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Figure 45, Computer Memory Cycle
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receiving data from memory, and the Mg flip-flop will be set, initiating a new
memory cycle. When Mg goes true, this will also qualify the current direction
signals Rw and Wyl.

At pulse time T7, the memory read timing signal (Mrt) will be enabled for a
duration of 8 pulsetimes. Mrt controls the current regulator circuits which supply
the current to all of the switch and sink circuits:

Switch —a»{ Sink

Current Les
Regulator fe¢———Mrt

The decoders selected the proper switches and sinks at T7 time, and current is
supplied to the drive line by Mrt which, in turn, activates the current
regulator.

During the read cycle, all of the X and Y drive line half-currents are applied in

a direction which will drive all of the cores in the zero direction, The voltage
outputs of the digit planes are sensed by 25 sense amplifiers which feed their re-
spective outputs to 25 discriminator circuits which detect the large signal change;
and at T2 time, this information is clocked into the M register by the Ms (strobe)
signal.

At Tp time, the Mrt signal is disabled which, in turn, disables the current regulator,
and no more current is supplied to the X and Y drive line paths.

WRITE CYCLE

The write cycle consists of regenerating the present contents of M into the address
from which it was just read, or of inserting new information into the M register at
T24 time for storage into the address that was just read.

In either case, the contents of the S (address) register will not change, as the
address must be the same; therefore, the output configuration of the decoders will
remain as they were during the read cycle.

At pulse time T21, the Mdt (memory digit timing) signal is enabled. The Mdt
signal enables the Z (inhibit) drivers whose inputs are qualified by the Mn signal.
The current for the Z drivers is not supplied by the current regulator modules, but
by the voltage regulator so that inhibit current will flow from T21 until T8.

At T18 time, the Mwt (memory write timing) signal will be enabled which, in turn,
will enable the current regulator to supply current to the sinks and switches in a
fashion similar to Mrt. Note that during the write phase the address selection is
the same, but the direction of all drive line half-currents i8 reversed due to Wr
and Wy2 now being enabled.

Voltages will be generated on the sense lines during the write cycle due to the write
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drive currents setting cores to the one position and will be generated from the
inhibit currents, but these voltages are not strobed by Ms and are always ignored.

At T12 time, the Mwt signal is disabled and the X and Y drive current sources are
inhibited.
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MEMORY EXPANSION

The memory of the computer can be expanded to contain 4 core stacks of 4096
words each. Figure 47 shows the addressing system used when expanding the
memory to other configurations. ‘
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MODULE OPERATION

DECODER

The decoder module, designated QK52, produces an output signal (+) on one of
eight output lines to represent one of eight possible input configurations. Both the

true and false sides of the three bits to be decoded (2n2n+12n+2) are supplied to the

module.

The decoding is performed by a series of negative ""AND'' gates such that the in-
verted output will be the correct result. The elght output lines feed to one or more
sets of 8 sw-sink modules (depending upon the size of memory) and will act as the
enabling address terms.

SELECTOR CONTROL

The selector control module, designated HK55, generates the current direction
control terms, the stack selection control terms, and the stack selection terms,
for the inhibit drivers, ’

Two HK55 modules are connected together to generate the required complement of
control terms. On the first HK55, two current direction terms are generated
from Wr. These are Wx1 and Wyl. On the second HK55, two similar terms, Wx2
and Wy2 are generated from Rw. These four current direction control terms are
fed to the four sw-sink modules.

The two most significant computer address terms L1 and L2 are used to generate
four stack selection terms EO0, E1, E2, and E3. These stack selection terms are

coded with Mdt (inhibit or digit timing) to generate four inhibit control signals,
designated D1, D2, D3, and D4. The staclk selection signals EO0, E1, E2, and E3
are aiso used to enable the sw-sink modules in each of the four stacks.

XY SELECTOR

The XY Selector modules designated QK53 contain eight sets of switch-sink circuits
for selecting the proper X or Y drive line.

The eight address signals from the respective decoder module are connected to pins
39, 37, 33, 30, 24, 20, 14, and 11, respectively. If the specific address input
signal is true (ANDed with the stack zero signal E0), it will enable the switch-sink
pair to conduct current when directed by the Rw and Wr signals.

The switch circuit gates the drive current onto the appropriate XY drive line where
the current passes through a sink circuit to return to the current regulator.

When the current direction control signals invert (between read and write), the
mating sink circuit will be enabled and will receive current from the same XY drive
line.
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CURRENT REGULATOR

The current regulator module, designated SK58, contains three basic circuits, a
voltage regulator, and two gated current stabilizers.

Pins 1, 2, 14, 16, and 18 are inputs to the voltage regulator which, in turn, controls
the X and Y current stabilizers.

Pin 1 receives the +12 volt reference signal generated by the outputs of the SK53
and SK57 voltage regulators. This voltage will vary depending upon the amount of
inhibit current desired. Pins 2 and 18 receive the +15 volt floating supply signal,
which has a +12v. reference point.Pin 14 (control in) is used by the automatic '"Start
up/shut down'' mechanism to inhibit all drive currents when the logical state of the
computer is in an ambiguous area. Pin 16 (marginal test) is connected to the
Marginal Test switch on the front panel of the computer and is used to increase or
decrease the XY drive currents by approximately 6%. Pins 34 and 36 connect the
Mrt (memory read timing) and Mwt (memory write timing), respectively. The read
timing signal (Mrt) may be delayed and it, in turn, will delay the read current on
the Y lines and, consequently, the sense signal.

The Mwt and Mrt signals gate the X and Y current stabilizers. Pins 20 and 22 are
the current outputs for the X and Y switch circuits. Pins 9 and 10 are the current
returns for the sink circuits. There is a potentiometer adjustment on the SK58 for
varying the amount of XY drive current. This current is nominally about 500 ma,
but should be adjusted according to the individual characteristics of each unit.

VOLTAGE REGULATOR

The voltage regulator, designated SK53, generates a constant voltage of approximately
+ 12 v from the + 18 volt line from the power supply. The + 12 v output supplies
the inhibit lines and serves as a reference signal to the current regulator module.

The SK57 voltage regulator module operates in parallel with the SK53 and receives
its V, control signal from the SK53. The threshold potentiometer on the SK57

is nominally set between 6 and 6.5 v, but is optimally adjusted according to the
amount of noise on the sense lines.. There is a potentiometer adjustment on the
SK53 that determines the magnitude of the + 12 output which, in turn, determines
the amount of current that will flow through the inhibit (Z) windings. This is
nominally about 2066 ma, but should be adjusted according to individual stack
characteristics. '

Z DRIVER

The Z driver, designated HK52, drives the inhibit winding during the write cycle.
The false output of the respective stage of the M (Memory) register is connected to
the input. Depending upon the stack number, the input gate will be enabled by one
of the stack selection digit signals D1, D2, D3, or D4.

During Mdt time, current will now flow through the inhibit winding.

SENSE AMPLIFIER

The sense amplifier module, designated HK59, is composed of five basic sense
amplifiers. The sense amplifier is basically a two-stage, balanced amplifier with
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SECTION IV

BCD TYPEWRITER AND TAPE PUNCH



INTRODUC TION

This section contains the functional description and theory of operation of
the Model 9134B BCD Typewriter and Tape Punch. Timing diagrams and
logic equations are also included. The mechanical descriptions of this
equipment are provided in the IBM and Tally manufacturers' manuals, which
will constitute a part of the computer maintenance manual.

The information in this section should not be used for Model 9134A Tape Punch
and/or Stretch Typewriter since both the punch and the typewriter are operated
differently in the Model 9134A version. Use this section for the following model
numbers:

Model No. | Configuration

9132B Punch No. 1 plus coupler

9133B Punch No. 2 plus coupler

9134B Punch No. 1 and BCD Typewriter No. 1
plus coupler

9136 Spare Punch

9137B BCD Typewriter No. 1 plus coupler

9138B BCD Typewriter No. 2 plus coupler

9139B BCD Typewriter spare

For proper use of this section, the reader should be familiar with the operation
of the W Buffer for the SDS 910 or 920 Computer.



BCD TYPEWRITER

FUNCTIONAL DESCRIPTION

The typewriter is an IBM Selectric Input/Output Typewriter. It is used

both for input and output. The type element or ''golf ball" is special (#908).
The typewriter is controlled by the typewriter/punch coupler chassis which
is usually mounted in the computer rack. The coupler chassis plugs directly
into the W or Y Buffer of the SDS 910 or 920 Computer. The coupler chassis
contains an auxiliary connector socket which ""'repeats' the W or Y Buffer
socket to which the coupler chassis is plugged.

Whenever the W or Y Buffer has been programmed to receive inputs from the
typewriter, an indicator in the typewriter is lit. The operator can then type
characters into the computer at a maximum rate of 15 characters per second.
Each character typed sends a different six=bit code to the computer. A parity
bit is also sent which is checked in the buffer.

All keys on the typewriter send a code with the exception of case shift. How=-
ever, typing a key in lower case produces a different code from typing the
same key in upper case.

Whenever the W or Y Buffer is programmed to output to the typewriter, the
six~bit character codes sent from the computer will cause the typewriter to
type at 15 characters per second. The typewriter will automatically case
shift for those characters that require it; however, upper case characters
are typed at only one~third the rate of lower case characters.

Following is a list of codes used on both input and output. Note that these
correspond to the Hollerith codes which are standard for punched cards. All
64 combinations of six bits are used.



TYPEWRITER CODES

Character Code Character Code
@ 00 - 40
1 01 J 41
2 02 K 42
3 03 L 43
4 04 M 44
5 05 N 45
6 06 o] 46
7 07 P 47
8 10 Q 50
9 11 R 51
SPACE 12 CAR.RET. 52
# or = 13 $ 53
@ or 14 * 54
: 15 % ] 55 %
> 16 / ; 56
J 17/ A 57
& or + 20 b 60
A 21 / 61
B 22 S 62
C 23 T 63
D 24 U 64
E 25 \'s 65
F 26 w 66
G 27 X 67
H 30 Y 70
I 31 Z 71
BACK SPACE 32 TAB 72
. 33 , 73
11 or ) 347 % or ( 747
[ 35 \* ~ 75 \) %
K 36 \ 76
s 37 4., 77 )

* Upper Case Character



THEORY OF OPERATION - INPUT (from typewriter to computer)

When the W or Y Buffer contains an address that calls for a typewriter
input or output, an amplifier in the coupler chassis goes true,

Te = W10 W11 W12 W13 W14

This typewriter '"enable' signal is gated into the pertinent logic of the coupler.
If more than one typewriter is tied to the same computer buffer, then each
typewriter must have its own coupler chassis and the second and third type-
writers must have different "enable'' addresses.

For No. 2 Te = W10 W1l W12 W13 Wl4
For No., 3 Te = W10 W1l W12 W13 Wl4

Changing the address requires a minor wiring modification; diodes in the
coupler chassis are left free for this purpose. For inputs, the typewriter
indicator is lit.

Tlt = Te W9 W5
The T 1t solenoid driver drives the 8-volt light.

When a character is typed, the G20 one-shot is triggered. It resets about
20 milliseconds later,

sG20 = Te W5 G30 G50( (To) W9 +Tc E) w9 Q2 +- - -

where@is a ""common' signal from the typewriter indicating that a character
was typed.

As soon as G20 is set, the G30 one-shot is triggered.

sG30 = G20 { Uk + Dt) Q2
This thirty~millisecond one-shot stays on ten milliseconds longer than G20.
This ten milliseconds (G20 G30) provides a '"window''when the computer samples
the typewriter contacts to properly determine the character. The flip-flop Dt
is set,

sDt = Te G20 G30 G50 (Sh + Uk) Q2 Dt

where Sh is always true during inputs.

This flip~flop allows the G50 one=~shot to trigger.



sG50 = G30 G20 (DT Wi4 + - - -) Q2

The flip-flop Dt clocks the W or Y Buffer which, in turn, opens the gates
that allow the character to be transferred from the typewriter contacts
into the W or Y Buffer.

@= (Dt Uk G50)

(Uk is always reset during inputs. )

All character decoding is done in the typewriter itself, using diodes where
necessary. The complete input circuit for one bit is shown below:

- =77 Contact r - - - - = ]
i / Combinations | '
"8V -7 - - - 1T ey 1 |
| R | r u | R Rl | |
[ [ | ' | | | 81;2 | | sR1 — |
! || l | N | | | |
| B | | | | | ! |
| 1< 2.7 | | | |
I < l
| 1ok Tsb |@, | |
| | ! | (Dt W9) | | 1 (W5 wé w9) |
-25
L _— _ I _V L. — _— — | L _ |_ ______ l
Typewriter Typewriter Coupler Chassis Coupler W Buffer
Cable Module Cable Module

@ = (Dt W9 Tsb) (as shown)

@ = (Dt W9 Tsa)
@ - (Dt W9 Ts8)

1 1
[ !
i

@ = (Dt W9 Tsc) (odd parity from typewriter)

The character is transferred until G30 relaxes and Dt is reset.

rDt = G50 G30 Uk Q2 + - - -

The logic will not accept another character until G50 is reset since G50
is included in the sG20 input gate.
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THEORY OF OPERATION - OUTPUT (from computer to typewriter)

The same one-shots used for input are also used for output, When the W Buffer addresses the
typewriter for output (Te W9) and there is a character in the buffer's character register (W5),
the typewriter logic begins its output cycle as soon as the typewriter is ready,

sG20 = Te W5 G30 G50 Tc (Ec) W9 Q2 +- - -

where Tc is the inverse of_the @? common contact and requires the typewriter not to be in
the process of typing. @ is the tabulate and carriage return interlock signal that inhibits
the above gate if the typewriter is performing a tabulate (tab), carriage return, space, or

backspace,
@
&

Consider an output where the automatic case shift is not required. The Sh (shift) amplifier
is true for case shift characters and false for lower case characters.

i

(C2)
(ET) (C—5) (Cé) (tab interlock) (C.R. interlock)

Sh = W9 R3 R4 + W9 R1 R3 R4 R5 Ré

The first term is for case-shift print characters and the second term is for carriage return and
tab which will be described later.

For lower case character outputs, Sh is false so that the Uk (upper case) flip-flop is never set.
After G20 is set, G30 is set,
sG30 = G20 (Uk +Dt) Q2

and when G20 resets, Dt is set.

sDt = Te G20 G30 G50 (Sh + Uk) Q2 Dt
Dt causes G50 to trigger.
sG50 = G30 G20 (D +W14 +-- -) Q2
When G30 relaxes, Dt is reset.
Dt = G50 G30 Uk Q2 +- - -
While G20 is set, the print solenoid control crﬁplifier goes true if it is a print character,

Td = Te W9 G20 Tc (Uk +Sh) Dt (R3 + R4 + R5 +R6) (R1 +R2 +R3 + R4 +R5 +Ré + Rp)

4,7



Tc is in this gate to stop current to the print solenoids as soon as the
"common'' closes. This is recommended by the manufacturer. (R3 + R4 +

R5 + R6) defines the character as a print rather than a function character.
Function characters are space, back space, tab and carriage return.

(R1+R2 +R3 +R4 + R5 + R6 + Rp) is in the gate so that the typewriter will
not type a '@’ if the programmer should address the W Buffer and ask for
'"leader'. If he does ask for leader, an extra type cycle time is wasted but
nothing is typed.

The Td amplifier gates all the seven print solenoid drivers. The solenoid
drivers actuate the solenoids to print the proper character. One solenoid is
used as a common and is actuated for every print cycle.

Tdp = Td
Td40 = Td R1 R2 + Td R1 R2
Td20 = Td R2
Tdl0 = Td R3

Td4 = Td R3 R4

Td2 = Td R5
= Td R3 R6 + Td R3 Rb

Tdl

The above logic translates the character from the SDS code to the typewriter
code.

The Dt flip-flop clocks the buffer so that the next character will be placed in
the W Buffer character register. However, this new character cannot be typed
until the common contact has opened and the G50 one-shot has relaxed. Note
that the clock (Dt) occurs after the character has already been driven into the
typewriter solenoids.

The functions, space and back space, have exactly the same control logic and
timing as lower case print characters. However, the print solenoid control
amplifier is inhibited and, instead, the function solenoid control amplifier
goes true.

Tf = Te W9 R3 R4 R5 R6 G20 Uk Dt Tc
Here R3 R4 R5 Rb is the partial code for all functions; ’f‘?again is the inverse
of the common contact and stops the solenoid current as soon as the common

contact closes.

Tf then allows the proper function solenoid to operate.



Tdbs = Tf R1 R2 (back space)
Tdsp = Tf R R2 (space)

Upper Case Character Outputs

i

It takes three times as long to print an upper case character because the one-shots go through
three complete cycles. Basically, the first cycle puts the typewriter in upper case, the second
cycle prints the character, and the third cycle allows the typewriter to return to lower case.
The Sh amplifier goes true as soon as the upper case character code is in the W Buffer character
register, ‘

Sh = Te W9 R3R4 +- - -

All upper case codes have R3 R4 true. Sh stays true during the whole operation and controls
the timing. During the operation two flip-flops, Dt and Uk, form a particular type of counter,
Their configurations can best be seen from the timing diagram or analyzed from the logic
equations. Uk is set after G20 relaxes on the first one-shot cycle. Uk remains set until G20
is set again on the third one-shot cycle. It therefore is set approximately 50 milliseconds
before the print cycle, which is the second one-shot cycle, and remains set until this second
cycle is complete, [t remains reset during the third cycle, For. lower case outputs Dt is high
for each one-shot cycle during the time that G20 is low and G30 is still high.

For upper case outputs, Dt remains low during the first one~shot cycle. On the second one-shot
cycle, Dt is set after G20 relaxes and remains high until after G30 relaxes in the third one-shot
cycle. Therefore, Dt comes high at about the time the next character appears in the R1-R6
flip-flops. If the character is upper case, then Dt will remain high until G20 relaxes in the
middle one-shot cycle. Also, Dt controls the upper case solenoid driver, The typewriter
should not lock in upper case but is held there only by the solenoid, since the mechanical

latch is disabled,

Tduc = Sh Dt R4 Te
During G20 of the second one-shot cycle, the print solenoid control amplifier goes true and
opens the gates to the print solenoids. The same logic is used to translate the codes to the

typewriter, Sixteen upper case characters are used.

Tab and Carriage Return Outputs

When operating either a tab or carriage return function, the Sh amplifier is held true as for
upper case characters,

Sh = WO RI R3IRAR5 RS + - - -

This causes the one-shots to go through three complete cycles exactly as they do for an upper
case character. However, the function solenoid control amplifier goes true during G20 of the

4,9



first one-shot cycle and the second two cycle times are "dummies". These two dummy cycles allow
for sloppy timing of the opening and closing of the tab and carriage return interlock contacts.

The interlock contact stops the next one-shot cycle whenever it closes. If it closes too late, a
dummy cycle is used as the carriage begins to return (instead of typing the next character).

If the contact opens too soon when the carrier hits the left margin, another dummy character
cycle is used (instead of typing the next character to the left of the actual margin). If the
contact is timed perfectly, two type cycle times are wasted after the tab or carriage return, but
this is a small percentage of the tab or carriage return time, If the tab or carriage return is the
last character typed before the buffer is to be used for another device, then these dummy cycles
normally tie up the buffer during the entire carriage return or tab. The function solenoid con-
trol amplifier is true during G20 of the first cycle and gates the proper solenoid driver.

Tf = Te W9 R3 R4 R5 R6 G20 Uk Dt Tc
Tdth = TfRI R2 (tab)
Tder = TfRI R2 (carriage return)

For these three-cycle operations, the buffer clock is not sent until the G20 G30 time of the
last one-shot cycle,

(Ew) = (D1 Uk G50)

ADJUSTMENTS

One-Shot timing

The following times are recommended for one-shot settings:

G20 for 25 milliseconds
G30 for 45 milliseconds

G50 for at least 35 milliseconds, and adjusted on
typeout to provide minimum "jitter" of Tc

With the total G20-G50 cycle set at 60 ms and with Ec controlled by C1, C5, and Cé the out-
put typing rate is controlled by feedback from the typewriter, Cam C1 controls for normal lower

case characters, Cam C5 controls for tab, space, and backspace. Cam C6 controls the feed-
back for carriage returns,

The typewriter solenoids which are controlled by G20 should have at least 18 milliseconds and

preferably longer. However, the upper case solenoid should be actuated at least 40 milliseconds
before the print solenoids are actuated - this is determined by G50.
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An important mechanical consideration is to make the shift to upper case while the character
positioning operation is stable so that the two motions will not be additive. See figure 55.

The typewriter will print if any of the seven print solenoids are actuated, When the solenoids
are actuated manually, one at a time, the following characters should be typed: F, . $1F &,
If extra periods are typed (period is the character typed if no solenoid actuates but the print

cycle actuates erroneously), then the turnbuckle on the trip link near the print solenoids might
need adjusting.

If the typewriter refuses to output, it is possible that the tab or carriage return interlock contact
is not actuating.

Information about the typewriter itself can be obtained from the IBM/input/output customer

service manual which will be a part of the computer maintenance manual. For repairing the
mechanical part of the typewriter it is advisable to call an 1BM serviceman, preferably one

who has had training on the Selectric input/output typewriter.

"Timing Diagrams

The timing diagrams for typewriter input and output are shown on the following pages.
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G20
G30

G50
R1-R6, Rp

Sh

@

Td
Td40-Tdl
Tdbs
Tdcr

Tdp

Tdsp
Tdtb

Tduc

Tf

DICTIONARY OF BCD TYPEWRITER LOGIC TERMS
A control flip-flop used on both outputs and inputs. It normally
times the buffer clock.

The carriage return and tabulate interlock contact signal. It is
false during the operation of a tabulate or carriage return.

Clock to the W Buffer,

A one-shot that determines duration of solenoid current on outputs
and blanks out erroneous signals during inputs.

A one-shot that is fired immediately after G20 is fired. It is also
used by the tape punch logic.

A one-shot that provides delay between output characters.
The character register of the W Buffer,

An amplifier that is true for outputs on upper case characters,
tabulate and carriage return.

The typewriter "common'' contact signal that goes true when a
key is typed.

An amplifier that controls the print solenoid drivers.
Output of six coded print solenoid drivers.

Back space soleﬁoid driver.

Carriage Return solenoid driver.

The output of the ""common' print solenoid driver.
Space solenoid driver.

Tabulate solenoid driver,

Upper case solenoid driver.

Typewriter ""enable' amplifier. Allows typewriter logic to
function,

An amplifier that controls the function solenoid drivers (space,
back space, tabulate, carriage return),
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T1t

Tsb ™
Tsa

Ts8

Ts4 F

Ts2

Tsl J
Tsc

Uk

W5

W9-Wl4

oD - @D

@

Light solenoid driver. Drives light in typewriter indicating an
input request.

Six coded signals from typewriter to coupler logic which carry
the character code on inputs,

Parity signal from typewriter to coupler logic.

A flip-flop used on upper case outputs and on tabulate and carriage
return outputs.

Flip-flop in W Buffer.
Flip-flops in W Buffer,
Data Inputs to W Buffer.

Parity bit to W Buffer,
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BCD TYPEWRITER LOGIC EQUATIONS

Enable

Te = W10 W11 W12 W13 Wl4
Timing
G20 = Te W5 G30 G50 ((TOWI + Tc(EDW9I) Q2 + - - -

G30 = G20 (Uk + Dt) Q2

G50 = G30 G20 (Dt W14 + Sh Uk + Pe G30) Q2
Control
sDt = Te G20 G30 G50 (Sh + Uk) Q2 Dt

rDt = G50 G30 Uk Q2 + Te Q2 Dt

sUk

Te Sh G30 G50 Dt Q2 Uk

rUk

G20 Dt Q2 + Te Q2 Uk
Sh = W9 R3 R4 + Rl W9 R3 R4 R5 Rb

- Solenoid Control

Td = Te W9 G20 Tc (Uk + Sh) Dt (R3 + R4 + R5 + R6)(R1 + R2 + R3 + R4 + R5 + R6 + Rp)
Tf = Te W9 R3 R4 R5 R6 G20 Uk Dt Tc

Print Solenoid Drivers

Tdp = Td

Td40 = Td R1 R2 + Td R1 R2
Td20 = Td R2

Td10 = Td R3

Td4 = Td R3 R4

Td2 = Td R5

Tdl = TAR3 R6 + Td R3 Rb
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Function Solenoid Drivers

Tduc = Sh Dt R4 Te

5
o
w0
I
2l
s
Y

Tf R

=
&
o]
It
2l
ol
(]

Tf
Tdtb = Tf R1 R2
Tdcr = Tf R1 R2

Light Driver

9]
o
g
"
g

t Uk G50 W14)
@ = (C1) (C5) (C8) (Tab Interlock) (CR Interlock)

@ = (Dt W9 Tsb)
@ = (Dt W9 Tsa)
@ = (Dt W9 Ts8)
@ = (Dt WO Ts4)
@ = (Dt W9 Ts2)
= (Dt W9 Tsl)
= (Dt W9 Tsc)



TAPE PUNCH

FUNCTIONAL DESCRIPTION

The tape punch for the 900 Series Computers punches paper or mylar tape
at a rate of 60 characters per second. A character is composed of six bits
plus an odd parity bit. One~inch tape is generally used.

The punch is controlled by the punch/typewriter coupler chassis which is
usually mounted inside the computer rack. The coupler chassis plugs
directly into the W or Y Buffer of the SDS 910 or 920 Computer.

"Leader' is punched and fed by depressing a button on the punch panel. The
'"leader' has only sprocket holes punched. A toggle switch can be set in
either the '"auto' or "run' position. If it is placed in the "run' position, the
punch motor runs continuously. If it is placed in the "auto' position, the
punch motor is turned on only when the W Buffer has addressed the punch

or the feed button has been manually depressed. When the switch is in the
"auto'' position, there is an automatic delay each time the buffer addresses
the punch in order to allow the motor to get up to speed.

THEORY OF OPERATION

Tape Feed (See Figure 56)

When the feed button on the punch is manually depressed, the signal, ,
goes true. @ ""enables'' the punch motor relay driver. The relay driver
closes a relay in the punch assembly which, in turn, closes the ac circuit to
the punch motor.

Pd=+---

A 200 millisecond one-shot is triggered which provides a delay to allow the
motor to get up to speed. Also, a 4.5 millisecond one-shot is triggered which
sets the Dp flip-flop.
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The Dp flip~flop stays set for the duration of the 200 millisecond one-shot.
When D200 relaxes, a twelve=millisecond one-shot is fired. This one-~shot
allows the Fd flip-flop to be set and the tape feed process to begin.

sD12 = Dp D4.5 (D200 + Fd) Q2

sFd = D12 Dp Q2 + - - -
rDp = D12 Q2 Dp

With the Fd flip-flop set, the D4.5 and D12 one-shots and the Dp flip~flop
form a counter and provide pulses to drive the punch.

sD4.5=D_l-_—13_3b%+--_

sDp = D4.5DI12 Q2 Dp
rDp = DIl2 Q2 Dp
sDI2 = Dp D4.5 (D200 + Fd) Q2

The sprocket solenoid driver and then the feed solenoid driver are actuated. The
feed solenoid is timed by the punch to feed after all punches are clear and be-
fore the next punch occurs. The process repeats and tape leader is generated
as long as the button remains depressed.

Pf = Fd Dp (feed solenoid driver)

Psp = Fd Dp (sprocket solenoid driver)
. AN
The data channel solenoid drivers are inhibited. If the feed button is pressed
while the buffer is addressing the punch, an input/output parity error may
occur because the Dp flip~-flop will clock the buffer before a character is in
the buffer's character register. If the typewriter is tied to the buffer during
the tape feed operation, the typewriter G30 one-shot will inhibit D4. 5 and
temporarily interrupt the tape feed but will cause no difficulty.

Data Punching (See Figure 57.)

When the W (or Y) Buffer addresses the punch, a punch enable amplifier, Pe,
goes true.

r—  — — ——

Pe = W9 WI0OWI11 W12 W13 Wl4

If there is a second punch connected to the same buffer, then each punch
must have its own coupler chassis and the second punch chassis must have
a minor wiring modification so that:



(Punch No. 2) Pe = W9 W10 W11 W12 W13 W14

Diodes in the coupler are available for this modification. The punch logic
must accommodate three different situations to start punching data. They will
be described in order.

1. The program asks for leader.

When the buffer addresses the punch, Pe goes true which allows the Pd
solenoid driver to close the relay that applies ac voltage to the punch motor.
This procedure occurs regardless of the position of the "'run-auto'' toggle switch.

Since leader was asked for, W5 is false and the D200 one-shot fires immediately.

sD200 = Pe 5F—']3'Q2+---

The D4.5 one-shot also fires for 4.5 milliseconds and allows the Dp flip-flop
to set.

sDp = D4.5 D Q_ Dp
The D12 one-shot is inhibited until the D200 one-shot relaxes, at which time
the punch motor should be up to speed. DI2 fires at the first Q2 pulse after
D200 relaxes, and at the following g clock, Fd is set and Dp is reset.

sFd = D12 Dp Q2 + - - -
rDp = D12 Q2Dp

\
The motor is now up to speed and the punch is now ready to punch some leader.

The D200 one=-shot is also used to time the punching of leader but since D200 just
relaxed, it is not ready to properly trigger again until its '"dead time' has
elapsed. This time delay is provided by the typewriter one-shots which are
located in the same chassis.

G20 = Q2Pe Fd D12 +- - -
G30 = G20 (Dt + Uk) Q2
G50 = Pe G30 G20 Q2 +~- - -

Therefore, G50 G30 becomes true about 30 milliseconds after D200 relaxes.
D200 is now fired again, this time for leader.

sD200 = Pe W5 G50 G30 (R1 R2 R3 R4 R5 R6 Rp) Q2 + - - -



—— — — —— e S— ——

goes false. (G50 may have been previously triggered from a typewriter action).
The combination of W5 and (R1 R2 R3 R4 R5 R6 Rp) indicates that leader is
required.

During the second D200 one-shot period the Fd flip-flop remains set and
D4.5, Dp and DI2 begin their cycling. The feed and sprocket punch solenoids
are actuated.

Pf = Fd Dp
Psp = Fd Dp

The data channels are inhibited since the character in the character buffer
is all zeros. The buffer is not clocked until the D200 one-shot relaxes.

&) = (Pe Dp D200 Fd)

When D200 does relax, the buffer is clocked and data is punched character
after character whenever there is information in the buffer (W5). Fd remains
set once it has been set until the buffer no longer addresses the punch.

If it is required that the computer generate longer leader than the approximate
inch provided by the D200 one~shot, the program must set up the buffer and
again ask for leader. There must be a delay of about 1/2 second between the
ENERGIZE OUTPUT M (02) instructions for more leader to be generated,
since whenever the buffer is re~addressed, Fd is reset and one D200 period

is necessary to set Fd again before leader can be punched. If an ENERGIZE
OUTPUT M (02) is given by the computer to the W or Y Buffer every 1/2
second, leader will be generated about one~half of the time.

If leader is requested, the D200 one~-shot is triggered twice regardless of the
position of the toggle switch, '"auto'' or "'run''.

2. No leader is requested and the toggle switch is in the ''auto’' position.
(See Figure 58.)

The D200 one=-shot is triggered only once.
sD200 = Pe W5 Fd Dp Q2 + - - -

This term will not set D200 until the buffer has been loaded with some data,
since W5 will be true until that time.

Pe causes the motor relay to close. The Fd flip-flop will not be set until

D200 relaxes as before. The second term that sets D200 for leader will be
inhibited as data will be in the character buffer when W5 is reset.
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As soon as Fd is set, the data is punched out every 16.5 milliseconds. D4.5,
Dp and DI2 cycle and provide the proper timing. D4.5 must wait for D12 and
for a new character in the buffer register, (W5).

3. No leader is requested and the toggle switch is in the '"'run' position.

When the switch is in the ''run'' position, not only is ac power continuously

applied to the punch motor but a logic signal, , goes true in the coupler
chassis.

When the buffer addresses the punch requesting no leader, the Fd flip-flop
is set immediately.

st=PeW59_zﬁ+_-_

W5 indicates leader is not required. With Fd set, the D200 one~shot is inhibited
even after information is loaded into the buffer by the computer, and since Fd

is set, the punch can start punching without any delay as soon as the information
is available.

Putting the punch toggle switch in the "'run' position will inhibit the delay
normally required to get the motor up to speed when the punch is being used
by the buffer alternately with other devices and leader is not being requested.
Failure to put the switch in the ''run'' position will not cause any difficulty but
will cause unnecessary delay. The switch position can be changed while the
punch is in operation.

CIRCUIT CONSIDERATIONS

The punch solenoids are driven by SDS Circuit Module RK51., The solenoids
are rated at 25 volts. However, these solenoids will not tolerate a 100% duty
factor. To prevent burning out solenoids (due to a transistor or diode failure
or by removing a logic circuit module from the coupler chassis), a resistor-
capacitor circuit is wired in series with each solenoid. The 50~volt supply
is applied to the common side of the solenoids, and the relay driver pulses
the other side of the resistor=-capacitor circuit to ground. A steady 50 volts
applied across this circuit will not harm the solenoids.

ADJUSTMENTS

The mechanical description of the punch is given in the manufacturer's
manual which will be included as a part of the computer maintenance
~manual. Two adjustments are fairly common:

1. The hole spacing on the punched tape should be 10 per inch. There is

both a coarse adjustment and a fine adjustment for this spacing.
(See vendor's manual, page 22, '""Capstan Adjustment'.)
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The feed solenoid actually closes a set of contacts which, in turn,
actuate the escapement magnets. The timing of the closing of these
contacts should be adjusted to 10. 5 milliseconds after the feed
solenoid is pulsed. This period is longer than is recommended by
the manufacturer, but because of the resistor=capacitor circuit,

the pulse to the escapement solenoid is not square. Improper tim-
ing of the escapement solenoid will cause sprocket holes in the paper
tape to be stretched or torn.

Timing Diagrams

The data punching timing diagrams are on the following pages.
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D4.5

D12

D200

Dp

&

Fd

G20-G30-G50

Pd'
Pdl-Pd7

Pe

Pt

DICTIONARY OF TAPE PUNCH LOGIC TERMS

A one-shot used to time the current pulse to the punch solenoids.

A one-shot that determines the time interval between punch
solenoid pulses.

One-shot used to time leader generation and to allow punch motor
to get up to speed before punching.

An interlock flip-flop used with D4.5 and D12 to provide timing
pulses to the punch solenoid drivers.

The clock signal to the W Buffer.
Flip-flop that allows punching,

Typewriter one-shots used by the punch logic to provide delay between
firing the D200 one-shot.

Signal from '""Auto - Run'' toggle switch on the punch panel. Signal
is true when switch is in the ""Run'' position.

Signal from '"Feed' button on puﬁch panel to the punch coupler.
Punch Motor Relay Driver,

Data channel solenoid drivers.

Punch ""enable'" amplifier.

Feed solenoid driver.

Sprocket hole solenoid driver.
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TAPE PUNCH LOGIC EQUATIONS

Enable

Pe = W9 W10 W11 W12 W13 W14

Punch Motor Relay Driver

Pd=Pe+

Delay Timer & Leader Generator

sD200 = (Pe W5 + (Ksp) ) Fd Dp Q2 + Pe W5 G50 G30 (R1 Rz R3 R4 R5 Ré Rp) Q2

sFd = Pe W5 (Kep) Q2 Fd + D12 Dp Q2

rFd = (Pe Ksp) Q2 Fd

s§G20 = Pe Fd D12 Q2 +- - -
sG30 = G20 (Dt + Uk) Q2
sG50 = Pe G30 G20 Q2 +- - -

Pulse Control

5]

sD4.5 = (Pe W5 + (Ksp) ) Di2 Dp G30 Q2

sDp = D4.5 D12 Q2 Dp
rDp = D12 Q2 Dp
sD12 = Dp D4, 5 (D200 + Fd) Q2

Clock

@ = (Pe Dp D200 Fd)
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Solenoid Drivers

Pf = Fd Dp

Psp = Fd Dp

Pdl = Ré (Pe Fd Dp)
Pd2 = R5 ( Pe Fd Dp)
Pd3 = R4 (Pe Fd Dp)
Pd4 = R3 (Pe Fd Dp)
Pd5 = R2 (Pe Fd Dp)
Pdé = R1 (Pe Fd Dp)
Pd7 = Rp (Pe Fd Dp)
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