

The following two sections will go into dztad.l on these
two elements.
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IV. SELECTION ELEMENT
A. Geperal

The selection element of the Central Computer
performs a selection function during the execu-
tion of six specific instructions:

1. Test One Bit (TOB)

2. Test Two Bits (TTB)

3. Operaste (PER)

4, Branch and Sense (BSN)
5. Select (SEL)

6. Select Drum (SDR)

Each of these instructions uses the selection
element circuits to determine which specific
circuit of an associated group is to be operated
on by a command generated by the instruction
control element.

As shown in figure 1-25, the selection element
contains the index interwval register, the PER-
SELBSN matrix, the test, PER, and BSN cir-
cuits, and the select gates. During the execu-
tion of any of the above instructions, bits L1O
through 115 of the instruction word(which'
contain the coded information to specify the
desired circuit to be operated on) are trans-
ferred to the index interval register. The
output of the index interval register is fed to
the PERSELBSN matrix, which determines which
of the 64 possible codes is specified. The.
selected line of the PERSELBSN matrix is sup-
plied to the test, PER, BSN, and selected cir-
cuit groups, conditioning only ome circuit in
each group. The instruction control element
specifies which ‘circuit group is involved in the
operation by generating the proper command
pulse. '

The test-bit circuits of the selection element are
used during the execution of the Test One Bit
(TOB) and the Test Two Bite (TTB) instructions



ALARM

SIGNALS
MANUAL
CONTROL
FACILITIES

TO ALL
ELEMENTS

ARITHMETIC ELEMENT

LS=-LIS

LEFT B REG

LEFT ACC NES l RIGHT ACC REG I
LEFT RIGHT i
AUXILARY AUXILIARY
- cXTS

] 10 DEViCES
Figure 1—25. Major Circult Growps of Central Computer System

O OR Oy

I 5|




‘ .
to specify which bit (or bits) of the selected mem-
ory word is to be tested. If the specified bit (or
bits) of the memory word is a 1, the program
counter is stepped one or more times so that the
next one or more sequential program instructions
will be skipped.

During the execution of the PER instruction, the
selected PER gate generates andoperate pulse to
perform the specified opersation.

The BSN circuits of the selection element contain
the BSN selection gates and the associated flip-
flops which are used to indicate the status of a
large number of operating conditions in the AR-
F8Q-T equipment. During the execution of a BSN
instruction, a specific condition is sensed to deter-
mine whether a branch of program control is to be
performed.

The selection gates of the selection element are used
during the execution of the Select (SEL) and Select
Drum (SDR) instructions to set the specified I/0
selection circuits and I/0 transfer control circuits
of the I/0 element. The selected circuits in the
I/0 element specify the I/0 devices to be used
during the subsequent I/0 operation and the mode

of data transfer to be used.

It may be seen from figure 5-1 that the selection
element consists of the index interval register,
the PERSELBSN matrix, test circuits, PER circuits,
BSN circuits, and SEL gates. During execution

of BSN, PER, TOB, TTB, SDR, and SEL instructionms, .
the index intervel portion (110-L15) of the
Instruction word is transferred from the left
memory buffer register to the index interval
register. The dc levels generated by the index
interval register are used to condition the PER-
SELBSN matrix. The PERSELBSN matrix decodes

these levels and produces levels to condition the
output line which reflects the contents of the index
interval register. This selected output is used to
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CIRCUITS
(tob, 11h)

Figure 5—1. Selection Element, Simplitied Block Diagram
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AL ¢ ¢ REG
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S TO
DRUM
SYSTEM
PT-68 RD
OR ET | GT GT |
WRT ' —-
OR
¢ ] ¢ ¢ ] ¢
\ ) "SET
Y INTER-
To PER SEL. BSN Matrix Il;gAVE

Figure 2, Index Interval Register
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condition the circuit associated with the desired
sense unit, device to be operated, word bit (s) to ‘
be tested, or I/0 device to be selected.

Index Interval Register Logic 0.6.1
3 Figure 2

The index interval register is composed of six

flip-flops and their associated output gates. The

index interval portion of the imstruction word (L10-

L15) is loaded into this register from the memory .

element by way of the léft memory buffer register.

The significance of the index interval bits depends

upon the instruction word. The dc levels generated

by the flip-flops are used to dilve the PERSELBSN

matrix and also to control the action of the asso-

ciated gates.

The outputs of the index interval register gates
perform the following functions:

l. Select a main drum field.

2. Belect an auxiliary drum field.

3. Transfer the index interval (complement)
to the address register during the execution
of the BPX instruction.

4, Set interleave flip-flop.

General on Index Imterval Register

l. 1Iloaded from Bits L10-Ll5 of lLeft Memory
Buffer at PT-T.

2. Used as control bits in:

a. PER

b. m

c. BSHN

d. TOB, TTB -- Specified bits to be
tested.

e. SDR -- IX Int. transferred to drum
selection register.
f. Interleaving -

1; 01 by 8
2) 02 by 16
3) Oh by 64
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g. Overflow -- Suppress overflow alarm
h. BPX -- Transfers to Adr. Reg. in
complement form at PT-1

PER SEL BSN Matrix

The dc output levels of the index intervel register
flip-flops drive the PERSELBSN matrix. The

matrix produces only one positive output level at
& time. This single output is determined by the

“instruction code. To obtain a positive output level

for a specific index interval, the corresponding
levels from the index interval register are mixed in
an AND circuit. Each possible combination of the
index interval bits has an AND circuit assigned to
it. Because some of the index interval codes are
utilized by several instructions, each ocutput line of
the PERSELBSN matrix conditions several gates.

The selection of which gate is to be used for a
given instruction is made by the command pulses
originating in the instruction control element.
During execution of an instruction, only the con-
ditioned gate which pertains to that instruction is
sensed.

1. 63 "AND" circuits fed from Index Interval
register.

2. Used to obtain one level to control an oper-
ation.

3. Same index interval amount may be used with
different instructions; i.e., PER 0Ol, SEL Ol,
BSN Ol.

L. OT time necessary in these instructions due
to rise time of matrix.

5. Example of PER instruction using PER T5. PER instruction
(Lock Adr. Ctr.) " timing
Logic Index Appen-
a. Index int. reg. loaded at PT-7 with dix "A"
5.

b. level out of 330 "AND" at SANF7
(0.6.1) 8a to 5CH1 (0.4.1) 1D to com-
dition GT-7. '

c. @T-7 strobed at O0T-9 to clear "Lock
Adr. Ctr." FF, preventing stepping
of I/0 Adr. Ctr.
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d. Note that even though the address
portion of the PER instruction has
no significance, memory will still
be started and the location specified
will be read out to the memory buf-
fers.

Examples of PER instruction using PER Ol
(Condition Light #1) -

"a. Level out of 330 "AND" at SACAT

(0.6.1) 14D to 5BCB2 (0.7.4) 13B
and condition GT-1 in 5CK.

b. GT-1 strobed at OT-9 to set C.L. #1
FF.

Example of BSN instruction using BSN Ol
(Condition Light #1)

a. Level (O1) out of matrix conditions
one leg of 560 "AND" above "Cond.
Light #1" FF in 5BC (O.7.l4) 1LB.
FF being set conditions other lep.

b.. GT5 in 5BV (0.7.4) 4D conditioned
which results in BSN Cond. met
pulse at OT-9.

¢c. Cond. met pulse sets "Branch" FF
and clears "Cond. Light #1" FF.

Example of SEL instruction using SEL Ol
(Card Reader)

&. Level from matrix conditions GT1
in 5¢F (0.7.4) 6GA.
b. PT-5 of SEL sets "Reader Not
Ready", "Card Reader", and Card
Mechine Oper. FFs. -- "Reader Not
Ready" FF sensed on BSN 11. (Used
to determine which I/O Unit is selected.)

BSN Instruction
Timing
Logic Index Appen-
dix "A"

SEL Imstruction
Timing

Logic Index Appen-
du "A"
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Sumary Questions

1.
2.

3.

b,

Se

6.

The Dndex Dnterval Reglstdr is wsed to: i< ~enalbnzatr7
The Index Interval Register is loaded from: /£ /7"5’/‘
How many positive output levels does the PERSELBSN put out at one time? /

Logic 0.7.4 - 5CKA7(13A) is open. This will casuse what to happen every
time a PER instruction is executed?

Logic 0.7.4 - 5BCGT-6 has open filaments. How will this affect the con-
dition light when sensed by BSN (03)?

What bits are used to specify the :Lndei interval? At vhat time are they
loaded into the Index Interval Register?/ 10-78" _/'7’,7
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V. ;NPUT’/ OUTPUT ELEMENT
A. General

The 1/O element of the Central Computer (Fig. 1-25)
contains the control circuits and transfer registers
required to accomplish the transfer of information
bétween the memory element and the various
asynchronous, slow-speed I/O devices associated
with the Central Computer. Since the transfer

of I/0O information is initiated by the stored program
(except for initial program loading), the Central
Computer must execute specific instructions to
prepate the I/O element circuits before any
information transfer can occur. These instructions
must specify the following:

1.  The I/O device or drum field to be involved
‘in the subsequent I/O operation.

2. "The drum starting address or identity code
to be used if the subsequent I/O operation
involves the Drum System.

3. The starting memory address from which
or into which in formation is to be transferred.
4. The direction of information transfer; that

is, whether information is to be transferred
into or out of the memory element.

5. The number of words to be transferred
during the subsequent I/0 operation.

"This basic information, which must be supplied to
‘the I/O element each time a block transfer of I/O
data is to take place, is supplied by a group of
three instructions which constitute an I/O pro-

_gram.” The basic I/O program is composed of the
following instructions.

1. Select (SEL) or Select Drum (SDR)
2. Load 1/O Address Counter (LDC)
3.. Read (RDS) or Write (WRT)
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Generilly, the three required instructions are
executed in the sequence noted above; the only
restriction is that the Read (RDS) or Write (WRT)
instruction must be executed last.

As noted above, one of two separate selection
instructions is used to specify which I/O device
is to be involved in the subsequent 1/0 operation.
Two separate instructions are required because
the selective capacity of a single instruction is
not great enough to specify all the I/O devices
associated with the Central Computer. If one of
"the individual I/O devices (other than a drum
field) is to be selected, a Select instruction is
‘'used.” During the execution of a Select instruc-
‘tion, the I/O selection and transfer control cir-
cuits of the I/0O element are cleared, and the
‘desired controls (flip-flops) are set as directed
by the control signal generated by the conditioned
select gate of the selection element. In this case,
the selected controls indicate which I/O device is
selected and the type of transfer control that will
be exercised during the subsequent transfer of
data. If the Central Computer is to be associated
with one of the 39 fields of the main drum, or
‘with one of the 36 fields of the auxiliary drum, a
Select Drum instruction is used. The Select Drum
instruction performs three distinct functions; it
‘sets up the specified field selection circuits in the
Drium Bystem, sets up the I/O selection and trans-
fer control circuits in the I/O element, and desig-
nates the drum starting address or identity code if
this information is required by the selected drum
field. During the initial execution of this instruc-
tion, the I/O selection and transfer control circuits
of the I/O element and the main and auxiliary drum
field selection registers of the Drum System are
cleared in preparation for the new selection. Dur-
ing the latter part of the instruction cycle, the con-
tents of the index interval register (which specifies
the selected field in either drum) are transferred
to the selected drum field selection register (spe-
cified by the contents of R1 of the instruction word).
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At the same time, the conditioned select gate of
the selection element will generate a control sig-
nal to set the associated I/O transfer control
cycle, the contents of the address register (which
specifies the drum address or identity code to be
used) are transferred to the drum control register
of the I/O transfer control circuits. Thus, the
Select Drum instruction functions to set up the
specified conditions in both the Drum System and
the I/0O element of the central computer.

The Load I/O Address Counter (LDC) instruction

of the basic I/O program specifies the starting
memory address to be used during the subsequent
I/O operation. During the execution of this instruc-
tion, the contents of the address register (which
specifies the memory starting address) are trans-
ferred to the I/O address counter of the I/O element.
Subsequently, as each data word is transferred, the
contents of the I/O address counter are increased
‘by 1, with the result that consecutive memory
locations are utilized during any I/O operation.

The final instruction executed during the proces-
sing of a particular I/O program depends upon the
direction that the I/O data is to be transferred. If
I/0 data is to be transferred from the selected I/O
device to the memory element, the Read (RDS)
instruction is executed; if I/O data is to be trans-
ferred from the memory element to the selected
I1/0 device, the Write (WRT) instruction is executed.
The address portion of each of these instructions

is used to specify the number of words to be trans-
ferred during the subsequent I/O operation. During
the execution of either of these instructions, the
following operations are performed.

1. The I/O interlock is set.
The complement of the address register
content is transferred to the I/O word counter.

3. The specified read or write control circuit
is set.
4. A Start Read or a Start Write command is

generated.
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The 1/0 interlock, which forms a part of the I/O
termination controls of the I/O element, is always

' set at the beginning of an I/0 operation and remains
set for the duration of the operation. The I/0O
interlock functions to prevent subsequent I/O pro-
gram instructions from disturbing the I/O operation
in process. If such a condition occurs, all internal
operations will be halted until the I/O operation in
process is terminated.

"The I/O word counter of the I/O element functions
‘to keep a running record of the number of data
‘words that remain to be transferred during the
‘remainder of the I/O operation. As each data word
is transferred, the contents of this counter are
increased byl. When the contents of this counter
are stepped from 1 negative to positive zero, an end-
carry pulse is generated which is used to terminate
the I/O operation in process.

The read and write control circuits, which form a
part of the break cycle generation and control cir-
cuits of the I/O element are used to specify which
type of break cycle will be generated during the
subsequent data word transfers. If the read flip-
flops is set, the subsequent break cycles will be
‘defined as BI cycles; if the write flip-flop is set,
the subsequent break cycles will be defined as BO
cycles.

The Start Read or Start Write command generated
during the execution of the Read (RDS) or Write
(WRT) instruction functions to start the I/O oper-
‘ation. These commands, which are generated in
the instruction control element, are used to sense
the 1/0 operation circuits of the I/O element, so
that a start pulse may be applied to the selected
I/0 device. This start pulse functions either to
set the selected I/O device in motion or to condi-
tion its control circuits. From this time until the
I/0 operation is terminated, the Central Computer
is under the control of the selected I/O device.



AN/FSQ - 7
o310

During the I/0O operation, the selected I/O device
informs the computer, by means of the break re-
quest circuits, each time it is ready to transfer
data between its associated I/O transfer registers
and the memory element. The manner in which the
‘I/O devices are connected to the I/O transfer
registers (I/O buffer register and I/O register) is
shown in detail in figure 1-25. As noted in the
figure, the transfer of I/O data into or out of the
memory element is accomplished between the '
memory buffer register and the I/O register. The
1/0 buffer register, which is used only during the
transfer of input data, provides temporary storage.
The transfer of data from the I/O buffer register
to the I/O register is effected by the I/O transfer
and control circuits. '

After the I/O program instructions are executed,
the Central Computer continues to execute the
internal operations as directed by the stored
program. At-the end of each machine cycle, the
break request circuits of the I/O element are
sensed to determine whether I/0 data is to be
transferred into or out of the memory element.
If the break request circuits are cleared, the
computer continues with its internal operations.
If the break circuits are set, the internal com-
puter operations are stopped for one machine
cycle, and the next memory cycle is designated
as a Bl or BO cycle. During the break cycle,
the time pulses generated by the instruction con-
trol element are converted into BI or BO pulses
‘to accomplish the required operations. These
break pulses effect the data word transfer be-
tween the I/O register and the memory element
and step the I/0 word counter and I/O address
counter in preparation for the next break cycle.
After the break cycle is completed, the com-
puter resumes its internal operations. This )
process of interleaving break cycles with internal
machine cycles is repeated until the proper num-
ber of I/0 data words have been transferred.
When the I/O operation is. completed, the I/O
terminating circuits generate a disconnect signal,
which either stops the selected 1/0O device or de-
conditions its control circuits.
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B. Input/Output Break Control

1. "Execution of any I/O class instruction or
a HLT instruction, when the I/O interlock
is set, will set the pause FF, preventing
the execution of any more instructions until
the pause FF is cleared. Pause FF is
cleared after the I/0O interlock FF is cleared.

2. Break and Pause Characteristics Logic 0.2.2, 0.2.3

The outputs of the break and pause flip-
flops are arranged so that four operational
set-and-clear combinations are possible.

If, in the course of Central Computer inter-
nal operation, an arithmetic pause is speci-
fied by the instruction, the pause flip-flop is
set as the instruction requires; if a break
request occurs, the break flip-flop is set at
the end of the cycle then in progress.

During a no-break no-pause condition, both
the TP driver and IP driver outputs supply
pulses to the time pulse distributor. During
this time, the break or no-pause output-level
is applied to the AND circuit associated with
the TPD 0 stage to allow the time pulse dis-
tributor to continue supplying time pulses and
instruction pulses to the Central Computer
System. During the resultant internal oper-
ation of the computer, the break-request flip-
flop is sensed at TP 10 delayed of each memory
cycle to determine whether the next memory
cycle is to be associated with either a BI or
BO cycle.

During a break-but-no-pause condition, the
IP driver output is inhibited to terminate the
internal operations of the computer. How-
ever, since the break-or-no-pause line re-
mains at the {10V level, the time pulse dis-
tributor will continue to function to develop
time pulses.
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When a pause-but-no-break condition occurs,
the generation of time pulses and instruction
pulses stops because the break-or-no-pause
output line is de-energized, causing the time
pulse distributor to be deconditioned. Under
this ‘operating condition, the break request
flip-flop is sensed at a 2-mc rate.

When a break-andnpausé condition exists, the

IP driver output line is inactive, but the break-

or-no-pause level to the TPD 0 stage is

energized to keep the time pulse distributor

active and functioning. The break-request

flip-flop is examined by the sense-break-
~request output at TP 10 delayed.

3. Pulses which will be generated when:
a. No Pause and No Break

1) TPs, IPs, possible 2 MC oper-
ate pulses.

2) Check for break with TP-10
delayed.

b. Pause and No Break

1) Possible 2 MC operate pulses.
2) Check for break with 2 MC IP
driver pulses.

c. Break and No Pause

1) TPs, BI or BO, possible 2 MC
operate pulses.

2) Check for break with TP-10
delayed.

d. Pause and Break

1) TPs, BI or BO, possible 2 MC
operate pulses.

2) Check for break with TP-10
delayed.
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" Pause ) ireak Timing Instr. Instr.
F.F. F.F. Pulses Pulses Break Being
Status Status (TP's) (IP's) Cycle Executed

0 -0 Yes Yes No Yes

0 Yes No Yes No

1 No No No No

1 Yes No Yes No

Break cycle generation

The initial conditioning of the I/0O control
circuitry for an I/O operation is accomplished
through the execution of the SEL and LDC in-
structions. With the execution of the RDS or
WRT instruction, further setting up is per-
formed and the transfer operation is initiated
with a start-read or a start-write pulse.
However, every transfer of a word requires the
initiation of a break cycle.

Three flip-flops (0. 2. 3, B-C 2-3) are involved
in this portion of the operation: break-request-
sync, break-request, and break. The break-
request-sync flip-flop is set by any one of six
pulses, provided that at the time the pulse is
generated the word counter is not equal to 0
(note gate). The source of these pulses will
be covered later in connection with the trans-
fers to or from the various I/O units. The

first 2-mc pulse generated after the setting

of break request sync will set the break-
request flip flop. The gate conditioned by the
1 side of break-request flip-flop is strobed
by a TP 11 pulse or a 2-mc pulse (if pause no
break condition). A gated TP then sets the
break flip-flops. (A second break flip-flop
exists in unit 4. It is set and cleared with
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the one on 0. 2. 3, but its output levels per-
form different functions.) The break request
flip-flop is also set directly by a 2-mc

pulse generated under an I/O register
empty-1/0 buffer full condition. This condi-
tion occurs only during a read operation of
‘drums, BTC (Burst time counters), or MI
matrix.

The level output fromn the break flip-flop is
applied to two 2-way AND circuits (0.2.3

D4). The second input to each of the AND
circuits is from the write and read flip-

flops. The output from the AND circuit with
the read level input is applied to gates which
pass TPs to generate the BI pulse. The out-
put from the AND with the write level input

is applied to gates which pass TPs to generate
BO pulses. The BI pulses or the BO pulses are
distributed to control the transfer of the word
for which the break cycle was initiated.
Tables 6-2 and 6-3 give the function of the

BI and BO pulses, respectively.

C. Input/Output Pro rammi‘n’_-_-_Girﬂl
4__% P g g

1. Instructions are:

LDC

SDR

SEL

RDS

. WRT

2. All instructions check I/O interlock before
operating.

3. Used to set up for transfers between I/O
equipment and Memory.

4, All instructions are indexable.

opoop

D. _LDC Instructions

1. Used to load I/0O Address Counter
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TABLE 6—2. FUNCTIONS OF Bl PULSES

, YHABLE 6-3. FUNCTIONS OF BO PULSES

PULSE FUNCTIONS PULSE FUNCTIONS
BI 0 1. Clear break request FF BO 0 1. Clear break request FF
2. Transfer 10 address counter to MAR 2. Transfer IO address counter to MAR
3. Start memory 3. Start memory
BI 1 Not used , BO 1 Not used
Bl 2 1. Step IO address counter (0.4.1) BO 2 1. Step IO address counter (0.4.1')
2. Clear IO register status flip-flop (0.7.7) 2. Step 10 word counter (if MI matrix
3. Step IO word counter (if drums not burst time counter, or drums not se-
selected) lected, 0.7.3)
4. Transfer 1O registers to memory buffers BO 3 Not used
BI 3 1. Start parity count (0.1.2) BO 4 Not used
2. Inhibit sample pulse (0.1.4) BO s Transfer test memory to memory buffer
if test lected, 0.1.3
3. Clear parity write flip-flop if 10 word (if test memoty se )
has parity bit (0.1.1) BO 6 Generate IO register break request pulse
if 1O register selected, 0.7.5)
BI 4 Transfer memory buffers to test registers ( &
(if test memory selected) (0.1.1) BO 7 1. Transfer memory buffers to IO register
BI 5 Not used 2. Start parity count and set parity check
BI 6 Generate 1O register break request pulse fip-flop
(if 10 register selected) (0.7.5) 3. Set IO register status flip-flop
BI 7 1. Transfer 10 buffer to IO register (if card BO 8 L :r““"ff‘ IO register to tape write reg-
machine operate flip-flop set; 0.7.6) ister (if tapes selected)
2. Sense parity check control flip-flop 2. Transfer 10 register to warning light
(0.1.1, B11) register (if warning lights selected)
3. Parity count (if no parity assigned) BO 9 Not used
BI 8 Not used BO 10 Not used
BO 11 1. Generate clear IO interlock pulse (if

BI 9 Generate card mach 2nd break request (if
2nd break request flip-flop set; 0.7.6)

BI 10 Not used

BI 11 1. Generate clear 1O interlock pulse (if
word counter equals 0 and if IO buffer
and IO register status is empty or BTC
or MI matrix selected)

2. Generate word counter equal 0 pulse for -
tape adapter (if word counter equals 0
and tapes selected, 0.7.8)

3. Generate clear 1O interlock pulse if 10
register selected

word counter equals 0 and drums se-
lected)

2. Generate word counter equals 0 pulse
for tape adapter (if word counter equals
0 and tapes selected)

3. Clear write flip-flop (if warning lights
selected)




F.

[

Jounkuw

8.

SDR Instruction
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2. Address portion specifies memory location
of first word to be transferred in or out of
memory.

3. Time -- 6 microseconds

4. Study timing -- Logic Index App. A

5. Commands for logical instruction
a. Pause option (PT-10)
b. Address Reg to I/O Address Counter

(PT-3)

6. Follow commands #148 and #72 on logic
0.4.1.

SEL Instruction

Address portion of instruction is meaning-
less.

Used to select a particular I/O Unit other
than Drums.

Index Interval Bits specify the I/O Unit
Decoded in PERSELBSN Matrix

Time -- 12 microseconds (PT) (OT-A)
Study timing -- Logic Index App. A
Commands for logical instruction.

a. Pause option (PT-10) #134
b. Deselect Pulse (OT-5) #155

NOTE: This is preliminary clearing of
Sel. Control equipment.

c. Select Pulse (PT-5) #156

NOTE: This sets FF associated with a
particular I/O Unit.

d. OT time used to allow the I/O equip-
ment to deselect before selecting.

Follow SEL pulse in logic. Logic 0.7.5
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1. Used to select particular logic drum.
2. Address portion of instruction specifies

address of drum. 4
3. R/1 bit specifies Aux ''1" or Main 0"

4. Index Interval Bits specific logical drum
" field.
5. Index Interval decoded in drum'control
frame.

6. Time ~-- 12 microseconds (PT) and (OT)
7. Study timing chart -- Logic Index App. A
8. Commands for logical instruction.

a. Pause option (PT-10) #134

b. Deselect Pulse (OT-5) #155

c. Address Reg. to Drum Control

Reg. (PT-3) #151

NOTE: Used for compare functions.

d. Set drum Sel FF (PT-5) #325

e. Transfer Index Interval Reg to
Drum Selection Reg (PT-5) (0.6.1)
#325

9. Follow PT-5 Pulse in Logic 0.7.7 (9A)
(#325)

G. RDS Instruction

1. Used to initiate transfers into Memory from
1/0 Units.
2. Address portion indicates the number of words

to transfer. -
3. I/0 Word Counter loaded from Adr. Reg.
(Complement form)
4. - Study timing -- Logic Index Appendix A
5.+ Commands for logical operation.

a. Pause option (PT-10) #134

b. Set 1/0 Interlock (PT-1) #294

c. Clear I/O Word Counter (PT-1)

d. Address Reg. Cpl to I/O Word
Counter (PT-2) #152
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e. StepI/O Word Counter (PT-3) #290

\
NOTE: This keeps us from reading one
move than indicated by address portion.

NOTE: Provides means of detecting
RDS- "0". ‘

f. Set Read FF (PT-6) #180

1) Start Read Pulse to selected
1/0 device.

2) This actually conditions cir-
cuits so breaks may start.

g: Show commands in logic.

1) CL. I/O0 W.C. (149) Logic
0.7.36/A

2) Adr. Reg. Cpl toI/OW.C.
(152) Logic 0.4.1 13C

3) Step I/O W.C. (290) Logic

: 0.7.32/B

4) Sets Read FF (180) Logic
0.7.3 6E

H. WRT Estruction

1. Used to initiate I/O transfer from Memory
to I/O Unit.

2. Most other functions identical to RDS inst.

3. Differences fromm RDS Instruction.

a. PT-6 set Write FF
b. Send '"'Start Write Pulse'' to selected
1/0 device.
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Summary Questions

I

3.

The'l/ O Element contains:

A. Control circuits only
B. Transfer registers only
. The PERSELBSN Matrix-
é Control circuits and transfer registers.

Complete the following tdble indicating the type of pulses obtainable for
each of the following circumstances.

STATUS TPs IPs
No Pause No Break Yes
Pause No Break o
No Pause Break 2.9 1 No
Pause Break s WAk €V ° r/a
7 »
In order to get break-in pulses, the & > s FF and the K ., 4 FF
must be set. In order to get break-out pulses, the Wg 7~ FF and the

Qrza é FF must be set.

Answer the following True or False:

4.

5'

The De-Select Pulse occurs at PT-5. /=

PT-1 of a RDS instruction will set the I/O Interlock.™ T
PT-6 of a WRT instruction will set the Break FF. /°
The I/O Word Counter is loaded at PT-2 time from the Address Regiater.T‘

The Break FF is cleared by the Word Counter going to zero. | ;
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VI. INPUT/OUTPUT REGISTER
A. Use

1. Used to clear memory.
a. By programming
b. Master reset or clear memory push-

buttons

2. Used to store a pattern in memory by pro-

gramming.

NOTE: Although the I/O register is generally used as
the intermediate storage register between core memory
and a selected I/O device, it may itself be selected as an
I/0 device using the SEL (04) instruction. The I/O regis-
ter, so selected, serves as a source of words containing
all 0's when it is desired to clear memory.locations, or
a word of any configuration when it is desired to write a
test pattern into memory.
Qb8e

B. Programming Figure 8 Page
1. General

When any SEL instruction is executed, the
I/0 register is cleared (0.7.1, B-7, ctrl
clr/deselect pulse). Normally, during the
execution of a subsequent RDS or WRT
instruction, the I/O register is cleared again,
(0.7.1, C-7, command 144 and 147). Prior
to the transfer of each word the I/O register
is cleared. However, the SEL (04) instruc-
tion causes a gate (0.7.1, C-7, I/O reg not
sel level) to be conditioned which prevents
the clearing of the I/O register between
transfers and when the RDS or WRT instruc-
tion is executed.

2. To clear manory locations.

The basic I/O program is used to clear
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memory. To clear all memory locations
including the test register, the number spe-
cified in the RDS instruction is 3.77760g.

a. LDC 0000 Starting Mem.
location
b. SEL (04) cm-- SEL I/0O Reg.
~¢. RDS N
qd Clears N memory locations in N break
cycles.
3. To store a pattgw
To write a particular pattern into core mem-
ory, the following program is used. The
location specified in the LDC instruction con-
tains the test word. Note that the I/O regis-
ter is not selected a second time before
issuing the RDS instruction. To do so would
cause clearing of the I/O register and the loss
of the test word.
©a. LDC ----(To pattern Word)
b. SEL (04) ----
c. WRT 0.00001
d. LDC ——--
Si' . RDS N
-1, Puts the pattern in the I/O Register and
then stores it into N memory locations -
in N memory cycles.
. If more than WRT one is programmed,
a logical add of the words written will
result in the 1/O register.
Timing
1. SEL (04)

a. OT-5 deselect clears I/O Reg and
clears all I1/0 controls.
b. PT-5 select sets I/O Reg. FF.

Logic 0.7.5

Logic 0.7.1, 0.7.2,
0.7.5
Logic 0.7.5
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2. RDS ﬁ j va/aoj/

a. PT-1

1) Clear 1/O Word Ctr. (0.7. 3)

2) Set I/0 interlock (0. 7. 3)(0. 3. 1)

3) Clear Read and Write FFs (0.7. 3)

4) Set Word Counter Status FF
(0.7. 3) -- Indicates if Word CTR
= 0 or #0.

5) Clear the parity check control FF
(0.1.1) -- Allows parity assign-
ment during breaks.

b. PT-2 -- Load I/O Word Counter (trans-
fer Adr. Reg. Complement to Word
Ctr.) (0.4.1) (0.7.3)

c. PT-3 (Command 290) (0.7.3)

1) Step I/0 Word Counter (0. 7. 3)
2) Set Sense Word Counter FF (0.7, 3)

a) Allows I/O Word Counter
end carry, due to command
290 of a RDS or WRT zero
instruction, to clear the I/0O
interlock.

b) I/0 Word counter end carry
also clears Word Counter
Status FF.

dc PT'6

1) Set the Read FF if the Word
Counter ¢ 0 (0. 7. 3) (Determined
by Word Counter Status FF)

2) Clear the Sense Word Counter
FF (0.7.3)

3) Set the Break Request Sync FF if
the 1/0 Word Counter # 0(0. 7. 5)
(0. 2. 3)

e. Next 2 MC pulse sets the Break Request
FF (0.2.3)

f. Next TP-10 Delayed sets the Break FF
(0.2.2) (0.2.3)
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Break In Cycle
a. Refer to I/0O Break Control in section
VB
b. Applicable pulses.
1) BI-0
2) BI-2
3) BI-3
4) BI-4
5) BI-6
6) BI-7

7) BI-11 Clear I/0 interlock if I/0
word counter = 0.

Successive breaks are taken until the I/O
Word Counter = 0 -~ If I/O Word Counter = 0,
then a BI-11 pulse will clear the I/O interlock.

WRT -- Same as RDS except PT-6 sets WRT
FF instead of RDS FF (0. 7. 3)
Break Out cycle

a. Refer to I/O Break control in section
VB.
b. Applicable pulses
1) BO-0
2) BO-2
3) BO-5
4 BO-6
5  BO-7

6) BO-11 -- Clear 1/0 interlock
if I/0O Word Counter = 0.

Successive breaks are taken until I/0O word
counter goes to zero. If I/O word counter

= 0, then a BO-11 pulse will clear theI/O

interlock.

Table 6-2

o360
Table 6-3, Page
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Summary Questions

1.

2.

3‘

What is the purpose of being able to ""Select'" the I/0O Register ?
eleo\ MUt

At what rate are words tranéferred from or to the I/O Register when

selected?

'/,')/,{, e “

The I/0 Register when selected is cleared by PT-2 of RDS or WRT in-

struction. (T or J)

The computer will not do any computations while the I/O register is

selected and writing. (T or F)

Several patterns can be loaded into memory from the I/O register
during the execution of one WRT instruction. (T or _‘F:)
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VII. MANUAL: INPUT MATRIX W /{ V/f\w

A.

Description

Certain types of data are fed into the Central Com-
puter through a buffer storage device called the
manual input (MI) matrix and which is a part of the
manual input element of the Input System. The
matrix is made up of tape cores arranged in 128
rows of 33 (one core not used) cores each. Infor-
mation is read from the matrix under computer
command at a rate of one row (one computer word)
every 20 usec. The MI matrix can be read entirely
or in part during the execution of one transfer
operation, but the reading is always sequential
starting from the first row.

The status of the cores in rows 7-128 is deter-
mined by the setting of the keyboard switches on
keyboard panels associated with various display
consoles to which the cores are connected. In
addition, certain cores in these rows are connec-
ted to simplex equipment (e. g. Input System chan-
nels and Display System consoles) so that the
active or standby status of this equipment can be
determined by the computer program. The read-
ing of the cores in rows 7-128 does not affect the
status of these cores (nondestructive readout).

The cores in the first six rows are connected to
the ACTION pushbuttons on the several keyboard
panels and to the light guns associated with cer-
tain situation display consoles. A core is set to
the 1 state when the ACTION button to which it is
connected is depressed (or if connected to a light
gun, when the light gun is fired). When the cores
in rows one through six are read, they are
switched to the 0 state in the process (destruc-
tive readout). A core in the first six rows serves
to indicate to the computer program whether the
keyboard data for a particular console is to be
recognized. The program determines which cores
in rows 7 through 128 are associated with a parti-
cular core in rows 1 through 6.
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(128)10 word register (200)g

Each word consists of 33 tape cores (1 not used)
Stores information from Display Consoles
concerning requests or actions initiated by
console operators. Also, the status (Active

or Standby) of the Input Channels and dis-

play consoles are stored in cores within the
matrix.

a. First 2 words -- cores set by light
" guns (Destructive Readout)
b. Next 4 words -- cores set by action
. pushbuttons on the keyboard panels.
(Destructive Readout)

c. Last (122) ;9 words -- cores con-
trolled by keyboard switches on key-
board panels and by Input Channel-
Display Console Unit Status Switches.
(Non-Destructive Readout).

Three methods used to set cores in MI matrix.

a. Keyboard Button and Unit Status Switch
{Non-Destructive Readout)

1) Keyboard Button

S ——

a) The keyboard button will
set certain cores in the
MIM, which when read
out will indicate to the pro-
gram what operations have
been requested by the oper-

i ator.

b) Operation -- With the but-
ton closed, the core contains
a "one'. Once the button is
depressed, it will remain
closed until a release button
is depressed. Thus, read-
out of the core is non-des-
tructive.

Figure 3
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Unit Status Switch

a) Cores in the MIM are
read out by the program
to find out the status of
simplex- units.

b) Operation -- When in the
"Standby'' position, it will
put a "one' in a core of
the '"Standby'' computer's
matrix and a ''zero' in a
core of the "Active' com-
puter's matrix. When in

* the "Active' position, it
will put a ''one'' in a core
in the "Active' computer's
matrix and a '"zero" in the
""Standby' computer's ma-
trix,

b. Action Button (Destructive Readout)
— e e —

1)

2)

The active circuit is a logic
circuit which applies a {10V
pulse to an associated core upon
depression of the action push-
button. In Input System logic,

the action pushbutton is used by
the console operator to signal the

-Central Computer that there is a

keyboard message in-the core ma-
trix ready to be read into the
Central Computer. This is done
after a message has been set up at
a console keyboard.

Operation -- The action push-
button is normally open, allow-
ing Cl to charge to #10V through
Rl. When the pushbutton is de-
pressed, mercury contact relay
Kl is momentarily energized,
providing a discharge path for

the capacitor through R 2 and

Figure 4
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the associated core in the core
matrix. This action results in

a pulse being applied to the core,
setting the core to the 1 state.
During the readout operation of

the core matrix, the '"A" bit con-
tained in the core associated with
a specific action pushbutton is des-
troyed and is not restored until

the pushbutton is again depressed.

c. Light Gun (Destructive Readout)

1) At present the purpose and use
of the light gun signals are class- '
ified. Refer to MI lesson plan.

2) Operation -- Firing the light gun
generates a £10V level for 10 usec
which puts a ''one' in a core. The
level goes from -30 volts to #10
volts for 10 usec and then returns
to -30. The return to -30 allows
destructive readout.

Programming
1. LDC xxx
2.  SEL(06) . ---
3. RDS 200
a.  Matrix contains 128 gor 200g words.

b. RDS 200g reads entire matrix.

c. RDS more than 200g would read entire
matrix and then put positive zeros into
memory until the Word Counter goes

to zero.

Example:
1) LDC 200 -
2) SEL (06)

3) RDS 400

Figure 5
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4) Memory locations 200g-377g
would contain information from
the MI Matrix and locations

! 400g-577g would be cleared.

d. The first word in the matrix will always
be the first word read.

‘e.  Any time the first 6 words in the MI

Matrix are read, they are no longer
retained in the Matrix. (Destructive
Readout) .

Central Computer Timing

1.

SEL

a. OT-5 -- Deselect
b. PT-5 -- Set MI Matrix FF
(Selects MI Matrix)

RDS -- Same as for I/O Reg except for
the following:

a.. PT-2 -- Clear I/O Register
b. PT-6 -- Start read pulse to MI
Matrix read control (Logic 0.7.7)

Break In Cycle

a. Start read pulse starts in the MI
Matrix read control circuitry.

b. Words are transferred at a 20 usec
rate.

c. As each word is loaded into the I/0O
Buffer, a buffer loading pulse from
the MIM controm circuitry will set
the I/O Buffer Load Sync FF (0.7.7)

d. Next 2 MC Pulse sets the I/O Buffer
Load FF (0.7.7)

e. Next 2 MC Pulse sets the I/O Buffer
Status FF (0.7.7).

f. Next 2 MC Pulse

Logic 0.7.7

Logic 0.7.1, 0.7.2

Logic 0.7.7
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1) Xfer I/O Buffer to I/0O Reg Logic 0.7.1, 0.7.2
2) Set I/O Reg Status FF )

3) Clear I/0O Buffer Status FF

4) Sets Break Request FF Logic 0.2.3

g Refer: I/0 Break Control Section (Y /X
VB for BI pulse functions. Table 6-2 Page
h.  ‘Applicable pulses

1)  BI-0
2) BI-2
3)  BI-3
4)  BI-4
5  BI-7
6) BI-11

i. Words are Xferred at a 20 usec rate
until the I/O Word Counter goes to
‘'zero''.

j. Programming a RDS '""Zero' will start -
the MIM read circuitry. As a result, \
200g words from the Matrix will be
logically added in the I/O Buffers, but
no breaks will be taken. If another
I/0 operation (which uses the I/O Buf-
fers) is programmed while the Matrix
is transferring information, a logical
add of the matrix information and infor-
mation from the other 1/O device will
result.

Reading Operation of MIM Figure 6-6
Logic 2.2.2

Reading of the MI matrix is initiated at PT 6 of the

RDS instruction, which gates a start-read pulse to

the core matrix control circuits.

This pulse is used to initiate the transfer of data
from the MI matrix to the computer. When this
operation is initiated, the control functions of
reading and transfer are performed by the core-
matrix control circuits, the core shift register,
the thyratron core drivers, and the sense ampli-
fier. (See Figure 6-6). The core-matrix control
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circuits initiate, control, and terminate the read-
‘out operation. The core shift register and thyra-
tron core drivers cause a sequential (word-by-word)
readout. The sense amplifiers amplify, filter, and
shape the pulses which transfer the data word from
the core matrix to the central computer system.

As shown in figure 6-6, the MI matrix derives its
timing pulses from the MIXD drum-timing circuits
which are located on the OD side of the Drum Sys-
tem. The timing pulses are designated OD-1, OD-2,
OD-3 and OD-4, and they occur at intervals of 2.5
usec. Since OD-1 pulses, which are generated every
10 usec, are frequency divided readout of the core
matrix occurs every 20 usec. When the readout pro-
cess is initiated, a shift level is produced to transfer
a word from the matrix, and a break-request pulse

is generated and routed to the central computer sys-
tem to inform it that a data word has been transferred
from the core matrix. The computer keeps a cumu-
lative count (in the I/O word counter) of the transfers
and, when the specified number of transfers has been
received, it transmits a disconnect MI matrix pulse to
the core-matrix control circuits. As a result of
receiving the disconnect pulse, the core-matrix-con-
trol circuits stop the generation of shift levels and
terminate the readout of the core matrix. A detailed
logic circuit analysis of the core-matrix-control
circuit s is presented in the following paragraphs.

As shown in figure 6-6, the read-manual-input-matrix
pulse triggers SS-1. The resultant output pulse of

the single-shot is designated the load-shift-register
pulse. The load-shift-register pulse simultaneously
writes a 1 in the first core (CS-1) of the core shift
register and sets FF1. The resultant dc level which
is generated at the 1 side of FF1 conditions GT1.

The next OD-1 pulse simultaneously examines FF 1
and FF 2, by pulsing GT 1 and GT 2, respectively.
-Since FF 1 is set and FF 2 is clear, the OD 1 pulse
is gated by GT 1 and suppressed by GT 2. The

gated OD 1 pulse sets FF 2, and the resultant dc level
generated at the 1 side of FF 2 conditions GT 2.
‘Because FF 2 is now in its 1 state, the next OD 1
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pulse is gated through GT 2; as a result,, FF 3 and
FF 4 are both set. The dc level generated by the 1
side of FF 3 is applied (through OR 6) to the 16 core
.shift drivers (shift/reset). At OD 2, a pulse passes
thréugh OR 4 to clear FF 3, thus establishing the
length of the shift pulse at 2. 5 usec. The 2.5 usec
shift pulse is applied to the 16 core shift drivers
which in turn apply a read-current pulse to the 128
core-shift circuits. Since core shift bit CS 1 con-
tains a 1 (all others contain 0's) an output pulse is
developed which sets core shift bit CS 2 and which
applies a pulse to thyratron core driver TCD 1.

The output of the thyratron core driver is used to
drive all of the cores of the associated word to the
0 state. The cores that contained 1's develop out-
put pulses on the associated sense lines which,
when amplified and shapped into 0.1 usec standard
pulses by the sense amplifier blocking oscillator,
are used to set the associated bit of the I/O buffer
register. ‘

At OD 3, the status of FF 4 is examined by

pulsing GT 3. Since FF 4 is set, GT 3 is condi-
tioned and the OD 3 pulse is gated. The output
pulse of GT 3 clears FF 4 and FF 2 and is routed
to the Central Computer System as a break-request

pulse. At the same time, the first data word is being

transferred into the I/O buffer register.

"Since the speed of the MI matrix is comparable to
that of the Drum System, break-request circuits
are also used for the MI matrix. As shown in
figure 6, the break-request pulse is gated through
GT 11 and, as a result, the I/O-buffer-load-sync
flip-flop is set.

The break-in cycle is subsequently assigned,
during which the I/O word counter and the I/0O
address counter are stepped by TI 1 and BI 3
respectively. The word in the I/O buffer register
is transferred successively to the I/O register
and to the memory buffer register, and the break-
réquest flip-flop is cleared. Each new word is
treated in the same way, the rate of their arrival
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being constant and dictated by the design of the MI
matrix. As soon as the I/O word counter contents
are equal to 0, the end-carry pulse resulting from
the final stepping of this counter clears the I/O-
word-counter-status flip-flop. The 0 side of this
flip-flop and the 1 side of the MI-matrix flip-flop
fully condition AND 2 whose output is gated by GT
13 to become a clear-I/O-interlock pulse and a
disconnect-manual-input-matrix pulse at BI 11
(figure 6).

As shown in figure 6, the disconnect MI matrix
pulse clears FF 1 and FF 2 after passing through
OR 1 and OR 2, respectively. The pulse also
triggers SS 2 after passing through OR 3. The
resultant output level of SS 2 is applied through
OR 6 to the core shift register as a reset level
which clears the core shift register in anticipa-
tion of the subsequent readout operation.

The disconnect operation can also be accomplished
manually through the duplex maintenance console.

In this case, the manual-reset pulse, which originates’
at the duplex maintenance console, is applied to OR
circuits 1, 2, 3, 4, and 5 simultaneously, thus clear-
ing flip-flops 1,2, 3, and 4. The clearing of these
flip-flops permits the operator to immediately term-
inate the readout operation. The manual-reset pulse
also triggers SS 2, which applies the reset level to
the core shift register through OR 6. The reset

level clears the core shift register in anticipation

of the subsequent readout operation.
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Summary Questions

1. The MI Matrix is read ata 2. ) micro-second rate. This is done
so that the 7. .o ?s1e4 will not overheat.

2. What will occur if a RDS instruction greater than 2008 is given with the
MI Matrix selected ? wégag.‘_,ﬂ

“h Aol o 200 4 \ik rw-Q 0 W,A/j»,)}ﬂﬁf/%'\‘&/

3. Whenever the MI Matnx is lelect d and a RDS 0. 00200"'is given, no words
are read into memory, A RDS instruction of less than 200g functions pro-
perly. This could be caused by:

A, Pluggable Unit SEL-F7 open (0.7. 3 - 2B)
B. This is improper programming and the result is, therefore, normal.
.’ I1/0 word counter R8 a FF remains set. (0.7.3 - 3B)
-y Address Register not transferring to I/O WD. Ctr..
E. Pluggable Unit 6FU-Gl open (0.7.3 - 3B)
¢. The MI Matrix is used to:/{;wwl‘;}v dade 6
5, What information will be read into Core Memory if the MI Ma..ru: is

selected and a RDS 0. 00006 is given?
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VIII. BURST TIME COUNTERS

A,

Description

The types of output data processed and transmitted
by the Output System are ground-to-ground (G/G),
teletype (TTY),

and ground-to-air, time division (G/A-
TD). The Output System reads output data from
the OD side of the output buffer drum fields and
examines each word to make up messages accord-
ing to type of data and word sequence. The mes-
sages are made up by temporarily storing the
individual words in particular locations of a ferrite
core array, before reading out the completed
messages to the transmission equipment. The
left half-portion of the output words contains the
information for making up the messages.

Besides separating data words by type and word
sequence, it is necessary to identify data words

as being associated with a particular message in
a given type. To accomplish this, the Output

System has four message counters (call burst
counters), one for each type of output. Each out-
put data word has a burst time count in the left
half-portion of the word. The Output System checks
for comparison of the burst count with the setting

of the appropriate burst counter. Those words with
burst counts less than the burst counter contents are
rejected but left on the OB drum for future reading.
Those that compare are stored for subsequent
transmission. Those words with burst counts
greater than the burst counter contents are re-
jected but left on the OB drum for future reading.

A burst time counter is stepped by the Output System
as each message is completed. )

For the operating program to assign burst numbers
to output data words, it must be able to obtain the
contents of the various burst counters at any time.
This facility is provided in the equipment so that the
burst time counters can be read using the basic 10
program.
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Ground to Ground Burst Time Counter

a. 8 FF Counter

b. Stepped every 70. 8 millisec.

c. G/G used for G/G messages from the
computer. These messages are sent
over phone lines to computers at other
sites.
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5. Teletype Burst Time Counters

a., 5 FF Counter

b. Stepped approximately every 1/2 sec
(45/91 sec)

c. TTY used for TTY messages from the
computer, These messages are sent
over phone lines to teletype machines
at manual DCs, Missile Master Centers,
Weather Stations, Texas Towers, Direc-
tion Centers, Combat Centers, etc.

6. Ground to Air Time Division Burst Time
Counters

a., 8 FF counter

b. Stepped every 90 millisec,

c. G/A-TD used for G/A messages from the
computer that are transmitted to inter-
ceptors, Will also be used for transmis-
sion to future missiles, Uses time division
type of transmission at the Data Link,

B. Programming

1. LDC XXX
2. SEL(21 ---
3. RDS 2,3,5,0r10

a, RDS 1 reads+0

b. RDS 2 reads G/G, and BTC

c. RDS 3 reads G/G, and TTY
BTC

d. RDS 4 reads G/G, and TTY
BTC and positive zero,

e. RDS 5 reads G/G, and TTY
BTC, positive zero, and G/A TD BTC

£, RDS 6-10 reads BTCs and then positive
zeros,

g. RDS more than 10, disconnect generated
in output system, but will not clear I/0
Interlock.
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Central Computer Timing -- Timing is identi-
cal to MI Matrix timing, except words are trans-
ferred at a 10 usec rate.

Reéading Operation of BTC

Execution of the SEL (21) (Select Burst Time
Counters) instruction results in setting the burst
time counters select flip-flop (0.7.7, A-B). The
output from the 1 side of this flip-flop gates the

PT 6 pulse of the RDS instruction. The gated PT

6 pulse is sent to the output computer section of the
Output System to set up the circuitry for reading
out the contents of the burst time counters.

The burst time counters are read one at a time
under control of the circuits in the output computer
section. (See figure 6-7) The PT 6 (select and
read) pulse sets FF 1. The following OD 3 pulse
will be gated by the 1 side to set FF 2. The 1 side
of FF 2 conditions GT 4 to pass successive OD 1
pulses which are used to set a 3-flip-flop counter.
The output levels of the counter are decoded with
five 3-way AND circuits to produce burst counter

"selection levels. As the counter is stepped by OD

1 pulses the proper selection level is applied to a
number of 2-way AND circuits. The second input

to these AND circuits is from the 1 side of the flip--
flops in one of the burst time counters. The outputs
of these AND circuits are applied to the readout )
gates. The readout gates are strobed by the OD 1
pulses for transfer to the I/0O buffer register.

This circuit arrangernent provides transfers at a

10 usec rate (the same as for addressable drum
transfers). To read all four burst counters the RDS
instruction must specify at least 5 words. Note that
0's will be transferred when the selection counter

"equals 011,.

The read operation is terminated when the word
counter goes to 0 or when the selection counter is
stepped from 111 to 000, depending on the number
of words specified in the RDS instruction.

Logic 0.7.7

Figure 6-7
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Summary Questions

" What are the Burst Time Counters used for 20«4 %

sl s O oL o S
What will be read into Central Computer for each of the following instruc-
tions with the BTC's selected?

A.
B.
c.
D.
E.

RDS
RDS
RDS
RDS
RDS

0.00001
0.00002
0.00003
0.00010
0.00011

M"’“}% égéz-‘-’("‘*’\ -

The following program is given:

SELZ 1

LDC 100
RDS 01
HLT

At the completion of the program, the G/G BTC is found to be contained

in location 101.

P.UC
P.U.

P.;U.

P.U.
PO U.

5ES, pin H5 open

.5EL, pin F7 open

5ER, pin A6 open
5FT, pin Fl open
5FV, pin Bl open

This would be the result of:

(0.7.3 - 7A)°
(0.7.3 - 2B)
(0.7.3 - 7A)
(0.7.7 - 13B)
(0.7.7 - 13C)

Information is transferred from BTC's at a 4 [ usec rate.
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IX. WARNING LIGHTS

A, Use

1.
p—

&

e
4

Provides program controlled indica
which notify personnel at display consoles

“of special computeractions.
T ———— .

a. Audible alarm and light controlled by
operator.
b. Neon light controlled by compurer.

Warning lights are used to alert operatars.

_at different consoles of certain Central . ..

Camputer System operations.”7 Provision i
is made for 256 lights, divided into eigh
groups of 32 lights each. Each group is
congidered a 32 bit register. To make use

of theWarning Light SystemLDC, SEL,

WRT is the basic I/O program which must

be executed. The circuits in the I/0 ele-
ment required to implement the use of the
Warning Light System are shown in figure 6-5.

B. Operation of Warning Light

l.

Explanation

a. Conditions set up ---Unit 30 "A" relay
is energized to allow signals from the
"A" computer to go to the console.

b. With the warning light FF set it will
condition the WLD (Warning Light
-Driver) to pick Kl in the display con-
sole -- at the same time the FF will
also light the steady neon on the dis-
play console.

c. K1 picking will cause the thermal

" flasher to operate as long as Kl stays
picked.

d. The thermal flasher will cause K2 to
pick and drop cycles until Kl is de-
energized.

Figure 7
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e. K2 picking and &ropping will cause the
red lamp to light up and go off at the
same time as the bell is ""Dinging'",

_ . 0680
Programming Figure 8 Page
1. LDC x00 -

2. SEL (10) ---
3. WRT 10
WRT 10 will write in all 8 registers. On a
WRT more than 10, W. L. registers will be
written in more than once. Always start
writing in the first register.
Central Computer Tir‘r;;ng'_ o Logic 0.7.9
1. Double complement method of loading W. L.

registers (for economy).

The principle of operation depends upon the Z ).}
fact that complementing a flip-flop an even ?

number of times does not alter its original W tleat P
status. To write new information into the W
warning light registers, the I/O registers

are loaded with a new word every second

memory cycle. For each word transferred,

the first of the two cycles is a breakout

cycle during which the word in the I/0O

registers is used to complement the eight

warning light registers and the selected

warning light register is cleared; the second

cycle is a dummy cycle during which the word

in the I/O register is again used to comple-

ment the eight warning light registers. Under

this condition, the original content of the

seven non-selected warning light registers

will not be destroyed. Each of the eight

warning light registers is modified in a sim-

ilar manner so that, at the end of the I/O

process, each register will duplicate the sta-

tus of the core memory word assigned to it.



7 BrREAK NOrap
SEL RDS O WRT O » RDS 3.77777 WRT 3.77777 F UENCY | RDS or WRT
04 CLR 1/O Intlk. |CLR 1/O Intlk. |Normal Abnormal - WRT 1
1/0 REG | No Breaks | No Breaks Operation Programming 6 usec. RDS X
i Logical ADD
X to 1/O REG.
Abnormal Op., | Does not Read 200 Words | Cannot CLR. RDS 200
Start MIM, - Start MIM Normally, all 1/0 Intlk., '
06 .| Logical ADD in |SET & CLR O's after 200 HANG ON NEXT 20 usec.
MIM I/0 Bfr. at 20 u. | I/O Intlk. words in Memory1/O Operation
Sec Rate. ' CLR 1/0 Intlk.
CLR 1/0 Intlk. ‘
CLR I/O Intlk. | CLR I1/O Intlk. | Cannot CLR. Abnormal WRTI10
10 No Breaks No Breaks 1/0 Intlk., Programming
W.L. HANG ON NEXT| W.L.'s will be
1/0 Operation written into 12 usec.
more than once.
Abnormal Abnormal ‘Read more than | Cannot CLR. RDS 1-5
Programming . | Programming 10 words, 1/0 Intlk.,
21 logical ADD Does Not will cause HANG HANG on next 10 usec.
1/0 Bfr., Start BTC on next I/O Inst.| I/O Operation
BTC No Breaks, SET & CLR
Set & Clr I/O INTLK.
1/0 Intlk. :

FIGURE 8, PROGRAMMING SU}IMJ)P"’ OF MISCELLANEOUS 1/0 DEVICES
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Load I/O Reg. from W. L. image in
C. M.

Complement each bit position in
every W.L. Reg. where there is a
"one'" in the I/O Reg.

Clear only the W. L. Reg. which is
to receive the new word.
Complement each register as in b.
Without double complement method,
approximately 224 more GT's would
be needed.

OT-5 deselect
PT-5 set W.L. FF, clear Aux. W. L.
FF.

WRT -- PT-6 set W. L. Ctr. to 001 set Brk.
Request Sync. '

Breaks

a.

'b.

C.

TP-10 delayed sets Break FF

BO-8 sets Break Reg. Sync. Comple-
ments each W. L. Reg. where there is

a 'one' in the corresponding bit posi-
tion in the I/0 Reg.

BO-11 set aux. W.L. FF. Clear Write

. FF. This starts the ""dummy'' break

cycle which is required to allow the
W.L. FFs time to settle down. (Only
TPs generated)

TP=4 step I/O Wd. Ctr. Clear W. L.
Reg. #1. Step W. L. Ctr. to 010,
TP-8 check to see if Wd. Ctr. has gone
to zero. If it has, clear I/O Interlock
and Break FF.

TP-11 complement (Second time) W. L.
Regs. according to contents of I1/0O
Reg. Clear I/O Reg. Set Write FF to
Start next break cycle.

This process continues until I/O Wd.
Ctr. goes to zero. Requires 12 usec
to change each W. L. Register.

Refer to BO Timing"

Page (B
o360
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Writing operation of W. L.

\
The address of the first core memory word to be
used is placed in the 1/O address counter by the
LDC instruction. During the SEL instruction, the
warning-light flip-flop is set and the auxiliary-
warning-light flip-flop is cleared. (See figure 6-5)
After the WRT instruction, the I/O interlock and
the I/O-word-counter-status flip-flops are set, and
the I/O word counter contains the complement of the
right half-word of the WRT instruction. The magni-
tude of the number in the I/O word counter cannot
eyceed 8 because there are only eight warning light
registers, but it can have any intermediate value
between 1 and 8.

The final pulse of the WRT instruction, PT 6, re-
quests a break, sets the warning-light-counter No.
1 flip-flop, and clears the other two warning-light-
counter flip-flops. The register matrix converts
the reading of the warning light counter into a. posi-

‘tive dc level on matrix output 001. AND circuit 9

is therefore energized conditioning GT 25.

As a result of the break request, the next memory
cycle is assigned as a breakout cycle. The I/O
word counter is stepped by TP-4 during the dummy
break cycle and the I/O address counter is stepped
at BO 2. After the stepping process is completed,
the I/O word counter contains N-1 and the 1/0
address counter contains the address of the core
memory word which is to affect the second warning
light register. The word for the first warning light
register has already been placed in the MBR's. This
first word is transferred from the MBRs to the I/O
registers at BO 7.

As shown in figure 6-5, the BO 8 pulse is gated by
GT 28 associated with the warning-light flip-flop.
Since this flip-flop was set at PT 5 of the SEL in-
struction, the BO 8 pulse is passed to cause the
content of the I/O registers to complement the

eight warning light registers. The warning light
register flip-flops are slow-speed, flip-flops; there-

Figure 6-5
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fore, about 2 usec must elapse before they cah be
operated upon again. Since there is not enough time’
between BO 8 and BQ 11l to provide the 2 usec, a
dummy cycle must be assigned. Accordingly, the
BO 8 pulse requests a break. To prevent the gener-
ation of breakout pulses during the dummy cycle,

the write flip-flop is cleared at BO 11. The BO 11
pulse also sets the auxiliary-warning-light flip-flop,
conditioning the circuits which are to be inspected
during the dummy cycle.

Since the auxiliary-warning-light flip-flop is set, the
gate tubes associated with its 1 side are conditioned.
At TP 4, the I/0O word counter is stepped and the
eight gate tubes associated with the register matrix
are simultaneously sensed. At this stage in the pro-
cess, GT 25 is conditioned; therefore, warning light
register No. 1 is cleared. The status of the other
warning light registers remains unchanged. The TP
4 pulse also steps the warning light register counter
by complementing the warning-light-counter No. 1
and warning-light-counter No. 2 flip-flops. The
resultant output from the register matrix is therefore
010, which conditions GT 26 and deconditions GT 25,
However, the clearing pulse generated by GT 25 for
warning light register No. 1 is developed before the
gate tube is disabled.

The I/O register is not affected during the dummy
cycle because of the absence of breakout pulses.

At TP 11 (of the dummy cycle), the flip-fiops of the
warning light registers are again complemented in
accordance with the contents of the I/O register.
The TP 11 pulse also clears the auxiliary-warning-
light flip-flop, resets the write flip-flop, and:clears
the I/0O register. ' -

Witk the break flip-flop and the write flip-flop set,
the following memory cycle is another breakout
cycle. During this cycle and its attendant dummy
cycle, the contents of the second warning light
register are changed to conform to the dictates of
the word in the I/O register. After TP Il of the
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dummy cycle, the first two warning light registers
are correctly conditioned, GT 24 is conditioned by
the register matrix, and the remaining registers
still retain their initial contents, Each TP 11~
pulse that is generated examines the status of the
I/0 word counter. As soon as the contents of this
counter are equal to 0, a gate tube conditipned by
the I/ O-word-counter-status flip-flop gates the TP
11 pulse. As a result, the I/O interlock and the
counter-control flip-flop are clared, terminating
the I/O process.



Summary Questions
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How much time is required to change each Warning Light Register? /2/,@ Do

The following program is given and runs to completion. Nothing is
written into the Warning Lights. (Assume all are cleared at start.)

000
001
002
003

SEL; o
LDC
WRT
HLT

100
010
000 This malfunction could be caused by:

5EK - Cl open (0.7.3 - 7E)
5GL - A7 open (0.7.9 - 4C)
5GE - E6 open (0.7.9 - 2B)
5GK - E5 open (0.7.9 - 3Q)
5GK - H6 open (0.7.9 - 3C)

The following program was executed with PA5, P.U. 5GL, removed.
What is in Warning Light Register #5 when the program halts? All
W.L. Regs clear at start.

000
001
002
003
004
005

006"

A.
B.
C.
D.

B

F.

SELjq
LDC
PER,5
WRT
HLT
1.77774
0. 35212

T 1.77774

0. 35212/

.0.00000"

0.00175"
0.00000-
0. 00000

002
001
005
000
0.11111
1.31126

0.11111

1.31126

1. 31126
0. 00001
0.00001
0. 00000
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X. TYPE 713 CARD READER
A, General

The IBM 713 Card Reader is a modified version of
the standard IBM 711 Card Reader. It is used as a
_maintenance tool for the computer by providing a
means of Transferring data to the central computer
W. This is accomplished
by mechanically feeding the cards (usually pro-

grams) into the card reader, sensing the punched Z‘))[{

holes wih brushes, and transferring the data to the
computer via the summary punch connector.

W
The 713 Card Reader is a slower machine than the CLM
computer. After energization of the card feed by a / \
Read (RDS) instruction, it takes approximately 20 /L
ms for a card to travel from one row to another, Jl}
whereas the computer can act on an instruction in
microseconds. It is not feasible, therefore, to have
the computer wait while the card travels from row
to row, card by card, for the computer could com-
pléte many instructions during this time. Thus,
between rows, the computer returns to its normal
program. When the card reader has information
ready for the computer, it indicates this fact by a
request-break-in signal. The computer has contin-
ually inspected for tkis signal and, when finished
with its particular problem, takes a break cycle.
At this time, the information is put into Memory.
Twelve break-in signals are generated, one for
each row of the card. Between break-ins, the com-:
puter returns to its normal program.

The following will be a discussion on the physical
functions of the Card Reader.

B. Basgic Timing -- The timing of the card reader is
discussed below; the discussion includes cycles,
cycle points, and the machine index.

1. Cycle Definition -- The card reader can read
150 cards a minute, which indicates that it starts
and completes a sequence of operation 150
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times in one minute. This sequence is re-
ferred to as a cycle and is termed a machine
cycle or a card feed cycle. It is called a

card feed cycle because cards must be feed-
ing when reading takes place. A machine cycle
is any cycle that the machine operates. Thus,
a machine cycle can, and often does occur
without its being a card'feed cycle; but for a
card feed cycle to occur, a machine cycle
must be coincident,

Cycle Point -- Since the cardis fed 9-edge

first, the first point during the cycle when the"
brush could read would be when a 9-hole is under
the reading brush. The second point which could
be read is an 8-hole. This procedure continues
until the 12 reading position has been reached.
The distance from one point, such as a 9, to the
adjacent point, 8, is one cycle point.

The distance between centers of adjacent punched
holes is 1/4 inch; this means that one cycle
point must result in a 1/4 inch movement of the
card. Because there is 1/4 inch of card above
and below the first and last punched hole, the
card is 3 1/4 inches from top to bottom. Thus,
since a cycle point represents 1/4 inch card
movement, a card is equivalent to 13 cycle
points. If cards were fed edge to edge, it
would result in a cycle which would contain 13
cycle points. However, because time is re-
quired to restore operating mechanisms to a
normal position, a space is provided between
cards. To provide this time and space, the
feed rolls are geared to move the card 5 inches.
This results in 1 3/4 inches between cards

and 20 cycle points per cycle. For the 12
reading positions, the cycle points will be
identified with the corresponding digit. Figure
3-4 illustrates the 20 cycle point machine
cycle and its relationship to card movement.
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Machine Index -- Many mechanisms on the
card reader are timed to start or complete
an aperation at a specific time during a
cycle. Thus, an index is attached to the
card reader and is geared to make one revo-
lution per machine cycle. The machine-
index is marked with graduations repre-
senting degrees so that mechanisms can be
timed to it. An index with all 360 degrees
indicated is used because this provides a
finer definition of timing. The card reader,
using 20 cycle points per machine cycle, has
18 degrees per cycle point.

Figure 3-5 shows a timing chart which
represents the machine index and timing
relationships. The chart indicates one
cycle divided into both cycle points and
degrees. The timing relationships between
the brushes and the circuit breakers are
illustrated.

Card Feed Unit

1.

2.

Speed is 150 cards per minute -- 3600 words
per minute.

Card Hopper -- holds 800 cards. The side
plates are adjustable to align the card columns
with the read brushes.

Feed Knives -- pull a card from the hopper to
the first set of feed rolls. The card feed
employs mechanical feed knives to feed a card’
into the unit. The cards are placed in the
hopper 9-edge first, face down, under the
card weight. At a fixed time in each card
cycle, the card is engaged by two feeding
knives and fed through the thréat. The feed
knives are accurately timed and are designed
to rock independently so that they may adapt
themselves to the feeding of cards, which may
not lie perfectly flat on the hopper bed.,

Figure 9
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Feed Throat -- while the feed knives will
engage only one card, the friction between
cards may cause more than one card to be

fed if some means is not provided to prevent
it. The feed throat (Fig. 3-8) is used to over-
come this, The throat is placed at the point
where the cards attempt to enter the card
reader and is adjusted to permit the passage
of only one card per feed cycle from the hop-
per.

Feed Rolls -- At a fixed time in each card
cycle, the two feed knives come in contact
with the edge of the card and move it through
the throat to the first pair of feed rolls. The
six pairs of feed rolls are so spaced that, be-
fore one pair loses control of a card, the next
pair grips it. This positive control continues
until the card has passed through the feed unit
and is stacked.

Contact Rolls -- There are two contact rolls in
the feed unit, one associated with each brush
assembly. Since only the upper set of brushes
is used for reading, its associated contact roll
is the only one discussed.

The electrical circuit from the read brushes
to the summary punch connector is completed
when the brushes make contact with the contact
roll through the holes in the card (Fig. 3-9).

Read Brushes -- There are two sets of 80
brushes, but only the last 64 brushes of the
upper set are used for reading. The second
set, and its associated contact roll, is merely
used as an aid in positioning the card as it is
fed through the feed unit. The 64 brushes used
control the inputs to core memory. This is
done by completing a circuit, via the contact
roll, through the punched holes, as the holes
pass under the brushes (fib. 3-9).

Stacker -- The stacker drum rotates only
when the card feed clutch is engaged. As the
drum rotates, its four pairs of gripper fingers
are cammed open and shut to grip the cards

Figure 3-8

Figure 3-9

Figure 3-9

Figure 3-10
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as they emerge from the last pair of feed
rolls, and to release the card when its correct
stacking position is reached. The fingers
grip the card in the center of the 9-row and
stack the cards in an upright position in their
proper sequence (Figure 3-10).

Feed Control -- The card feed mechanism
does not rotate until the feed clutch is picked
by a RDS instruction.

Card Feed Contacts

10

Hopper Contact -- closes when cards are
placed in the hopper. When the contact is
open, it prevents card reader operation with
no cards in the hopper. When the card hop-
per becomes empty, the upper card lever
remains open and stops the card reader. The
computer loses control of the card reader,
and the NOT READY light is turned on. To
restart the card reader, place a deck of
cards in the hopper, and perform the normal
run-in procedure.

Upper Card Lever -- contact indicates that
a card is in position to be read. It also de-
tects card feed jams. When a card jam-
occurs, the upper card lever remains open,
and the card reader stops. The computer
loses control of the card reader, and the
CARD FEED STOP and NOT READY lights
are turned on. Clear the jam at the throat,
repunch any cards that may have been
damaged.

Lower Card Lever -- is not used.

Stacker Stop -- switch stops the card reader
operation when the capacity of the stacker is
reached. When the stacker becomes full,
the stacker stop switch is activated, the com-"
puter loses control of the card reader, and

_the card reader stops with the NOT READY

lamp lit. To restart the card reader, remove
the cards from the stacker, and depress the
START pushbutton as in the normal run-in
procedure.

Figure 9
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Operating Controls

1.

Main Line Switch -- Applies 115V, 60
cycles to the drive motor and the §46VDC

' supply (40V to 46V). 115 V comes from

the Line Printer which does not have to be
on to get this. Also 472VDC is supplied
from the printer. The printer main line
switch must be on before the card reader
can be operated because of the 472V,
Start Pushbutton -- Puts the reader under
computer control if there is a card at the
read station. It will feed one card if there
is no card at the read station, then put
reader under computer control. ''Ready
1/0 Units'" or '"Master Reset'" PBs on the
maintenance console do the same thing.
Stop Pushbuttor. -~ Stops the card reader
and removes it from computer control.

If a card is being read at the time the
button is depressed, the reader will not
stop until finished reading the card.

Feed Pushbutton -- Will cause successive
feed cycles as long as button is depressed.
It is inoperative when the reader is under
computer control.

Indicator Lights

1.

Read -- Light indicates that the reader

has received a RDS instruction (PT-6 of
RDS). The computer is reading or trying
to read when the light is on. '
Fuse -- Light indicates that an indicator
fuse has blown in the card reader relay
circuit.

Not Ready -- light indicates that the reader

is not under computer control for one or more

of the following:

a. Fuse blown
b. Stacker full

© Cs Hopper empty (last card past first

read station)

Figure 10
;f it is desirable to

. ...associate controls

and lights with the
wiring chart, refer
to Par J of this
section.

Figure 10
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d. Card feed jam
e. Stop PB depressed
f. Start PB not depressed

Additional '"Not Ready" conditions for the
computer are:

a. Main line switch off
b. #72V lost from printer
—
There is a ''reader not ready’ light also on
Duplex Maintenance Console.

4. Card Feed Stop -- Light indicates a card
feed failure from the hopper or a card
jam.

5. Power On -- Light indicates that 46V and

" 72V power is present. Main line switch is

on.
* 28 * 00, *.248 ad 47, 47 i = LT
TART |. stop | FEED | READ | W& | “Nor CARD | POWER
. on : ¢ .
arilthnot cﬁ;;?*"‘; A READY FEED ON
Facad comm 7oTurlC | STOP
z i ad cww , M
toritiof LA i
‘*Pushbutton
Figure 10, Operating Controls and Indicating Lights.
G. Demonstration -- At this time it may be desir-

able to look at and operate the card reader,
Notice the following:

a. Fuses
b.’ Feed CBs
Cc. Feed clutch

d. Hopper

e. Path of card 4

f. Feed interlock contacts (hopper contact)
g. Contact roll and brushes (remove brush

blocks)
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Operation:

1.

z.

Observe operations by running cards through
the machine with the use of the hand crank.
Become familiar with the use of the card
gauge and the Go-No-Go gauge.

H. Programming

1. A typical program is:
0.00100 SEL(01) Select card reader
0.00101 LDC 0. 00000 First location
0.00102 BSN(11) 0.00102 Check I/O Unit Ready
0.00103 ‘RDS 0.00030 Read 30 words, can
0.00104 HLT 0. 00000 specify any no. of
words.
2. "Load Frorm Card Reader'" PB executes a
similar program. However, after the RDS
instruction, a second SEL (01) is simulated
to hang up the computer until the 30 words
are read. Then a BPX to zero will be
executed.
3. Binary Punched Card
a. Col. 17-80 hold information in binary.
( 1-16 not used)
1) Col 17-48 Left Words
2) Col 49-80 Right Words
b.  Each card holds 24)o words (30g)
C. Cards read 1 row -- 2 words -- ata
time.
,
4. Data Flow Figure 11 & 12
a. Left word from card goes to I/0 Reg.
b. Right word from card goes to I/O Bfr.
I. Control and Timing
1. SEL (01)

OT-5 (Deselect)
a. Clear Reader Not Ready FF
b. Clear Card Reader FF .
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' Left | Right
Word | Word
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Figure 11, Card Reader Data Flow

MEMORY "y ™
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Figure 12, Card Reader Data Flow
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PT-3
a.
b.
c.

AN/FSQ - 7
o870

Clear 2nd Break Reg. FF 0.7.6 (6C)
Clear Card Mach. Op. FF 0.7.6 (7B)

(Select)
Set Card Reader FF (8B)
Set Reader Not Ready FF 0.7
Sets Card Machine Op. FF 0.7.
Clear RDS-WRT Zero FF 0.7

1) This FF provides for clearing
the I/0 Interlock on a RDS zero
instruction for all I/O Units
except Card Machines and
Tapes.

2) A card Reader RDS zero will
feed one card and no words will be
read.

PT-10 -- Set Pause FF if 1/O Inter- 0.2.2 (8B)
lock on. Occurs on any I/O instruc-

tion.

PT-3 -- Load I/O Address Ctr. 0.4.1

Clear I/0 Buffer 0.7.
Set I/0 Interlock 0.7
Clear 1/0 Wd. Ctr.

Set I/0O Wd. Ctr. Status FF (7D)
Clear RDS and WRT FF (TE)

Load I/O Wd. Ctr.
Clear 1/0 Register

Step I/O Wd. Ctr.

Command 290

End carry will clear Wd. Ctr. Status
if a RDS zero instruction has been
given.



PT-6
a.

AN/FSQ - 7
og8sgo

Set RDS FF -- If I/O Wd. Ctr, =0

b. Trigger pSS to start reader
1) Picks K-12 in Reader which
energizes feed clutch cards
. start feeding.
2) In approx. 20 m.s., CF-18 will
close to fire PG-4 generating a
break request, Row 9 on card
under read brushes. '
a) Set 2nd Brk. Req. FF
b) Set Brk. Reg. Sync. FF
(1) Next 2 MC sets Brk.
Regq.
(2) TP-11 sets Brk., FF
and clears Brk. Req.
Sync.
3) Left word on card to I/0O Reg.,
right word to I/O Buffer.
Breaks
BI-0
a, Clear Brk. Req. FF
b. Clear Memory Buffers
c. I/O Adr. Ctr. to MAR
d. Start Memory
BI-2 ‘
a. I/0 Reg. to Mem. Bfrs,
b. Clear 1/0 Reg.
c. Step I/O Adder Counter
d. Step I/0 Word Counter
BI-3
a. Inhibit sample
BI-7
a. Inst. word in memory
b. 1/0 Bfr. to I/0O Reg.

0.7.6 (6B)

(6C)

0.7.
0.2.3 (2B)

w o~



5.

AN/FSQ - 7

o890
1) Card‘ Mach. FE set
2) Second word now in I/0 Reg.

c. Clear I/0O Buffer

BI-9

a. Set Brk. Req. Sync if:
1) Card Machine FF set
2) Second Break Req. FF set
3) Word Counter = 0

b. Clear second Break Request FF

TP-10 Delayed
a. Set Break FF for second break cycle.

Second break cycle same as first except
BI-9, Brk. Req. Sync FF not set because
second Brk. Req. FF is clear.

Next series of breaks comes approximately
20 m. s. later as Row 8 comes under the.
read brushes.

Disconnect

Card reader generates a request disconnect
at the end of each card.

a. Every 0.4 sec.
b. Clear I/0O Buffer
c. Clear I/0 Reg.
If Word Counter = 0

a. Clear I/0 Interlock

b. Disconnect Card Reader
1) Picks K-13 which stops card
feed, turns out '""Read'" light.
2) Reader is still '"Ready' unless

last card in deck was just read.

0.7.6 (7C)

0. 7.6

0.7.6 (11A)
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J. DETAILED ANALYSIS OF ELECTRICAL CIRCUITS

This section describes in detail the operation of
the electrical circuits employed in the 713 Card Reader.
First, a general discussion of the nomenclature and
description of duo-type relays is presented. Following
this, applicable relay sequences are presented, with relay
sequence timing charts as aids to discussion, Emphasis
is placed on the important manual controls (START
and FEED) and on the computer RDS instruction and

computer-disconnect signal. The remaining sequences -

are not discussed in detail, since only the cyclic opera-
tions may be checked with the dynamic timer.’ Finally,
the power supply is analyzed, and the input voltages
and the rectifier unit within the card reader are
discussed. Wiring diagram 337401D (fig. 3—15) was
used ror this text.

1 RELAYS

All the relays used in the card reader are of the
standard duo-type. The number of coils in the relays
used in this machine vary (fig. 3—16). Relays also vary
with respect to the number and types of contacts used.
Normally closed relay contacts are referred to as NC;
normally open contacts, as NO. Some contact points are

- transfer points, with a normally open and a normally
closed side (fig. 3—16).

At times, an individual contact -point on a relay
may be referred to as the NO point, the NC point, or.the
operating point (OP) to better identify the point in-
volved. For example, on the transfer point shown in
figure 3—17, the lower point would be the NC point
the center point would be the OP, and the top point
would be the NO point..

Some relays have only one voil (fig. 3—17); when-
ever a circuit is completed to this coil, the magnet is
‘energized and the armature is attracted. (See sect. 2A
of fig. 3—18, foldout, for an example.)

Jt Ak

OP NC NO 0P NC

Figure 3—16. Contact Terminology

Some relays are made with two coils (fig. 3-17),
and whenever a circuit is completed to either of these
coils, the magnet is energized and the armature is at-
tracted. One of these coils is the pickup coil, normally
used for energizing the relay. The other, the hold coil,
is normally used to keep the relay energized for a given
period of time. The pickup coil will be referred to by
the letter P; the hold coil, by the letter H. For example,
relay 1 is a 2-coil relay (fig. 3—15). The pickup coil will
be referred to as R1P; the hold coil, as R1H.

Some relays are wound with three coils (fig. 3—17)
and, whenever any of these coils has a circuit completed
to it, the magnet is energized and the armature is at-
tracted. Two of the coils are picking coils; the third is
the holding coil. Such relays are normally used when it
is necessary to pick up or energize a relay from either of
two separate circuits. The pickup coils are distinguished
from one another in that one of the coils is known as
the pickup upper (PU), and the other as the pickup
lower (PL).

Relay contacts are designated as the A or the B
contacts, depending upon their location on the relay
assembly. The relay A contacts are on the left side of
the relay, and the B contacts are on the right side of
the relay, facing the armature end of the relay (fig.
3—17). In general, the B side of the relay coils is the
common side and is connected to fuse.

Where two contact groups are mounted on the
same side of the relay, they are designated AU and AL
for A upper and A lower and BU and BL for B upper
and B lower.

All reélays that use two or three coils must have
those coils correctly polarized when they are connected.
The wires to the coils must be connected in such a way
that the magnetic polarity of all coils will be in the
same direction. This should be watched when installing
special features or new circuits. If the pickup and hold
coils do not have the same polarity, the magnetic fields
of these coils will oppose each other and the relay may
fail to hold.

2 SIGNAL FUSES
The card reader is equipped with four S-amp signal
fuses located on the fuse panel. A small brass plunger
is built into the nontransparent fuse cartridge and is
held under tension of a compression spring by the 5-
amp fuse wire. When a fuse wire breaks, the compression



o 9 ao Contact Pile -up Idontification

(Facing armature end)

Bend armature ears to
adjust for 010" +.006"

l— Terminals —l end play. (7 A -side I—- B - side

Coil o

Short Frame Relay Single - Coil Duo Relay - Single Core

l o

Male contact

Transfer contact

- —

Holding con!oc'

———— 7
0,
Hold coil

Pickup coil

Long Frame Relay
Two -Coil Duo Relay - Single Core

Anti-bounce Bumper Strap.With armature Terminals
' fully ottracted, upper strap should just Transfer Contact 1
touch the bumper.
Make contact

é_ % Hold contact

%‘___q.___ = ﬂ
ﬂE Hold coil Pedestal

: P s 5 _[;E_a, ? =" Armature Pad
o —— v.__l-._. o =0
Brass armature
ick Coil - upper stop pin.

Pick Coil - lower

Phenolic
Lifter

— Pickup coils *

——— --Hold coil ¢

Theoe ~Coil Duo Relgy - Double Core
* See text on Threo - Coil Reulays

Figure 3—17. Duo Relay Assembly



0930

spring forces the plunger into contact with a bus bar
mounted under the row of fuses. Contact with any
zleased plunger and the bus bar provides a path for
the energization of the signal fuse relay (3£14). The
4A (NC) point in section 1A of figure 3—15,

opens the card reader running circuit, causing the card
reader to stop. The circuit remains open uatil the blown
‘use is replaced.

It is important that the signal fuse be inserted
in its clips with the plunger end toward the bus. After
‘he fuse is replaced, the cards are run out of the card
ceader, and the deck of cards is rerun through the
card reader.

3 RELAY SEQUENCE FOR PLACING CARD
READER UNDER COMPUTER CONTROL

It is assumed that, before an attempt is made to
slace the card reader in operation, there are cards in
the hopper, the stacker is not full, power is available,
and all fuses are good. With these assumptions, the

ain line switch is turned to ON, and the following
I.equences are initiated fig. 3—15
Turning the main line switch to ON places 115V,

60 cycles, across the drive motor through the two 10- -

dmp fuses and to the primary of the power supply
transformer through two 5-amp fuses. The motor starts,
and the rectifier, which is in the transformer secondary
sinding, produces 48Vdc for the relay circuits. The
positive side of the rectfier is tied to a bus line com-
mon to the majority of the cam-activated contacts. The
negative side is led to a bus common to the signal fuses
and is tied to system ground.

The NOT READY lamp is lit by completing its
sircuit from a 72V input through the 300-ohm resistor
(R8) and the 4AL (INC) point to ground. This results
in an illuminated indication of the machine’s present
status.

Relay R7 (hopper relay in sect. 4A, fig. 3—15) is
picked by the closing of the hopper contact, one of the
starting assumptions being that there are cards in the
popper. However, its points are used merely to set up
circuitry for following relay sequences.

Relay 11 (48V interlock in sect. 4B) is picked,
Jince it is directly between the 48V line and ground.
Relays 11A (NO) and '11B (NO) points in section 3B
close and complete the circuit from the 72V supply
(sect. 1B) to pick R10 (power-on relay in sect. 4B).
Relay R11 uses dual contact points for this circuit to
distribute the current drain resulting from the comple-
tion of the circuit. The 10B (NO) point closing in
.ection 3B completes a circuit for the POWER ON light
fsect. 4B). The relay 10A (NO) point in section 1A is
a the start circuit and must be closed to complete the
ircuit when the START pushbutton is depressed.

Note

If there is no card at the read brushes, de-
pressing the START pushbutton causes the
card-feed mechanism to operate for one card
cycle, moving the first card from the hopper
to the read brushes. Control of the card reader
is then transferred to the computer, and the
NOT READY light is turned off. If there is a
card waiting at the read brushes, depressing
the START pushbutton merely transfers con-
trol of the card reader to the computer and
turns off the NOT READY light. The START
pushbutton is operative only if power is on, if
the fuses are good, if there is no card-feed
failure, if there are cards in the hopper, and
if the stacker is not full. The START push-
button is inoperative while the card reader is
under computer control.

The START pushbutton (sect. 1B) or the READY
10 UNITS pushbutton on the duplex maintenance con-
sole is depressed, and the following circuits are com-
pleted (fig. 3—18) (assume the START pushbutton is
depressed at 260 degrees): R1P (auto start relay in
sect. 2B) is energized through the path provided by
10A (NO), the STOP pushbutton, the stacker stop
switch GAL (NC), 14A (NC), the START pushbutton,
5AL (NC, 7BU (NO), 4AU (NC), 8BU (NC), the pick
coil and to ground. The hold relay of R1 (sect. 2A) is
energized when cam-actuated contact CF4 makes at 310
degrees and completes the circuit through R1AU, which
is closed until 250 degrees, for a total of 300 degrees.
Because the card feed unit is latched up, CF4 is in
the closed state. This permits the R1 hold circuit to be
completed when the START pushbutton is depressed.

The hold circuit for the original power path is
completed by 1BL (NO), which parallels the START
pushbutton (sect. 1B)..

CF1, in conjunction with 1BU (NO), completes
the circuit to the card-feed clutch magnet ac 293 de-
grees when the contact closes (sect. 2B). Energizing
the magnet attracts the clutch armature and latch, and
at 330 degrees the clutch disc engages with the clutch
pawl and mechanical feeding starts.

When the card reaches the upper card lever, the
contact is caused to close and the following takes
place: at 219 degrees, the upper card lever closes (sect.
3A) and provides a path to energize the R8P coil
(upper card lever relay in sect. 4A), when CF7 closes
at 222 degrees. The 8AU (NO) point enables the R8H
and R9P coils to pick when CFG makes at 252 degrees.

R9 has been added in parallel with R8H to give
another point in the upper card lever circuit. Its action
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completes: the circuit for the automatic start and places
the card reader under computer control, waiting for an
RDS instruction to feed cards under this control. How-
ever, at 250 degrees, CF4 opens and R1H (sect. 2A)
drops. Since the pick coil was originally de-energized,
all points of relay R1 are returned to a normal statce.
The 1BU (NO) opening (sect. 2B) de-energizes the
feed clutch magnet when CF2 opens at 296 degrees. At
330 degrees, the card feed clutch pawl is mechanically
disengaged from the 1-tooth ratchet of the clutch disc,
and the feed unit stops with the binary initial loading
card just before the read brushes.

4 RELAY SEQUENCE WITH CARD READER

UNDER COMPUTER CONTROL

With the binary initial loading card just ahead of
the read brushes, the LOAD FROM CARD READER
pushbutton located on the duplex maintenance console
is depressed fig. 3—19, Assume that it is de-
pressed at 260 degrees. This selects the card reader
through internal circuitry and reads the 24 words on
the binary initial loading card into the first 24 memory
registers.

At PT6 of the RDS instruction, the read thyratron
energizes the R12 pick coil (sect. 3B, read relay)
through CF11 (which is closed), through the 11A (NO)
point, through the 11B (NO) point, to the 72V source
in section 1B. The 12AU (NO) point in section 3A
provides a path to energize the hold coil of R12 (sect.
4A) and also lights the READ light, which parallels
the hold coil. The 12AL (NO) poinit provides a path to
energize R1P (sect. 2B auto start relay) through CF10,
which is closed at this time. R1H (sect. 2A) is picked
via the 1AU (NO) point and CF4, CF4 also being made
at this time.

The card feed clutch magnet (sect. 2B) is energized
through the 1BU (NO) point and CF1 being closed;
at 330 degrees (clutch-engaging time), the binary initial
loading card is fed under the read brushes with the
card reader under computer control. .

Note
Since 4AU (NC) point is open (sect. 2B), the
START pushbutton is ineffectual.

The 4AL and 12BU (NO) points (sect. 4B), in
conjunction with CF17 and CF16, provide a path for
the read brushes. The brushes are connected to the first
64 connections of the summary punch connector. CF18
generates the first request-break-in pulse (sect. 4B).

Note
The entering and leaving of the punched holes
by the read brushes is followed and anticipated
by the respective cam contacts. This prevents
the read brushes from initiating or terminat-
ing an “electrical circuit and from burning their
tips because of arcing.

The combination of the request-break-in pulse
(card-reader-index pulse) and the set condition of the
word counter status flip-flop in the Central Computer
permits the computer break-request circuit to initiate
break-in pulses at TP 11. Consequently, the punched
information is transferred from the 10 register and the
10 buffer register to core memory. Between break-in
requests, the computer returns to its normal function.
A total of 12 break-in requests are generated, corre-'
sponding- to the number of rows on the card. For a
thorough discussion of break-ins and word transfer, see
the theory of operation manual on the Central Com-
puter. -

4.1 RDS Instruction

The RDS instruction sets the feeding mechanism
in motion and reads the entire card into the 1O register
and the 10 buffer register. The address portion of this
instruction, which is placed in the IO word counter,
specifies the number of words to be transferred during
the read operation; e.g., RDS (24) words would be one
complete card, RDS (5) words would be the first five
words of the first card, etc. If this number is not a
multiple of 24 (one or more complete cards), the words
on the card after the number specified will not be read
into core memory because the word counter contains the
total number of words to be read. Each word that is
read will step down this counter by 1 until the word
counter goes to 0.

4.2 Word Transfer

As each index point is reached on the card being
read, two words are simultaneously transferred from’
the card reader to the Central Computer, the even or
left, word going to the IO register and the odd, or
right, word. going to the IO buffer register (fig. 3—20).
At the same time, a break-request pulse is transmitted
by the card reader to the Central Computer.

This break request initiates circuitry which results
in a break-in level. During this break-in cycle, the word
in cthe 1O register is transferred to the memory buffer
register, the IO register being cleared during this proc-
ess, and the word in the 10 buffer register is trans-
ferred to the IO register. An additional break-in cycle
is required in order to place the second word in the
memory buffer register and from there into core mem-
ory. This second break-in level is generated by Central
Computer circuitry. At BT 11 of this second break-in
cycle, the computer is again sensed for a break request.
Since there are none, no more break-ins are generated,
and the computer reverts to operate time and continues
with its normal program. Approximately 20 ms later,
another row of the card will be under the read brushes
and the above process will be repeated. When the
word counter equals 0, the break-in circuitry is decon-
ditioned and no more break-ins are developed.
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Figure 3—18. Relay Sequence for Initial Run-In

is as follows. If the START pushbutton is depressed
and the first card fails to feed, the card lever contact
fails to close, R8P fails to pick, and R8H and R9 are
not energized. As a result, the R9A point in 1B opens
and drops the auto start relay, This added point pre-
vents continuous running of the card feed mechanism
if the first card fails to feed.

Note
The make and break times of CF6 and CF7
cams overlap each other so as to encompass
360 degrees. Thus, as soon as a card trips the
card lever, the energization of R8 is assured
for one complete cycle.

The original power path for the start circuit,
which was completed to R1, is now directed to R3H
(sect. 2B, calculator interlock relay) by the transfer of
the dual-contacc 8BU operating point. This 8BU op-
erating point drops R1P (sect. 2B), but jts hold coil
(sect. 2A) remains energized until 250 degrees, when
CF4 opens.

The 3BL (NC, sect. 4B) now opens and discon-
‘nects ground from the SP 51 A90 connection, permit-
ting the computer to sense a ready state for the card

reader. The 3AL (NO) point causes R4 and R15 (sect.
2A, calculator interlock relays) to be energized. Picking
R4 opens the 4AU (NC) point, and the R3H relay is
now dependent on CF9 (sect. 1B). The NOT READY
light is now out because of the 4AL (NC) point open-
ing (sect. 4B), The 3BU (NO) point (sect. 2B) closes
and completes a circuit at 240 degrees by the action of
CF3 to pick R3P.
Nofte
Observe that the roles of the hold and pick
coils have been reversed, as the hold coil may
remain energized for long periods when the
machine is not in use. The pick coil is used
. only as a running hold. Relay R3 is continu-
! ously energized by the overlap timing of CF3
and CF9. CF3 energizes the pick coil of R3 via
3BU (NO) from 240 to 315 degrees; CFY
energizes the hold coil via 3AU (NO) from
310 to 250 degrees.

The 4AU (NC) point (sect. 2B) has interrupted
the original start circuit; therefore, when CF9 opens,
R3H is de-energized (occurs at 250 degrees). This will
not affect the status of R3 points, however, as the pick
coil is still energized. The 4BU (NC) point (sect. 1B)
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5 RELAY SEQUENCE ON RECEIPT OF
COMPUTER-DISCONNECT SIGNAL

When the card reader has read the last word speci-
fied by the RDS instruction, the IO word counter equals
0. This I0-word-counter-equals-0 level will condition a
gate in the computer which is pulsed by a request-dis-
connect signal at 270 degrees. \ This pulse, getting
through the gate, will fire 2 single shot; this, in turn,
will tngger a thyratron relay driver. When this relay
driver is fired, the following takes place (fig. 3—15)

The thyratron relay driver completes a path with
" 12BL (NO) and CF13 to pick R13 (disconnect relay in
sect. 3B). At 261 degrees when CF13 closes, 13A (NC)
opens and breaks the hold circuit for R12 (sect. 3A)
and for the READ light circuit. Relay R13 remains ener-
gized through its own 13B (NO) point till 297 degrees,

CORE
MEMORY

@

MEMORY
BUFFER
REGISTERS

@

EVEN (LEFT) WORD 1/0
FROM READ BRUSHES ——\/_v REGISTERS

@

170
BUFFER
REGISTERS

ODD (RIGHT) WORD
FROM READ sausnss—\./_“’

Figure 3—20. Information Transfer

when CF13 opens. The 12AL (NO) point's opening
causes RIP (auto start relay in sect. 2B) to drop. The
hold circuit for the card feed clutch magnet provided
by CF2 is broken at 296 degrees. At 330 degrees, the
card reader will latch up.

6 RELAY SEQUENCE FOR MANUAL STOP

The manual STOP pushbutton may be depressed
at any time to stop the reading of following cards. De-
pressing the STOP pushbutton will cause the computer
to lose control of the card reader and turn the NOT
READY light on. If a card is being read at the time
the STOP pushbutton is depressed, the stop action is
delayed until the end of the current card cycle. For this
discussion, assume that the pushbutton was depressed
at 100 degrees; thus, the card reader continues to read
the card under the brushes.

The pick coil of R6 (stop relay in sect. 2A) is ener-
gized through the path provided by 10A (NO), the
STOP pushbutton, RGP, and to ground. The hold cir-
cuit for R6 is completed through its own 6AU (NO)
point, and the 1AL (NO) and 10A (NO) points which

-are now closed. The AL (NC) point (sect. 1A) opens,

interrupting the circuit to the hold coil of R3, and, with
the pick coil circuit already broken at 315 degrees of
the previous cycle by CF3, R3 is de-energized.

The hold circuit of R1 is maintained until 250 de-
grees by CF4, thus sustaining the card feed clutch mag-
net via the 1BU (NO) point in section 2B. After 250
degrees, the card feed clutch magnet relies on CF2 until
296 degrees and is then de-energized (sect. 2B). Thus,
the cycle is completed, and information is read into core
memory. Meanwhile, AL (NC in sect. 1A) opens the
power line to R1P and prevents the energizing of R1P
at 245 degrees. Relay RG is de-energized by the 1AL
(NO) point in section 2A, permitting 6AL (NC) to
close again, but the hold coil of R3 cannot be picked
because of the 1BL (NO) point's being open.

Witk the dropping of R4, 4AL (NC) assumes its
normal position, and the NOT READY light circuit is
completed. Because R15 parallels R4, it is also de-
energized and 15A (NO) interrupts the ready relay
circuit (sect. 4B), turning on the CARD READER NOT
READY light on the duplex maintenance console.

CF14 (sect. 1A) shunts the stop key and stop relay
contact AL (NC). CF14 is closed from 332 degrees to
222 degrees and prevents dropping the calculator inter-
lock relays if the stop key is depressed after the CF
clutch unlatches (330 degrees) and before CF5 makes
(0 degrees). If the stop key were depressed between
those timings, without CF14 in the circuit, a card would
be fed without reading.
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Note
The precise adjustment of the timing of CF14
will prevent the trouble stated above and will
allow the stop key to render the card reader
not-ready when the feed is latched as well as
when it is operating.

7 AUTOMATIC STOP
Three automatic switches are incorporated in the
card reader. The card reader will stop and become not-
ready when any one of these switches are activated. The
following paragraphs discuss the operation and relay
sequence of each switch. No relay sequence timing charts
are included, these not being cyclic operations that can
be checked with the dynamic timer. Reference is made
to the wiring diagram. Following the automatic switches
is a brief discussion of the operation of the four signal

fuses in the card reader.

7.1 Card Feed Jam ]

The upper card lever serves to energize the com-
puter interlock relay. This lever is located just ahead
of the read brushes. When a card feed jam occurs, the
upper card lever opens and signals the card reader.
Certain assumptions must be made before starting the
analysis of this sequence: the cards are in the hopper,
the card reader is functioning normally, and the stacker
is not full. At this point, a card feed jam occurs at the
throat.

Note

When a card feed jam occurs, the NOT

READY lamp lights, the CARD FEED STOP

light is turned on, the READ light remains lit,

and the card reader stops with three cards po-

sitioned past the read brushes.

The last card through the throat is read. At 219
degrees of the last card cycle, the first abnormal action
takes place; the upper card lever fails to make, since no
card is coming through the throat. Thus, R8P in section
4A is not energized at 222 degrees. The R8H coil drops
at 225 degrees through the action of CF6, and the 8BU
and 8BL (NO) points open in section 2B. The 8AL
(NC) point, closing (sect. 2A), picks RSP (feed inter-
lock relay), since the hopper relay is still energized and
the 3AL (NO) point is closed. The SAU (NO) point’s
closing provides a path to pick RSH. This also lights-
the CARD FEED STOP light as the light parallels RS.

Relay R3P cannot pick at 240 degrees, as is nor-
mal, since the 8BL (NO) point is now in its normal
condition. Relay R3H drops at 250 degrees, and the
3BL (NC) point in section 4B completes the not-ready-
signal circuit. Relay R3H, dropping at 250 degrees,
leaves R4 and R15 dependent on CF5, and they drop
when the cam opens at 290 degrees. The 4AL (NC)
point in section 4B closes and turns on the NOT

READY light. The 4BU (NC) point in section 1B
closes and opens the circuit to R1P at 290 degrees. This
action opens the 1BU (NO) point in section 2B and
turns control of the card feed clutch magnet over, to
CF2, which opens at 296 degrees. Thus, the card feed
clutch will latcch up at 330 degrees, and the card reader
will stop. ,

7.2 Cards Removed from Hopper

The hopper contact prevents card-reader operation
if there are no cards in the hopper. This contact is
located in the hopper and opens when the cards are
removed from the hopper. Certain assumptions must
be made before starting the analysis of this sequence:
the cards are in the hopper, the card reader is function-
ing normally, and the stacker is not full. The cards are
removed from the hopper.

Note
When the hopper contact opens, the NOT
READY light is turned on, the READ light
remains lit, and the card reader stops, with
three cards positioned past the read brushes.

The hopper contact opens at 219 degrees of ‘the
previous card cycle (last card to be fed through the
throat). The last card to enter the feed unit is read in
the normal fashion. The upper card lever opens at 75
degrees as the last card passes it but fails to make
again at 219 degrees since no card came through the
throat. Thus, R8P in section 4A is not energized at
222 degrees. The R8H coil drops at 225 degrees through
the action of CF6, and the 8BU and 8BL (NO) points
open in section 2B. Relay R3P cannot pick at 240 de-
grees, as is normal, since the 8BL (NO) point is now
in its normal condition. Relay R3H drops at 250 de-_
grees, and the 3BL (NC) point in section 4B completes
the not-ready-signal circuit. Relay R3H, dropping at
250 degrees, leaves R4 and R15 dependent on CFS,
and they drop when the cam opens at 290 degrees.

The 4AL (NC) point in section 4B closes and turns
on the NOT READY light. The 4BU (NC) point in
section 1B closes and opens the circuit to R1P-at 290
degrees. This action opens the 1BU (NO) point in sec-
tion 2B and turns control of the card feed clutch mag-
net over to CF2, which opens at 296 degrees. Thus, the
card feed clutch will latch up at 330 degrees, and the
reader will stop.

5.7.3 Stacker Stop Switch Activated

The stacker stop switch prevents card reader opera-
tion when the capacity of the stacker is reached. This
switch is located at the rear of the stacker.

Since the stacker stop switch is rarely activated (the
capacity of the stacker is 800 cards), and the relay se-
quence is similar to the sequence initiated by the STOP
pushbutton’s being depressed, this discussion is brief.
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The assumptions made before starting the analysis
are: the cards are in the hopper, the card reader is
operating normally, and the stacker is one card short
of its capacity. When this last card is stacked, the fol-
lowing occurs.

Note
When the stacker stop switch is activated, the

NOT READY light is turned on, the READ
light remains lit, and the card reader stops,
with three cards positioned past the read
brushes.

The stacker gripper fingers open at approximately
345 degrees to stack the card. Since the card feed clutch
is engaged at 330 degrees, the card reader action con-
tinues another cycle and reads one more card. At 345
degrees, the R3H circuit is broken by the action of the
stacker stop switch (sect. 1A), and, with the pick coil
circuit broken at 315 degrees of the previous cycle by
CF3, R3 is de-energized, sending the not-ready signal
to the computer.

The stacker stop switch opens the circuit to R1P
and prevents the R1P coil from being energized at 245
degrees. But the hold circuit of R1 is maintained until
250 degrees by CF4, thus sustaining the card feed clutch
magnet via the 1BU (NO) point in section 2B. After
250 degrees, the card feed clutch magnect relies on CF2
until 296 degrees and is then de-energized. Thus, the
cycle is completed, and information is read into core
memory.

Relays R4 and R15 (sect. 2A) droP at 290 degrees

250° 300°* 330° 360°

CARD FEED CLUTCH MAGNET

[NOT READYPLIGHT |

[NOT_READY JIGNAL |

by the action of CF5. The 4AL (NC) poinit turns the
NOT READY light on.

8 RESTARTY
Visual indications of a card feed jam are: the,
CARD FEED STOP light is lit, the NOT READY
LIGHT is lit, and the card reader is halted with a jam
at che throat. .

To restart the card reader when a card feed jam

has occurred, proceed as follows:

1. Turn main line switch off, and remove remain-
ing cards from hopper. This turns CARD FEED-
STOP light off.

2. Remove jammed cards from throat.

3. Locate and correct cause of card feed jam.

4. Employing normal runout procedure, stack three
cards thac are positioned past read brushes.

5. Repunch any cards damaged by jam, and replace
them in their correct positions in deck.

6. Depress MASTER RESET pushbutton on duplex
maintenance console to clear core memory of
data that was read prior to jam.

7. Replace deck of cards in hopper.

8. Depress START pushbutton to feed in first card;
this turns off NOT READY lighe.

9. Depress LOAD FROM CARD READER push-
button located on duplex maintenance console;
card reader will read deck into core memory,
functioning normally.

IR I S — —

EED CYC
| FEED PB DEPRESSED ONGE . ]

Figure 3—21. Feed Sequence
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9 RUNOUT OPERATION

The FEED pushbutton is operative only when the
card reader is not under computer control and causes
the card feed to operate for one or more cycles until
the pushbutton is released. The pushbutton is ineffec-
tive once the card reader is in the ready condition, since
4BU (NC) in section 1B will be open, interrupting the
circuit to R2 (feed relay). If all conditions are normal,
and the card reader is in the not-ready condition, de-

pressing the FEED pushbutton causes the following to
occur (fig. 3—21). Assume that the FEED pushbutton
was depressed at 270 degrees, The R2 pick coil is ener-
gized (sect. 2B). Picking R2 causes 2B (NO) in section
2B to close, and this, in turn, energizes the card feed
clutch magnet through CF1. The card feed clutch will
remain engaged for one or more card feed cycles, de-
pending on how long the FEED pushbutton is kept de-
pressed.
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Summary Questions

O

QSECHONOIO)

What card columns contain each of the following? To what register is
each directly transferred? :

A. Right words ¢ -4 ]/0 ,6%»
B. Left words /5. 4% I

List the four steps necessary to make the Card Reader '"Ready". -

The "Request Disconnect' from the Card Reader will clear the I/O Inter-

lock only if the 4“!( Ox has stepped to zero.

A RDS 100g words is given. How many cards will pass under the read
brushes before the card feed halts? '

Write a program to read one card and load this information into Core
Memory starting with location 0. 00000.

Given: A card with 208 words in the first 208 locations on the card.

Program A Program B
SELQ] 0000 SELg] 0000
LDC 1000 LDC 1000
RDS 0020 RDS 0030
HLT 0000 HLT 0000

Select the correct answer in regard to the above programs from the
following:

A. Program A will require more time than Program B.

B. Program A will not clear the I/O Interlock.

C. Program B will not clear the I/O Interlock.
@ Program A and B will require the same amount of Machine Time,
Program B will require more time than Program A.

E.
A

Given the following program

SELOI 0000
LDC 1000
RDS 0030
HLT 0000

The Computer hangs up in an I/O pause and passes all cards through the
card reader. A cause for this could be:
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lo.

A.-
B.

©
D.
E.

The Word Counter Status FF remains set.

5FH-H7 open

10]0
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GT4 in 4EW, open filaments

5EP-A3 open

GT-7 in 5EP, open filaments
cFF4 in 5 FH cannot be set

progrdm when executed would result in:

A.
B.
C.
D.
E.

000 SELg;
001 LDC .
002 RDS
003 LDC
004 HLT

1000
1000
2000

Hang up on step 002 with the I/0O Interlock on.
Hang up on step 003 with I/O Interlock on, Prog. Ctr. = 4
Hang up with program counter = 3 :

Halt with Program Counter = 5

Hang up on step 004 with I/O Interlock on.

(0.7.6 - 6C)
(0.7.3 - 5D)-
(0.7.3 - 7D)
(0.7.3 - 3D)
(0.7.6 - 8B)

(0.7.3 - 7D) The following

The 1/0O Buffer transfers to the I/O Register at what time during a RDS

operation ?
A, TP-6
B. BI-2
C. BI-7
D. IP-9
E., BO-2

What card reader trouble could cause the following failures? (Assume
loading program had L.DC 1000)

In Memory

1000 CAD
1001 ADD
1002 FST
1003 ADD
1004 FSD
1005 BPX

etc.

11005
11006
00101
11002
11011
20006

Should be in 'Memorz

1000
1001
1002
1003
1004
1005

CAD"

ADD
FST
ADD
FST
BPX

‘etc.

11005
11007
00101
11003
11011
20007
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Summary Questions

®

12.

13,

A,

e

E.

Read Brush 48, open
Read Brush 75, open
Read Brush 80, open
Read Brush 17, open
Read Brush 49, open

If GTg in 5FF, logic 0.7. 6-11B, passes all pulses and the following pro-
gram is given, which of the statements below would be most correct?

A

B
C.
D.

E.

SELg) 000
LDC 100
RDS 030
HLT 000

I/0 Interlock would never be cleared.

I1/0 Interlock would be cleared after 30th word.
I/0 Interlock would be cleared after 1st word.
Two words would be put into memory.

1/0 Interlock would be cleared after 60th word.

The following program is executed while 5FH-HT7 is open (0. 7. 6-6B).
Which of the statements below is correct?

. A.

C'

D.
E.

SELg) 0000
LDC 1000
RDS 0030
HLT 0000

Locations 1001, 1003, 1005, etc., will contain zeros.

Computer will hang up in an I/O pause.

The Card Reader would have to send two cards through before it
could get a disconnect.

The RDS 30 would function normally.

No words would be read into Memory.

In executing the following program, only the first word is loaded into
Memory correctly. All other words read in are a logical add of two
words. Which of the following could cause this:

SELg) 000
LDC 050
RDS 010

HLT 000
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A, 5DW-Al open (0.7.7 - 11B)
B. GT3 in 5ER open filaments (0.2.3 - 2B)
C. 5FH-H7 open (0.7.6 - 6C)
D. 5ET-H3 open (0.2.3 - 2A)
E. 5ET-B2 open (0.2.3 - 2A)

The first card of a deck is fed into the Card Reader with the '"Start' key,
making it "Ready". To cause more cards to be fed, it is necessary to
depress the:

A, "Start" key again

B. "Feed'" key

C. ‘M"l.oad from Card Reader'" PB
D. "Ready I/O Units" PB

E. "Master Reset'' PB

15, What is the information path for all the ODD words read from the Card
’ Reader to Central Computer ?

A. I/0 Buffer to Memory Buffer to Core Memory.
B. I/0 Buffer to I/O Register to Core Memory.
S: 1/0 Buffer to I/O Register to Memory Buffer to Core Memory.
D. 1/0 Register to Memory Buffer to Core Memory.
E. 1/0 Register to 1/0 Buffer to Memory Buffer to Core Memory.

16. Answer the following true or false:

A, One machine cycle of the Card Reader may allow 30g words to be
read. T~

B. Two words from the Card Reader are trnasferred to the 1/O Buffer
and I/0O Register at the same time. 7—

c. Twelve index pulses from the Reader generate 30g break cycles to
read one card into Memory. -7

D. Feeding un-punched cards into the Card Reader transfers no infor-
mation to Memory. F

E. The Card Reader "Request Disconnect' pulse clears the I/O Buffer

" Register. 7

17. Computer is operating normally. The following program is run. What are
the results ?
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Summary Questions

000
001
002
003
004
005
006

A.
B.

C.

D.
E.

SELg) 007 BPX 004

LDC 1000 010 PER7

BSNy; 002 011 LDC 2000

RDS 030 012 1XIN 1,77777
- CSW 013 1BPX,, 013

ADD 015 014 HLT |

BFZ 010 015 0.00000  0.00025

Information read will be put in location 2000-2027,

No cards will be read because I/Q Interlock is cleared before
reader can start.

First two words in locations 1000 and 1001 rest in locations 2000-
2025,

Ohly the first two words read in, rest of the information is lost.
Information read will be in locations 1000-1027,
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A, Introduction to Card Recorder

1.

The Card Recorder is an automatic card
punch designed to punch standard IBM
cards with up to 24 binary words, of 32
bits each, at the rate of 100 cards per
minute. It serves to produce a punched
card record of data generated in Central
Computer. Punching is under control of
the computer at all times. Used to punch
out:

a. Program decks
b. Data
c. Marginal Check Control Cards

B. Mechanical Operation

1.

Block diagram -- General

This section and its associated logic block
diagram, figure 3-1, give an overall pic-
ture of the 723 Card Recorder and the con-
trol of it by the Central Computer. Each
block in the diagram is discussed briefly in
the subsequent text in relation to its function
and its relationship to the other blocks.

The feed magazine stores the cards before
punching. It contains the feed knives, roller
throat, and magazine card lever. The maga-
zine will feed one card at a time to the first
set of feed rolls. The feed rolls are used to
move the card'intermittently through the ma-
chine from station to station. There are three
sets of feed rolls, all of which are drived by
the drive unit.

The punch station receives the information
from the Central Computer and punches it in
the cards as they pass through the recorder.
Power to drive the punches through the card
is supplied from the drive unit through the
eccentric shaft.

Presentation Notes

Figure 3-1
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The read station reproduces information

from columns 1 to 16 of the card at the

read station into the card following it.

This is accomplished by 16 brushes, which
can be connected directly to the first 16 punch
magnets. The information that is repro-
duced is usually of an identifying or control
nature and is common to all cards to be
contained in one desk.

The stacker stores the cards temporarily
after they have been fed through the ma-
chine and punched. Power is supplied by
the third set of feed rolls through a gear
train.

The drive unit is used to change the continuous
motion of the drive motor into intermittent
motion to drive the feed rolls. The intermit-
tent motion is provided by the Geneva mech-

“anjsm and is supplied to the m
gears. The drive unit also supplies mechan-

ical power to the feed magazine, the stacker
station, and the circuit breakers.

The circuit breakers are used to initiate
signals to be sent to the computer at cer-
tain index times to help transfer informa-
tion to the punch. They are also used to
control relay sequence by providing paths
which cause relays to be picked up or drop-
ped out at certain index times. The mechan-
ical power for the circuit breakers comes
through a gear train from the drive unit.
The relays are used to control all manual
and automatic machine operations.

The punch clutch is used to couple the drive
motor to the drive unit., This clutch can be
engaged manually or automatically by the
computer. When engaged, the punch clutch
causes the cards to be fed.
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The manual controls, START, FEED, and
STOP, are used to prepare the recorder for
computer control. )

The signal lights, NOT READY, WRITE,
POWER ON, FUSE; andCARD FEED STOP,
are used to indicate the status of the machine.

The drive motor furnishes the mechanical
power to the drive unit. The motor can be
used manually, or automatically by the com-
puter.

Before the card recorder can be used by the

computer, the recorder must be in a ready

state, which requires the existence of the

following conditions:

a. There must be a card at the punching
station and a quantity of cards in the
hopper.

b. The stacker must not be full.

c. Power must be on.

All fuses must be good. -
__,,_/M

To put the recorder in the ready state, place

a stack of cards in the feed magazine, turn

on the ac power, and depress the START
pushbutton. This causes a card to be fed fromi the
magazine to the first feed rolls. The first feed
roll moves the card to the punch station, and

the card recorder stops. The NOT READY light
is extinguished, and the not-ready signal to the
computer is removed. The card recorder is

now in the ready condition.

The computer can now start the card recorder
by sending a write signal to it. When the write
signal is received by the recorder, relay cir-
cuitry starts the drive motor and engages the
punch clutch. The card starts to move inter-
mittently, one row at a time, past the punches.
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CARD AT PUNCH

WRITE

DISCONNECT

CARD AT BRUSHES

NOT READY
CENTRAL COMPUTER
REQUEST DISCONNECT
REQUEST BREAKQUT
COMPUTER!
WOROS (2) PROGRAM 2 (PER 74
64 lﬁi
CARDS IN
MAGAZINE g J
FEED PUNCH READ
MAGAZINE STATION STATION STACKER
* ECCENTRIC »*
SHAFT
5 DRIVE UNIT -
CB's AUTO START PUNCH

CLUTCH

(PERT3) RELAYS

MOTOR START

STACKER STOP

PROGRAM 2 (PER 74)

PROGRAM | (PER 73)

| ‘Pgﬂ 74! >
MOTOR STOP
MANUAL
CONTROLS
SIGNAL
utes  [*

Figure 3—1. 723 Card Recorder, Block Diagram

NOTE:
#* FEED ROLL
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As each row moves to the punches and stops,
the circuit breakers send a breakout request
to the computer, which sends two words from
memory to condition the appropriate punch
magnets. The punch bail then drives the proper
punches through the card. The card now moves
with its next row under the punches, and
another breakout request is sent. This results
in two more words being transferred and
punched. This process continues until all

12 rows of the card have been punched. As
the last row of the card leaves the punch
station, the circuit breakers send a discon-
nect request to the computer. If all infor-
mation has been transferred, the computer
will send a disconnect signal to the punch.,

The disconnect signal will turn off the drive
motor and allow the punch clutch to latch up,
causing card feeding and punching to stop. If
all information has not been transferred, the
punch will continue to feed and punch cards
until a disconnect signal is received.

The card recorder may be used for gang
punching by the computer, if desired. The
punch is capable of reproducing.in each suc-
cessive card all information contained in
columns 1 through 16 of the first card of a
deck. To accomplish this, the computer
must use two Operate instructions: PER 73
and PER 74.

The information to be punched into the first

16 card columns is identification information
used to identify all cards belonging to one
deck. Since the first 16 punch magnets (65-
80) are not permanently wired to the compu-
ter, a PER 73 instruction must be included

in the computer program. This instruction
will select certain relays in the card recorder.
The relays will transfer the information nor-
mally found in card columns 17 through 32 to
card columns 1 through 16. The first card
that is fed through the machine will now con-
tain the punched identification information in
columns 1 through 16 of one card to columns 1
through 16 of the next card, a PER 74 instruc-
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tion must be given. This instruction will
connect the read brushes over columns 1
through 16 to the punches over card columns
1 through 16.

As the 9 row of the first card reaches the

_brushes, the 9 row of the second card is at

the punch station. The first and second
cards proceed in step through the read and
punch station, and all information in columns

‘1 through 16 of the first card is punched into

columns 1 through 16 of the second card. As
the second card proceeds thrqugh the punch
station, the data words from the computer

will be punched in it. This process continues ~
to transfer the information in columns 1 through
16 of the card dt the punch station, until all

data words have been transferred from the
computer and a disconnect signal has been
received to stop the recorder.

Hopper -- holds up to 800 cards which are
placed face down 9 edge forward.

Feed Knives -- Pull card from hopper,
through throat, to feed rolls.

Feed Rolls -- the three sets of rollers move
the cards with an intermittent motion (cards
must be stationary while being punched)

from hopper to punch station, punch station to
read station, read station to stacker.
Geneva Mechanism -- Provides the intermittent
motion for feed rolls.

Stacker -- Holds up to 800 cards and has a
stacker stop switch to prevent cards from’
being jammed into the stacker.

Principles of punching

a. Eccentric shaft continuously rotating.

b. Magnets energized through thyratron
registers from central computer.

c. Magnet trips interposer allowing punch
bail to drive punch through card.

d. 80 magnets and interposers.

Figure 14
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Reading
a. 80 read brushes that make contact
with contact roll through holes in
card.
b. Similar to sensing in Card Reader.

c. Only 16 read brushes used.

1) Col. 1-16
2) Used for gang-punching

Automatic Switches

1,

5.

Magazine Card Lever

a. Closes when cards are in hopper.
b. Prevents recorder operation when
open.

Die Card Leverl

a. Closed with card in punch station.
b. Prevents recorder operation when
open.

Die Contact Strap -- Open with die not
latched in position.
Brush Card Lever

a. Open with card not in read station.
b. Detects jams.

Stacker Stop Switch -- Stops recorder
when stacker is full.

Operating Controls

1.

Main Line Switch -~ Applies to 110VAC to
the motor. The printer supplies 46V
and 472VDC. 110VAC comes from a
buss in the printer but the printer main

line switch need not be on for the punch

to receive this voltage.

If it is desirable to
associate controls,
lights, and switches
with wiring diagram,
refer to Part I of
this section.

Figure 15
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Start Pushbutton -- Puts recorder under com-
puter control if there is a card at the punch
station. Will feed one card if there is none at
the punch station, then put the recorder under
computer control. Inoperative when under
computer control. '"Ready I/O Units" or
""Master Reset'' PBs on the Duplex Maintenance
console do the same. '

Stop Pushbutton -- Removes the recorder from
computer control. If a card is being punched,
the recorder will not stop until the end of the °
card. .

Feed Pushbutton -- Causes successive feed
cycles as long as the button is depressed. In-
operative when under computer control.

START

STOP

FEED NOT

READY

WRITE FEED

STOP

POWER
ON

FUSE

(edds o

Conth Ausdan] * Pushbutton

Figure 15, Opefating Controls and Indicator Lights.

E.

Indicator Lights

1.

[\

Figure 15

Write -- Is lit while the computer is writ-
ing or trying to write. Turned on by PT-16
of WRT with punch selected.

Fuse -- Indicates a blown signal fuse.

Not Ready -- Indicates the punch is not
under computer control for one or more of
the following reasons (Punch Not Ready light
also on DMC).

a. Power off (Printer must be on to light
the Not Ready light).

b. Signal fuse blown.

c. Start PB not depressed.

d. Stop PB has been depressed.

e. Magazine (hopper) empty.
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f. Stacker Full.
g. Card Feed jam.
h. No card at the punch station.
i. Die not in place.
j. Knockoff bar not in place.

NOTE: Some of these conditions light other
indicators also in order to allow the operator to
distinguish between conditions.

4. Card Feed Stop -- Indicates a feed failure
or a card feed jam at the throat.

5. Power On -- Indicates all power is avail-
able.

Demonstration -- It may be desirable to look at and
operate the Card Recorder. Notice the following:

Hopper

Magnet Unit

Card Feed

Gang punch brushes (brush assembly removal)
Punch die assemtbtliy (removal)

. Stacker

. Fuses

NNk wWwN -~

Operation -- Familiarize your.self with the opera-
tion of the recorder.

1. Obscrve operations by running cards through
using the hand crank.
2. Check registration using th: card gauge.
Programming . Refer to Instruction
' Analysis lesson plan
1. A typical program to punch data in cards Section XXI
is: -
0.00100 SEL(02) Select card recorder
0.00101 LDC 0.00000 First location
0.00102 BSN (11) 0.00102 Check I/O Unit ready i
0.00103 WRT 0.00030 Write 30 words, can
0.00104 HLT 0.00000 spccify any no. of ,
words. (
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Data Flow

Data flows from Memory to Memory
Buffer to'I/O Register.

The I/0O Register will condition two
sets of write thyratrons. Which set
of thyratrons fires is dependent upon
which side of the card the computer
word is to be punched in.

When the thyratron fires (one for each
bit position) it will pick a punch mag-
net which will stay picked until both
computer words are transferred and
the holes are punched in one row.

PER(73)

This instruction is used to punch data
in columns 1 - 16,

Always should follow the WRT instruc-
tion, if programmed as below, the PER
(74) could possibly be operated on with-
in the punch before the PER (73) due to
pick speed of the relays involved.

SEL(02)
LDC
PER(73)
WRT
PER(74)
WRT

By having the WRT instruction before
the PER, any preceding WRT instruc-
tion would have to be completed before
the PER instruction would be reached
thereby insuring proper operation.
Information normally punched in cols.
17-32 will be punched in cols. 1-16.
Normally used in punching identification
information in the first card of a deck.
Examine how the card image is arranged
to give the proper punching format.

Figure 17
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Figure 16, Information Flow From Computer To Printer or Punch.
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4. PER (74)

a. Used to gang punch in columns 1-16
whatever is in columns 1-16 of the
previous card which is at the read
station.

b. Always should follow the WRT instruc-
tion (as explained above).

c. Both PER (973) and PER (74) will
remain in effect until the end of the
associated WRT instruction and need
not be programmed for each card to
be pupched

5. Typical program using PER (73) and PER (74)

SEL (02)
LDC
BSN (11)
WRT
PER (73)
WRT
PER (74)

6. A WRT 0 feeds one card but will punch no
information. Can be used to keep succes-
sive punched decks separate by program-
ming a WRT O between the decks.

H, 'Central Computer timing and control
1. SEL (02)

a. PT-10 set the pause FF if the I/O
Interlock is on.

b. OT-5, deselect any previous selec-
tion.

c. PT-5, select.

1) Set Punch Not Ready test FF
(0.7.4) o

2) Set Punch FF (0.7.6)

3) Set Card Mach. Oper. FF (0.7.6)

4) Clear RDS/WRT zero tapes and

C.M. FF (0.7.3)

1260 1280
Pages Q) and A
Figure 6-4 and 18;
suggest to use these
figures first, then
go into logic.

Note: Called punch
not ready FF in logic
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LDC -- loads the I/O address counter.
WRT

a. PT-1

1) Set the I/0 Interlock

2) Clear RDS and WRT FF

3) Set the W.D. CTR Status FF
4) Clear the I/0O Word Counter
5) Clear the I/0O Buffer

1) Adr. Reg. to I/O Word Ctr.
(complement form)
2) Clear I/O Register

c. PT-3 -- Prestep the I/0 Word
Counter (command 290)
do PT-6

1) Set WRT FF (if the I/O Word
Counter £0)

2) Pulse out at 5 EL.G2 (Start WRT
pulse) goes to (0.7.6) 5 FDF3
and 5 FDB3 conditioned by the
punch FF has output which fires
the BSS in 5 FE.

a) GT-3 in 5FD conditioned
by the Punch FF has out-
put which fires the BSS in
5FE.

b) Start Punch to logic 0.9. 1.

c) Approx. 43 M.S. later, a
break request will be initiated
by the recorder as row 9 on
the card is coming under the
punch.

Break cycle introduction

a. Each break request from the punch will
cause two break cycles to be taken
since two computer words are punched
simultaneously.

©ooooo
N NN w
NWWwWw e~

0.4.1, 0.7.3
0.7.1, 0.7.2

0.7.3

0.7.3

0.7.6

" Figures 6-14, 18, 19;

suggest to use these
figures first, then go
into logic.
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b. Break cycles controlled by the Card
Machine RDS/WRT Control Circuit.
c. 4 Basic Delays

1) Condition screen grids of first
set of thyratrons for initial de-
lay. Must be conditioned approx-
imately 10 usec before control
grid to insure proper firing.

2) Condition grid of thyratron for
more than 5 usec to insure pro-
per firing (2nd delay).

3) Condition screen grids of second
set of thyratrons. (Same as 1.)
(Third delay.)

4) Condition control grids. (Same
as 2.) (Fourth delay.)

4

th«_
Break Request (Index Pulse, Card Mach. )W
L la

a. Generated by the recorder 0. ' 6

b, Clear the WRT FF 0.7.3

c. Set the Break Req. Sync. FF (If the 0.2.3
1/0 word ctr. #0)

d. Set the card word XFER FF 0.7.6

e. Set Cond. Delay FF 0.7.6

f. Clear THY BFR Control FF 0.7.6

1) Conditions the screen grids of
BRDY's for punching cols. 17-
48 (first level).

2) BRYD's will fire when the 1/0
REG FFs are set (second level).

3) RYD's must have the condition-
ing level applied to the screen
grids for at least 10 usec before
the conditioning level is applied
to the control grids.

4) Level on the control grid must
be up for at least 5 usec in order
to insure firing of the thyratrons.
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10.

11.

12.

13.

AN/FSQ - 7
12 40

Next 2 MC pulse sets the Break Req. FF
TP-7 (#1) sets the Interword Delay FF
TP-11 '

a. Clear Break Req. Sync. FF

b. Set the Break FF (Note that no break
pulses occur as yet because the WRT
FF has been cleared).

TP-7 (#2)

Clear Interword Delay FF

Clear Cond. Delay FF

Clear Card Word XFER FF

Set WRT FF (begin generating B. O.
pulses, BO-8 through BO-7)

aooe

BO-11 (TP-10 delayed)
a. Strobe GT's over the Brk. Req. FF

b. Break FF Already set but is still
pulsed or the set side.

BO-0

a. Clear Break Req. FF
». Start Memory

BO-2

a. Step I/O Adr. Ctr.
b. Step 1/O Wd. Ctr.

TP-7 (#3) and BO-7

a. Transfer Memory Buffers to I/O Reg.

(BO-17)

NOTE: I/O Reg. will remain filled until TP-7
(#5) to allow time for thyratromns to fire.

Set firing delay FF.

Set Card Word Transfer FF
Clear Write FF (stop BO pulses)
Set Brk. Req. Sync. FF

opo o

o o
~N N

oW

0.

2.

3
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15.
16.
17.

18.

19.

20.
21.

22.
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Next 2 MC pulse - set the Brk. Req. FF so
that the Brk. FF will remain set at the next
TP-10 delayed.

TP-10 delayed, clear the Brk. Req. Sync FF
TP-7 (#4), set INTERWORD DEL. FF

TP-7 (#5)

a. Set Delay FF

b. Clear Firing Delay FF

c. Clear Interword Delay FF
d. Clear I/O Register

1) Thyratrons for Col. 17-48 are now
fired, have picked punch magnets,
and will stay fired until # 72V is
removed from plate by cams in the
recorder.

2) No punching as yet.

TP-7 (#6), set Interword Del. FF

TP-7 (#7)

a ﬂiCond. Del. FF

b. Clear Interword Del. FF

c. Set THY, BFR, CTRL. FF (third level)

1) Conditions BRYD's for punching
cols 49-80.

2) Second word to the I/0O Reg. will’
fire the thyratrons.

TP-7 (#8), set Interword Del. FF.
TP-7 (#9)

a. Clear Cond. Del FF

b. Clear Interword Del. FF

c Clear Card Word Xfer FF

d Set WRT FF (start generating BO pulses
BO-8 through BO-7)

BO-0

a. Start memory. (to bring the second word out)
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b. Clear Brk, Req. FF (if the word ctr.
had gone to zero prior to this, the
brk. FF would have been cleared by
the TP-10 delayed pulse and only
BO-8, 9, 10 and 11 would be gener-
ated. The second word would not be
brought out of memory. This would
occur on a WRT 1 instruction.

23. BO-2

a. Step I/0 Address Counter
b. Step I/O Word Counter

24. TP-7 (#10) (Also BO-7)

a. Transfer second word from Mem.
Bfr. to the I/0O Reg.
b. Begin conditioning thyratrons for cols.

49-80 (fourth level).

25. Next 2 MC pulse, set the Brk. Req. FF (if
the Brk. Req. Sync. FF was set).

26. TP-10 delayed, Brk. FF remains set {f the
Brk. Req. FF was set.)

27. TP-7 (#11), set Interword Del. FF

28. TP-7 (#12)

a. Clear Delay FF

b. Clear Firing Delay FF

c. Set Conditioning Delay FF

d. Clear Interword Delay FF )
e. Clear Card Word Transfer FF
f. Clear Break Req. FF

g Clear I/O Register

NOTE: Thyratrons for Col. 17-80 are now fired
and the first two words will be punched into Row 9
of the card at the punch station approx. 20 MS later.
W
h. Set Write FF.

NOTE: If the Break FF is still set, BO-8 through
11 will be generated, but will do nothing.
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29.

30.

31.

32.

33.
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TP-10 delayed.

a. Clear Brk. FF (stop generation BO
pulses)

b. WRT FF remains set until the next
index pulse from the recorder.

Time elapsed from the break request to the
above TP-10 delayed is approximately 72
usec. The time will vary due to the fact that
the punch is in no way synchronized with CC,
therefore, the break request could occur such
that the first TP-7 used might occur after the
BRK FF had been set. The computer can re-
sume internal operations for about 42. 8 msec
before the next break request.

The above process continues until the Word
Ctr = 0. When the Word Ctr goes to zero, no
more break cycles will be generated; there-
fore, no more punch magnets energized.

Note that the I/O Interlock is NOT cleared

by the Word Ctr. end carry. At the end of

the card in which the word ctr. goes to zero,
the request disconnect will be honored.
Disconnect

a. Set DISC. I/0O Interlock Sync. FF

b. Clear all delay FFs except cond.

delay which had previously been

cleared.

Clear the I/0O Buffer

Clear the I/O Register

e. Disconnect pulse to punch to drop the
WRT relays.

a0

PER (73) and PER (74)

a. Index interval decoded by PERSEL-
BSN matrix OT-9. -- Trigger bSS
to fire aRYD.

b. Pick Prog. 1 or Prog. 2 relays in
recorder.

1) Prog. 1 relays connects out-
put of thyratrons.

oo

7.3

7.6
0.7.1, 0.7
0.7.1, 0.7
0.7.6
0.7.6 (1B)

.

NN
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REMARKS

First Index Pulse |
: Following 2 MC
1
v TP-10D(No BOPulses)
2 | Start Gen, BO Pulses
BO8-11
BO-0 | Start Memory
] , | Jalalso-2 -
3 P BO-7__| Stop Gen, BO Pulses
Following 2 MC
*]12 b sec TP-10D Brk FF Remaing
4
5 Insure Proper Firing of
6 THY's
1
8
9 Start Gen, BO Pulses ‘
BO8-11
BQ-0 [Start Mem,
+1H1| BO-2
BO-7 |Stop Gen, B.O. Pulses
i Fol =
12 lu sec TP-
1 S *If 1/0 Wrd, Ctr. 20 ‘
12 Start Gen, B.O, Pulses |
BO 8-10
TP-10D Brk FF Cleared
W om| Punch '
grpw , Second Index Pulse |
Rdpeqt Above Broteds Until I/D Wr Status| = 0
i S = Set
C = Clear
L = Load

Figure 19, Card Machine Write Control
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2) Prog. 2 relays connect read
brushes for col. 1-16 to punch
magnets for col. 1-16.

3) Both Prog. 1 and Prog. 2 relays
held through write relay contacts
86-1.

Familiarization of Recorder Wiring Diagram.

1.

Orientation

a. Power input (1B)

b. Card Levers (lA)

c. Contact Roll (7A)

d. Punch Magnets (8A)

e. Relay Contact Charts (9A)

f. Timing Charts (11A, 12A)

g. Point out that the punch magnet des-

ignations are reversed from the
columns which they will punch. That
is, magnet 80 punches col. 1, 79
punches 2, etc.

h. Mention that timingsshown are with
reference to teeth on the index gear
in the punch and that its designations
are reversed with respect to actual
card index points. This is due to the
fact that cards are fed into the machine
12 edge first in commercial applica-
tions.

Turn on Main line switch (printer main line
switch must also be on)

a. Pick HD-3(1B) - HD-3 points (1A)
allow 40V to relay circuits.

b. Turn on Not Ready light (3B)

c.  Pick HD-2 (1A) allow 72V to the recorder
circuits.

d. Pick R2(4B) 72V interlock.

1) 2-2 points (4B) light the '"Power On'
light.

2) 2-3 points (2A) allow 40V to start
and feed keys.
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Place deck of blank cards in the magazine --
Pick R84(1B)
Depress Start Key (2A)

a. Pick R3P (2B) Ready Interlock

1) R3-1 holds R3H(2B)
2) R3-2 picks RI10P
3) R3-3 picks R6P

b. Auto start relay

1) R6-1 holds R6(3B)

2) R6-3 picks R9 and HD-1 Motor
Start (3B) -

3) R6-4 picks punch clutch magnet
(2B) start a cycle.

c. Die card lever contact makes at 8.0

1) Pick R83-83-2 picks R1

2) R1-2 (3B) picks R11H, R14P
and R26.

3) R11-3 extinguishes the ""Not
Ready' light.

d. R6H drops at 9. 4.
e. Punch clutch latches up at D.
f. The machine is now '""Ready''.

Show how depression of stop key makes the
recorder '"Not Ready''.

a. Drop R1 and R11 H
b. Turn on Not Ready Light

Program a WRT Instruction (assume ready)
-- Pick R8P (8B)

a. Turn on Write light (6B)
b.  Pick R86 (6B)

1) Energize Isolation relays (5A)

2) 86-3 and 86-4 (8AB) insert are
suppression networks across
isolation relay points.
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c. Pick R7P (6B)

d. Provide path to Disconnect relay
R82 (8B)

e. Pick R6P (2A)

1) Energize clutch magnets.

2) Energize Motor Start and
Motor Control relays (3A).

3) Motor is now running and the
card is being moved under the
punch station.

Request Break

a.  Point out CAM 16 (7B)

b. Refer to-cam timing chart to show when
breaks are requested.
c. Correlate punching action with break request

timing as shown in the charts.
Information Flow

a. Input from thyratrons (7A)
b. Through isolation relay points.
c. Pick various punch magnets.

PER (73) (Operation Prog. 1) and PER (74)
(Operation Program 2) operation.

a. PER (73)

1) Pick R15 (8B) .

2) . 15-1 and 15-2 points (5B) pick
R17, R18 and R20 through N/C"
points of a program 2 relay.

3) R17, R18, and R20 points (7A)
cause the information which
would have gone to magnets 49-
64 to be routéd to magnets 65-80.
Punching will then occur in cols,
1-16.

4) 20-5 N/O points provide a hold
path for the Prog. 1 relays,
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11.

d.
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PER (74)

1) Pick R16 (8B)

2) 16-1 and 16-2 points (5B) pick R21,
R23, and R24 through N/C points
of a Prog. 1 relay.

3) R21, R23, and R24 points (7A)
transfer the info from the read
station to thé punch magnets for
cols. 1-16.

4) 24-5 N/O points provide a hold
path for the Prog. 2 relays.

The program 1 and 2 relays interlock
each other so that only one operation
may take place on a given WRT instruc-
tion. '

The program relays are held for the
entire duration of the WRT instruction
through 86-1 N/O points in 5A, thus, it
is not necessary to program the PER
instruction for each card punched.

Request disconnect

a. Point out cam 15 (7AB)

b, Show timing on cam timing chart and
point out that the request comes neat
the end of each card.

Disconnect

a. Pick R82(8B)

b. Drop R8 and R86 (6B)

c. Drop isolation relays.

d, Drop program relays,

e. Prevent energizing R6P (2B)

1) Drop clutch magnets.

2) Prevent energizing Motor Start
and Motor Control relays (3B)
3) Motor coasts to a stop between 7

and 9 time dependent upon CR
CAM (3A)
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Checks made of the recorder.

a. Ready condition

b. Time required for break cycles,

c, Correct punching is checked by
punching the deck and then read~
ing it into CC to check it,

d. PER instructions are visually '
checked.

-

Note: This is a
sampling only and
not intended to be
all inclusive,

September 15, 1960
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Summary Questuuns

10.

The card recorder can punch _// ? £ 2 cards per minute.

How many punch magnets in the Card Recorder ? 3/0
What is the purpose for usmg the Geneva Méechanism ?M ‘/"W
How are tl/loi chm agnets energzzed? MH&L&W WM—«C{

What voltages does the Line Printer supply to the Card Recorder ?
eV S+ 72V
Of what use is the PER (73) instruction? Punel Aade de selumna / /é

Of what use is the PER (74) instruction? % M S 0o, (/6 what—
waa in 2. /- G ol R nl M 7
What will occur if the/Punch is selected and a WRT 0.00000 is given?

The following program is given:

SELO2

LDC 0.01050
WRT 0.00060
HLT

When the program is completed, it is found that only ‘108 words were
punched. The computer did not hang up. This could be caused by
which of the following ?

A. 4EW-C7 open (0.7.3 - 5Q)
B. GT9 in 4FD has open fllaments (0.7.3 - 8Q)
C. 5FF-J1 open (0.7.6 - 11B)
D. FF4 in 5FD has open filaments (0.7.6 - 9A)
E( FF8, 9 in 6FT remains set (0.7.3 - 4A)

The following program is run; two cards feed past the punch.

SELO02 0.00000

"LDC 0. 02000
WRT 0.00030
HLT

The trouble could be: (0.7.3)

A, 5EL-H6 open (2B)
B. 6FE-E5 open (5B)
C. 5EL-F7 open (2B)
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Summary Questions

11,

12.

13.

D. 6FE-H3 open (.SB)
E. GT6in 5ER passes no pulses ' (7D)

I/0 Register Right Sign FF won't clear. c(1000) to c(1027) = All zeros.
The following program is run..

SELO02
LDC 1000
WRT 30
HLT
A, Punches in Columns 33 and 65, first and seventh rows only.

B. Punches in Columns 33 and 65, first row only.
C. No punches in any columns.

D, Punches in Columns 33 and 65, all rows.

E. Punches in Columns 65, row 1.

The Card Punch places both words on the even side of the card, thus
requiring twice the normal number of cards. This could be the effect
of: (0.7.6)

A. 3LF-F5 opening (5B)
B, 5FF GT4, open filament (7C)
C. 3KD-C1 opening (7D)
D. 3KD-E6 opening (7D)
E. '~ 5CT-G3 opening (2D)

The gate tube for the punch '""Request Disconnect' pulse passes all
pulses. With the following program given, which of the below would
occur ?

000 SELO02

001 LDC 1000
002 WRT 110
003 HLT

A, Punch 3 cards and halt.

B. Punch 2 cards and halt,

C. Hang up on step 003 and pass all cards through punch.
D. Punch 1 word and halt.

Punch 1 card and halt.
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Summary Questions

14,

15.

16.

The following program is executed:

"SELO02 0000
LDC 0000
WRT 0060

At the completion of the WRT instruction, litA_is found that only 20g words
were written, but the computer did not hang up. Which of the following

malfunctions listed below could cause these symptoms ? ’

A. 4EW-C7 is open. (0.7.3 - 5C)
B. GT9 in 4FD, open filaments (0.7.3 - 8C)
C. 5FF-J1 is open (0.7.6 - 11B)
D. FF4 in 5FD has open filaments (0.7.6 - 9A)
E. FF8, 9 in 6FT remains set (0.7.3 - 4A)

The following program is executed and upon completion nothing has been
punched in the card. Locations 1000 through 1027 contain ones in R10-R15.

000 SELOI1 0..00000

001 LDC 0.01000

002 RDS 0.00030

003 BSN 14 0.00003

004 SELO2 0.00000

005 LDC 0.01000

006 WRT 0.00030

007 HLT 0. 00000
A, No output from GT6 in 5EC. (0.2.3 - 2D)
B. No output from CF9 in 5EM. (0.7.3 - 2D)
C. aFF in 6FT remains set. (0.7.3 - 4A)
D. GT4 in 5ER passes all pulses. (0.7.3 - 7D)
E. GT1 in 5EE, open filaments. (0.2.3 - 4D)

List the Flip-Flops by name that make up the armenian delay.



COMPUTER ENTRY PUNCH

X1l. INTRODUCTION AND GENERAL INFORMATION
A. Purpose

1, The primary function of the 020 Computer Entry Punch is
“——

to serve as one of the means of entering data into the
% 53 Central Computer System of AN/FSQ-7 Combat Direction

Central or AN/FSQ-8 Combat Control Central. The design
35-‘/ of the CEP enables it to operate as a printing card punch,

as a prmtmg card punch and reader, or as a pre-punched
card readér. The use of the IBM card system in the
operation ‘of’this manual input (MI) equipment provides a
permanent record of data entered into the computer.

2. The following types of datia are entered through the CEP:

a. Flight Plans

b. Weather

c. Interceptor and Weapon Status
d. Boundaries

‘e.” DEW
f. Texas Towers and Picket Vessels e
g. AEW
h, 7-

B. Basic Requirements of CEP
1. Adapted from commercial model 026.

2. Must be able to read cards and store information until
called for by MDIE.

3. Must be able to recognize a change of computer status,
and give indication to operator that status has changed.
Sequence of cards must be rerun to assure all informa-
tion in a sequence going to the same computer when a
status change has taken place.

C. Description

1. The 020 Computer Entry Punch is manufactured by IBM,
The machine isﬁl/Z inches long, 34 inches wide, and
39 inches high, The front of the machine is the vertical
surface on which the reading board is mounted. (Fig. 2-1).




COMPUTER ENTRY PUNCH

Figure 2—1. 020 Computer Entry Punch, Detailed Front View
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COMPUTER ENTRY PUNCH

Located on the reading board are the keyboard and
the unit-status control panel. The keyboard can
be moved to any position on the reading board
convenient to the operator. It is a combination
alphabetic and numeric keyboard with 44 keys

.and a space bar. A number of the keys are used
to manually control machine functions such as
duplicating, feeding and skipping. Above the keys
on the keyboard are the functional control switches,
which are used for various automatic and manual
operations. The unit-status control panel, mounted -
on the left, has two lights and two switches.

Located at the top of the machine are the card hopper,
the detail bed, the punch station, the master bed,
the read station, the card stacker, and the main
line switch. Below the reading board are the chip
box and fuses. The main fuse is located on the

left front leg of the machine. Two others are
located behind the chip box and are accessible when
the box is removed.

Mounted on the rear legs of the CEP are the power
and signal connectors (fig. 2-2). The two signal
connectors are 40 position connectors with spring-
loaded contacts. Power is brought into the machine
through the power connector, located on the right
leg (facing the rear) above the signal connector.
This 30 position, quick-disconnect connector and
the a-c connectors supply all voltages necessary
for operation of the machine.

By removing the top cover and tilting the base unit
to the vertical position, the card feed cams and card
feed circuit breakers can be seen, located behind the
hopper (fig. 2-3). The print head unit is located
above the punch station. To the right of the print
head unit is the program unit. In the rear, beiow
the program unit, are the punch cams (P cams)

and punch circuit breakers. Located behind the
stacker is the drive motor, which supplies the
necessary mechanical power to operate the machine.

Removing the rear cover exposes the relay gate
(fig. 2-3), which contains 18 duo-type relays, 39
wire-contact relays, and one high-speed relay,
The re ays are numbered Trom Ieft to Fight in
edch row Wien viewing the relay gate from the rear.
- s "

o ——
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‘The first number in a row comes immediately

after the last number in the row above; e.g., if

20 is the number of the relay at the extreme right

in a row, then 21 is the number of the relay at the
extreme left in the row immediately below it. The
duo-type relays are located in the first, or top, row;.
the wire contact relays, in the second and third rows.
A blower is mounted on the relay gate to dissipate
the heat from the relays. The relay gate is hinged
to facilitate access to the terminal boards and
electrical components located behind the gate.

Figure 2-4 shows the rear of the machine with

the relay gate lowered. Pointed out in this figure
are the rectifiers, the power relays, the card

count mechanism, the filter capacitor, and the
terminal posts.

The tube chassis is located on the right side of the °
machine behind a loyvered cover panel (fig. 2-5).
bes (type 25L6 sed to energize

M_\_
relays and ma.gnetl /,(7 Ao W F Gl /VW

2. Card Hopper: The card hopper (fig. 2-1) holds

approximately 500 cards, which are held forward
/ M " by a spring-driven prater Two magazine springs
A US vl e keep the cards from falling through the knife and

block-type throat as each card advances to the

/?f 2L/ /}/C ﬂ feeding position.
S / 7/ 7/5’ V 703  Detai Bed: The detail bed (fig. 2-1) located to the

/ e H right of the punch station, is that portion of the
V. card bed into which cards are fed from the hopper.
Cards may also be placed in the detail bed by hand.

4. Punch Station: Punching is performe i
of two statxon- in'the card bed, through which cards
om "to left. The punch station is shown

in figure 2-1. It contains 12 rectangular punches for
punching information onto the IBM cards.

"~ 5, Master Bed: The master bed (figure 2-1) is located
between the read (sense) station and the punch station.
A card can be inserted manually at this point in the
card bed whenever it is desired to duplicate prepunched
information on any number of succeeding cards. The
whole card is visible before it is registered at the read
station.
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Read (Sense) Station: The read station (fig. 2-1), where
the holes in the card are sensed for reading is located
approximately the distance of one card length to the left

of the punch station. There are 12 sensing positions at

the read station, each position containing dual sensing pins.

Card Stacker: The card stacker (fig, 2-1) holds approxi-
mately 500 cards and is located at the upper left side of the
machine on a level with the hopper. After a card passes
the read station, it is fed into the stacker automatically

or by key depression. Cards are stacked at an angle with
the 12 edge down, card face to the rear, and are held in
position by a card weight. When removed from the stacker,
the cards are in their original sequence.

Main Line Switch: Figure 2-1 shows the location of the
main line switch, Operation of the machine may be
started approximately one-half minute after the main

line switch has been turned on. This delay allows suffi--
cient time for the electron tubes to heat. When the stacker
becomes filled to capacity, the switch is automatically
turned off.

Card Feed Cams and Circuit Breakers: Located below
the hopper are six card feed cams and the associated
circuit breakers (fig. 2-3). The card feed circuit
breakers are numbered 1 through 6, from right to left,
when viewing the machine from the rear.

Print Head Unit: The print head unit (Fig., 2-3) houses

the printing and ribbon feed mechanisms. The ribbon

feed mechanism contains twao ribbon spools and the

ribbon reversing mechanism. The printing mechanism
contains the code plate from which the individual characters
are printed. --Printing takes place at the discretion of the
operator. The coded character punched in a column is
printed across the top of the card above that column in
which it was punched.

Program Unit: The program unit is located in the
center of the base assembly above the master bed

(fig. 2-1) and contains the program drum. A program
card with coded information is fastened around
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the program drum. Behind the program drum is
the auxtliary drum, which is used for column count.
The column count is sent to the computer as part
of a word.” At the base of the program drum holder
is the column indicator, which indicates the next
column to be punched.

12. Punch Cams and Circuit Breaker: The P cams
and associated circuit breakers are located on the
rear center portion of the base assembly, beneath
the program unit (fig. 2-3). The punch cam circuit
breakers are numbered in order from bottom to top.

D. Principles of Operation

1. The 020 Computer Entry Punch is used as a card
punch, manual input unit for the AN/FSQ-7, 8
Systems.

The standard IBM card has 80 columns and 12
rows, a total of 960 punching positions; of these,

a maximum of 240 (3 per column per card are
normally utilized. The 80 columns are numbered
consecutively from left to right across the card.
The 12 rows are numbered 12, 11, 0, 1, 2, 3, 4,

5 6, 7, 8, and 9 from top to bottom. Rows 12, 11,
and 0 are called zone rows; rows 1-9, numeric rows.
Various types of information are segregated on the
card by means of fields. A field is defined as a
related set or group of consecutive columns.

2, Card Path: Cards are fed into the detail bed from
the hopper (fig. 2-1 and fig. 2-7) either automatically
or under manual control, and move from right to
left to the punch station, to the read station, and
finally into the stacker. Normally, there are three
cards in the card bed during machine operation:
one in the detail bed, one at the punch station, and
one at the read station. As a card is fed into the
detail bed, the card presently in the detail bed is
registered (positioned to punch into column 1) at
the punch station. Simultaneously, the card which
was previously punched is registered (positioned to
sense column 2) at the read station; the car X which
was at the read station is fed into the stacker.
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Two mechanisms control the movement of the cards
through the machine: the-card feed and the escape-
ment mechanisms. The card feed mechanism operates
to feed a card to the detail bed, to register the card

in the detail bed at the punch station, to register a
card in the master bed at the read station, and to

eject a card into the stacker. All four operations

are performed simultaneously during a card feed
cycle.

The escaperr{ent mechanism controls the card movement
through the punch and read stations and drives the
program drum and the column count drum in synchronism
with the card movement. The program mechanism con-
trols the machine when automatic operation is selected.
All these operations occur during an escape cycle.

Punching: When a card reaches the punch station,

the information is punched into the card, column by
column. The punching code used is the standard IBM
Hollerith code. The Hollerith code uses one hole for
each numeric character, two holes for each alphabetic
character (one zone and one numeric), and either two
or three holes for each special character. Ordinarily,
one to three holes are punched in any column, depending
on the character selected.

Punching may be initiated either manually by use of

the keyboard or automatically by duplication. Dupli-
cation is automatic reproduction on the detail card

of the information being read from the master card.
Skipping (bypassing columns or fields not pertinent

to the current operation) may also be performed.
However, duplication and skipping can be controlled
either manually or automatically. Automatic operations
are controlled by programming; manual operations, from
the keyboard.

Printing: The printing feature of the CEP is optional
since printing may be suppressed, when desired, by
program control or by use of the keyboard switch.
When the information being punched is to be printed,
a system of wire printing is used to print the
selected character above the column being punched.
A code plate with projections outlining all characters
used in the system is positioned during the punching
process and pressed against a group of 35 sturdy,
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flexible wires. The wires contacted by the projections
are for ainst the typing ribbon to cause printing,.

he code plate is approximately 3/4 inch wide bi%_

inches high and has 668 projections.
e ———

Reading: Information is read when the card reaches

the read (sense) station. Twelve sets of dual sensing
pins are used, one for each row in the IBM card.

When the dual sensing pins sense holes in the cards,

they close circuits to pick interposer relays. These
relays, in turn, closo; circuits to transfer information

to the computer, to duplicate or to do both, as determined
by the machine operation selected.

Duplication is the operation in which data which is being
read may be automatically reproduced on the following
card as it is read. Skipping (bypassing columns or fields
not pertinent to the current operation) may also be per-
formed. The'reading rate will vary according to the
number of columns to be read. The maximum reading
rate is 13 cards per minute, based on the reading of all
80 columns in a card. When the card has been read and
column 80 passes the sensing pins, the card moves to the
eject station (fig. 2-7). During the subsequent feed cycle,
the card is moved into the stacker fingers and placed in
the stacked position.

Information Transfer: The information which is sensed at
the read station is sent (when programmed) to the MI unit

(unit 23) with the card count and column count information.
The MI unit adds identifying information and transfers the
assembled word to the Drum System for eventual transfer

to the Central Computer System. (fig., 2-10),

a. Word Makeup: Information from the CEP is
transmitted to the MI unit as 24 bit words.

LS - L11 « Data
L12 - L15 = CEP identify (made up in MDIE)
RS - R1 & Not used
R2 - R6 = Card Count, a "one' bit in only 1 of
these five positions
R7 - R13 = Column Count in octal
R14 - R15 = Type of data (CEP = 00)(made up in MDIE)
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There are 12 bits of information (corresponding
to the 12 rows in each card column) and 12 bits
of identification for each card column (card
count and column count).

The identification bits are required so that the
computer can reconstruct a message when

data from more than one card from a machine
is’ stored on the MI drum field at one time.
Five of the 12 identification bits are used to
assign a card count to each card read into the
computer. The card counter mechanism gener-
ates the card counting pulses by raising one

of its five outputs to +10V while the remain-
ing four are at -30V. Except for a card in
which an error has been detected, the impulse
counter advances one position between cards.
The remaining seven bits of identification are
a binary indication of the sensed column. This
binary indication is generated by the column
count drum mechanism. Each column of the
card associated with this mechanism is punched
to indicate the binary number of that column.
The associated sensing mechanism transmits
this indication as the column count drum is
moved in synchronism with the program drum.

Information Path: Data is transferred as dc
levels from the CEP to the MI unit. As the
column is read, an information-ready pulse is
sent to the MI unit. Interposer relays are
energized for each column in which a punched
hole is sensed. A drum-demand pulse
(originating in the MIXD drum) strobes the

MI unit on a priority basis. If the information-
ready pulse has been received and the drum-
demand pulse selects the CEP, data bits are
written on the drum.

The interposer relays are then released, and
the next card column is read. If information
cannot be accepted by the drum, a P-cam
causes the interposer relays to be held
energized and the CEP is interlocked to
prevent the card from advancing to the

next card column position. This dependence .
on the drum-demand pulse allows the CEP

13
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to operate on a serial demand system, with interrup-
tion of card reading when higher-priority information
is ready for transfer to the MI drum field.

Programming: Card machine operations can be
controlled automatically by sensing punched holes
in a program card mounted on the program drum.
The program card can contain either a standard
program code, an alternate program code or both.
The standard program utilizes 6 of the 12 rows of
the program card. The alternate program feature,
which uses the remaining 6 rows of the program card,
makes it possible to punch codes for two separate
card designs in the same program card. The alter-
nate program is selected from the keyboard. By
proper programming, any or all of the 80 columns
of an IBM card can be read into the computer.

E. Electrical and Functional Details
Voltage Characteristics: Table 2-1 lists the nominal
voltage requirements of the CEP.

l.

20

Table 2-1, Voltage Requirements

Application Voltage
Input 115 ac, 50-60 cycles
Output 10 dc
Filament 22-25 dc
Plate 130 dc
Bias -49 dc
Motor Data:

a.

The drive motor is a 1/12 hp motor that operates
on 115V ac, single-phase, 60 cycle power at 1,725
rpm, with a current drain of 2.1 amperes (amp).
Running the motor will cause a 40° C (72°F) rise in
the motor temperature.

The fan motor used has a rating of 20 cubic feet per
minute (cfm) and operates on 115V ac power at 3,250
rpm.
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Tube, Relay, and Fuse Complement: The CEP
uses 15 type 25L6 power amplifier tubes and
three fuses, two 2-amp fuses and one 4-amp
slow-blow fuse.

Functional Characteristics: Table 2-2 lists the
functional characteristics of the machine.

Table 2-2. Functional Characteristics

Function Desc rigtion

Printing A 3/4 inch by 1-1/4 inch code plate
is used to actuate a 35 wire matrix
(7 x 5).
Punching Twelve punches, one for each of
’ 12 rows,
Reading Twelve sets of dual sensing pins

operate at 13 cards per minute
(based on reading 80 columns per
card).
Skipping Maximum of 80 columns per second.
Duplicating Eighteen columns per second in
automatic control; 9 columns per
second in manual control.

F. IBM Card Description

1.

Because of their flexibility and because of the
availability of the associated punching, verifying, °
and duplicating equipment, IBM cards are used as

a primary input medium for the SAGE Computer.
Information can be verified prior to computer entry,
and errors can be detected and easily corrected. The
simultaneous preparation of data on several CEPs
expedites the input operation, and the use of cards
provides a permanent record of the data entered into
the computer,

There are 80 columns in which punching may take
place. These columns are numbered, from left to
right, 1 through 80. In each column are 12 punching
positions (rows), which are numbered 12, 11, 0, 1, 2,
3, 4, 5, 6, 7, 8, 9 from top to bottom. Rows 12, 11
and O are called zones, rows 1-9 numerics.

15
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TABLE 3—1. HOLLERITH CODE
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Figure 3—1. Punching Positions in IBM Card
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As illustrated in figure 3-1, numbers are

recorded by a single hole in the corresponding
numeric or zone position of the desired column.

A letter is recorded as a combination of one zone
and one numeric punch in the desired column,

and special characters are recorded as one, two,

or three holes, in the desired column. Punching

of the correct number of holes in a column for a
letter or special character is automatic on de-
pression of the corresponding key at the keyboard.
The complete code (Hollerith code) for the AN/FSQ-7,
8 is shown in table 3-1. Each numeric punch may be
used alone or with any zone punch. Each combination
signifies a different character. For example, a 5
punch (indicated in the Numeric Punch column) used
with a punch in the 11 row signifies the letter N
(indicated in the 1! Zone column). A 5 punch used
alone signifies the numeral 5 (indicated in the No
Zone column). A 5 punch and a 12 zone punch
indicate an E; a 5 punch and 0 zone punch indicate

a V. The special characters are signified by an -8
and a 3 punch, an 8 and a 4 punch, or an 8-3 zone
or 8-4 zone punch combination. Notice that the
letters A-I use consecutive numeric punches in
combination with a 12 zone punch. Letters J-R

use consecutive numeric punches in combination
with an 11 zone punch. Letters S-Z use consecutive
numeric punches (starting with a 2 punch) in com-
bination with a 0 zone punch. Eleven characters
other than the standard 26 alphabetic and 10
numeric characters may be punched.

Summary Questions

Questions:

1. What three operations are possible with the 020 CEP ?

2. How many cards will the hopper hold?

3. How is printing accomplished in the 020 CEP?

4. How many bits are transferred from the CEP to
MDIE and what do the bits represent?

5. What does an information-ready 1:;ulse sent to the

MDIE from the CEP. mean?
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What does the drum demand pulse do?

What code is used on IBM cards in the CEP?
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II. BLOCK DIAGRAM ANALYSIS

A.

General

1.

The 020 Computer Entry Punch is used as a manual input
device for the AN/FSQ-7, 8 equipment. It can punch
information on IBM cards and simultaneously print the
same information across the top of the card. The source
of duplicated information is a previously punched card
being passed through the read station.

Card information sensed at the read station can be sent
to the MI unit (unit 23) or duplicated in the following
card, or both operations can be performed concurrently,
depending upon the desired operation. .
The operations of the machine are controlled manually
from the keyboard and automatically by programming.
Some operations may be manually initiated at the key-
board with control taken over by the program unit,

Card Travel

1-

The cards used in the 020 will be from one of four sources
(fig. 3-2), depending upon the type of data to be handled
by the machine:

a. Cards punched by the 026 Card Punch,

b. Cards processed by the 056 Verifier

c. Prepunched cards from the permanent files.

d. Blank cards for the transcription of original data.

Cards placed in the card hopper are moved through
the machine as indicated in figure 3-2, A card
feed cycle moves a card from the hopper to the
detail bed. The next card feed cycle moves the
card from the detail bed to registration at the
punch station. As the desired punching operations
are being performed, the card moves from the
punch station to the master bed. The card is moved
column by column through this station and the

read station by escapement cycles in conjunction
with the punching operation. Subsequent card feed
cycles move the card from the master bed to regis-
tration at the read station and from the read station
to the stacker. As each card progresses to a new
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station, its former position is filled by a card
simultaneously fed from the preceding station.

This assures a continuous flow of cards until the
supply of cards in the hopper is depleted or until
the feed cycle is interrupted by some other function.

Cards may also be inserted individually into the
machine at the detail bed or at the master bed. An
instance in which this arrangement might be advan-
tageous would be the duplication of a single pre-
punched card. The card to be duplicated is inserted
in the master bed, and the blank card is inserted in
the detail bed. Single cards should not be fed into
the machine from the hopper. Since it is not
practical to read blank cards, the block diagram
shows no provision for inserting blank cards directly
into the master bed.

Mechanical Operation

1.

All the mechanical moving parts of the machine
receive power from the 1/12 hp drive motor (fig.
3-2). The reduction drive unit is belt-driven
directly from the motor. A second belt drives
the punch drive unit under control of a punch
clutch. The reduction drive unit drives the card
feed and the escapement mechanisms to move
the card through the machine. The punch drive
unit drives the punching, printing, and reading
mechanisms simultaneously.

The card feed mechanism operates to enter a
card into the detail bed from the hopper, to regis-
ter the card in the detail bed at the punch station,
to register a card in the master bed at the read
station, and to stack a card in the stacker. These
operations are performed simultaneously under
control of the card feed clutch. Energizing the
card feed clutch initiates a card feed cycle. The
card feed index is latched up at 0 degree. There
is 2,78 milliseconds (ms) per degree, or 1 second
per card feed cycle.

The escapement mechanism, which controls card
movement through the punch and read stations,
receives the driving power from the reduction
drive unit through a friction clutch. The program
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unit and column count drum are also driven by the
escapement mechanism in synchronism with the
card movement through the punch and read sta-
tions. An escapement cycle is initiated by ener-
gizing the escapement magnet. It takes 6 ms to
move the armature out of a tooth of the escape
wheel. When the wheel is moving, it moves at a
rate of 12 ms per tooth. One tooth represents one
card column.,

A punch cycle includes the punching operation, the
printing operation, and the sensing operation. All
three operations are controlled simultaneously by
the punch clutch. The punching and printing
operations enter information on the card while

the sensing operation detects the punched card
information for duplication or computer entry.
Each of these operations is performed on a
column-by-column basis. A punch cycle is ini-
tiated by energizing the punch clutch, The punch
clutch is latched at 345 degrees and one cycle
moves the index through 360 degrees at a rate of
0. 154 ms per degree, or 55.44 ms per punch
cycle.

The timings of the escapement cycle, the card
feed cycle, and the punch cycle are completely
asynchronous.

Electrical Operation

1.

Electrical power for the 020 Computer Entry Punch
is supplied by the simplex input CB unit (unit 56).
The unit status switch is capable of selecting either
the standby or the active power supply and of con-
necting the data outputs of the relay switching net-
work to the corresponding MI unit, It is also
capable of connecting the machine to the standby
power supply and leaving the signal outputs discon-
nected entirely.

Power from the selected power supply is connected
to the terminal panel through the relay switching
network for distribution to the various subassem-
blies. Power from the terminal panel is used to
operate magnets in the keyboard, the interposer
magnets, and the relay switching network. It
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also supplies the drive unit with 115VAC to operate
the 1/12 hp drive motor. This motor supplies the
power for all the mechanical action of the machine.

The card count mechanism controls a counting pro-
cess to identify the cards as the card data is entered
into the MI unit. The card count forms a portion of
the identification section of each word as the word is
placed on the drum. Each word is identified by a
column count and a card count. Because of the
relatively slow operation of the card machine, it

is not necessary to have a card count greater than 5.

The operation of the relays which control the machine
function is dependent upon the action of either the
program sensing unit or the function controls on the
keyboard.

A means is provided for sensing a change of computer
status. A change will stop machine operation and
light the DUPLEX SWITCH light at the unit status
control panel. Operation cannot be resumed until

the cards in the punch and/or read station are
removed and the RESET button at the. unit status
control panel is depressed. A connection between the
unit status control panel and the maintenance console .
(unit 47) enables monitoring of machine status at the
console. ’

The drum-demand pulse initiates the data transfer
from the CEP through the MI unit (unit 23) to the
MIXD drum. The initiation takes place when a CEP
cam (P7) passes an information-ready pulse (through
relay switching), and a subsequent drum-demand
pulse causes unit 23 to select the CEP as the MI

unit which is to transfer data. The drum-demand
circuitry is also used as an interlock on machine
operation when data is to be transferred. The
absence of a drum demand due to acceptance of
higher priority data at unit 23 will prevent the card
from being moved to the next column, This eliminates
the possibility of reading a second card column before
the preceding column data has been transferred to

the MIXD Drum.

The information-ready circuitry is connected to
the appropriate MI unit through the relay switching
network.
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E. Data Flow

1. Data may be entered into the CEP either through
the keyboard or by inserting prepunched cards
from other machines. Data entered through the
keyboard is passed to the interposer magnets by
key depression. When a punch cycle is taken, the
interposer magnets transfer the data to the card
by punching the card, The card carries the data
to the read station, where it is read and sent to
the interposer relays. The interposer relays
energize the interposer magnets if duplication
is desired. The data to be transferred is passed
from the interposer relays through the relay
switching to the MI unit.

2. A column count and a card count are also trans-
ferred through relay switching to the MI unit.
These two quantities, with the original data, are
assembled with other identifying information to
make up the final input word as it is transferred
from the MI unit to the MI drum field. The fiml
input word is assembled in the following form.

P LS L11 L12 L15
NOT CARD CEP
USED INFORMATION IDEN

RSR1 R2 R6 R7 R13 R14 R15
NOT CARD - COLUMN INPUT
USED COUNT COUNT UNIT ID

F. Summary Questions
Questions:
1. The cards used in the 020 are from what four sources?

2. How many degrees on the card feed index are there in a
card feed cycle?

3. At what degree does the card feed clutch latch at?
4. How many columns can be punched in one punch cycle ?

5. How is a punch cycle initiated ?
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II. OPERATING INSTRUCTIONS
A, General

1.

The 020 Computer Entry Punch (fig. 2-1) can be
used as a printing card punch and reader or as a
pre-punched card reader. The various machine
operations are:

a. Skipping: Onmnitting columns where informa-
tion is not to be punched or sensed.

b. Duplicating: Reproducing data into the detail
card from the master card. .

c. Field Defining: Sensing the extent of field.
A field is defined as a columnar division of
a card used to segregate various types of
information, It may be any number of columns.

d. Alpha-numeric Punching: Punching alphabetic
or numeric characters in an IBM card according
to the Hollerith code. '

e. Data Transfer: Transferring information from
the 020 to the computer via unit 23.

f. Zone Suppression: Preventing transfer of
0, 11, 12 data to the computer.

g. Print: Printing the character above each.
column as it is punched.

h. Print Suppression: Preventing printing on

card without affecting punching.

i. Feeding: Moving cards from the hopper to
the detail bed.

i Multipunching: Punching more than three
characters in one coluimn,

The function relays governing machine operations
are controlled either manually by the keyboard
switches and keys or automatically by the program-
sensing mechanism. The program controls the
mode of operation.

Certain operations may be controlled either manually
or automatically. Multiple-punching, registering
(REG key), releasing a card in error, and switching
to the alternate program are possible only under
manual control. Defining a field, transferring data
to the computer, and zone suppression are possible
only in automatic control. Automatic feeding is
possible but is controlled by a switch rather than

by programming.
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A circuit is provided which automatically stops

the machine and lights the DUPLEX SWITCH light

if the computer status is changed. The cards must
be removed from the read and/or punch station and
the RESET button must be depressed to restore the
machine to normal operating condition. The inter-
rupted sequence of cards must be restarted to ensure
that all the information contained in the cards is
transferred to the correct computer.

B. Operating Controls

1.

Manual Controls

The computer entry punch employs four
groups of manual controls: the keyboard
controls, the unit status controls, the
function control switches, and the three
miscellaneous switches.

Keyboard

1)

2)

A combination alphabetic and numerical
keyboard is used. (See fig. 5-2) Punching
keys are gray with blue lettering. The
keyboard is interlocked to prevent two
character or functional keys from being
depressed at the same time. The alphabetic
keys are arranged so that the standard
typewriter touch system can be used. A
group of dual purpose keys at the right side
of the keyboard serves for numeric as well
as alphabetic punching. This permits
punching numeric characters with the

right hand and frees the left hand for
document handling.

The touch system for the 10 numerical
keys is as follows: index finger for digits
1, 4, and 7; middle finger for digits 2, 5,
and 8; ring finger for digits 0, 3, 6, and 9.
The punching of a digit or a letter with any
of the combination keys depends upon the
shift condition of the keyboard. For exam-
ple, the depression of the 4-J key punches
a 4 when the keyboard is in numeric shift
but a J when in alphabetic shift. This
shifting is similar to upper or lower case

27
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TABLE 5—-1. KEYBOARD CONTROLS

KEY MANUAL CONTROL

PROGRAM CONTROL

FEED On the first depression, one card is fed to the
detail bed from the hopper. On the second
depression, this card is registered at the
punch station, and the second card is fed
to the detail bed under the first card. Dur-
ing subsequent operations, registration at
the read station and stacking of cards in the
stacker also take place. ’

REG (Register) When depressed, the same functions are per-
formed as those performed when the FEED
key is depressed except that cards are not
fed from the hopper.

ENTRY Releases cards at the rate of 12 ms per column.

Same as manual control.

Same as manual control.

A card is released at the rate of 18 columns
per second except when a skip field is
programmed without the entry. Under
this condition, the card will be released
at the rate of 80 columns per second.

SHIFT KEY

\—

T

SPACE BA

Figure 5-2. Combination Keyboard h
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TABLE 5—1. KEYBOARD CONTROLS (cont'd)

KEY MANUAL CONTROL

PROGRAM CONTROL

SKIP (Key 33) Punches in the 11 row.

Space Bar The card is advanccd one column each time
the bar is depressed.

NUM Shifts the combination keyboard into numeri-
cal status as long as it is held down. Used
to permit the punching of numbers in an

alphabetic field.

ALPHA When duplication is being performed, this
key permits automatic spacing over blank
columns.

DUP Causes duplication on a column-by-column

basis as long as it is held depressed.

SKIP (Key 36) Performs same function as space bar.

ALT PROG Not used.
(Alternate prog

MULT PCH Shifts keyboard to numeric status; prevents

(Multiple punch) escapement to new column until key is
released. While depressed, any number of
numeric keys may be depressed one at a
time.

ERROR Not normally used.

Serves as an 11 key during numeric punching
and as a dash-skip key during alphabetic
punching. In numeric operation, one de-
pression is required for each field to be
skipped. An 11 is punched in the column
in which the key was depressed, and the
remainder of the field is skipped at a
rate of 12 ms per column.

Same as manual control.

Shifts keyboard to numerical position when
depressed in" programmed ALPHA field.

Normally used to permit punching of letters
in a numerical field. Shifts the combina-
tion keyboard into alphabetic status as
long as it is held down. Prevents skipping
caused by X punching.

A single depression causes duplication of the
field in which it is depressed.

Operated on a nonrepeat basis for each field,
requiring a separate depression for each
field to be skipped.

Shifts program control to the lower rows of
the program card. Program contacts 4
through 9 become operative for the re-
mainder of the card in which ALT PROG
key is depressed. '

Inoperative.

Releases the detail card, which is in error,
at the rate of 50 ms per column and pre-
vents any data from this card from enter-
ing the computer.

29
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shifting on a standard typewriter and may be con-
trolled automatically by the program unit or man-
ually by key depression. The section containing
the combination keys is readily distinguished by
the shaded blue area of the key plate.

The top row contains four special-character keys
at the left. These keys punch eight characters as
shown on the key tops. The shift status of the
keyboard will determine which of the two charac-
ters will be punched and printed by each of the
four special-character keys.

The keyboard also contains the shift key for alpha-
betic and numeric, the MULT PCH, the manual
DUP, the ALT PROG, the FEED, the SKIP, the
ERROR, and the ENTRY keys. The uses of the
keyboard controls are listed in table 5-1.,

Keys 1-18 can be depressed to punch the appro-
priate letters only when the keyboard is in alpha-
betic shift. If one of these keys is depressed
while the keyboard is in numeric shift, the key-
board becomes locked up. Operation can be re-
sumed by releasing the card or by depressing the
alphabetic shift key to allow the letter to be punched
and printed. Figure 5-2 shows the numbered key-
board.

Combination keys 19-29 punch the characters
indicated below:

Key Numeric Shift Alpha Shift
19
20
21
22
23
24
25
26
27
28
29

O @AV B WN~ O g
CeZHRSONC~Y
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7) Special-character keys can be depressed
when the keyboard is in either numeric
or alphabetic shift to punch and print the
characters listed below:

40 # @
41 , %
42 $ *
43 . x

8) The punching code for the different
characters is known as the Hollerith
code (table 3-1).

c. Unit Status Panel Controls: There are two
switches on the unit status control panel: the
unit status switch for establishing the CEP
power and signal status, and the RESET push-
button, for initiating the restoration of con-
tact between the computer and the punch.

(Fig. 5-4 and Table 5-2)

d. Functional Control Switches: Four 2 posi-
tion switches are located just above the key
section of the keyboard. The two positions
for each switch are ON and OFF. The switches
are identified and their functions described
in table 5-3. (See Fig. 5-3)

e. Miscellaneous Control Switches: A number
of controls on the computer entry punch
are listed independently because of their
isolated locations. The functions of these
controls are described in table 5-4.

1) Program control located on bottom
PROGRAM DRUM

2) Main line located in stacker

3) Keyboard Restore located on side of
master bed.

Indicator Lights: Two lights are located on the unit
status control panel (fig. 5-4) to the left of the RESET
pushbutton. The POWER ON light indicates that power
is applied to the punch. The DUPLEX SWITCH light
indicates a change of computer status.
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OFF POWER ON
° NO SIGNAL
°
° STANDBY
POWER DUPLEX RESET o ACTIVE
ON SWITCH
Figure 5—4. Unit Status Panel
TABLE 5—2. UNIT STATUS PANEL CONTROLS
CONTROL TYPE OF SWITCH FUNCTION
Unit Status 4-position rotary OFF: Power and signals are disconnected from the punch.
POWER ON: Power is available to the punch, but no signal
connections are made.
STANDBY: Power is available to the punch, and signals are
connected to the standby computer.
ACTIVE: Power is available to the punch, and signals are
connected to the active computer.
RESET Pushbutton Restores normal machine operation after the computer has

undergone a status change and the interlock has prevented
any futher reading to the computer.

(4%
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TABLE 5—-3. FUNCTIONAL CONTROL SWITCHES

CONTROL TYPE FUNCTION
AUTO FEED Toggle switch ON: Initiates automatic feed cycle immediately after column.
80 of the detail card has been passed.

OFF: Suppresses automatic feeding.

AUTO SKIP AUTO DUP Toggle switch ON: Allows programming for automatic skipping and auto-
. matic duplicating.

OFF: Prevents automatic duplicating and automatic skipping
by program control but does not affect manually controlled
skipping and duplication. -

PRINT Toggle switch ON: Permits printing abovc the punched column.

OFF: Suppresses printing.

AUTO ENTRY Toggle switch ON: Automatically releases cards at the rate of 18 columns per

second to allow a deck of prepunched cards to be read and
the designated data to be entered into the computer. No
punching possible.

OFF: Prevents automatic entry.

TABLE 5—4. MISCELLANEOUS CONTROL SWITCHES

CONTROL

TYPE

FUNCTION

PROGRAM CONTROL

MAIN LINE

KEYBOARD RESTORE

Lever switch

Toggle switch

Pushbutton

ON: Engages program sensing mechanism, making program
control effective and shifting the keyboard to numeric status.
Serves as a mechanical interlock by preventing program
drum removal.

OFF: Disengages program sensing mechanism. Shifts keyboard
to alphabetic status.

ON: Supplies power under control of unit status control switch.

OFF: Disconnects power. Operates automatically when stacker
is full.

Restores locked keyboard to operating condition.
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D. Operating Sequence
Visual Check: The following steps should be observed
for proper operation:

lo

3.

a.
b.

C.

d..

Be sure that POWER ON light is lighted.

Make sure that signal and power connectors are
properly connected.

See that detail and master beds are free from any
pieces of cards that may interfere with proper
operation,

Be sure that DUPLEX SWITCH light is out. To
extinguish it', depress RESET button.

Loading Cards into Hopper: Cards are placed in the
hopper face forward, 9's down, and are fed front
card first,

Starting the Machine: To start the machine, proceed

as follows:

a. Turn main line switch on.

b. Turn unit status switch to POWER ON. This lights
the POWER CONTACTORS CLOSED light (simplex
maintenance console) associated with the standby
power supply.

c. Depress RESET button.

d. Turn unit status switch to STANDBY position,

- assuming that A computer is active and B computer
standby.

e. If AUTO FEED switch is off, depress FEED key

twice to register first card. If switch is on,
depress FEED key only once.

Punching, Single and Multiple

a.

Single punching is performed by standard operation
of the keyboard. In multiple punching, two or more
numeric characters may be punched in one column
by holding the MULT PCH key down while the keys
are depressed one at a time. '

The keyboard is automatically shifted to numerical
status when the MULT PCH key is depressed.
Multiple-punched columns other than standard
alphabetic characters or special characters should
not be duplicated.
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c. Multiple punching is generally used for preparing a
program card when more than two punches are re-
quired in a column,

Column Spacing

a. Depressing the space bar will move the card one
column without punching.

b. Without program control, the DUP key may be used
to space over columns if the corresponding columns
are blank in the preceding card or if there is no card
immediately ahead. This operation is faster than
using the space bar.

Skipping: This operation is controlled manually by
depression of the SKIP key. Skipping is used when no
information is to be punched in a column or field,

Manual Card Insertion

a. When single cards are to be fed manually, they should
be placed directly in the detail bed for punching or in
the master bed for reading. Depress the REG key
once to position the cards properly for punching or
reading. Single cards should not be fed from the
card hopper.

b. Detail Bed: To insert cards in the detail bed,
proceed as follows:

1) Place a card in detail bed right of punching
station, positioning right-hand edge of card
against card pusher.

2) . Depress REG key to register card at punch
station.

3) Punch desired information, starting in column 1,
Depress numerical shift key when necessary.

4) After punching, release card.
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Insert next card in detail bed to right of
punch station, and depress REG key.

This registers first card at read station
and new card at punch station., First

card is released to left of read station
when ENTRY key is depressed after
punching of second card; it is moved

into stacker when third card is registered.

c. Master Bed: When certain fields are to be
duplicated from a prepunched master card, it
is necessary to insert the master card manually
in the master bed before duplicating the first
card of the group. The master card is inserted
in the master bed in the following manner:

1)

2)

3)

4)

5)

Turn AUTO FEED switch off before
completing punching of last card of
preceding group.

After last card is released from punch
_station, manually move it to left until

its left end touches feed rolls at read
station.

Depress ENTRY key to advance card
past read station.

Place master card in master bed, posi-
tioning it so that left edge is just between
feed rolls and not in registered position.
Depress FEED key to register master
card and detail card, which is at detail bed,
and to feed a new card from hopper.
Turn AUTO FEED switch on. Normal
punching of first card of new group may
then proceed, with automatic feeding of
detail cards following.

8. Clearing Card Bed:

a. When the card bed is to be completely cleared
at the end of a: punching operation without
feeding more cards from the hopper, the
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AUTO FEED switch should be turned off during
punching of the next to the last card. The

last card is then registered for punching by
depressing the REG key. After the last card
is punched and moved to the master bed it

is moved to the stacker by depressing the REG
key again.

b. . If the AUTO FEED switch is turned off after

the last card to be punched is completed, the
ENTRY and REG keys must be depressed
alternately three times. In this case, two
blank cards will be stacked behind the last
punched card in the stacker.

Duplicating: Depressing the DUP key will cause
the information sensed at the read station to be
reproduced in the corresponding column in the
detail card at the punch station. Duplication
occurs only as long as the key is held down in
manual control. In program control, depressing
the DUP key in a manual field will cause duplica-
tion of the entire field. Manual duplication is used
in the repunching of damaged cards and in the cor-
rection of errors. o

Error Correction -- Blank Detail Cards: Errors
in punching are often noticed and corrected by the
operator at the time they are made. Normally,
this involves rekeying a large portion of the card.
The 020 reduces re-keying to a minimum, requires
no concern about the precise column in which the

error occurred, minimizes the possibility of making

another error while correcting the first, and practi-
cally eliminates card handling. To correct this
error, proceed as follows: ’

a. Depress ERROR key immediately upon
detection of error. This advances the card
without punching for the fields coded for
manual punching, but causes duplication of
the fields programmed for automatic dupli-
cation beyond the point of release. This
retains the common information for duplica-
tion into the following cards. The three
cards in the card bed advance to their proper

stations, and a new card feeds from the hopper.
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b. Duplicate correctly punched fields by a single
depression of DUP key for each field.

c. Re-key field in which error occurred, and manually
punch remaining fields programmed for manual
punching,

d. Remove card containing error from stacker and
continue normal‘ operations.

Error Correction -- Partially Prepunched Cards:

a. Partially prepunched cards in the hopper may
contain prepunched names or codes, or they may
be serially numbered and punched. When an error
is made in the punching of cards of this type and the
correction is to be made immediately, automatic
feeding from the hopper must be interrupted and a
blank card must be inserted manually in the card bed.
Since each card fed from the hopper contains some
prepunched data, it is not possible to duplicate into
the following card. Make the correction as follows:

1) Turn off AUTO FEED switch. This will prevent
the feeding of a card from the hopper and the
registering of the card from the right of the
card bed when the error card is released.

2) Depress ERROR key. The error card will be’
advanced past the punch station without punching,
except for the fields which are programmed for
automatic duplication. The duplication of these
fields retains the data for duplication into the
correction card.

3) Turn off AUTO SKIP and AUTO DUP switch to
prevent automatic skipping during correction of
error card. When correcting an error in pre-
punched fields programmed for automatic skipping,
manually duplicate these fields into the blank card.

4) Remove card following error card from detail
bed, and insert a blank card’in its place.
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5) Depress REG key to register error card at read
station and blank card at punch station. This will
also stack card from left of read station.

6) Duplicate correctly punched fields by depressing
DUP key at beginning of each field.

7) Re-key field containing error.

8) Duplicate remaining fields.

9) Turn AUTO SKIP AUTO DUP switch on, and
replace card removed in step 4.

10) Depress FEED key to register correction card at
read station and replaced card at punch station,
to feed next card from hopper, and to stack error
card.

11) Remove error card from stacker, turn AUTO
FEED switch on, and continue normal operation.,

12, Card Removal

A

A card may be removed from the master bed without
affecting the succeeding cards by manually moving the
card into the read station and depressing the ENTRY
key. This moves the card to the left of the master
bed, where it can be lifted out manually.

When a card has been released from the read station
but not stacked, it is positioned to the left of the mas-
ter bed. For easy removal, move the card to the
extreme left by pressing down on the eject arm that
extends from the left of the read station. If, for any
reason, a card must be removed manually from the
punching or read station, the pressure roll release
lever should be held down while the card is pulled out.
If a card at the punch station does not move easily, it
may be freed by depressing all the numerical keys.
Then, with the pressure roll release lever held down,
the card can be pulled out without tearing.

13. Keyboard locking and unlocking: The keyboard is locked
under the following conditions:
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The main line switch is turned off and then on
while a card is registered at the punch station.
The keyboard may be unlocked by depressing
the RESTORE button.

An alphabetic key is depressed in a field pro-
grammed for numerical punching. The keyboard
can be unlocked by releasing the card or by
depressing the alphabetic shift key. In the first
method, the card is released without punching.
In the second method, the letter is punched.

A blank column is duplicated in a field programmed
for numerical punching, This serves as a blank
column detection device to ensure that a digit is
punched in every column of a numerical field which
is being duplicated. The keyboard can be unlocked
by depressing the RESTORE button or the alpha-
betic shift key.

A card is not registered at the punch station. This
feature makes it impossible to do any punching or
spacing unless a card is in position to be punched.

‘The REG or FEED key can be depressed to move a

card into punching position,

The REG or FEED key is depressed when a card is
registered at the punch station. The keyboard can
be unlocked by depressing the ENTRY key.

Stopping Procedure:

Q.

When an operation is to be stopped and the main
line switch turned off before a quantity of work is
completed, the card at the punch station should
first be completely punched and released. Before
the card is released, however, the AUTO FEED
switch should be turned off, This will permit
restarting the job without additional card handling.
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b. When one deck of cards is to be followed by
another deck, using the same master infor-
mation and program control, a blank card
should follow the last card of the group
through the punch station. The blank card
can be released past the punch station at the
time that the last card is released past the
read station. This will cause the blank card
to be automatically punched with the master
information for duplication into the first
card of the next deck and thus eliminate the
necessity of rekeying the master information.
The AUTO FEED switch should be off when
the cards are released.

15. Program Control:
a. The program unit provides automatic control

of machine operations. The program card is
a basic part of the unit and is moved through
its cycle in synchronism with the cards in the
card bed. The holes punched in the program
card determine the operations to be performed
on the cards in the machine.

b. Program Codes: The following codes are used
in preparing a program card:

Normal Alternate
Code Function Code
12 Field definition 4
11 Start auto-skip 5

0 Start auto-dup 6

1 Alphabetic shift 7

2 Computer entry 2

8 Zone suppression 8

3 Print suppression 9
Blank Start normal field Blank

Both the normal and alternate codes may be
punched in a single program card. This per-
mits changing operations without changing
program cards.

To use the alternate program feature for a
complete card, the ALT PROG key may be
depressed either before or after the card is
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registered, depending upon the normal program
coding in column 1, If column 1l of the normal pro-
gram is coded for manual punching, the key may be
depressed after the card is registered. If column 1
of the normal program is coded for automatic skipping
or duplicating, however, this key must be depressed
before the card is registered. In this case, the AUTO
FEED switch must be turned off before the preceding
card is completely punched. Then depressing the
ALT prog key, after the preceding card is released,
causes transfer to the alternate program and also
initiates a card feed cycle.

When the first part of a card is punched under normal
program control and the remainder is punched under
alternate program control, this key is depressed
whenever the alternate program is to be effective.

When the ALT PROG key is depressed, programming
from the alternate program is effective for the re-
mainder of that card, When the following card is fed,
the normal program again becomes effective. It is
not possible to return to the normal program in the
same card cycle once the ALT PROG key has been
depressed. '

Program cards punched with both normal and alternate
program codes should not be duplicated.

The following explanation of the various functions
are presented as an aid for preparation of program
cards:

1) Field definition: The determination of the length
of a field. Each column except the first column
of a field must have a hole punched in the 12 row
(or 4 row for the alternate code). The first
column will contain the punch designating the
desired operation,
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Automatic Skipping: When a hole is punched
in the 11 row (or a 5 for the alternate code)
of a program card, skipping will start at that
point and continue as long as consecutive 12
holes are encountered. If several successive
fields are to be skipped, they should be pro-
grammed as one single continuous field.

Automatic Duplication: When a hole is punched
in the 0 row (6 for alternate program), auto
dup will start at that column and continue as
long as consecutive 12 holes are encountered.
A field programmed for automatic duplication
will cause the data of that field of the master
card to be reproduced in the corresponding
field of the detail card. If several consecutive
fields are to be duplicated, they should be
programmed as one single continuous field.
Any field programmed for auto-duplication
should also be programmed for alphabetic
shift, This will eliminate the possibilities

of undesired skipping and of a machine halt
when a blank column is encountered.

Alphabetic Shift: The keyboard is normally
in numeric shift when the machine is under
program control, If all or most of a field is
to be punched alphabetically, it should be
programmed for an alphabetic shift (1 punch
in program card for each desired alphabetic
column; 7 punch for alternate procgram). In
a duplication field, an alphabetic shift will
permit duplication of blank columns and
prevent skipping when a column to be dupli-
cated only contains a punch in the 11 row.

Computer Entry: Data to be transferred to
the computer must be programmed for such
a transfer. A 2 hole must be present in
every column that is to be transferred.

Zone Suppression: Where a punch in a
zone row of a card is not to be entered
into the computer, programming for

zone suppression of that column will
prevent such a transfer. Zone rows
sometimes contain control or identification
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punches which are not part of the computer
data, It should be evident that zone suppression
will only be necessary in columns programmed
for computer entry.

Print suppression: Printing may be controlled
by the PRINT switch, but it is not precise enough
to allow column-by-column control. Printing
may be suppressed by programming for individua.
column control,

Manual field: The absence of a punch in the first
column of a field signifies that manual operation
is desired for that field. Keyboard punching is
usually performed in such a field, but manual
skipping or duplicating is also possible.

Program Card Installation:

1)

The program card is mounted on the program
drum for insertion into the machine. The
program drum has a clamping strip to hold
the card and a handle on the top to tighten or
release the strip. To fasten a card around the
drum, proceed as follows:

a) Hold drum in horizontal position with
handle to right. Turn handle away
(counter-clockwise direction) as far
as it will go. This loosens smooth edge
of clamping strip.

b) Insert column 80 edge of card under
smooth edge of clamping strip. Two
alignment check holes in clamping strip
make it possible to see that card is flush
with metal edge under strip. The card
should be positioned so that 9 edge is
against rim of drum.,

¢) Turn handle to center position. This
tightens smooth edge of clamping strip
and loosens tooth edge.
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3)
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d) Wrap card tightly around drum,
and insert column 1 edge under
tooth edge of clamping strip.

e) Turn handle in a clockwise direc-
tion as far as it will go. This
fastens tooth edge of clamping
strip. Drum is now ready to be
inserted into machine.

To remove a card from the drum, re-
verse the procedure.

To place the drum on the spindle,

raise the program sensing wheels,
using the program control lever. Ro-
tate the drum on the spindle so that

the aligning pin falls into the aligning
hole in the column indicator dial. The
clamping handle may have to be rotated
slightly to properly position the aligning
pin. Turn the program control lever to
lower the reading star wheels onto the
program card, and depress the ENTRY
key to engage the reading mechanism
fully. Before removing the drum, oper-
ate the program control lever to raise
the star wheels.

d. Numerical and Alphabetical Punching

1)

2)

Although the keyboard is normally in
numerical shift when the program is
turned on, alphabetic information can
be punched by changing to alphabetic
shift. This is done automatically by
punching 1's in the program card as
shown in figure 5-7.

If a field is to be punched with both
alphabetic and numeric characters,

.it should be programmed for which-

ever will occur most frequently.

Since keyboard control takes precedence
over program control in determining
shift status, the appropriate keyboard
shift key can be used when a shift is
necessary.
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Figure 5—7. Example Program Card
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Duplicating: Sensing a zero hole in the first
column of any program card field automatical.
ly starts duplication when the AUTO SKIP
AUTO DUP switch is on. The operation is
continued by the 12's punched in the remain-
ing columns of that field. This is illustrated
in the sample program card shown in figure
5-7. Figure 5-8 shows a sample card which
could be punched using the program card
shown in figure 5-7.

Error Correction-

1) When an error has been made while
punching, the operator can depress
the ERROR key to prevent the card
containing ‘the error from being read into
the computer. This card is released to
the read station. Computer entry and
duplication of the preceding card remain
under control of the program drum.

2) Duplicate the information preceding the
error from the error card into a cor-
rection card. Correct the error, and
continue the operation interrupted by
the error.

Manual Punching of First Card of New Group:

1) Master information must be punched
into the first card of each new group
manually. Therefore, automatic dupli-
cation must be suspended for that card
by turning off the AUTO SKIP AUTO
DUP switch.

2) Several procedures for punching the
first card of a group are discussed in
the subsequent text. The procedures
vary according to card design.

3) Whenever possible, the first field of
a card should be programmed for
manual operation. (See Fig. 5-9. A).
This gives the operator an opportunity
to turn the AUTO SKIP AUTO DUP
switch off before punching the first
card of a new group:
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a) When first card of a new group is
registered at column 1, turn AUTO
SKIP AUTO DUP switch off.

b) Keypunch complete card.

c) When second card of group is registered
at column 1, turn AUTO SKIP AUTO DUP
switch on. (This switch may be turned on
after the master information has been
punched.)

Automatic duplication should not immediately
follow an automatic skip. (See the card
illustration in fig. 5-9, B). Design a manually
operated field between the two operations if
possible.
a) Keypunch first field.
b) Automatically skip second field

(AUTO SKIP AUTO DUP switch on)
c) Turn AUTO SKIP,AUTO DUP switch

off. Keypunch third field.
d) Keypunch fourth field, Turn AUTO

SKIP AUTO DUP switch on.

Sometimes other factors in the use of the
cards make it necessary for automatic
duplication to follow an automatic skip.
(See the card illustration in fig. 5-9C). ’

In such a case, the possible procedures
should be studied and the best one followed.
Two procedures are outlined below.

a) Long Skip Field

(1) Keypunch first field.

(2) Automatically skip second field.
During skip, turn off AUTO SKIP
AUTO DUP switch to prevent
automatic duplication in following
field, This can be done if the skip
is fairly long.

(3) Keypunch third field, and turn
AUTO SKIP AUTO DUP switch on.
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b)

Short Skip Field

(1) Turn AUTO SKIP AUTO DUP switch
off when card is registered at column 1.
(2) Keypunch field.
(3) Skip second field by use of SKIP key.
(4) Keypunch third field, and turn AUTO
SKIP AUTO DUP switch on.

When automatic duplication is immediately
followed by an automatic skip, the first card ‘
is punched as shown in figure 5-9, D.

a)

b)
c)

d)

Turn AUTO SKIP AUTO DUP switch off
when card is registered at column 1.
Keypunch first field.

Keypunch second field. Either during or
at end of this field, turn AUTO SKIP AUTO
DUP switch on so that following field can
be automatically skipped.

Automatically skip third field.

If an automatic skip must come first in a card
and is immediately followed by automatic duplica-
tion, follow the long skip field procedure outlined
below. (See card illustration fig. 5-9, E).

a)

Long Skip Field

(1) Automatically skip first field. During
skip, turn off AUTO SKIP AUTO DUP
to prevent automatic duplication in
second field. This can be done if
skip is fairly long.

(2) Keypunch second field, and turn AUTO
SKIP AUTO DUP switch on.

(3) Keypunch third field.
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b) Short Skip Field

(1) Turn AUTO SKIP AUTO DUP
switch to OFF before last
card of preceding group is
punched in column 80.

(2) Depress SKIP key to skip
first field.

(3) Keypunch second field, and
turn AUTO SKIP AUTO DUP
switch to ON.

(4) Keypunch third field.

8) When an automatic skip field comes
between two fields programmed for
automatic duplication (fig. 5-9), the
first card is punched as outlined below:

a) Turn AUTO SKIP AUTO DUP
switch off when card is registered
at Column 1.
b) Keypunch first and second fields.
c) Skip third field by using SKIP key
d) Keypunch fourth field, and turn
AUTO SKIP AUTO DUP switch on.
Column Indicator: The column indicator located at
the base of the program drum holder, indicates
the next column to be punched. Spacing to a par-
ticular column is facilitated by reference to the
indicator.

Column Count Drum: The column count drum,
which is identical with the program drum, moves
in synchronism with the card being read at the

read station. By placing the column count card
(shown in fig. 5-10) on this drum, a binary indi-
cation of the column being read is entered into

the computer as part of the word being transferred.

Ribbon Replacement: The ribbon on the 020 (fig. 5-11)
may have to be replaced because of wear or deterioration.
Ribbon replacement is accomplished as follows:

1.
2.
3.

Turn off main line switch.
Remove ribbon spool retaining-clamp.
Cut or break old ribbon.

51
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Figure 5—11. Ribbon Replacement
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Remove both spools from their spindles and pull
out the two pieces of ribbon. Empty one of the
spools.

Place spool of new ribbon on right-hand spindle,
positioning it so that ribbon feeds from top of
spools toward front of machine. Lift up right
end of ribbon-reversing arm, and unroll about

1 1/2 feed of ribbon; then push right end of
ribbon-reversing arm down to hold spool steady.
Feed metal leading-end of ribbon between punch
die and card bed, sliding it through groove in
center of detail bed (between punching positions

3 and 4). The groove permits the extra thickness
of the metal end and reversing eyelet to pass be-
tween the punch die and card bed. Be sure to keep
the ribbon straight, with the top side up at all
times.

Hook metal leading-end of ribbon in slot center
of empty spool, and wind ribbon onto spool until
reversing eyelet is on spool.

Place spool on left spindle, positioning it so that
ribbon feeds onto spool over top. Be sure that
ribbon is not twisted and that top side of ribbon
is still up.

Hook ribbon around right and left wire ribbon
guides, and slide it through right and left ends of
reversing arm and over rollers in front of ribbon
spools.

Slide ribbon up under punch die so that it is in
the upper groove provided for it in card-printing
position (above punching position 12), and take up
the slack.

Replace ribbon-spool retaining clamp.

Chip Box: The operator is to keep the chip box clean at
all times. The chip box is located under the reading
board. It is free to be removed like a drawer.

53
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Summary Questions:

Match the following:

p—
[\V]

a, Computer Entry

b. Print Suppression (Alt. Program)
o c. Alpha Shift (Alt. Program)
- d. Start Auto Skip

e. Start Auto Dup. (Alt Program)

Pt
(S

OO WN -
o e . o e e

1
2
. 3 f. Field Definition
4 g. Start Normal Field
5 h. Print Suppression
. 6 i. Field Definition (Alt. Program)
10. 7 B Start Auto Dup.
11. 8 k. Alpha Shift
12. 9 1. Zone Suppression (both programs)
Bl m.

13. . ank Start Auto Skip (Alt. Program)

If keyboard is in numeric shift and key ''40" is
depressed on the keyboard Fig. 5-2, what will
result?

For the card on the program drum to have control

over skipping and duplicating, what functional
switch(s) must be ON?

What are some things that will cause keyboard to
lock up?

Name the functional control switches.
What is the function of the ''Duplex Switch'' light?
True or False

a. The '""Mul Punch" key automatically shifts the
keyboard to numeric shift.

b. Manual duplication and skipping cannot take place
unless the Auto Skip Auto Dup switch is on.

c. The keyboard is normally in numeric condition
when in manual control. (Star wheels raised.)

d. Pushing an alpha key when in numeric shift
will lock the keyboard.
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e. Pushing the "Entry' key when in manual
control will release cards at 80 col/sec.

f. The unit status switch is a 5 position switch.

g The '"Reset'" pushbutton is used to unlock the
keyboard.

h. Turning the "print"' switch on will suppress
printing.

What will be the machine operation if a ''0'" punch
in the program card is followed by ten '"'12'" punches?

What will be the machine operation if an ''11'" punch
is followed by seven ''12'" punches?

Besides allowing us to punch alpha characters,
what two other functions do the ''1'" punches in the
program card perform?

What are the three ways to put the machine into
alpha shift?

25
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X1V.

DETAILED CIRCUIT ANALYSIS
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Thi¢ information is intended

as an aid in circuit study and as a reference in diagnosing
machine malfunction. A basic knowledge of the function
of mechanical components and of the purpose of specific
circuits is assumed.

The action of the mechanical and electro-mechanical
devices employed in the CEP is closely interrelated with
that of the electrical circuitry. Consequently, information
is included (when applicable) :defining the ‘mechanical
action which occurs as the result of a completed electrical
circuit. In general, the step-by-step sequential operations
which are listed for each circuit are presented in the
same order in which the circuits are completed and in
which mechanical operations take place. When simul-
taneous or parallel operations occur, the operations are
listed in logical sequence and the order of presentation
does not indicate circuit priority. The CEP wiring dia-
gram 337022-D (App A) shows the wiring arrangement,
the referenced electrical components, and the electrical
and mechanical timing charts.

- QUNIT STATUS SWITCH
The objective is to apply the necessary power to
the CEP and to connect the signal output to the proper
computer, under control of the unit status switch.

“Switch Position 1 (OFF)

No power is applied, and no signal transfer occurs.

"Switch Position 2 (POWER ON)

Assume that the C power supply is active, the D
power supply is standby, and the CEP main line switch

is on:

1.

2.

—48V is applied to pins 9 and 17 of power plug
from active and standby power supplies.

Pick R1 and R20 using —48V applied through
2B, top deck of unit status switch.

. R1 contacts apply 110Vac from D power supply

to the drive motor, blower motor, CEP power
transformer, and POWER ON light.

. R20AL (1B) lights D POWER CONTACTORS

CLOSED light on simplex operating console.

. R20L (10B) applies +10Vdc to signal circuits.

" Switch Position 3 (STANDBY)

Assume that the D power supply and B computer are
standby, that the CEP main line switch is on, and that

—48Vdc is applied to pins 6, 7, 12, 14, 9, and 17 of the
power plug:

1.

=B - N - N

14.
15.
16.
17.

Apply power from standby power supply as in
D.1.2.

. Pick R3 (2B) through R3B and center deck of

unit status switch.

. R3B (2B) lights B SIGNAL CONTACTORS

CLOSED light on simplex operating console.

. R3A (2B) picks B signal relays. CEP signals con-

nected to unit 23B.

. R3A (2B) also applies —48V from pin 7 of

power plug to R16BL (9B).

. R16 (2B) picks through R17BL. .
. Hold R16 through R16AL, R19AL.
. Pick R17 through R15AL, R16BL.

. Pick R18 through R16AU.

10.
11.
12,
13.

R18AU lights DUPLEX SWITCH light.
R18BL (6B) prevents computer entry.
R18AL (8B) prevents card feeding.
R18BU (8B) prevents pick of R2.

Note
At this point, manual intervention is
required to release the interlocks and
enable normal machine functions to
proceed.

Depress RESET switch to pick R19 (10A).
R19AL (9B) opening drops R16.

R16AU (9B) opening drops R18.

R17 held through R15AL, R17BL.

The CEP can now be operated. If the status of the
computers is switched (B computer made active), the
following sequence takes place:

1.

Drop R3 and pick R4 (2B) caused by —48V
changes at power plug when computers were
switched. Unit status switch still in standby and
A signal relays now picked.

. —48V applied through R3A to R16BL (9B) is

removed, dropping R17.

. —48V applied to R14BL (9B) through R4A

(2B).

4. Pick R14 through R15BL.

. Hold R14 through R14AL, R19BL.



6. Pick R15 through R17AL, R14BL.

7. Hold R15 through R17AL, R15BL.

8. Pick R18 through R14AU, to disable CEP.

To release interlocks and allow normal operation
to resume:

1. Depress RESET to pick R19.

2. R19BL opens to drop R14.

If there were cards in the CEP at the time of switch-
over, R2 (8B) would be picked. R2BL (9B) would then
hold R14 until the cards have been removed.

1. Depress ENTRY key to remove cards and drop

R2, and then depress RESET button.

2. R14AU (9B) opening drops R18, and CEP is
restored to operation. If information was being
entered into the computer when the switchover
occurred, the complete sequence of cards should
now be rerun.

‘Switch Position 4 (ACTIVE)

The sequence is the same as for position 3 (STAND-
BY) except that power is received from; the active power
supply and signals are sent to the active computer. When
the signal relays are picked, either R9 or R10 is also
picked. R9AL or R10AL (10B) supplies +10Vdc to

enable operation of MI interlocks and to set the unit -

status core in the MDI matrix.

CARD FEED

The objective is to feed cards into an operating posi-
tion using the FEED key. Assume that powcr is on, cards
are in the hopper, and no cards are in the detail or
master bed:

1. Depress FEED key (7B).

. Pick card feed clutch through R18AL.

. Pick card count (8B) through R6BL.

. Card feed mechanism is now rotating.

. Pick keyboard restore magnets through CF4 (5A)
at 6°. This opens up FEED key contact to drop
CF clutch and card mount magnet.

6. CF1 (5B) disables DUP key until cards are reg-
istered and pressure rolls have dropped (67° of
feed cycle).

7. Card enters feed rolls at 58°.

8. Card lever switch (7B) makes at 210°. Note that
this contact makes after CF3 (7B) opened (140°)
so that R4 will not be picked on this feed cycle.

9. Card feed latches at 0° since feed clutch has been
dropped.

10. Depress FEED key.

11. Pick CF clutch.

12. Pick card count.

13. Restore keyboard through CF4 at 6°.

14. Register first card at 67° and feed second card.

(V. I N I
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15. Pick R4P (8B) at 60° through CF3 and the card
lever switch.

16. Pick R2P and R3P through R4AU (8B).

17. R2, 3, and 4 held through program cam contact
2 until column 8714 of program drum.

18. R3BU opens to remove the ground from the
FEED and REG keys, disabling these keys.

19. RS will be picked through CF3 and the read card
lever on the next cycle. A card in the master bed
will close the read card lever.

20. R8 picks on each feed cycle at 80° (8B). R8AL
drops R1 if in auto-entry (8A). R8BL prevents
picking of R34 (6B); R8BU initiates punch cycle
(5A). This punch cycle will enter column 1 in-
formation into the computer if there are "2”
holes in the program card.

REGISTER KEY

Register operation is the same as feed, except that
the card feed latch prevents the feed knives from oper-
ating. No card is fed:

1. Depress REG key.

2. Pick card feed latch magnet.

\

3. Pick CF clutch and card count magnet through
CF latch magnet contacts.

4. Hold CF latch, CF clutch, and card count magnet
through CF2 and CF latch magnet contacts until
255°. :

'AUTO-FEED

Auto-feeding consists of maintaining an automatic

and uninterrupted flow of cards to the card bed at the
proper time, through the use of the AUTO FEED switch
and a program cam contact. Assume that the program
card and the master card are registered at column 80 and
that the detail card is registered at column 79:

1. Depress key on keyboard to punch last column in
detail card causing escapement.

2. Program cam contact 1 closes to cause a skip to
column 1.

3. Program cam contact 2 closes at column 871/-
881/,

4. Relays 2, 3, 4, 5, and 7 drop.

5. Pick CF clutch through AUTO FEED switch and
R18AL.

6. Pick card count.

7. Repick and hold R2, 3, 4, and 5 through CF cycle.

ALPHANUMERIC SHIFT

The objective is to shift the keyboard from numeric
status to alphabetic status, to provide for duplication
over blank columns, and to suppress skipping if a column
containing an 11 punch is duplicated.

With the program star wheels down, the keyboard
is in numeric shift unless programmed for alphabetic (1
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punch in program card or depression of the ALPHA
key on the keyboard). With program star wheels raised
(manual control), the keyboard is in alphabetic shift un-
less the NUM key is depressed.

When R30 (6B) is picked, the machine is placed in

alphabetic shift status:

1. Pick R30 in manual control through program
handle switch 2, numeric key contact, and MP
key contact. Depressing NUM key will open this
path to drop R30.

2. Pick R30 in program control through star wheel
contact 1 or 7, numeric key contact, and MP key
contact. Keyboard can be put into numeric shift
by depressing the NUM key (except when dupli-
cating). When duplicating, R29-2 (5B) will be
closed, bypassing the NUM and MP key contacts.

Note
There is no hold for R30 through 12
holes in the program card. There must
be a 1 hole for every column which is
to be in alphabetic status.

3. R30 contacts operate as follows:

a. R30-1 (5A) provides a path for duplicating
over blank columns.

b. R30-2 (3B) transfers ground from numeric
latch contacts to alpha bail contacts on key-
board.

¢. R30-3 (3B) grounds zone punch bail contacts
on keyboard.

d. R30-4 (4A) prevents picking of X-skip relay
by dash-SKIP key when in alphabetic status.

e. R30-5 (4A) determines whether bail contact
15 will pick interposer magnet 3 or 4 for
special characters.

> KEY PUNCH OPERATION
The objective is to space one column and to punch
a hole in a card by depressing a key on the combination
keyboard. Assume that the machine is in numeric status
and a numeric code is to be punched:

1. Depress key 1 on keyboard.

2. Pick interposer magnet 1 through latch contact
1 (4A).

3. Close interposer bail contacts (5A). These con-
tacts will open when punch bail pulls punch oper-
ating interposer down.

4. Pick escape magnet through bail contacts R25-4,
R24-3, MI interlock, R22-3 (GA).

5. Close escape armature contact, and escape to first
column.

6. Pick R22 through escape armature contact and
R25-5:

a. R22-1 (7A) holds R22 until 65° of punch
cycle.

b. R22-2 (5B) is used only for manual dupli-
cation.

c. R22-3 (6A) drops escape magnet (escape only
one column).

d. R22-4 (5B) picks punch clutch. (B4 for
punch clutch through P1).

7. Refer to punch mechanism timing:

a. Interposer armatures restored by 36°.

b. Punches through card at 126°.

c. Printing occurs at 130°.

d. Punch clutch relatches at 345°. (Punch clutch
de-energized at 0° when P1 opens.)

'MULTIPUNCH

The objective is to punch more than one numeric
character in a single column by depressing several keys
while the MULT PCH key is held down:

1. Depress MP key, and hold until all desired keys
have been depressed. The first number key will
initiate a standard escape cycle.

2. Pick R24 through R35-3, R22-6, R28-6, and MP
key (GA).

3. Hold R24 through R35-3, R24-1, R28-6, and MP
key.

4. Inhibit further escapement by opening R24-3NC
(5A).

5. Further punch cycles will be initiated through the
interposer bail contacts, R25-4, and R24-3NO
(5A).

6. R24-2 prevents auto-skip operation (5A).

7. R24-4 prevents auto-duplication operation (5B).

8. MP key stem upper contact (5B) places keyboard
in numeric shift (R30 dropped).

9. MP operation is suppressed when the CEP is used
for computer entry by R35 being picked (R35-NC
opens) (5A).

"SKIPPING OPERATION

The objective is to cause skipping, punching, spac-
ing, or combinations of these operations under manual
or program control.

*D.&.l‘NSingle-Column Skip Operation
The CEP is in manual control when the star wheels
are raised or when the star wheels are down and there
are no field definition punches in the program card.
Each depression of the SKIP key causes a 1-column skip:
1. Depress SKIP key, and pick R21 (4A).
2. Pick space interposer magnet through SKIP key
and R21-2.
3. Close interposer bail contacts (5A).
4. Pick escape magnet through bail contacts, R25-4,
R24-3, MI interlock, and R22-3.



5. Pick keyboard restore through bail contacts,
R28-3, and R25-3. This opens skip contact on
keyboard.

6. R21 held through P2, and R21-1, until 65°.

7. Pick R22 through R25-5 and escape armature
contact (5A).

8. Pick punch clutch through R22-4 (5B).

9. Pick R25 at 10° through P3, R21-4, R24-2 (5A).

10. Drop R25 when P3 opens at 60°.
11. Drop R21 when P2 opens at 65°.
12. Punch clutch relatches at 345°.

SKIP Key with Field Definition
The star wheels are down, and field definition
punches are in the program card. Skipping will con-
tinue until the end of the field. Operation is the same
as in D.8.1 until step 10.
1. Hold R25 through 12 star wheel contact and
R25-1.
2. Drop R21 when P2 opens at 65° (8A).
3. Pick escape magnet at 180° of P1 (B+4- returns)
and through 12 star wheel contact, R25-1, R25-4,
R24-3, MI interlock, and R22-3.
4. Prevent picking of R22 by opening R25-5 NC
(5A).
5. R25 and escape magnet stay picked until end of
12 punches in program card. No further punch
cycles are taken. Card escapes at 80 columns per
second.

'Dash-SKIP
Depressing the dash-SKIP key while in either nu-
meric or alphabetic status causes an 11 hole to be punched
in the card:
1. Depress dash-SKIP key. In numeric status, the
X-skip relay (R21) is picked. Skip operation is
the same as in D.8.1 and D.8.2 except that an 11
hole is punched in the first column.
2. Depress dash-SKIP key. An 11 hole is punched
in the card.
3. R30-4 NC points are open, and R21 is not picked.
Skipping does not occur while in alphabetic shift
status.

Programmed SKIP

Assume that the star wheels are down and an 11 hole

is sensed by the program mechanism:

1. Pick R25 through 11 star wheel, R39-2, AUTO
SKIP-AUTO DUP switch, and R24-2. (GA).

2. Pick escape magnet through R25-4, R24-3, MI
interlock, and R22-3.

3. Hold R25 and escape magnet through 12 star
wheel contact, R38-1, and R25-1. Skip at 80 col-
umns per second to end of field. If no 12 punches
are present, skip only one column.
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'MANUAL DUPLICATION
The objective is to duplicate information from a
master card into a detail card by depressing the DUP
key. Two types of operations are involved:
1. Duplication is continued only as long as the
DUP key is depressed.-
2. Duplication is manually initiated by depressing
the DUP key and continued automatically by pro-
grammed field definition.

Manual Duplication with Manual Control

Manual duplication requires two punch cycles for

each column punched: first a dummy punch or sensing
cycle, then a normal punch cycle. Manual duplication
with star wheels raised, or with star wheels down and
no field defined, occurs as follows:

1. Depress DUP key (5B). This contact stays closed
as long as finger is held on key, even if keyboard
is restored (key-stem contact).

2. Pick R28 and R29 through DUP key, CF1, R22-2,
R27-5, R21-3, and R25-2 (6B).

3. Pick R34 through DUP key, CF1, R22-2, R27-6,
R8BL, R43-1, and R29-5 (6B).

4. Hold R34 through R22-4, and R34-1 until R22
picks. After R22 picks, hold R34 through P4 and
R34-1.

5. Computer entry inhibited by R34-4 (10B).

6. R28-3 picks keyboard restore (5A).

7. Pick punch clutch through R27-4, R28-4 (5A).
Note that escape magnet is not picked.

8. Drop punch clutch when P1 opens at 0°.

9. Pick R27H through P3 (at 10°), R28-5 (7A).

10. Hold R27P through R27-1 (6B).

11. Pick R41, 42, and 43 through P5 and R27-2 at
86° (3B).

12. Interposer magnets energized through pin sense
contacts when PG makes at 120°,

13. Interposers drop but do not latch under punch
bail. Punch bail is in its downward travel. Inter-
poser bail contacts make.

14. Ground grid of tube 3 through interposer bail
contacts, R25-4, R24-3, MI interlock, and R22-3.

15. Escape magnet picks at 180° when P1 makes.

16. Card starts to move at 219°.

17. Escape armature contact closes to pick R22
through R25-5. R34 now held through P4.

18. R22-3 drops escape magnet.

19. R22-4 picks punch clutch.

20. Punch shaft would normally latch at 345° but,
since the punch clutch is picked, it now starts a
second cycle. Interposers dropped during the first
cycle will latch under the punch bail.
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21. P4 opens at 355° to drop R34,

22. R34-2 opens, dropping R27, 28, and 29.

23. P2 opens at 65° to drop R22.

24. Interposer bail contacts are now open so escape
magnet does not pick when R22-3 closes. No
escapement on this punch cycle.

25. If duplicating only one column, the DUP key
contact will be open at this time so R27, 28, 29,
or 34 will not repick. If DUP key is held, R28
and 29 will repick. R34 does not repick because
R43 will pick before R29. R43-1 opens before
R29-5 closes (5B). R27 will not pick until P3
closes at 10° of the next punch cycle. R27-2 (3B)
open will prevent the picking of any interposers
on this punch cycle.

26. Punches driven through card by 126°.

27. The punch clutch relatches at 345° since the
punch clutch magnet was dropped when P1
opened at 0°. If the DUP key had been held
down, the punch clutch would have been repicked
at 180° and the dummy punch cycle for the sec-
ond column would start.

28. Picking of R34 is necessary only for manual
duplication with star wheels down, no field de-
fined, and 2 punches in program card. Under the
above conditions, R34 will be picked during
dummy punch.cycles to inhibit sending informa-
tion to the computer twice per column.

Manual Duplication with Field Definition
Manual duplication with the star wheels lowered
and a field defined on the program card is similar to auto-
duplication. The only difference is that in manual dupli-
cation R34 is picked on the dummy punch cycle to inhibit
sending information from the first column of duplication
to the computer twice.

"AUTO-DUPLICATION
The objective is to duplicate information from a
master card into a detail card with control initiated and

continued by the program sensing mechanism in con-
junction with the AUTO DUP-AUTO SKIP switch.

The initiation of an automatic duplication process
depends on the method of card movement into the dupli-
cation field. If the program control caused a skipping
operation immediately preceding the duplication field,
the first column of the field to be duplicated would not
be sensed and a dummy punch cycle (sensing only) is
taken to energize the necessary relays. If a normal punch
cycle is taken immediately before entering the duplica-
tion field, the necessary relays will be energized by that
sensing cycle and a dummy punch cycle is not required.
In the following sequence, assume that a dummy punch
cycle is necessary:

1. Pick R28 and 29 through 0- program contact,
R39-3, AUTO SKIP' AUTO DUP switch R24-4
(5B).

2. Pick keyboard restore magnet through R28.3,
R25-3 (5A).

3. Pick punch clutch magnet through R27-4, R28-4
(5A).

. Pick R27H (8A) through P3 (10°), R28-5.

. Hold R27 through R27-1 (6B).

. Drop punch clutch when P1 opens at 0°.

. Pick R41, 42, and 43 (3B) when P5 makes at

86°. R27-2 is closed. Interposer relays pick.

8. Pick interposer magnets through PG at 120°.
Punch operating interposers drop but do not
latch under punch bail. Interposer bail .contacts
close..

9. Pick escape magnet (when P1 closes at 180°)
through interposes bail contacts, R25-4, R24-3,
Ml interlock, and R22-3 (5A). If a blank column
had been sensed, the interposer bail contacts
would not have been closed. If the CEP is in
numeric shift, there will be no escapement; if in
alphabetic shift, the escape magnet would be
picked at this time through R30-1, R27-3, R25-4,
R24-3, MI interlock, and R22-3 (5A).

10. Close escape armature contact at 215°.

11. Pick R22P through escape armature contact and
R25-5.

12. R22-3 opens to drop escape magnet.

13. R22-4 picks punch clutch.

14. Hold R22 through P2, R22-1 until 65° of the
next punch cycle.

15. Punch shaft does not latch up at 345° since the
punch clutch magnet is picked.

16. Drop punch clutch magnet at 0° when P1 opens.

17. The second punch cycle punches holes in a col-
umn of the detail card and sets up interposers
for punching in the next column..

18. 12 holes in the program card will hold R27P,
R28, and R29 through R38-1, R28-2, R27.5,
R21-3, and R25-2 (5A).

19. Auto-duplication will continue using subsequent
punch cycles as sensing cycles.

ENTRY 4

The objective is to release cards through the punch
and read stations under varying operating conditions and
speeds.

Entry operations should not be confused with com-
puter entry. The only requirement for entering informa-
tion in the computer is that there be a 2 punch’in the
program card. The ENTRY key and the AUTO ENTRY
switch on the keyboard are used to release cards through
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the read and punch stations at either 18 or 80 columns

per second.

} Entry Operation without Field Definition

Assume that there are no 12 holes in the program

card and that the start wheels are down. Depress ENTRY

key, or throw AUTO ENTRY switch on. Cards will be
released at 18 columns per second: '

1. Pick R1 through ENTRY key or AUTO ENTRY
switch (8A).

2. Hold R1 through 1AL and program cam contact
2 until column 8714

3. Pick keyboard restore magnet through R1BL
(5A).

4. Pick escape magnet through R1BU, R3BL, pro-
gram handle switch 1, R25-3, R25-4, R24-3, MI
interlock, and R22-3.

5. Pick R22 through R25-5 and escape armature

contact.

. Drop escape magnet when R22-3 opens (6A).

. Pick punch clutch magnet through R22-4 (5B).

. Start punch cycle.

. Drop punch clutch magnet when P1 opens at 0°.

10. Drop R22H when P2 opens at 65°.

11. R22-3 closes and initiates another escape-punch
cycle. Card is released at 18 columns per second
until end of card.

12. If AUTO FEED switch is on, a card will be fed
and the release operation will continue until
either the ENTRY key is released or the AUTO
ENTRY switch is turned off.

"Entry Operation with Field Definition

Assume that the star wheels are down and 12 holes

are present in the program card. The AUTO ENTRY
switch is on or the ENTRY key is depressed. The card
is released at 80 columns per second:

1. Pick R1 (8A).

2. Pick keyboard restore magnet through R1BL
(5A).

3. Pick skip relay R25 through 12 star wheel con-
tact, R38-1, R28-2, and R1AU (6A).

4. Pick escape magnet through R25-4, R24-3, MI
interlock, and R22-3,

5. R22 will not pick when escape armature contact
closes because R25-5 (5A) is open. Escape mag-
net stays picked, and card is released at 80 col-
umns per second until the end of the 12 punches
in the program card.

[~y
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Entry Operation with Star Wheels
Raised
Assume that the AUTO ENTRY switch is on or
the ENTRY key is depressed; the star wheels are raised.
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Under these conditions, the card is released at 80 columns
per second:
1. Pick R1.
2. Pick skip relay R25 (6A) through R1BU, R3BL,
program handle switch 1 (NO).
3. Pick escape magnet through R254, R24-3, MI
interlock, and R22-3,
4. The escape interlock (R22) does not pick since
R25-5 (5A) is open. Cards escape at 80 columns
per second. .

COMPUTER ENTRY .
The objective is to enter information into the com-
puter under CEP program control:

Standard Computer Entry Operation
To enter information into the computer, it is neces-
sary to have the star wheels down and to have 2 punches
in the program card:

1. Pick R35 and HS13 through star wheel contact
2, RSBL, and R18BL (6B).

2. R35-4 closes (10B).

3. As punch and sense cycles are taken, the inter-
poser relays will be picked. P7 (10B) closing at
135° grounds a PG in the MI section to give an
information-available pulse.

-D.12.2" Computer Entry Preceded by Skipping

The maximum rate of entering information into the

computer is 18 columns per second. If the CEP is in an
operation where the skip relay (R25) is picked (i.e.,
skip, or entry operation with star wheels down and 12
punches in program card), the card will be released at
80 columns per second. This is slowed down to 18 col-
umns per second when 2 holes are sensed as follows:

1. R25 being picked will hold the escape magnet
energized.

2. Pick R35 and HS-13 (6B) through 2 holes in
program card.

3. Pick R22P through R35-3, R25-6, and R13-1.
This path will be closed because HS-13 is a fast
pick relay. R13-1 will close approximately 8 ms
before R35-3 opens.

4. R22 picking drops the escape magnet (R22-3
opens) and initiates a punch cycle (R22-4 closes).

5. The escape interlock (R22) will be picked on
future cycles (as long as 2 punches are present
in the program card to hold R35 and HS-13)
through R35-2 when the escape armature contact
closes.

D.13” ERROR
" The ERROR key is used if the operator makes an
error while punching a manual field and the inforgG‘nation
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being punched was to be entered into the computer from
the read station. Depressing the ERROR key will release
the card as in entry operation, inhibit the sending of the
information on the error card to the computer, and in-
hibit the stepping of the card count:

1. Depress ERROR key.

2. Pick R1 through ERROR key and diode (7B).
Card will be released. Computer entry and dupli-
cation of the preceding card remain under con-
trol of the program drum.

3. Pick R6 through ERROR key. Hold R6 through
CF2 and RGAU (8B).

4. Pick CF clutch at column 8714, through program

cam contact 2 and AUTO FEED switch.

. R6BL (8B) prevents picking of card count.

. Error card registered at read station.

. Pick R7P at 60° through CF-3 and RGAL (8B).

. Hold R7 through R7AU and program cam con-
tact 2. This will hold R7 until column 8715 of
the error card.

@ N G\ W

9. Prevent entry of information to the computer
(R7BL open) (10B).

'PRINT SUPPRESSION
Printing is set up as a punch or punches are mechan-
ically driven through the card. Normally, the actual
printing occurs a short time later in the punch cycle.
When the print suppression magnet is energized, the
action of the print drive rod is inhibited and printing
is thereby suppressed. The print suppression magnet can
be energized through three circuits.
1. PRINT switch off (5B).
2. 3 or 9 punches in program card through tube 9
(5B).
3. 12’s in program card will pick the print suppres-
sion magnet through R25-1, R21-5, and R31-1.
This prevents printing 0’s to the left of a sig-
nificant digit in a field. The first significant digit
in a field will pick R31 when the interposer is
picked (4A). R31-1 (5B), opening, drops the
print suppression magnet.
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TYPE 718 LINE PRINTER

A.

General -- The 718 printer is used to make per-
manent visual records of data from the Central
Computer, primarily for test and maintenance.
By selecting proper programs, the operator can
use the recorded data to:

1. Check programs

a. Program listings
b. Memory printouts

2. Check a problem at various points during
its computation.

3. Print out the results of marginal check
programs.

a. Success and error indications
b. Which line checked.

4. Prepare tables

5. Print out new programs for inspection --
memory printout.

6. Printed record for troubleshooting analysis.

The printer is also used as a source of power; it
supplies power to the 723 Card Recorder and the
713 Card Reader. All ac power for the reader and
recorder comes by way of the printer.

Using the 718 printer, the computer can make
permanent and readable records. The printer
consists basically of a mechanical printing device
and drive unit and the necessary electrical cir-
cuitry to control the various functions of the
printing mechanism.

The mechanical driving force for the printing
mechanism, obtained from the drive motor and
controlled by the magnetic drive clutch, is dis-
tributed to the various parts of the printing
mechanism by the main drive unit. The main
drive system of the printer is a train of shafts
and gears that deliver the power to the various
sections and units of the printer.

Figure 3-1
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The magnetic clutch is the link between the drive
motor and the main drive. The drive motor runs
continuously as long as power is supplied to the
printer. The main drive is driven by the motor
only when the clutch is energized. The clutch is
energized as a result of the computer's executing
a Write instruction when the printer is under com-
puter control, or as a result of the PRINT push-
buttoni's being depressed when the printer is in the
test mode. As a result of energizing the clutch,
the printing mechanism prints whatever data is
sent to the printer.

The overall operation of the printing mechanism (fig.
3-1) covers the operation of the analyzer unit, print
magnets, and the print mechanism represented by
three blocks on the diagram. Since the operation of
one is dependent upon the operation of the others,
the three must be considered together.

The printing action of this machine is performed
in cycles (print cycles). -One print cycle results
from the execution of one Write 30 instruction by
the computer. One print cycle causes one revolu-
tion of the dynamic timer index, which is divided
into 360 degrees. All timings for this machine are
in degrees corresponding to the timer index.

The early part of the print cycle is used to position
the typewheels for the characters to be printed, and
the later part is used for the actual printing; i.e.,
"the typewheels are driven to the platen by the print
cams.

Data to be printed is in the form of pulses which

cause the print magnets to be energized at some

time during the print cycle. The time at which a

pPrint magnet is pulsed determines which character on the
typewheel is printed. For example, a print magnet
receiving a 4 pulse and an 11 pulse causes the letter

M to be printed. '
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The analyzer unit is a mechanical time delay and de-
coder between the print magnets and the print mechanism.
A time delay is necessary to permit the extra

pulse to be received when special characters are

being printed which require three pulses (8 and 3 pulses
or 8 and 4 pulses in combination with a zone pulse).
Consequently, time must be allowed before the type-
wheels are set up.

‘The printer has two modes of operation: normal

and test. The operator determines the mode of the
printer by use of the TEST switch. When the TEST
switch is placed in the NORMAL position, the printer
can be placed under computer control by depressing
the START pushbutton. "When the printer is under
computer control, it waits for the computer to select
it and to execute a Write instruction. Upon the
execution of a Write instruction, the computer sends
the printer a write pilse that causes the drive clutch
to be energized and, therefore, the printer to begin
a print ¢ycle. - The isolation relays are energized at
this time, connecting the printer to the data lines
from the Central Computer. At 12 different times
during the firstpart of -the print-cycle, the printer
sends the computer breakout requests. At these
‘times, the computer sends print impulses to the
printer from the card image in core memory. The
impulses are available at the 64 control panel cal-
culator exit hubs. The manner in which the control
panel is wired determines which of the 120 printing
positions are printed. The print impulses energize
the print magnets at-specific times that determine
what characters on the typewheels are to be printed.
As long as the computer executes Write instructions,
‘the printer continues to print out the data contained
in the card image. The number of Write instructions
of course, depends upon the program. When the I/O
word counter goes to zero, which means that the
computer is finished writing, a gate is conditioned
so that the disconnect pulse, which is produced>every
print cycle by the printer, is allowed to pass and to
cause the printer to be disconnected from the com-
puter. The printer remains under computer control,
but must be selected again by the computer before it
can be instructed to write.
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‘In the test mode, the printer is isolated from the

computer through the use of relay circuitry; only
the PRINT pushbutton is operative. The printer
is caused to operate by the PRINT pushbutton's

"being depressed and held down as long as printing

is desired. The only source of print impulses under
test conditions is the character emitter. The out-
puts of the character emitter are wired to the con-
trol panel. Using the control panel, the operator
can connect any of the character emitter outputs to
any or all of the 120 printing positions. Any posi-
tion not wired to print will be inactive because of
the action of the print control contacts.

Operating principles

1. The speed of the printer is 150 lines per
minute. There are 24 cycle points per
rint cycle with 16,7 msec per cycle point.
2. The capacity of the printeris 120 characters
per line (120 type wheels). ~ ———

a. 48 characters on each type wheel

1) 26 alphabetic

2) 10 numeric

3) 12 special characters -- one
of the asterigks cannot be
printed.

b. The computer can set up only 64 char-

acters per primt cycle.
"N

3. The Control Panel controls operation of

HOO A par e R

printer. Print positions, spacing, selection can

be controlled by wiring in the control panel.
This allows for greater flexibility.
4. Hollerith Code -- Review !

a. Card image in memory.
b. Establish a card image to print
out one line of information.

Ref: Programming
Card and Section XX
of Instruction Analysis
lesson plan.
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General -- The printer, in order to print
one line (64 characters when computér con-
trolled) of information, will take 3 print
cycles. They are called: set up, print, and
idle. For two lines, it would be set up,
print, print, idle. The printer will take one

print cycle for each line to be printed.

C. Indicator Lights

1.

Power On -- Indicates that 46V and 72VDC
power supplies are supplying power to printer
and other card machmes, Main Line switch
IIONII

Form -- Indicates that form in carriage has
nearly come to an end, and cause '"Not Ready"
light to light if ""Form Stop' switch is on.

Not Ready -- Indicates the printer is not under
computer control for one or more of the follow-
ing reasons:

a. No paper (form stop)
b. Power off
c. Fuse blown

d. Control panel not in place‘ or '"PR ON"
hubs not wired.
e. Stop key depressed

f. Carriage stop key depressed
g. Test switch on
h. Start button not depressed

Fuse -- Indicates that signal fuse in printer
circuits has burned out.

Write -- Indicates that printer has been
instructed to write.

o ey

Figure 22
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Figure 22, Operating Controls and Indicator Lights
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D. Operating Controls

‘Pushbuttons .

1. Start -- Puts printer under computer control
if all ready conditions are met. Ready I/O
Units or '"Master Reset' PBs on the mainte-
nance console do the same thing.

2. Stop -- Releases printer from computer con-
trol and causes '"Not Ready'' lamp to go on.
3. Print -- Causes continiuous print cycles when

not under computer control; when printer is
under computer control and ''Stop Before Print'
awitch is on, the print PB will allow one print
cycle. -

Switches

]

1. Main Line -- Switch connects 208 VAC, 3 phase
to the printer. }f w 5 VALS

2. Test -- Switch places printer in test status
for manual control. Effectively releases
printer from computer control.

3. Stop Before Print -- Switch causes computer
to hold up printing until operator hits "Print
PB".

4. Form Stop -- Switch causes the printer to

stop before carriage runs out of paper.
5. Alteration -- Switches pick relays through
the control panel to change printing format. Y
There are 4 switches. Zo, WM
6. Drive Clutch -~ Switch permits machine to
take full print cycle or partial machine cycle
under control of "Auxiliary Start" jack. Used
in '"test'.
7. Auxiliary Start -- Jack serves to plug an ex-
tension starter switch, used for convenience
during maintenance.

STOP
ALTER ALTER ALTER ALTER BEFORE TEST FORM

1 2 3 . 4 PRINTING STOP

Figure 23 Switches
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E. Carriage Controls

T BE P
1. Platen Clutch --.Controls the platen drive Lﬂ_ﬁé,. —_—
by engaging or disengaging the platen clutch.
2. Restore -- Causes the carriage to be restored
to start, or home, position (hole in channel 1
of control tape).
3. Stop -- Will stop the carriage instantly, halts
printer at end of print cycle, - and removes
printer from computer control.
4. Space -- Advances carriage one space each
time PB is depressed.
5. Platen Knob .-- is used to position paper when
platen clutch is disengaged.
6. Vernier Knob -- Used to move form paper
up or down to obtain exact printing registra-
tion with plateh clutch engaged.
7. Form thickness -- Adjust varies distance
between typewheels and platen.
8. Pressure Release -- releases the paper.
9. Platen Shift -- Shifts the platen laterally.
10. Shift Lock -- locks the platen shift.
F. Carriage Control Tape Figure 6-3
1. General -- The control tape has 12 channels

in which control punches may be placed (fig.

6-3). A maximum of 22 inches (132 lines)

can be used for the controel of a form, al-

though for convenience the tape blanks are
slightly longer. Horizontal lines on the tape

are spaced six to an inch for the entire length

of the tape. Round holes in the center of the

tape are prepunched for the pinfeed drive in the
tape-sensing mechanism. The tape advances
through the sensjng mechanism. The tape advan-
ces through the éensing mechanism, in synchron-
ism with the movement of the printed form
through the carriage.

Thirteen brushes, one for each channel, plus
a common brush, are positioned over the tape-
to sense the holes that may have been punched

)37 docant Tonok coitird Lamvage

MM@MM



ADJUSTING
WHEEL
PLATEN( Cpdle
cum::( ©)
RESTORE R 1o lo-
Aerrenod,
stoP

RELEASE o il
PLATEN M‘)
" degust
o
ZhaN
VERNIER /. ;.0

KNOB lwy;(/ v

THICKNESS
ADJUST

Figure 6—2. Carriage Conisals

1 1l
! S—— : Dllluz .§ &
N L]
: : 3
0 -9=0~ -0-0-0-0~0-D-0-0-0-0-0-O~D--0-0=-0-0-0-0-0 O-0-D-0~D~C -O-0-0-04 D00 H-D-H-D-H-H
of T H
3 3
1 ] ’ "
® " (LN ] (NENENR AN » B ¢ -

Figure 6—3 Curriage Control Tape



AN/FSQ.- 7
| 486

in the various channels. As viewed from the
front of the machine, the channels and brushes
are nu.mbered 1 through 12 from left to right,
excluding the common. Brush 1 rests on
channel 1, brush 2 on channel 2, and so on.

A hole in a channel of the tape allows: the asso-
ciated. brueh to make contact with the metal
contact roll and to sét up the necessary cir-
cuits that are normally used’ to stop sluppmg
or to initiate an overflow.

2. Tape Channels -- Tape channels are punched
to control the following functions:

a. First printing line stop. Channel 1 is

' normally punched for the first printing
line of a form. This is called the start-
ing or home position.

b. Normal skip stops. Channels 2 through
10 are used to stop a form at one of
nine positions including the first body
line. They may be used in any order or
sequence desired. Skipping is initiated
by wiring the carriage skip hubs on the
control panel in the desired manner.

c. Overflow control. The 12th channel of
the tape must be punched in a position
corresponding to the last printing line
of a form. The overflow hubs on the
control panel emit a pulse when this
punch is read and are generally wired
to carriage-skip-one hubs to initiate
the overflow.

d. Selective space. ‘All line spacing may be

controlled by the SEL hubs on the control

- panel and a hole in channel 11 of the tape.
Control panel wiring will initiate spacing;
sensing a hole in channel 11 will stop the
operation.

: | 1576
G. Printer Control Panel Figure 24, Page

1. General -- The control panel is a_patch panel
by which the operator can control the various

-
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functions of the printer. Carriage functions

such as skipping, gpacing, and_'gv_er_ﬂ_gwjng_

are controlled by the control panel in conjunc-
—_—

tion with the mcontrol tape.
e ——

Figure 24 shows the control panel with the

layout of the outlets or hubs. To facilitate
the finding of the various hub locations, num-
bers 1 through 44 appear across the top of the
plug board, and letters A through HH appear
from top to bottom through the center of the
plug board. A coordinate system employing
the above numbers and letters 1dent1f1es the
hub groups.

Carriage Skips Hubs 1-10 (Location 1-10, F)

a. 10 hubs G

b. When impulses, carriage starts to Bklp

c. Carriage will stop when hole is sensed
in that channel on control tape. :

d. Normally wired to operate exits.

Skips 1 is normally wired, for car:i@ge

overflow, to overflow hubs.

3’

e. When one of the carriage skips hubs 1-10
receives an impulse, the carriage starts
skipping, stopping only when the next hole
in that channel is read by the control tape
read brushes. These hubs are usually -
wired from the operate exits hubs, and
carriage skips 1 is normally wired for
carriage overflow to the overflow hubs.
To be effective, an 1mpulse to the car-
riage skips hubs must occur 'between 230
and 315 degrees of a prmt cycle.

Short Skip Hubs 1-4 (Location 23-24,” A-D)

a. Hubs 1-4 provide for skippi‘ng'%."vi'ith no
interruption of printing.

b. Used only for a skip of less than two

inches.
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% 1 w sdort ‘Ikip hubs 1-4 provide for

S ‘ with rio interruption of print-
M. A shott skip hub can be used when-
.Wi‘J #Kip is less than 2 inches or when
#u dverflow occurs that is less than 1
el Al spacing and sheet overflow
» dote at 16w speed, while all skipping
dgetations are done at high speed. An
WArALe exits impulse used to cause a
‘of 1&wd than 2 inches should be

44 from a short skip hub to a car-
g0 shiys hud. An impulse to a short
b ¥ades the interlock, which
i y cl\ites the printer to lose at
‘ * mh:me cycle for each skip-

‘ ““““0’1 19, DE) -- Wiring the
1 Wl | Ot‘her results in one space of
Py prmtmg takes place.

L % ; '» u.oemon 20, DE) -- Wiring the
¥ tlwr results in two spaces of
o 5% e printmg takes place.

& Qﬁtce Select) Hubs (Location 18,

N;ié:.five spacing of less than 7
_‘}lmr‘dued by channel 11 of control

Mdit the two selective space hubs are
tegether, they allow spacing of
seven lines to be selectively
#d ¥y punches in channel 11 of
23l tape. The action is such that,
'Y # line of printing spacing is
’ y ntgrted. a punch in channel
. .-tpacing. For spacing of less
“'Itﬁo-. it is necessary only to.
ek ¢he welective space hubs and to
ﬁu d‘lired pontxons in the tape.

“sevet lines, it is necessary to im-
M“ the spice-suppress and extra
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space hubs from print g"!pq,
suppress and extra SPACY |
impulsed on a selective
lines so that the spacing m
printing, thu! allowing the e
time for lpacing.

Extra.Space Hubs (Location 16-11. ? - )

a.

Used in conjunction wﬂh mcp l ﬂ '
holes.

Causes spaces after prtnﬁ‘z. . ”',
Extra space hubs are used ‘
with space 1 or space 2 hube, X
1 is wired and an extrs space Mg ib'§
pulsed, an extra space resulte,
space 2 wired, an extra m N
sults. Triple spacing can he Ng
by wiring the common lpl.g.
of a coselector, space } te
space 2 to the N hub, picm
by a split column control 6 W L
pulsing the space-luppt“l nd. ﬂn
hubs from print cycles. er:h. ) ”ﬁ
space hub causes spacing tlt.l‘ "h&“q

SUP (Space-Suppress) Hubs (Lool.tiu-“-ﬂ-. l)

a.

Suppress all normal spacing QI!H cvﬂﬂ
it is impulsed.

Normally wired if extra space m 0’
suppress spacing before prims
If one of the space-luppr.u
pulsed, all normal spac . '
during the cycle in wh!ch m B -
impulsed. Jf space-sup ' " I
space hubs are impulsed,
spaces after printing. An’ .
to these space-suppress M
320 and 140 degrees will smgiwaed
before printing. I
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NE..(Nonprint) Hub (Location 21-22, G)

.-@s . JIf impulsed at start of cycle (before
wnsyz 110 degrees), it suppresses print-

. .ing and spacing before printing.
b. ~ Normally wired to operate exit.

Print Cycles Hubs (Location 11-20, C)

a. Emit a continuous pulse for most of
every print cycle (355° to 2850)

b. May be used in spacing

c. - .May be used to pick selector relays.

QVF‘L (_Oyerﬂbw) Hub (Location 21-22, E;
22,-F) -- The overflow hub emits a pulse
whenever a punch in channel 12 of the con-

_ trol tape passes the control-tape reading

brushes. The OVFL hub is usually wired

. to a. CARRIAGE SKIPS 1 hub, providing a

skip from the last line printed on the page
to the first line of the next page.

Sense Entry Hubs 1 and 2 (Location 11-15, D)
-- The sense entry hubs supply an indication
to the computer that the printer has finished
or started a certain operation, depending upon
which impulse is wired to the sense entry
hubs. These hubs can be wired to be impulsed
by machine impulses depending on the require-
ments of the computer program. A BSN 31 or
BSN 32 instruction, when executed by the

" computer, senses these hubs and, if the hubs
are being impulsed at this time, the computer

brarches to the address specified by the BSN
instruction.

Split Column Control Hubs (Location 11-21, F)
==-.5plit column control hubs emit impulses

between normal digit impulses. A coselector
pickup wired from hub 8 of this group causes
the selector to be transferred between the cor-
responding print times. The selector should
be transferred after 8 time and before 7 time.
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PR On (Print-On) Hubs (Location 22, A; B)

a. These print-on hubs must be connected
if the printer is to be used as an I/0
device with the computer.

‘b. Used to pick an interlock relay -- this

relay must be picked or printer cannot
be made ready.

Pilot Selector Pickups Hubs 1-10 (Location
1-10, D) -- The pilot selector pickups hubs
will accept impulses to transfer the corres-
ponding pilot selector, location 1-10 (G to L).
A pilot selector is a relay equipped with two
transfer points which are directly connected
to the hubs in the panel, thus acting as an
automatic switch. When a pilot selector is
in the normal, de-energized state, a circuit
can be completed through the C and the N
hubs. In the energized state, a circuit can.
be completed through the C and the T hubs.
Each selector has a coupling exit (16) which
emits an impulse when the selector is ener-
gized. A common application for a pilot
selector is to impulse the pilot selector
pickups hubs from the operate exits hubs to
transfer information through the selector
points.

This impulsing causes the selector to be
transferred from 315 degrees of the print
cycle impulsed to 286 degrees of the follow-
ing print cycle. A pilot selector picked up
from the digit would not transfer until the
second print cycle.

Pilot SEL (Selector) Coupling Exits Hubs

1-10 (Location 1-10, C) -- Each of the
coupling exit hubs 1-10 emits an impulse
during 330 to 195 degrees of each cycle
that the pilot selector is energized. Coup-
ling exit hubs are normally wired to cose-
lector pickup hubs for the purpose of
expanding the pilot selector beyond two
positions. '
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17. Pilot Selector Hubs
a. Picked at pick up hub.
b. Once picked, the contacts are not
transferred until end of that print cycle.
Once transferred, remain so until end
of next cycle.
c. Coupling exit - a pulse is made avail-
able here when contacts ;ransfer.
NOTE: This pulse normally used to pick co-

‘selectors or other pilot selectors.

18.

19.

d. 10 relays used.

e. 2 sets of points per relay available at
plugboard.

f. Common use is to pick from operate
exits.

Coselector Pickup Hubs (Location 1-21, A-B;
1-13, M-N) -- Coselector pickup hubs accept
any impulse and cause the coselector relay to
be energized immediately. The relay will be
held and transferred to the remainder of a
print cycle, provided that it is impulsed some-
time after 350 degrees. A coselector pickup -
hub wired to split column control 6 would be
transferred by 5 print time. Therefore, print-
ing impulses 9 to 6 could be printed through
the C and T hubs. Operate exit hubs should
not be used to pick coselectors for transfer-
ring printing impulses.

Co selector Hubs

a. Picked at pick up hub.

" b. Once picked, will be held for most of

the rest of the print cycle.

c. 32 relays used.

d. 5 sets of points per relay available at
plug board. .

e. Generally used to transfer inputs to

print entry hubs.
f. Normally picked by alteration hubs.
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Operate Exits Hubs 1-10 (Location 1-10, E)
-- Ther‘e are 10 operate exits which emit
impulses on Operate (PER) 51-62 8) instruc-
tions. The operate exits are conditioned so
that pulses can be emitted from these hubs

at the end (240 and 350 degrees) of a print
cycle. The operate exits impulse is available
only for 340 degrees of a cycle during which
a carriage skip operation is started. Extra-
space, space-suppress, and non-print opera-
tions may be controlled directly from operate
exits hubs.

CALC (Calculate) Exit Hubs: Odd Words and
Even Words (Location 25-40, A-D)

a. Transfers words from computer to
printer.

b. May be wired directly to print entry
hubs or through selector relays so
some form of alteration may be used.

c. Calculate exit hubs are exits for words
sent from core memory to the printer.
There are 64 hubs; they may be wired
directly to any print entry hubs, or
they may be routed through coselectors
to print entry so that some form of
alternate format can be used.

Print Entry Hubs (Location 25-44, K-V) --
The entry hubs are for impulses to the indi-
vidual printing positions. There are 120
printing positions and 120 hubs. Any hub
that is wired from a calculator exit or from
the character emitter will print. Therefore,
any combination of print positions can be
wired to print, such as every other one; hubs
from the middle section; right or left end, or
whatever the operator desires.

Filter Hubs: In, Out (Location 21-22, O-HH) --
The filter hubs are used to provide a one-way
circuit to prevent back circuits under certain
wiring conditions. The pulses may enter the
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filters from either the entry (in) or exit (out)
hubs, depending upon the polarity of the
source in question. The character emitters
and calculate exit pulses all must enter the
entry (in) hub in order to complete the circuit
through the filter, while all other inputs
should enter the exit (out) side in order to
complete the circuit through the filters. The
filter circuits consist of selenium rectifiers
with the anode terminal connected to the in
hub and the cathode terminal connected to the
out hub.

Exit Group Hubs:.(Period), $ (Dollar Sign),
and, (Comma) (Location 21-22, H-J)

a. The exit group hubs emit proper
impulses to print periods, dollar signs,
and commas. ‘

b. Not normally used.

Alter (Alteration) Hubs 1-4 (Location 21-22
C-D)’

a. 4 Used

b. When the associated Alteration Switch
is on, an impulse is made available at
the beginning of each print cycle.

c. Generally used to pick co-selectors and
pilot selectors.
d. The alteration hubs emit an impulse in

every machine cycle, provided the cor-
responding ALTERATION Switch is in
the ON position. The purpose of these
hubs, which are normally wired to co-
selector pickup hubs, is to change the
control panel setup without actually
changing the wiring. The coselectors,
in turn, are used to change the functions
performed. The type of reports may
then be changed by operating the ALTER-
ATION toggle switches.
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26. *CTRL (Asterisk Control) and Entry Group
Hubs (Location 21-22, K-N) -- The asterisk
control, and the *, 11-12, and 0 entries should
not be used.

27. Bus Hubs -- The bus hubs are 50 separate:

common hub groups, at various locations on

.the control panel. The hubs are tied together
as the lines on the control panel indicate. Any
hub on the board can be expanded through the
use of these hubs. This facility is especially
useful when making up boards that involve a
considerable amount of wiring.

\

28. Character Emitter Hubs

a. Emit pulses at correct time for print-
ing constant-information.
b. Used in non-computer testing of printer.

Control Panel Wiring -- There are two kinds of
hubs on the control panel, exits and entries. An
exit is one which usually emits an impulse but
may at times accept an_impulse. . Some exits are
under the control of the computer; others emit
pulses as a result of some function previously per-
formed, or are automatic for every print cycle.
An entry hub is one which can accept or emit an
impulse when properly wired. A connection in
most cases will be made from an exit to an entry
by placing one end of a wire in the: exit ‘hub and
the other end in the entry hub. Which exits and
entries are used will depend entirely upon the
operation the machine is called upon to perform.

Whenever two or more hubs are connected by
lines scribed on the surface of the control panel
(figure 6-9) these hubs are common; that is, two

" or more exits or entries serve the same purpose.

Such an arrangement eliminates the need for split
wires (wires with more than two ends) because
these hubs are actually connected and serve the
same purpose as split wires.

Figure 6-9, Page

l6/0
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In figure 6-9, isolated examples of connections
used in control panel wiring are shown. If the
‘function of the control panel hubs is considered,
the purpose of hub interconnection becomes more
apparent., Wires 1 through 11 for each of the con-
nections in figure 6-9 are identified and their
purposé explained below.

a. Wire 1, The information contained in the
even words from memory bits R1 through
R8 is applied to print entry hubs 2 through
9, via the normally closed contacts of
coselectors 1 and 2.

b. Wire 2. A PER 51 instruction causes an
impulse from operate exits 1 to energize
pilot selectors 1. Pilot selectors coup-
ling exits 1 then énergizes coselectors 1
and’ 2. With coselectors 1 and 2 energized,
the letters A, B, C, D, and E from the char-
acter emitter print in print positions 5 to 9
through the transferred points of the cose-
lectors, and words from R1 to R8 of the
calculator exit hubs are not printed.

c. Wire 3. This wiring permits only numer-
ical information to be printed in print
position 1.

d. Wire 4. This wiring causes the carriage
to skip to the punch in channel 2 of the
carriage tape when a PER 52 is read from
the program. The printing is normally
interrupted to allow time for the skip.

e. Wire 5. When skipping is wired, this wire
is added to prevent interruption of printing
during the skip. This wiring can be used
only when the skip is 2 inches or less.

f. Wire 6. This wiring causes the paper to
overflow to thernext form when the punch
in channel 12 of the carriage tape is reached.
The overflow is stopped by the first punch
in channel 1 of the carriage tape. It is nor-
mally used to allow margins at the beginning
and at the end of the forms. Depressing the
" RESTORE button on the carriage also stops
the paper at the first punch in channkl 1 of
the carriage tape.
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Wire 7. This wiring causes no print-

ing or spacing to be done in the print
cycle in which a PER 54 instruction was
given.

Wire 8. This wiring causes coselector 18

" to be energized when ALTERATION switch

1l is on. This connects the space hub to the
2 hub through the transferred points of the
coselector, causing the printer to double

"space. When ALTERATION switch 1 is off,

the space hub is connected to the 1 hub,
causing the printer to single-space.

Wire 9. With ALTERATION switch 2 in
the ON position, coselectors 18 and 19
are energized, causing a double space
through coselector 18 and an extra double
space through coselector 19. The wiring
to energize the coselector must be con-
nected through filters to prevent back cir-
cuits so that ALTERATION switch 2 will
energize both coselectors 18 and 19 while
ALTERATION switch 1 will energize only
coselector 18.

Wire 10. A PER 57 instruction causes
all normal spacing to be suppressed; how-
ever, if extra space is impulsed, the
carriage spaces after printing, even
though space suppress is impulsed.

Wire 11, This wiring is followed to inform
the stored program of a form overflow.
The BSN 31 instruction is given some time
within the portion of the print cycle in
which the overflow hub is emitting a sig-
nal. If during the execution of this sense
instruction the sense entry hub is being
impulsed, the stored program branches
control. For example, if page numbers
were printed at the top of the page, the
program would branch to print the page
number after an overflow.
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Figure 6—9. Control Panel, Typical Wiring Connections




I.

J.

AN/FSQ - 7
X Xe

Demonstration -- It may be desirable at this time
to look at and operate the 718 Line Printer. Notice
the following:

1.
2.
3.
4.
5.

Switches

Power Supplies K
Fuses

Carriage operation
Control panel

Operation: Become familiar with the physical oper-
ation of the printer. Wiring problems:

1. Simple board wiring -- Wire boards to print
Team #, Class #, Dept. # in type wheels 1-35,
2. Using pilot and coselectors
a. Wire board as above, except be able to
delete any portion by using the al tera- —
tion switches.
b. Wire to print the names of three mem-
bers of the group on consecutive print
cycles, and keep repeating the sequence.
Programming Refer to Instruction
Analysis lesson plar
1. A typical program is: Section XXI.
0.00100  SEL(03) Select Printer Welt £, N MU 12 s
0.00101 LDC 0.01000 First location o E
0.00102 BSN (11) 0.00102 Check I/0 Unit Ready —_— 30
0.00103 WRT 0.00030 Write 30 words, can specify e
0.00104 HLT 0. 00000 any number of words.
2. Hollerith Code -- The Hollerith code is Ref: Programming

used for printing information with the line
printer. In order to use this, a card image
must be set up in Memory to supply the
printer with the necessary data. If the words
International Business Machines Corporation
were to be printed by the Line Printer with the
preceding program, the card image received
would be as shown in figure 25. The memory
locations would contain that shown on the same
figure.

Card
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CORE MEMORY CONTENTS

0.01000 - 1. 04200 0.40020
0.01001 - 0.22200 0. 00000
0.01002 - 0. 00000 0. 00040
0.01003 - 0. 00000 0. 00000
0.01004 - 0.00000 0. 00000
0.01005 - 0. 10000 0. 00000
0.01006 - 0.00100 0.00000
0.01007 - 0.44100 0. 00000
0.01010 - 0.52040 0.30014
0.01011 - 0.00040 0.00000
0.01012 - 0.00001 0. 00400
0.01013 - 0.00000 0. 00000
0.01014 - 0.20410 0.00100
0.01015 - 1. 00400 0. 00000
0.01016 - . 0.00002 1. 06002
0.01017 - 0. 00000 0. 00000
0.01020 - 0.01020 0. 00200
0.01021 - 0.01000 0. 00000
0.01022 - 0.20401 1. 06002
0.01023 - 0. 00400 0. 00000
0.01024 - 0.46150 0.20410
0.01025 - ~0.76140 0. 00000
0.01026 - ~1.11222 0.50364
0.01027 - 1.01200 0. 00000

Figure 25, CARD IMAGE FOR PRINTING

T34AL GUVI AUVNIS
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Data Flow

a. Same as Card Recorder except isola-
tion relays in printer are picked
instead of in the punch.

b. The data sent to the printer during the
30g break cycles is temporarily stored
and interpreted in the analyzer unit.

Timing and Control

1.

2.

Timing and control for the printer is essen-
tially the same as the punch. The differences
are:

a. Printer index pulses every 16.7 msec.
b. Printer request disconnect every 0. 4
sec.

Review Figure 6-4, 18, and 19 completély.

Page 1700

Presentation Notes

Figure 16 and 16A
of Section XI.

Figure 6-4, 18, 19 o.
Section XI.
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Summary Questions

List the two mam uses of the 718 Line Printer.‘(p«MM’ asadngt
& AtV Tt Acaulle .
There are 3 { 718 Lime Printers at each sector.

‘They are Units 49 p.5 .

The 718 Line Printer is capable of printing _,/ 5°p lines/minute.

The 718 Line Printer is capable of printing a maximum of /2 ()
characters/line.

When programmed by the computer, the 718 Line Printer can print only

L4 characters/line.
There are . & _L_[ : cycle points/print cycle.

Each cycle point is equivalent to {C Lan teg,  ©of time,

There are [ A0 type wheels.
Each type wheel contains é‘ £ characters.

What is the main advantage in using a Control Panel to control Prmter

opera.txon?m(/ , ban Cortiof ) wnt,
anactn b 77 j

The selection code for selecting the Line Printer is what? /3

When programming for the Line Printer, the address portion of the WRT

inltructmn should be in multiples of what? IS Tralemmbafends

A card image in Core Memory will contam how many locations ?
24

The Wheel Code contains how many special characters? /2

The following program is run. What would result if aFF in 5AX (0. 6. 1-10A)

‘could not be set?

000 SEL 03 0. 00000 006 BSN 14 0.00012
001 LDC 0.01000 007 SEL 02 0.00000
002 WRT 10.00030 010 LDC 0.02000
003 CAD 0.03000 011 RDS 0.00030
004 ADD 0.03001 012 CAD 0.03002
005 .FST 0.03010 013 HLT 0.00000
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Summary Questions

A, Computer would hang up on Step 002.

‘B. Computer would hang up on Step 007.

C. Program wquld halt with Prog. Ctr. = 14.

D. Program would not halt, but would go into a pause at Step 013.
E. Program would hang up on Step 001.

17. The following program is given:
SEL 03
LDC 000
WRT 030
HLT 000

Instead of printing out the desired information, it was punched on the Card
Punch. This could be caused by:

A, Punch in '""Not Ready'' condition.

B. P.U. 5AX, pin E5 open (0.6.1 - 11E)
C. P.U. 5AC, pin B8 open (0.6.1 - 13D)
D. P.U. 5AY, pin Cl open (0.6.1 - 10A)
E. P.U. 5AY, pin A5 open (0.6.1 - 10A)



A, Dynamic Timer

(Figure 15)

a. A dynamic timer (located on the
right side of the card reader) is provided to
facilitate checking pulse timing and duration.
The dynamic timer consists of a plastic disc
(graduated in degrees) and a timer disc
(mounted in back of the plastic disc). Two
neon bulbs are mounted on the timer disc.
The two bulbs serve as pointers as the
timer disc rotates. Each bulb is supplied
with a separate control circuit, making it
possible dynamically to compare two separate
conditions. Power for the neon bulbs in pro-
vided by the dynamic power pack.

1. Purpose

b. Hubs on the power pack are mark-
ed COM (common), COIL LO-V, COIL HI-V,
and CONT (contact). Testprobes are plugged
to CONT and COM, or to COIL and COM,
depending upon the type of operation to be
checked. The power pack is plugged into the
dynamic timer base. Figure 15illustratesthe
hookup of the power pack with the dynamic
timer.

2. Basic Theory of Operation
(Figure 16)

a. Tube is normally cutoff by the
-38 volts bias.

b. Objective is to overcome this bias
to light the neon.

3. Use of Common and Contact Termi-
nals

a. Neon is lit by shorting these termi-
nals together.

b. All voltages should be removed

from the relay points when using the timer
to indicate when they are closed.

c. Polarity is not considered when
used in this manner.

4. Use of Coil and Common Connectors

a. Can beusedtoindicate the presence

LYNAMIC TIMER

PLASTIC DISC~ -

/~ POWER PACK

0%, ©
oLy ©
©cw ©
Qeont O MACHINE BASE

R HUBS FOR TEST LEADS

Dynamic Timer with Power Pack
Figure 15

Neon

260V

AAA
v

Coil Lo -V "

O --
VWA

Coil Hi-V o

\ Qommon o

Dynamic Timer Power Pack
Figure 16

of voltagé by having the voltage overcome the
normal negative grid bias.

b. Can indicate the energizing of a
relay.

c. The low voltage coil terminal can
be used to indicate a voltage as low as five
volts.

d. Polarity of connections must be
considered using these terminals.

Dynamic Timer
Atch. #1
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