
























































































































































































































































































































































Theory of Operation 217 Section IV
Card Reader Adapter Kit

A Clock signal is used to indicate when a column is over the photocells.
The Field line is used in conjunction with this Clock signal to identify which columns
are to be read. A Field pulse precedes the field of information to be read, while
another pulse on the same line follows the field.

CARD
PRESENT

LIGHT PROBE —I

“we""_ 70 V7

(NOTE) 12 MILLISECONDS NOMINAL

MILLISECONDS

CLOCK LONG CLOCK ( l

COLUMN | CLOCK
(3.5 MILLISECONDS)

FIELD 4 K I__ ______

COLUMN | FIELD
(3.5 MILLISECONDS)

Initial Sequence

NOTE

The Escapement Drive signal starts and stops card
motion. A period from 2 to 5 milliseconds is re-
quired to deenergize and 12 milliseconds are re-
quired to energize the escapementsolenoid in the
reader.
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Section IV 217 Theory of Operation
Card Reader Adapter Kit

As the card passes over the data cells, the 12 Data lines indicate light con-
ditions in each channel. Each Clock pulse identifies a new column. In the next
chart, 4 characters are used (A, B, C, and D) to illustrate the pulses on Data lines
as well as the relationship to the Clock signal.
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Data Transmission

Motion control in the reader is based on a cycle of 87 columns. The first
80 are used for data while the remaining make up the interval until the beginning
(column 1) of the next card. A signal is received by the controller when the reader
is passing through the column 81 and column 82 stage; clearing the Escapement
‘Drive signal in MAN mode. Also at this position, the reader pressure rollers raise
and the Card Present signal drops shortly after. A raised pressure rollers condition
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Theory of Operation 217 Section IV
: Card Reader Adapter Kit

clears the Escapement Drive signal in both AUTO and MAN modes while the
Column 81.82 signal prevents reactivation of Escapement Drive (in AUTO mode)
until the next Card Present signal is received.

A dark check is made once the trailing edge of the card leaves the card
present cell exposed (disabling Card Present signal). At this position, the data
cells are still covered by the remaining portion of the card. Consequently, all
Data lines should indicate a dark condition. The controller samples the lines at

this time and any cell failing to register dark causes an error condition in the con-
troller.

I

COLUMN _'__r__l
8182 l
Escc;\aﬁsgem —M_AN_:Q
ROTEEEi;sg UDROEWN V//////l//////A AUTO —»
|

‘ |
AUTO —» |

COLUMN 8l0 8l 82 83 8‘4 815 86 87 i 2
| |
CLOCK I I | AUTO —» ‘ I l r
. . l | |
- FIELD ‘ | ] ! ~
‘ |
|

|
|
|

[
I
] !
AUTO —» l | [
!
I

| | |

CARD l
PRESENT | I
! |
DARK PROBE n -
| |
LIGHT PROBE ‘ auto —= [

End of Card Sequence

In MAN mode, insert another card on the read table and depress the REG
switch again to initiate another card scan. Cards are automatically registered in
AUTO mode after the first card has been read. The read operation continues until
either a card becomes jammed or the card hopper empties. In either case, another -
Card Present signal is not received until the situation is remedied. After one Card
Present signal drops, the controller waits approximately 60 milliseconds for another.
If another signal is not received during this period, the controller assumes a hopper
empty or card jam condition and an error condition is activated.
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Section IV 217 Theory of Operation
Card Reader Adapter Kit

DATA ENTRY.

The reader adapter temporarily stores data while a search is made for the
entry marker in the reader buffer memory. Moaximum access time to memory is
10 milliseconds during which time two columns of data could possibly be received.
Two buffer registers are used for temporary storage. Previous to entering buffer
register 1, the punched card data is converted from Hollerith coding to a binary
form compatible with the Equipment Controller repertoire.

Once the marker is found, data is transferred from buffer register 2 to the
reader delay-line window (reference reader block diagram). From here, data is
inserted in the delay line and continually recirculates through the window. The
marker advances with each new entry.

Transfer through the buffer and entry into the window is governed by a
resync pulse which is a direct derivative of the Clock and Field lines.

COLUMN 84 85 86 87 1 2 ? 4 l'? n+l
| | | ‘

: el /-‘-—/|' I -
; i

CLOCK

|
|

FIELD

) ——t
END FIELD

BEGIN FIELD

Resynchronization

Each Clock pulse following the beginning Field pulse creates a resync condi-
tion and data advances through the buffer-and into the window if the marker is detec-
ted. Every card must experience the same resynchronization sequence since each
contains a pair (or more) of Field pulses.

Errors are a result of light/dark check faults, card jams, or hopper empty con-
ditions. A light/dark check fault blocks transmission of Escapement Drive; stopping
further reader motion after the present card is ejected. A card jam or hopper empty
situation is indicated if no Card Present signal is received within 60 milliseconds
after the previous card is read. Any error extinguishes the READY indicator and
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Theory of Operation 217 Section IV
‘ ' Card Reader Adapter Kit

illuminates CHECK READER after the 40-millisecond timeout period. A master
clear, manual release, or LOAD switch depression is required to clear a light/dark
error indication after the fault is remedied. Card jam and hopper empty conditions
are mechanical situations and require remedial measures to allow operation to
continue.

DATA TRANSFER.

A preread error automatically terminates a card data message in memory by
inserting an E2 code (140 octal) after the present card has been read. Normally,
however, a card counter terminates the message after the 12th card is read by block-
ing Escapement Drive and inserting E3 (141 octal) in LOAD mode or E2 in LIST mode.
A light/dark fault on the 12th card has no effect on message termination for the
present data. When these "E" codes enter the window, they set up a fransfer request.

- LOAD.

When operating under data source control (LOAD key depressed), a write
message ending with E3 must be received in order to transfer reader buffer memory
contents to the display buffer memory once a transfer request is activated. After
completing a memory-io-memory dump, the transfer request is dropped and reader
operation begins again.

If an error is indicated for transferred data and is not remedied, the next write
message ending with E3 sets up a one-word read message (E2) in display buffer mem-
ory. This signifies that the reader is not ready.

12 CARDS
OF DATA
READ

INSERT E3
IN READER
BUFFER MEMORY

YES

INSERT E2 SET PREVENT FURTHER
IN READER | READER/DISPLAY .y READ OPERATION
BUFFER MEMORY TRANSFER UNTIL TRANSFER
REQUEST IS COMPLETE

LOAD Mode Message Termination
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Section IV 217 Theory of Operation
Card Reader Adapter Kit

LIST.

A depressed LIST key enables transfer from reader buffer memory to printer
buffer memory for local printout when the printer is ready. After the memory dump,
transfer request is dropped and the reader resumes normal operation unless an error
exists,

If a 136-column line printer is used for printout, the reader adapter inserts
an end of line code (100 octal) into memory after each card is read. Consequently,
an 80-column format is established for printout.

NO
y
12 CARDS INSERT E2
LIST ERROR OF DATA YES IN READER
MODE READ BUFFER MEMORY
YES
y
SET
INSERT E2 | READER/PRINTER |4
IN READER - R
BUFFER MEMORY REQUEST
PREVENT FURTHER
READ OPERATION
UNTIL TRANSFER
IS COMPLETE
LIST Mode Message Termination
TEST.

The READER TEST/MC switch enables display of card data in the TEST posi-
tion. In this position, the card counter is cleared and prevented from incrementing.
Cards are read in the normal fashion and entered in reader buffer memory. However,
the switch maintains a constant reader-to-display transfer enable, hence, data
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Theory of Operation 217 Section IV
Card Reader Adapter Kit

written into reader buffer memory is also entered in display buffer memory. By dis-
abling the card counter, E3 message terminations are prevented. However, any
error will terminate the message and operation with an E2 code. During this opera-
tion, the Display Station keyboard remains locked out. A master clear or manual

release is required to unlock the keyboard, once the switch has been removed from
the TEST position.

SKIP.

Initial depression of the SKIP switch on the reader halts card motion at the
column 86 position. In addition, the reader adapter extinguishes the READY light
and flashes the CHECK READER lamp. Escapement Drive signals are blocked at this
time. A second depression is required to return conditions to normal. Even though
the READY light is not illuminated during a SKIP function, the reader is still con-
sidered ready at the interface.

INTERRUPT.

The INT (interrupt) key on the Display Station keyboard may be used to
interrupt a card read sequence during a LOAD operation. In this instance, a
reader-to-display transfer is prevented allowing the operator to change a stack of
cards. During the interval, the LOAD light remains illuminated but depressing the
switch again continues the sequence. The second depression clears all data stored
in reader buffer memory from the previous operation and resets the card counter to 0.
INT has no effect on a LIST operation.
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Equipment Numbers

FF305-A
FF305-B
FF306-A
FF306-B

For use with the
218-1 Typewriter
Station, equipment
numbers:

CK105-A
CK105-B






Section IV 217 - Theory of Operation
Typewriter Adapter Kit

This module permits the controller to drive a 218-1 Typewriter Station (using
a Selectric * typewriter). Printout may be initiated from the display, data source,
or card reader (in a LIST mode). There are four typewriter adapter kits offered; one
for each of the four types of Equipment Controllers. Accordingly, the 218-1 Type-
writer Station is available in two varieties. The following list relates the various
equipment numbers. Consult the Basic Configuration description for an explanation
of differences.

EQUIPMENT ADAPTER  TYPEWRITER
CONTROLLER KIT STATION

FC710-A FF305-A CK105-A
FC710-B FF305-B CK105-B
FC711-A FF306-A CK105-A
FC711-B FF306-B CK105-B

218-1
TYPEWRITER

* Trademark of IBM
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Typewriter Adapter Kit

GENERAL OPERATION.

Actual hard copy is an exact image of the crt representation with the excep-
tion of a LIST opération where each 80-column card is represented by one typed line.

DISPLAY FORMAT TYPEWRITER FORMAT
50 by 20 50-symbol line (80 symbols
in LIST mode)
80 by 13 80-symbol line

For further information concerning the Typewriter Station, reference the
218-1 Typewriter Station Reference/Customer Engineering Manual. This document
does not, however, go to any great lengths on actual fypewrlfer performance. Such
information must be obtained from IBM.

Printout is initiated when a transfer request is received from another module.
If the typewriter is not busy and able to process the information, data from the
requesting assembly is directly entered in an associated typewriter delay line. The
window is not used for data entry.

When transfer begins, the controller grounds the Carriage Return line. This
sets up a carriage return operation within the typewriter during which time a Nor-
mally Open (NO) response is given. Once the typewriter reaches the posmon cor-
responding to the beginning of a new line, the Normally Open condition is removed
and Normally Closed (NC) response is issued. During a Normally Open interval,
the typewriter is considered busy and communications with the adapter kit are

blocked.

Translation of stored data begins after the transfer operation is successfully
completed and the typewriter returns to a Normally Closed situation. When the
marker is detected in the last window position, data in the seven window positions,
immediately above, is transferred to a buffer register.

UPPERCASE/LOWERCASE.

Some symbols have the same typeball rotate and tilt positions in an uppercase-
lowercase situation such as is commonly found on all typewriters. These relationships
should not be confused with the dual-symbol keys on the Display Station keyboard —
there is no similarity! In any event, the typewriter starts out in lowercase and
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PONER OY o PAPER QU

END_OF LINE -
L .

POWER ON PAPER OUT -

=
1]
—=
bedbbidd IRERRY, IRRRER. pibbid
DECODE SPACE DECODE GENERATE
E2-CARRIAGE RETURN UPPER CASE DECODE DATA CHECK
END OF LINE LOWER CASE CHARACTER
THTTTT e
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] | f | ' UPPER CASE
BUFFER (O [
CONTROL (R 11 g2
L O O T .77 4 -
VUL Lt 1| CAPRIAGE RETURN
VL 111t pRINT.
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1 [_oams CONTROL
[ ! _UPPER_CASE
[N | __LOWER_GASE
WINDOW [N |_SPACE
CONTROL [ | _CARRIAGE_RETURN
[ []

READY -

DISPLAY/
PRINTER REQUESTY

LSPLAY/
PRINTER TRANSFER
TIMING

MANUAL RELEASE AND
MASTER CLEAR

ENO OF PAGE

END OF LINE

CLEAR_TRANSFER

READER/PRINTER
REQUESY

Listuoe |
READER/PRINTER
TRANSFER

Typewriter Adapter Block Diagram
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Theory of Operation 217 Section IV
Typewriter Adapter Kit

BEGINNING OF

REQUEST FOR TYPEWRITER

YES YES PAGE POSITION
DATA TRANSFER READY AND 1N DISPLAY
ACTIVE NOT BUSY MODULE
YES
N/O |
DROP SEND TRANSFER
CARRIAGE CARRIAGE | DATA TO
RETURN N RETURN TYPEWRITER
SIGNAL SIGNAL DELAY LINE

= .
N/C YES|  TRANSFER

COMPLETE

BEGIN DATA NOTE:

TRANSLATION TYPEWRITER REQUIRES A MINIMUM OF 129,0 MILLISECONDS TO PERFORM

A CARRIAGE RETURN, N/O DURATION IS 44 TO 61 MILLISECONDS MINIMUM.

Initial Data Transfer

maintains that condition until an uppercase code is encountered. At this point the
typewriter switches and remains in an uppercase mode until a lowercase code is
detected. Correspondingly, the adapter kit only pulses a case line when a shift is
to be made and a Nomally Closed/Normally Open signal sequence during the shift
prevents any other typewriter operation until Normally Closed is evident again.
Case shifting is performed before any other translations are made.

SPACE.

The typewriter leaves a space in a line each time an E1 (102 octal), E3
(141 octal), or space (000 octal) code is discovered in the buffer register. A space
operation is also performed previous to a carriage return when either a carriage
return (101 octal) or end of line (100 octal) code is detected.
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Typewriter Adapter Kit

NO

DOES CODE REQUIRE
CARRIAGE RETURN,

WORD

ASSEMBLED CASE NO

- SPACE, PRINTOUT g
IN CHANGE TERMINATION, OR
BUFFER PRINTOUT?
lYES
SEND NO YES SEND
LOWERCASE UPPESSEASE UPPERCASE
SIGNAL c SIGNAL
SHIFT
YPEWRITER P OPERATION
« MPLETE
PERFORMING ,C0
SHIFT OPERATION N/C
NOTE DROP /L
ASE CHANGE -
TYPEWRITER REQUIRES 64.5 CINDIEAUON W,
MILLISECONDS TO PERFORM A

CASE SHIFT. N/O DURATION IS:
34 TO 47 MILLISECONDS (UC)
33 TO 44 MILLISECONDS (LC)

Case Changes

No rotate, tilt, or check magnets are pulsed for this operation. Instead,
the adapter kit grounds the Space line and the Normally Closed/Normally Open
sequence results.

CARRIAGE RETURN.

A carriage return is performed during initial data transfer as mentioned in
earlier paragraphs for this adapter kit discussion. Subsequent carriage return opera-
tions result from controller format restrictions, typewriter end of line indications,
and any carriage return (101 octal) or end of line (100 octal) codes entered in mem-
ory. Either of these two codes in the buffer register first initiates a case shift (if one
is required) and a space operation. The buffer is cleared during these operations but
the next data word from memory is blocked. Instead, the Carriage Return line is
grounded upon a retum to Normally Closed conditions.
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INHBIT SEND
n— o [
DRIERS SIGNAL ASSEMBLE
NEXT WORD
WHEN MARKER
TYPEWRITER SPACE IS DETECTED
PERFORMING  N/O OPERATION
SPACE OPERATION COMPLETE
NOTE - N/C
—_ DROP CLEAR
TYPEWRITER REQUIRES 64.5 SPACE BUFFER
MILLISECONDS TO PERFORM SIGNAL REGISTER
A SPACE OPERATION. N/O
DURATION IS 20 TO 32
MILLISECONDS . T84/T1
Space Operation
CARRIAGE RETURN INHIBIT ROTATE, YES ACTIVATE
OR N TILT, AND Cfﬁﬁgs SELECTED
END OF LINE CHECK DRIVERS CASE LINE
CODE
NO
\
ACTIVATE
N/O SPACE
S LINE
TYPEWRITER
PERFORMING
CASE SHIFT (IF
REQUIRED) AND DROP CLEAR
SIGNAL - REGISTER ~
LINES SPACE AND
N/C CASE SHIFT
COMPLETED
CARRIAGE RETURN .
COMPLETED CARRIAGE |4 CARRIAGE
RETURN RETURN
SIGNAL SIGNAL
ASSEMBLE NEXT WORD N/O~—_
WHEN MARKER IS DETECTED

TYPEWRITER PERFORMING
CARRIAGE RETURN

Carriage Return and End of Line Decode
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When the end of the display line is reached in the controller, a typewriter
carriage return is initiated without a preceding Space signal. One exception exists;
a 50 by 20 formatted controller operating in LIST mode does not initiate a carriage
return since printout must extend beyond the 50th symbol position. In this instance,
the card reader adapter is wired to insert an end of line code (100 octal) at the end
of each 80-column card. Consequently, when this code is detected in the buffer
register, a carriage return is performed.

Y
-

END OF NO CONTINUE
DISPLAY , NORMAL
LINE OPERATION

END OF
50 BY 20 LINE CODE Cpi?{FRIO:gAE
CONTROLLER IN BUFFER RETURN
REGISTER
NO NO
SEND DROP ASSEMBLE NEXT
CARRIAGE CARRIAGE WORD WHEN
"1 RETURN RETURN MARKER IS
SIGNAL N/O | SIGNAL N/C  DETECTED
TYPEWRITER " CARRIAGE
PERFORMING RETURN
CARRIAGE COMPLETED
RETURN

Carriage Return by Format Restriction

The typewriter may also initiate a carriage return by sending an End of Line
signal. This normally occurs when the end of a print line is reached which may be
varied through the use of the margin stops above the typewriter keyboard.

During carriage return operations, the marker in the typewriter delay line

continually advances until the beginning of the next display line. This synchronizes
the beginning of a display line with the beginning of a print line.
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SEND DROP
END OF CARRIAGE CARRIAGE
1 LINE SIGNAL AN RETURN
RECEIVED
SIGNAL SIGNAL
NO N/O N/C
TYPEWRITER CARRIAGE
PERFORMING RETURN
CARRIAGE COMPLETED
RETURN

End of Line Signal

DATA TRANSLATIONS.

Each word assembled in the buffer register moves the typeball to a position
where the correct symbol may be reproduced if the code does not specify a function
(carriage return, space, etc). In translated form, the word becomes a code made
up of Rotate (R1, R2, R2A, and R5) and Tilt (T1 and T2) signals which energize
associated solenoids causing the typeball movement. A Check (CK) line accom-
panies the Rotate and Tilt signals in an odd parity relationship (the number of Rotate,
Tilt, and CK lines used must be odd). Printout of each symbol is accomplished
through the Normally Open/Normally Closed sequence described for the functions.
The typewriter is considered busy during the 64.5 milliseconds it takes to print one
symbol. Translations for the entire octal repertoire, as stored in typewriter memory,
are shown in the following list.

PRINTOUT TERMINATION.

The print operation may be terminated by three methods. Normally, detec-
tion of an E2 (140 octal) code in the buffer register marks the end of the message.
There is no prinfout or case indication for the E2 code and the buffer is returned to
a not busy condition. Data stored in the typewriter buffer memory remains and is
not destroyed until either a master clear or transfer of another message occurs.

If an E2 is not detected by the time the marker in typewriter buffer memory
has advanced to a position corresponding to the last display symbol position, printout
is terminated nevertheless. This feature ensures that printout will not wrap around
the delay line and begin repeating the same message.
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TYPEWRITER ADAPTER REPERTOIRE

CODE [CASE[ R1 [R2[ R2A] R5] T1 [12 | CK] SYMBOL || CODE | CASE [R1|R2[R2A [ R5] T1 [T2] CK[ SYMBOL
0 |t NOT TRANSLATED SPACE || 44 | L |x X X M

0 L o IxIx|x |Ix]xlx]x]|n 45 | L |x X | x|x X |N

02 | L X | x X[X | x]2 46 | L X X X |0

03 | L x| x x| x]|x 3 47 |t X | x|x P

04 | L |X X X|X x| 4 50 | L |x X | x Q

05 | L |x X x| xix 5 51 | L |x X X R

0% | L X X |X 6 52 | U X | x|x \Y;

07 |t X Ix{x|x|{x]|7 53 | L X $

10 |t |x X|x|x|x]|s 54 | U X x| x *

1 L | x X |X 9 55 |u |x X x |4

a2 fu [ x(x|x X [x 0 56 |u |x|x]|x x| x|+

13 |t x|X | x|= 57 |u X >

14 |u |Xx X xIx|Ix|=+ 60 | L |x]|x|x +

15 |u |x X |x < 61 | L Ix|x|x |x X |A

16 | u | x|x|x X |X % 62 | L X | x X |B

17 U x|x I x|[ 63 L XX |X C

20 | L |xIx|x X |x|: 64 | L |x X X |D

21 Lo x|x|x |Xx X / 65 | L |x X |x E

2 |t X | x X S 66 | L X F

23 | L x| x [x X |x|T &7 |t X |x X |G

24 | L |x X X U 70 | L |x X X |H

25 | L |x X |x X |x|v 71 L o|x I

26 |t X X Ix|w 72 |u X |X X |<

277 | L X |X X X 73 |t X |.

30 L |x X X Y 74 lu |x X | x|

31 L | X X|x|z 75 fu |x >

32 |u I x |x X ] 76 |u XK |x B

33 |t X , 77 lu X |;

34 |u |x x| Ix ( 100 | L NOT TRANSLATED  [RETURN.
35 |u [X X |x |~ 00 | L NOT TRANSLATED  |ReToAR®
3 U |x|x]|x X |x|= 102 |t NOT TRANSLATED SPACE
37 |u {x A 14 | L NOT TRANSLATED SPACE
40 | L |x{x|x X Xx|- 140 NOT TRANSLATED ERpT
|l Pxx]x |x]x J

2 L X | x X K
43 | L x| x |Ix|x| [x]t
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The third method for terminating is a manual release or master clear condi-
tion. Here, the MAN REL and POWER ON keys on the controller switch/indicator
panel perform the task. The READER TEST/MC switch may also be used to obtain the

same results,

INTERRUPT.

The INT (interrupt) key on the Display Station keyboard may be used to
interrupt a print sequence under data source control. In this instance, data in a
write message ending with E2 is transferred from display buffer memory if the printer
is ready. The INT key blocks formation of the one-word (E3) read message following
transfer and allows the operator to gain control of the terminal. However, if trans-
fer cannot be accomplished (printer not ready), an interrupt condition cannot be
established and a one-word (E2) read response is issued on the next poll. The INT
key has no effect in LIST mode or when the print message originates at the Display
Station keyboard. '
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LINE PRINTER ADAPTER KIT

Equipment Numbers

FF512-A
FF512-B
FF513-A
FF513-B
FF514-A
FF514-B
FF515-A
FF515-B

For use with the
222-1 and 222-2
Line Printer Stations,
equipment numbers:

CL401-A
CL401-B
CL402-A
CL402-B






Section IV 217 | Theory of Operation
Line Printer Adapter Kit

Installation of this module provides the controller with the capability to
drive either a 222-1 or 222-2 Line Printer Station. Printout may be initiated from
the display, data source, or card reader (in a LIST mode). Since all four Equipment
Controllers have been designed to function with both models of the line printer,
eight adapter kits must be offered with two adapter kits for each type of Equipment
Controller. The following list relates the various equipment numbers. Refer to the
Basic Configuration description for an explanation of differences.

EQUIPMENT ADAPTER LINE PRINTER

CONTROLLER KIT STATION
FC710-A FF512-A CL401-A *
FC710-A FF514-A CL402-A **
FC710-B FF512-B CL401-B*
FC710-B FF514-B CL402-B**
FC711-A FF513-A CL401-A*
FC711-A FF515-A CL402-A **
FC711-B FF513-B CL401-B *
FC711-B FF515-B CL402-B **

GENERAL OPERATION.

The actual hard copy is an exact image of the crt representation if the print
message originates at the Display Station keyboard. In LIST mode, each 80-column
card is represented by one print line. Truncation in TERMINAL mode (write message
from data source ending with E2) must be programmed. The end of each print line
in this mode must be designated with an escape code followed by either an end of
line or carriage return code.

For further information concerning the Line Printer Station, refer to the
222 Line Printer Controller Reference/Customer Engineering Manual.

Printout is initiated when a transfer request is received from another module.
If the line printer is not busy and able to process the information, data from the
requesting assembly is directly entered in an associated line printer adapter delay
line. The window is not used for data entry.

*222-1 Line Printer Station
*%222-2 Line Printer Station
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Line Printer Adapter Kit

222
LINE PRINTER

A memory-to-memory dump begins at a point synchronized with the beginning
of page in the display module and ends when that point is regained (10 milliseconds
later). This means that the entry marker in the adapter memory references a symbol
position corresponding to the upper left corner position on the crt raster. When the
marker is referenced in the last window position after transfer has been completed,
the 7 bits immediately above are gated to a buffer register. At the same time, an
Information Ready signal is sent to the line printer. This buffer register places the
information on the seven Data lines. Upon receipt of Information Ready, the line
printer samples the Data lines and returns an Output Resume signal. Output Resume
clears the buffer register and Information Ready signal and another word is gated
from the window when the marker is referenced again. The marker advances for
each window/buffer register transfer.
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LINE PRINTER STATION
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WINDOW ADVANCE MARKER
CONTROL DISPLAY
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Line Printer Adapter Block Diagram

LINE TRUNCATION.

The line printer does not automatically truncate lines; it must be programmed
to do so. Two codes — carriage return (101 octal) and end of line (100 octal) —
perform this function. Both codes are transmitted to the line printer after transfer
to the buffer register. However, in order to maintain compatibility with the display,
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Normal Data Transfer Procedure
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the carriage return code blocks further transfer operations between the window and
buffer register until the beginning of the next display line is reached. During this
period, the marker is continually advanced. The end of line code does not momen-
tarily halt the operation, since it is of no significance to the display! In either case,
the remaining portion of the print line following transmission of a truncation code is

filled with blanks.

The print line is automatically truncated at the end of a display line if the
message originates at the Display Station keyboard. In this case, an end of line
code is hardware-inserted in the buffer register. Since compatibility with the crt
image is of the essence, the marker in adapter kit memory advances through the dis-
play retrace period.

During a LIST operation, an end of line code (100 octal) follows each
80 columns of data from the reader adapter kit. Since, in an 80 by 13 display
module, the end of a display line is reached at the same time the end of line code
is inserted, the marker is advanced through display retrace and compatibility with
display format is maintained. However, in a 50 by 20 display module, the end of
a display line is reached before 80 card columns are printed. In this instance,
9 retrace symbol times are stored in memory and the marker advances through this
period. When the beginning of the next display line is reached, printout begins
again. However, since no end of line code was sent, the line printer resumes
printout on the same leaving no blanks for the retrace period; Information Ready
was not tagged. Then, when the end of line code is detected, a new print line
begins.

FORMAT CONTROL.

v ~ A line printer operates in either of two modes; LOCAL (Display Station or
reader-initiated printout) or TERMINAL (data source-controlled printout). A
Terminal Mode signal is sent to the line printer when under data source control.
As a result, vertical spacing must be programmed.

The first symbol of a print message and the first symbol following an end of
line or carriage return code in TERMINAL mode is interpreted as a format control
character. There is no format control in LOCAL mode since single spacing between
lines is automatic. The four format control characters are:
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CHARACTER  OCTAL CODE FUNCTION'

Blank 00 Single space (vertical)

0 12 Double space (vertical -

1 01 Page eject — advance to

top of next form.
+ 60 Suppress space — maintain

CARRIAGE
RETURN (101
IN
BUFFER

g

RAISE
INFORMATION
READY

ADVANCE MARKER
TO BEGINNING
OF NEXT
DISPLAY LINE

Part D

END OF LINE
(100g)
IN BUFFER

current line (do not space).

END OF
DISPLAY LINE

NO

LIST

OPERATION
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BUFFER
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ACTIVE
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OF NEXT
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DISPLAY LINE
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INSERT
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> INFORMATION
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Line Truncation
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Any character, other than those shown, are interpreted as blank characters
unless preceded by an escape code, ie, the single-space operation is performed. In
TERMINAL mode, all operations are performed before subsequent printout of data
(preprint). If the format control character is preceded by an escape code, it is dis-
regarded and the next character is examined. The format is established when a
character not preceded by an escape code is found.

PRINTOUT TERMINATION.

The print operation may be terminated in a variety of ways. First, a master
clear or manual release condition returns the entire adapter fo the initial not busy
state, and selection must take place again.

Printout normally ends when an E2 code (140 octal) is encountered in the
buffer register. This code is transmitted but not printed. When the Output Resume
response is received, the adapter is returned to the initial condition. If, due to
malfunction, the E2 code is not discovered before the entry marker reaches a posi-
tion corresponding to the end of the display page (lower right corner of the raster),
the operation is terminated.

TEST MODE.

The LINE PRINTER TEST/MC switch on the logic chassis may be used to
check operation of the printer. In the TEST position, this switch prevents an E2
code or end of display page position in memory from ending the operation. Conse-
quently, any message stored in the adapter kit memory experiences a continual print-
out until the switch is returned to its normal position.

INTERRUPT.

The INT (interrupt) key on the Display Station keyboard may be used to
interrupt a print sequence under data source control. In this instance, data in a
write message ending with E2 is transferred from display buffer memory if the printer
is ready. The INT key blocks formation of the one-word (E3) read message following
transfer, and allows the operator fo gain control of the terminal. However, if
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Section IV

transfer cannot be accomplished (printer not ready), an interrupt condition cannot
be established and a one-word (E2) read response is issued on the next poll. The
INT key has no effect in LIST mode or when the print message originates at the Dis-

play Station keyboard.

|

E2 CODE END OF NO CONTINUE
(140g) DISPLAY PAGE NORMAL
IN BUFFER REACHED OPERATION

r
YES YES
s v NO
MASTER CLEAR
INITIATE
LIST YES INFORMATION TEST YES Y, Oigﬁ‘gﬁ“
READY A
ACTIVE
NO NO YES
YES
TEST [
NO
‘V
A NO \ 4
INITIATE OUTPUT END
INFORMATION RESUME
READY RECEIVED OPERATION
[}
1
Printout Termination
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Equipment Numbers

FE108-A
FE108-B
FE109-A
FE109-B

For use with the
224-2 Card Reader
Station, Equipment
Numbers:

CE304-A
CE304-B






Section IV 217 Theory of Operation
Card Reader Adapter Kit

A 224-2 Card Reader Station becomes an integral member of the terminal if
the proper adapter is used which adds a punched card data input to the present pro-
cessing capabilities. For each of the four Equipment Controllers there is an assigned
adapter kit. Equipment relationships are defined in the following list. Differences
are explained in the Basic Configuration.

EQUIPMENT ADAPTER CARD READER
CONTROLLER KIT STATION
FC710-A - FE108-A CE304-A
FC710-B FE108-B CE304-B
FC711-A FE109-A CE304-A
FC711-B FE109-B CE304-B

224-~2 Card Reader
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Card Reader Adapter Kit

Theory of Operation

GENERAL OPERATION.

A 224-2 Card Reader may operate in either MAN (manual) or AUTO (auto-
matic) mode. In the first instance, the entire stack of punched cards is read without
passing information to the adapter kit. AUTO mode must be used to transfer punched
card data to the controller for processing.

Photodiodes are used to guide card movement and scan the data channels.
As a card leaves the hopper feeder, it enters a ready station covering a photodiode.
Card movement stops at this point until a Feed signal is received from the adapter.
The adapter issues a Feed signal in response to a Ready signal from the reader if the
full complement (12) of cards have not already been stored. Ready and Feed will
drop until the beginning of the next card cycle.

ROUTING | POST-READ | READ , READY

STATION STATION STATION STATION
HOPPER

STACKER FEEDER

Card Reader Station Simplified Block Diagram

When the preceding card is moved to the post-read station, the card in the
ready station moves to the read station. Here, a row of photodiodes is used to check
the condition of each channel for every column. One photodiode is located imme-
diately following the 12 data cells. As the card moves forward, the leading edge
passes over this cell along with the data cells (position "A" in the following illus-
tration). At this point, all data cells are covered and should indicate a dark condi-
tion. In any event, card movement continues and each column is read by the data
cells.
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<}==- CARD
O MOVEMENT

O0000O0000O0O0

N\

Read Station Diagram

A Strobe signal is used to indicate when a column is over the data cells.
As the card passes over these cells, the 12 Data lines indicate light conditions in
each channel. A Strobe pulse accompanies each new column of data. In the next
chart, four characters are used (A, B, C, and D) to illustrate the pulses on Data
lines as well as the relationship to the Strobe signal.

After the last column has been read (80th Strobe pulse transmitted), the
reader issues an End Data signal. This should occur when the trailing edge of the
card reaches position B (see Read Station diagram). Then, at position "A", the
trailing edge leaves all cells uncovered implementing a light check. The next stop
is the post-read station where it is temporarily held until the preceding card can be
ejected to the stacker. Once entered in the routing station, the card covers a
photodiode. If it becomes jammed and cannot be ejected to the stacker, the card
drive mechanism halts. In addition, a Check Error signal is issued. The same
situation is created in the event of a jam in the feed portion of the cycle.

Assuming the card can be properly ejected to the stacker, certain other

conditions can also halt card motion and flag the Check Error line. These condi-
tions are:
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(@)  Stacker full.

(b)  Hopper empty.

(c) Light or dark check error.
(d)  Any routing error.
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+5V /el Mlcaoisscoruos MINIMUM

STROBE | | ]] “ U

CHANNEL oy~ 0-32 MILLISECONDS NOMINAL
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|
|
+ 5V J
a——— |
| t—at

12 - |
oV o~ N\
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I B

+5V
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+5V
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0 O N 0O O
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Data Transmission
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DATA ENTRY,

The reader adapter temporarily stores data while a search is made for the
entry marker in reader buffer memory. Maximum access time to memory is 10 milli-
seconds during which time 11 columns of data could possibly be received. Twelve
buffer registers are used for temporary storage. Previous to entering buffer regis-
ter 1, the punched card data is converted from Hollerith coding to a binary form
compatible with the Equipment Controller repertoire.

Once the marker is found, data is transferred from buffer register 12 to the
reader delay line window (reference reader adapter block diagram). From here,
data is inserted in the delay line and continually recirculates through the window.
The marker advances with each new entry. Transfer through the buffer chain and
entry into the window is governed by a resync pulse which is a direct derivative
of the Strobe pulse from the reader.

The marker is advanced in reader buffer memory through the end of line
periods in the display module. During this marker advance period, no data may be
stored. Consequently, in a 50 by 20 format, storage of consecutive columns will
be interrupted by a 9-symbol position retrace period. In the 80 by 13 format, 10
retrace symbol positions precede the first column of the next card.

DATA TRANSFER.

A Check Error signal automatically terminates a card data message in memory
by clearing buffer register 1 and creating a resync condition. When the octal code
of 000 reaches buffer register 5, the upper 2 bits are toggled resulting in an E2 code
(140 octal). This code is entered into memory from buffer register 12. Normally,

a card counter terminates the message after the 12th card has been read by blocking
further Feed signals and inserting E3 (141 octal) in LOAD mode or E2 in LIST mode.
The card counter increments with each End Data signal received. When an "E" code
enters the window, a transfer request is established.

LOAD.

When operating under data source control (LOAD key depressed), a write
message ending with E3 must be received by the controller in order to transfer reader
buffer memory contents to the display buffer memory once a transfer request is acti-
vated. After completing a memory-to-memory dump, the transfer request is dropped
and the adapter kit responds to the next Ready signal with a Feed signal.
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If an error condition was indicated for the data transferred (Check Error
signal received), and not remedied, the next write message ending with E3 sets up
a one-word read message (E2) in display buffer memory. This signifies that the
reader is not ready.

NO 12 CARDS YES NO | INSERT E3 IN
| OF DATA Egsgm'; READER
READ ! BUFFER
TNO lYES i
YES | INSERT E2 IN SEI
DISPLAY
ERROR READER || READER/DISP
o TRANSFER
| BU REQUEST
LOAD BLOCK
MODE FURTHER FEED
SIGNALS

LOAD Mode Message Termination

LIST.

A depressed LIST key enables transfer from reader buffer memory to printer
buffer memory for local printout when the printer is ready. After the memory dump,
transfer request is dropped and the reader resumes normal operation unless an error
condition exists.

If a 136-column line printer is used for printout, the reader adapter inserts
an end of line code (100 octal) into the buffer after each card has been read. Con-

sequently, an 80-column format is established for printout. This is the only page
format restriction established by the reader adapter.

INTERRUPT.

The INT (interrupt) key on the Display Station keyboard may be used to
interrupt a card read sequence during a LOAD operation. In this instance, a
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{ N — NG
. 12 CARDS INSERT E2
NO
ERROR OF DATA YES IN
READ READER BUFFER
LIST .
MODE YES l
; SET BLOCK
INSERT E2
N | READER/PRINTER | . FURTHER
READER BUFFER TRANSFER FEED
REQUEST SIGNALS

LIST Mode Message Termination

reader-to~-display transfer is prevented and the keyboard is released allowing the
operator to change a stack of cards and/or compose a message. During this interval
the LOAD light remains illuminated and the switch may be depressed again if the
card stack change is desired. The second depression clears all stored data from the
previous read and reses the card counter to 0. INT has no effect on a LIST opera-
tion. If memory is not cleared in this manner, the first block of data transferred
after the interrupt consists of stored information from the previous stack of cards.

TEST.

The READER TEST/MC switch enables display of card data in the TEST posi-
tion. In this case, the card counter is cleared and prevented from incrementing.
Cards are read in the normal fashion and entered in reader buffer memory and the
switch maintains a constant reader-to-display transfer enable so data written into
reader buffer memory is also entered in display buffer memory. By disabling the
card counter, E3 message terminations are prevented. However, any error will
terminate the message and operation with an E2 code.
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MAINTENANCE

Preventive and corrective maintenance procedures described in this section
improve the usefulness and extend the service life of the Equipment Controller.
Digital computer troubleshooting techniques apply for most troubles. This section
should be used in conjunction with the Diagrams section (Book 2) and the Parts
Data Book.

PREVENTIVE MAINTENANCE.

Preventive maintenance requires dusting of exteriors with a lint-free cloth,
visual inspection, and vacuum cleaning. Vacuum the cabinet interior weekly with
power removed.

On a monthly basis, visually inspect the cards and boards to determine that
they are properly inserted. Check interconnecting cable ends for any indication of
fraying if cables are subjected to abuse. Inspect the power supply and Equipment
Controller components for leaky capacitors, wire damage, and corrosion.

TEST EQUIPMENT REQUIRED.,

Maintenance of the controller requires the use of an oscilloscope with probes
and a multimeter (not furnished) as listed:

Multimeter — Simpson 269 or equivalent
Oscilloscope — Tektronix Type 545A, or equivalent
X10 probes (two) — Tektronix or equivalent

X100 probes (two) — Tekfronix or equivalent

Board extender — 62 pin (Part No. 90000243)

Card extender — 15 pin (Part No. 51006005)

The oscilloscope should be dual-trace and external-triggering facilities,
allowing comparison of two traces while using a third pulse for a trigger. Various
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corrective maintenance functions require the use of the multimeter. The card and

board extenders permit easy access to logical functions and mounted component
leads. '

CAUTION

Extreme care must be exercised if using multimeters
near integrated circuits because the d-c voltages in-
duced by some meters create an overvoltage situation.

CORRECTIVE MAINTENANCE.

: Use the following aids to isolate a suspected faulty integrated circuit on a
board:

e Overvoltage — denotes shorted integrated circuit
e Overcurrent — denotes open integrated circuit

All logic for the controller is arranged on 62-pin printed circuit boards.
Each board contains a maximum of 12 easily accessible logic test points along with
a ground test point. The test points are numbered consecutively starting from the
top, with the last being ground. Pin numbering is also consecutive, from top to
bottom. Even numbered pins are on the component side of the board, with odd
numbers on the other. Components on a board are referenced within a 5 x 4 alpha-
numeric matrix. Assembly drawings of all board types may be found in the Parts
Data Book. Figure é=1 illustrates one such drawing in an attempt to point out the
features just described. '

Adjustments discussed in the following paragraphs are for corrective main-
tenance. Normal adjustment of each maintenance control is made during initial
installation of the equipment. These adjustments should not require resetting except
when replacing a component, or if display deterioration has occurred. Adjustments
required for the Display Station and other i/o devices are described in associated
Hardware Reference/Customer Engineering Manuals.

Areas of corrective maintenance, other than logical circuit troubleshooting

are adjustments of the video pulse, power supplies, ramp generators, delay lines,
and automatic answering. Video pulse adjustment involves time duration settings.
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Figure 6-1. Typical Board Assembly

Power supplies are adjusted for logical circuit supply voltages. Delay-line outputs
are synchronized with main timing. An oscilloscope is required to align the delay
lines. A voltmeter is needed to adjust power supply output voltages. Logical cir-
cuit troubleshooting requires determining the area of malfunction and circuit tracing
this area using the logical diagrams and an oscilloscope.

VIDEO PULSE ADJUSTMENTS.

The Display Station uses 100-nanosecond video pulses for symbol formation.
For proper video generation, there should be one video gating pulse for each 100-
nanosecond video timing pulse for the symbols and marker chain. A circuit on the
board in jack location A4 in the controller logic rack is used to provide pulse delay
and shaping. Two potentiometers, R3 and R5, are used to adjust pulse delay and
pulse width, respectively. R3 is the upper pot. on the board with R5 immediately
below.
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To adjust for proper symbol and marker unblank, the following procedure is
recommended: : )

1.  Display a full raster, using the entire symbol repertoire.

2. - Turn the two pot's. all the way clockwise, to obtain maximum pulse
width and delay.

3.  Adjust the upper pot., counterclockwise, to decrease the video gating
pulse delay until optimum video unblank is observed on the crt. If
the pot. is turned too far in the counterclockwise direction, dots will
begin to disappear. The result of misadjustment are shown below.

0 o [o 0O
o [o o [o °
o lo o [o °
TO0 FAR —*gigie(ele| [o[e[0]eje] [e[e[e]e[e]—— TOO FAR

COUNTERCLOCKWISE (o o (o ol [ele[ole)e CLOCKWISE
° o [o o [o °
° o [o o [o °
NORMAL & )

4.  Adjust the lower pot., counterclockwise, to decrease the video gating
pulse width — further optimizing the video unblank. Oblong-shaped
dots appear when the pot. has been rotated too far counterclockwise.
Results of misadjustment are shown next.

® 0 o [ [] L)
. o |[o o |o °
TOO FAR /—'-:'..: :...: 0.. ®) « TOO FAR
olo[e[ele
COUNTERCLOCKWISE ° o o ° ) ® CLOCKWISE
° o [o o |o °
° o o o [o °
NORMAL
5.  Further adjustments of the two pot's. may be necessary to obtain the

optimum dot size for video unblank and to prevent extra or not enough
dots from appearing on the raster.
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RAMP GENERATOR ADJUSTMENTS.

The crt beam positioning is controlled by horizontal and vertical ramp
generators in the Equipment Controller, as well as the deflection assembly on the
crt. A pair of potentiometers on the board in jack location A8 in the controller
govern the output of the ramp generators. The vertical ramp generator controls
vertical positioning of the left side of the first line. To correctly adjust the ramp
generators:

1. Adjust the intensity contirol on the Display Station until the raster is
visible.

2. Adjust the upper pot. until the upper line is parallel to the next lower
line.

W TOP LINE %

3 k

INCORRECT CORRECT

Squaring of the raster is accomplished by the horizontal ramp generator. To
correctly adjust this circuit:

1. Turn the lower pot. clockwise until the raster is a parallelogram.

2, Rotate the pot. counterclockwise until the raster is just square.

For further adjustments regarding raster size and positioning relative to the
facemask, consult the Display Station Hardware Reference/Customer Engineering
Manual.

AUTOMATIC ANSWERING ADJUSTMENT.

Automatic answering permits communications between the Equipment Con-
troller and the modem when the site is unattended. The automatic answering
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BOTTOM LINE

adjustment governs the period of time in which these automatic communications may
take place. A circuit on the board in jack location A13 is used to establish this

time period.
I.

2.

Set AUTO ANSWERING to the ON position.

Remove the board in A13 and replace inserted in a 62-pin extender
(be sure power is off when performing this step).

Monitor the Data Terminal Ready line (tp2 at B15). If it is at -6 volts,
manually set K870/871 (see diagram 030) by momentarily placing a
ground on the set input. Ground is available on the last tp on the
board. Data Terminal Ready should then go to +6 volts.

Still monitoring Data Terminal Ready, attach a lead from pin 1 at A13
to tp6. This step puts +5 volis on the input to the delay circuit.

Now, note the time it takes from the initial application of the +5

volts to tpb until Data Terminal Ready drops to = 6 volts. The total
elapsed time should be approximately 30 seconds. To increase the time,
rotate the pot. (R4) clockwise, then go back to step 3 and check.

Once the delay period has been correctly adjusted, place the AUTO
ANSWERING switch in the OFF position. Data Terminal Ready should
register +6 volts and the setting and clearing of K870/871 should have
no effect.
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DELAY-LINE MEMORY ADJUSTMENT,

Data storage for display and buffering purposes is accomplished via magneto-
strictive delay lines. Two passes of the display module delay line are required to
complete one full scan of the display page. Since two passes are required, upper
and lower-half display page data must be interlaced.

Basic machine timing establishes a symbol transfer interval (symbol time) of
16.8 microseconds. This means that the delay line must supply one symbol every
symbol time. Each symbol time is divided into 16 equal divisions of 1.05 micro-
seconds, allowing two 8-bit words to be stored during the same 16.8-microsecond
interval. Data bits leaving the delay line shift into a 17-bit window every 1.05
microseconds. This action provides parallel assembly of the two interlaced 8-bit
words. Access is provided to one word, in the window, between successive window
shift pulses. Figure 6-2 shows the physical arrangement of the delay lines. The
following procedure is recommended for proper adjustment.

DISPLAY READER PRINTER

N+

jE o 1 o
] d.q:

11

PULSE LENGTH
ADJUSTMENT
SCREWS

000 0000

Figure 6~2. Delay Lines (Front Panel Removed)
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1. Remove the front panel.

2.  If the symbols will not remain on the display, repeatedly depress an
alphanumeric key and adjust the pulse length screw until the symbol
remains on the display.

3.  Connect oscilloscope probe B to tp2 on the board in jack Al. This
connection allows observation of the window shift pulses.

4.  Connect oscilloscope probe A to tp2 on the board in jack A10. Delay-
line pulses may be observed at this location.

5. Store a full raster of semi-colon (;) symbols, octal code 77, in memory.
6.  Adjust the LENGTH screw until the delay line pulses (probe A) are
positioned between successive window shift pulses (probe B) as shown

in figure 6-3. This adjustment is necessary to allow for maximum
amount of drift caused by temperature variations.

e — 900 NANOSECONDS »)
PROBE B | |

PROBE A

le——— 450 NANOSECONDS —>-| - e 450 NANOSECONDS ——+!
\\APPROX 150 NANOSECONDS

Figure 6-3. Delay-Line Adjustment Waveforms

All adapter kit delay lines may be adjusted by substituting them for the
display module delay line and repeating the previous steps. The substitution pro-
cedure requires switching connectors. In order to perform this step, the cable
clamps should be removed to allow enough movement of the connectors.

POWER SUPPLY ADJUSTMENTS.

The Equipment Controller uses a regulated power supply containing three,
separate, plug-in cards. The supply is mounted on a swing-out, hinged door
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permitting easy access to adjustments. Figure 6-4 shows the power supply adjustment
potentiometers located on the cards. The 534 card plugs into jack Al, while the
525 and 535 cards plug into jacks A2 and A3, respectively.

Q| ||©
rit] ||Rre

I

Al A2 A3

O

+5V =20V +20vV
ADJ ADJ ADJ
RII R6 R14

Figure 6-4. Power Supply Adjustments

Test points are on the swing-out door. Use these locations (see figure 6-5)
for the following adjustments.

/ | ___— RED TEST POINTS

| __— BLACK TEST POINTS

Figure 6-5. Power Supply Test Points
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To adjust the +20-volt supply:

1. Connect the voltmeter negative lead to the black test point and the
positive lead to the red test point above F3 (figure 6-5).

2. Adjust R14 (figure 6-4) for a reading of 20 volts.

To adjust the = 20-volt supply:

1. Connect the voltmeter negative lead to the black test point and the
positive lead to the red test point above F2 (figure 6-5).

2. Adjust R6 (figure 6-4) for a reading of 20 volts.

To adjust the +5-volt supply:

1. Connect the voltmeter negative lead to the black test point and the
positive lead to the red test point above F1 (figure 6-4).

POWER SUPPLY TROUBLESHOOTING.

The customer engineer should familiarize himself with the schematic and
interconnection diagrams in Section V before attempting to troubleshoot this power

supply.

+5=Voli Supply.

~ If F1 continuously blows, the problem can be isolated to the 534 card in Al.
The SCR (CR2, in this case) must be disconnected to disable the "crowbar" circuit
and prevent the fuse from blowing.

1. Remove a-c power cord from outlet. Depressing the POWER ON
switch does not completely remove power.

2.  Disconnect power-out bus connector at J2 to prevent any possible
damage to the logic boards.
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3.  Disconnect CR2 (immediately below F1) by removing the bottom nut.

INSULATING BUSHING

LUG
\

INT TOOTH
LOCKWASHER

WASHER

4, Tape the two attached lugs together, after removing from the SCR.
Make sure they do not short against the chassis or any terminals.

5. Position the SCR so that it will also not short against the chassis or
any other terminal. It would be a good idea to reinsert the SCR in
the mounting plate, using the mica washers and bushing for insula-
tion.

6. Plug the AC power cord back into the outlet and turn power back on.

7. Using a 15-pin card extender, monitor pin 5 and tp1 of the 534 card
in Al with an oscilloscope.

8.  Adjust R11 for +5 volts at tpl.
9. If tp1 will not hold at +5 volts, the problem is in the regulator portion
of the 534 card. If +5-volt pulses appear at pin 5 even though tp1

registers 5 volts, the problem is with the overvoltage protection circuit
on the card. In either case, the card should be replaced.

10.  Assuming tpl registers 5 volts and no pulses appear at pin 5, the problem
can be isolated to the +5-volt circuitry not on the card.

+20-Volt Supply.

There is a problem in the +20-volt supply if F3 continuously blows. Step 1
through 6 for the +5-volt supply also apply here, with the exception that the SCR
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is CR8 and there is only one lug attached. After disconnecting the crowbar circuit
and turning power on:

1. Monitor pin 8 of the 535 card (A3), using a card extender, and tp3
on the 525 card (A2) with an oscilloscope.

2.  Adjust R14 for 20 volis.

3. If tp3 will not hold at 20 volts the problem is on the 525 card, which
should be replaced.

4.  If tp3 will hold at 20 volts, but 5-volt pulses appear at pin 8, the
problem is on the 535 card and it should be replaced.

5.  Assuming tp3 registers 20 volts and no pulses appear at pin 8, the
problem can be isolated to the +20-volt circuitry not on the cards.

- 20-Volt Supply.

When F2 continuously blows, there is a problem in the = 20-volt circuitry.
The method used for disconnecting the crowbar circuit for the +5-volt supply
(steps 1 through 6) also apply here. However, the SCR is CR6 and there is only
1 lug attached. After disconnecting the crowbar and returning power:

1. Monitor pin 1 of the 535 card (A3), using a card extender, and tp2
on the 525 card (A2) with an oscilloscope.

2. Adjust R6 for 20 volis.

3. If tp2 will not hold at 20 volts the problem is on the 525 card, which
should be replaced.

4.  If tp2 will hold at 20 volts, but 5-volt pulses appear at pin 1, the
problem is on the 535 card and it should be replaced.

5. Assuming tp2 registers 20 volts and no pulses appear at pin 1, the
problem can be isolated to the - 20~volt circuitry not on the card.
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Transformer.

Secondary voltages might also be of some value when troubleshooting this
power supply. The next illustration provides this information.

VIOLET

Tl
% VIOLET

8+3% VOLTS RMS

;

YELLOW

+ 390
YELLOW 91+3% VOLTS RMS

r

GREEN

8¥3% VOLTS RMS
GREEN

|

BLUE

+ 7O
BLUE 23* 3% VOLTS RMS

f|

RED

+ 30
RED 8% 3% VOLTS RMS

GRAY

. + 20
GRAY 23+ 3% VOLTS RMS

|
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SECTION VII

MAINTENANCE AIDS

This section contains data necessary to support maintenance of the Equip-
‘ment Controller. Section VI explains how to perform maintenance procedures.

SYMBOL TIMING AND FORMATION MATRIX.

With the exception of the marker chain, symbols are formed by unblanking
the electron beam within a 5 by 7 matrix. Each word in display memory is decoded
when it is read out. This decoding results in selection of one string of diodes on the
diode matrix board. Each diode allows one video pulse to be transmitted to the crt.
The number and position of diodes determine the number and position of unblank
pulses for each symbol. Hence, a string of diodes creates a video pulse train which
results in the formation of a symbol. The next illustration shows timing for the

5 by 7 matrix formation of a symbol and the marker.

5
!

t33
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ts7

tes

tsi

132

ta4

tse

tes

ts0

t31

ta3

t55

te7

t79
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ts54
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t7s

t2o

tal

ts3

tes

t7v

tes

tao

ts2

tea

t76

te7

t39

tsi

te3

t7s

Y
tee

[
138

°
ts0

®
te2

°
t7a

RESERVED
4~ FOR MARKER

Symbol Formation Matrix
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Actual symbol formation starts in the lower left corner of the matrix at 127
and ends in the upper right corner at t81. The entire symbol repertoire follows in
dot matrix form. The codes are those stored in display memory.

SYMBOL REPERTOIRE
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CARD SCHEMATIC DIAGRAMS AND ASSEMBLY DRAWINGS.

A schematic diagram and an assembly layout drawing appear on each card
figure. The assembly layout drawing shows where each component is physically
located on the card. Each drawing gives the part number of the card. Use this part
number and the card type number when referring to parts data or when ordering a
replacement card. These cards are used only in the power supply.

Following is a typical card schematic diagram and associated layout drawing.

Item 1 points out resistor R1, both on the schematic diagram and assembly drawing.
Item 2 points out diode CR1 in a similar manner.
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7-4 82128100



Section VII

Maintenance Aids

CRI|

5i585900

25V |AMP
p

A
25VDCW a7V

CR2 d
510013033

‘T’Z

at

c2
~ 100
35VDCW

TPI

L

R9

150

1/2W
AN

CR4
51585900
\, 25V IAMP

v

J.C?

25VDCW a7V

RIO RIl
< 1.2K 15

st

_.C4
00
35VDCW

TP4

o

BCRG
51552400
9V

Q3
51565800

Regulator

Dual 20 Volis

REV. B/A
PART NO. 90001442
CARD TYPES525

82128100

7-5



Maintenance Aids 217 Section VII
I >__1 ™
10 )—o . * @

deri Rl &R2 R3 R4
4 51001239 %I.sl( %x.sx é}'.f, éuso
) 72w
RG RY. i
N ~ A‘}E}\' 267 = C}
87 1% 172w 1% 1/2W :
® %
5i001254 RS
. Re 150 _@)
7> A VAVAVE ] —" W\ Qi
22|
1% 51003i08
Q3 172w
) o 51565800 69 -
[sise5800 51573800 glg'r‘saoo,) RIl / 51001254
) RIO cés_‘ >
~ ¢z 33 A ] cw 510,
[ S Y PEm— )
Ri2 RI3 RI4 RIS S RIS RIS
%53 %75 1K K Sa7 120
% qw
T2 | I/2w
l5>—l T
14 ) : '
6>
5>
3
2
4
l\
or [ 7, O
, OCH -2
F ° é I 5-Volt Regulator with
E l E o Overvoltage Protection
I T
| ) 3 . REV. _/-
" PART NO. 90007569
T I CARD TYPE 534
7-6 82128100



Section VII 217 Maintenance Aids
6> :
2 >—— ‘l ito
%
%) 2:003!08
— @8
5163800
N B2«
4 \YAVAY,
172w
R3
> A
f 172w
12 >
14 ey rs‘%
7
%) :I‘%ONO&
o— @
51638001
RS
10 ¥
172w
R8
8) ‘3\2/9
f 172w
Dual 20-Volt Overvoltage
ieﬂ i H [i] Protection Sensor
- REV. -/-
{ " } PART NO. 90007572
U U CARD TYPE S35
82128100 7-7










>>2 CUT OUT FOR USE AS LOOSE -LEAF BINDER TITLE TAB

CONTROL DATA
[ coreonarion]

R P
CORPORATION 8100 34th AVE. SO., MINNEAPOLIS, MINN. 55440

- LITHO IN U.S.A.



