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Section One

GENERAL DESCRIPTION

1.1 GENERAL
The BG504 is a single-rack, stand-alone drum memory subsystem providing
fast access mass storage for Control Data 1700-series computers. The BG504
system configuration is shown in Figure 1.1.
Features Include:
e Single rack configuration.
° Compatible with SC1700, standard 1700, and 65K core 1700 computers.,
e  Storage capacities from 196,608 words to 1,572, 864 words; field expand-
able (see Table 1.1).
IN OouT
AQ ADDR * J04 Jos Terminate With
AQ DATA * 306  |.J07. No.30000401E or Connect
< T T T T to Other System Devices
1700
BG504
Series
' *
Computer |¢2SA ADDR 308 1 _ _ _ |
*
dDSA DATA J10I e e JllI
— J02
Interrupt ** I.—.
‘
| L 120 VAC, 50/60 Hz
40 VDC
* Cable No. 310004XX Termination
** Cable No. 388088XX Power

39731700A

Figure 1.1,

BG504 System Configuration

1.1
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Table 1,1. BG504 Storage Capacities

PRODUCT |EQUIPMENT | ASSEMBLY ff[lg/[l\gRY UNIT |NUMBER |NUMBER OF | NUMBER
NUMBER [NUMBER NUMBER |NUMBER OF WORDS [SECTORS |OF TRACKS |COMMENTS A
1752-1 BG504-A | 39744600 39668602 196,608 2,048 64 Field Expandable
-B | 39744601 03 393,216 4,096 128
1752-2 -C 02 04 589, 824 6,144 192 &
-D 03 05 786,432 8,192 256 ,
-E 04 06 983,040 | 10,240 1320 Field Expandable
1752-3 -F 05 07 1,179,648 12,288 384
| -G ;06 08 1,376,256 14,336 448 é
1752-4 BG504-H | 39744607 09 1,572,864 16,384 512 ,
QSE QSE QSE 10 1,769,472 18,432 576 Field Expandable
' 11 1,966,080 20,480 640 3# Power
12 2,162,688 22,528 704 Required
13 2,359,296 24,576 768 ,
14 2,555,904 26,624 832 Field Expandable
15 2,752,512 28,672 896 38 Power
| ! ! 16 2,949,120 | 30,720 960 Required
QSE QSE QSE 39668617 3,145,728 32,768 1024

é Field expandable in increments of 64 tracks
& Expandable only within the group
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e Single phase 120 vac, 50/60 Hz only primary power required.

® Access time: 8.7 milliseconds nominal; 17.4 milliseconds maximum

(60 Hz power),
e Word transfer rate 183 kHz nominal (60 Hz power).

@ Sector oriented hardware; driver accepts either sector or word address

requests.
® Sector size: 96 data words plus one 16-bit checkword.

e Standard driver, MSOS system initializer, Olympus and Utopia modules,

and SMM17 diagnostic available.

e High reliability: Gold-plated contacts and transistor - transistor logic
(TTL) throughout controller, and drum. Drum is sealed in dry inert

helium gas for long bearing life and full temperature operation.
e Autoloads first 1536 words from drum into core.

o Guarded address capability: No drum writing below selected track address;
switch enabled; address determined by front plane U-jumpers (1 through 256

tracks can be guarded).

o Sector overrange detection: No Drum Write or Drum Read operation can be

performed on non-existent sectors,
o UL listing

e No control words imbedded in data buffer; all control via computer AQ chan-

nel and all data transfer via computer direct storage access (DSA).

° Partial sector write feature: If fewer than 96 words are transferred into a

sector, the area between last word and checkword is filled with zeros,

PHYSICAL DESCRIPTION

Major éomponents for the BG504 are described in the following paragraphs.

1.3



1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

1.4

RACK (39291400)

The BG504 is completely contained in one standard 19-inch rack. Nominal dimen-
sions are: height, 75 inches; width, 24 inches; depth, 28 inches. Front and rear
doors, and louvered-removable top are light gray; frame and removable sides,

black-gray. Total uncrated BG504 weight is 730 pounds.

DRUM POWER SUPPLY PANEL (396686XX)

This 5.25-inch high module mounts in the top of the rack, and provides dc

operating voltages for the drum memory unit.

CONTROLLER POWER SUPPLY PANEL (39738900)

Controller dc operating voltages are supplied by this 7-inch high module which

mounts beneath the drum power éupply panel,

DRUM CONTROLLER (39740900)

This 14-inch high double module mounts beneath the controller power supply
panel. Thirty-nine logic cards plug into the front; each card edge has abundant
test points. The rear panel contains A/Q, DSA, interrupt and other connectors.

The panel is hinged to allow easy access to the wire-wrapped back-plane.

BLOWER (39514900)

~ The 5.25-inch high blower module mounts beneath the controller. It cools the

rack with an upward directed airflow of 540 CFM. A self-contained filter is

removable from the front.

39731700A



1.2.6

1.2.7

1.2.8
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DRUM MEMORY UNIT (396686XX)

The rotating fixed-head drum memory unit is mounted on slides near the bottom
of the rack. Table 1.1 specifies standard available word sizes and field expanda-
bility (added head plates). Cable lengths allow drum operation with the slides
extended. The drum may be removed from the rack by simply lifting it off the

extended slides (slides extend only after blank front panels are removed).

POWER DISTRIBUTION BOX (39739400)

This assembly is mounted in the bottom of the rack and is accessible from the
rear. All power and ground wiring is terminated by solderless connection to
labeled terminal blocks located beneath a removable panel. Two circuit breakers

function as separate power switches for the drum unit and controller/blower.

CONTROLS, INDICATORS, AND ADJUSTMENTS

Drum Unit Power Supply (P. S.) Panel Adjustments

Title Description Location
+25 vdc Adjustment Potentiometer Rear Access
+ 5 vdc Adjustment Potentiometer Rear Access
-12 vde Adjustment Potentiometer Rear Access

Controller Power Supply (P.S.) Panel Adjustments

Title Description Location
+ 6 vdc Adjustment Potentiometer Rear Access
+ 5 vdc Adjustment Potentiometer Rear Access
- 6 vdc Adjustment Potentiometer Rear Access
1. 5



1.6

Controller Controls, Indicators, and Adjustments

Title/Function

EQUIPMENT NUMBER

AUTO LOAD
PROGRAM PROTECT

ENABLE GUARDED
ADDRESS

""DSA Scanner' Switch
READY

BUSY

ALARM

WREN Adjustment
Clock Adjustment

Deécription

16-Position Thumb-wheel
Switch

Pushbutton Switch
Toggle Switch
Toggle Switch

5-Position Rotary Switch
Indicator

Indicator

Indicator
Potentiometer

Potentiometer

Drum Memory Unit Controls and Indicators

Title/ Function

MOTOR RESET
Master/Spare Timing
MOTOR POWER ON
SPEED LOW

PUMP ON

TEMP HIGH

BOTTLE PRESSURE LOW

Helium Atmos. Pressure

Helium Cylinder Pressure

Description
Pushbutton
Toggle Switch
Indicator
Indicator
Indicator
Indicator
Indicator
Guage
Guage

Power Distribution Box Controls

Title

DRUM
CONTROLLER/BLOWER

Description

5 amp Circuit Breaker

5 amp Circuit Breaker

Location

Card Position B36

Card Position B36
Card Position B36
Card Position B36

Card Position B2

Card Position B36
Card Position B36
Card Position B36
Card Position A26
Card Position A26

Location
Front Panel
Lower Front Access
Front Panel
Front Panel
Front Panel
Front Panel
Front Panel
Front Panel

Left Side Access

Location

Panel (Rear Access)

Panel (Rear Access)

39731700A



1.3 ELECTRICAL DESCRIPTION

1.3.1 PRIMARY POWER

BG504 AC Power

Maximum at 120 VAC,

Unit 50/60 Hz, Single Phase Protection
Controller/P.S. /Fan 2.5 amp _ 5-amp Circuit Breaker
Drum Unit/P, S, 3.5 amp 5-amp Circuit Breaker
BG504 Total 6.0 amp -
1.3.2 DC POWER

Drum Memory Unit DC Power

Drum Memory Unit Requirements Drum P, S. Panel Qutput
+25v +5%, 2.0 amp Maximum 22-35v, 1.1 amp Minimum at 60°C
+ 5v 5%, 4.0 amp Maximum 3-7v, 5.4 amp Minimum at 60°C
-12v +5%, 1.5 amp Maximum 8 to -14 v, 1.8 amp Minimum at 60°C

Controller DC Power

Each supply has short circuit and overvoltage protection.

Controller Requirements Controller P.S. Panel Output
40v +10%, Terminator Power From Terminator Power Supply
+6v £10%, 6.5 amp Maximum +6 £0,3v, 8.1 amp Minimum at 55°C
+5v £5%, 4.5 amp Maximum +5 +£0.25v, 8.5 amp Minimum at 55°C
-6v £10%, 3.5 amp Maximum -6 £0.3v, 4.4 amp Minimum at 55°C

39731700A 1.7



1.3.3 CONTROLLER/DRUM INTERFACE

1.8

Interface transmitter and receiver circuits are commercial 7400-series TTL.

Schematically, these circuits are as follows:

+5
Logical One> 2.0 VDC

Logical Zero< 0.4 VDC > 2208
1
7440 ) !

| =» 12 TTL Loads Maximum
(Or Equivalent) N 330q (16 ma/Load)
: |

|

| o/

|

|

[l

-.._L- A4

Transmifter Circuit

‘2'
Receiver Circuit

39731700A



1.3.4 CONTROLLER/CPU INTERFACE
Interface transmitter and receiver circuits are Control Data DTL Intebrid party-
line IC's. Schematically, these circuits are as follows:

Logical One <-0.25VDC
Logical Zero = +0.25 VDC

568 56Q

(o >
560 560
x =

Transmitter Circuit Receiver Circuit

+20 =20 +201-20

|

3.9K 3.9K : 3.9K 3.9K

= O\l A ol

— X 1 X —

- L\ | -
|
|
|

Logical One = +0.25VDC
Logical Zero =< -0,25 VDC

1.4 PERFORMANCE/CHARACTERISTICS SUMMARY

1.4.1 PERFORMANCE

1.4.1.1 Storage Capacity

Standard capacities from 196,608 words to 1,572,864 words in increments of
196,608 words (see Table 1.1).

1.4.1.2 Access Time
At 60 Hz power:

® 17.4 millisecond maximum

® 8.7 millisecond nominal

39731700A ' 1.9



1.4.1.3

1.4.1.4

1.10

At 50 Hz power:
® 21,0 millisecond maximum

e 10,5 millisecond nominal

Word Transfer Rate

Data transfers bit - serially between the drum unit and controller at the

following constant rates:
e 183 kHz nominal word transfer rate (60 Hz power).
e 153 kHz nominal word transfer rate (50 Hz power).

Computer/controller data transfers occur bit-parallel at the preceding rates on
the average; however, the controller has double-buffering capability which per-
mits word transfers to/from computer core on two consecutive core memory

cycles. The BG504 never acquires more than two consecutive memory cycles.

Track Organization/Timing

Track organization/timing is as follows:

e Sector Format —1 Word Preamble™®
96 Words Data
1 Word Checkword
1 Word Postamble™

) BitS/Wordl"‘ 16
e Data Words/Sector — 96
® Sectors/Track — 32

® Tracks/Drum — See Table 1.1

*Preamble and postamble are generated by the drum memory unit.

39731700A



e Data words/Track — 3072

® Track Timing — See Figure 1.2

1,4.1.5 Autoload Operation

Sectors $0 through $F (1536 words) are transferred to core locations $00
through $5F when the AUTO LOAD pushbutton is depressed. Autoload into pro-
tected core is allowed; the controller sends a true Program Protect signal to

the computer during Autoload.

1.4.1.6 Partial Sector Write/Read

Data transfers of word length one or greater are allowed; all data transfers
begin at a sector boundary. If fewer than 96 words are transferred into a
sector, the controller fills the area between the last word and the checkword
with zero. I fewer than 96 words are transferred to the CPU, the controller

continues to the end of the sector to verify the checkword.

1.4.1.7 Guarded Address Detection

Front plane U-jumpers (39025100) inserted into card position A16 specify the
highest Guarded Track Address. Drum Write operations into guarded addresses
are not allowed while the ENABLE GUARDED ADDRESS switch is up; the con-

troller aborts the attempted operation and sets appropriate alarm status bits.

1,4.1.8 Sector Overrange Detection

Front plane U-jumpers (39025100) inserted into card position A16 specify the
highest Addressable Track Address. Drum Read or Write operations are not
allowed beyond this address; the controller aborts the attempted operation and

sets appropriate alarm status bits.

39731700A | A 1.11
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DETAILED TIMING

50.81k pulses per

je-t1 > —>{t2
L

revolution

1l puise per

revofution

32 pulses per

revolution

6352 pulses per

BIT CLOCK 1 ) I T P N e O e Y e Y e : 1T
LS . : ! ! !

ORIGIN MARK T o ; ' ' X
je- tE>| >i{t3 : , :

SECTOR MARK ! : ! s :n. : : :
HALF~ i ! i i ! |
wrpmrx ____ [+ L [T | : J :
St ke . i :

WRITE ENABLE __

revolution

2. Timing tolerances include the effect of speed variations from
3300 RPN to 3L00 RPR.

WOHz S0Hz S.
ty = 342 +20 nsec. tl = 410 +20 nsec.
td = tl/2 +20 nsec. t2 = tl/2 #20 nsec.
tl = 75 nsec. mini t2 max. td = 2§ nsec. mindi t2 max.
ty = 200 nsec. max. t4 = 200 nsec. max. be

3. Followihg the ORIGIN MARK, and preceeding SECTOR O mark,
128-bit drum memory recovery period {allows continuous
read/write operationsl}.

Figure 1.2,

>t ] 1
) l £¢ g3 l‘i(- P T . !
DATA TO DISC__ JPost15 | 128 Bit . Gap [Pre 0_JiPreis] Data o[pata 1 " Dats 2] Dats 3] Data 4 Dats 5 lpata b | Data 2.1
—r— o~ i i
- o . Sl H
DATA FROM DISC [ Posts [ Post 8 [,/ 128 Bit Gap ‘: [ Pre a [Pre 9§ [ Pre_1n[Pre P P, !
tl A } ’ L abits |
=" > 1< A
WRITE TO READ DATA DELAY
TINING ORGANIZATION
) £n,83b bits i
‘ i< >
ORIGIN MARK ! (s |
I& 128 bits_;'(____joctor 0 \;’ Sectors L - 31
1584 bits 1584 bits typical
SECTOR MARK | | £ -
> 16 bits Preamble Ié]" bits Postamble
E;——-——-—— 1552 bits n.n—-’q
HALF- and Check Sum l I
WORD MARK 11 ] (s
—3>| je— 8 bit typical L352 times
NOTES
3. All timing is shown at the memory system interface. Yo 1b bits cf sector preamble {PRE 0 to PRE1S} are generated by the

drum memory and written following each SECTOR MARK {when WRITE ENABLE
is TRUE}.

3L bits of postamble {Post D to Post1lS} are generated by the drum
memory system and written before each SECTOR MARK {WRITE ENABLE is
TRUE}.

Recovery time required bv the memory system to read after suitchihq
tracks and writing is 25 usec and 30 usec respectively.

Drum Memory Timing
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1,4,1.10

1,4.1,11

1.4.1.12
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Power Failure Response

Upon loss of primary power, the power failure status bit sets one millisecond

(minimum) before controller DC operating voltages fall 5%. If the controller is
programmed for an Alarm Interrupt, this allows one millisecond (minimum) for
software to respond to the interrupt and status the controller before it becomes

inoperative,

Power failure can result in loss of drum data only when the failure occurs during
a Drum Write operation; the affected data will be on only the track addressed at

the time of failure.

Performance Limitations

Total DSA cable length shall not exceed 80 feet. Total A/Q cable length shall

not exceed 200 feet.

The error free data recovery window is 40°F: the temperature at which data is
read from the drum must be within +40°F of the temperature at which data is

written on the drum.

Programming Codes

BG504 programming codes conform to manual 60165800 (see Table 1.4). The

codes are illustrated in Figures 1.3 through 1.11.

Program Protect Operation.

A/Q and DSA program protect (P.P.) operations are summarized in Tables 1.2

and 1.3 respectively.
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P1°1

VO00LTIEL6E

15 14 13 12 | 11 10

9 8 | 7

E=Equip. No.

15 14 13 12 |} 11 10

A

*Takes precedence over bits A3 and A4

**Subordinate to bits A3 and A4

X Not applicable

lvCIear Controller*

Clear/Disable Interrupts**

—Enable End of Operation Interrupt

—Enable Alarm Interrupt

Figure 1.3. Director Function (Out)



15 14 13 1211 10 9 8 |7 3 2 1 0
w=0 E=Equip. No. 1 0 0 0 Q
15 14 13 12 | 11 10 9 8 7 3 2 1 0
0
Desired Initial Track Address™ Desired Initial Sector
Address - 1 ($IF For
Sector Zero)

*Value incremented at each origin mark during Drum Read or Write operation

Figure 1.4, Load Initial Sector Address Register (Out)

15 14 13 12|11 10 9 8 | 7 4 3 2 1 0
W= E=Equip. No, 0 1 1 0
15 14 13 12 11 10 9 8 4 3 2 1
Desired Initial Core Address ($0000 through $FFFF)*

*Value increments during each data transfer during Drum Read or Write operation

39731700A

Figure 1.5,

Load Initial Core Address Register (Out)
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IT'1T

V00LTIEL6E

15 14 13 12] 11 10 9 8 | 7 6 5 4 | 3 2 1 0
W= ‘ E=Equip. No. 0 0 0 1 1 1 0 Q
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A
Desired Final Core Address ($0000 thru $FFFF)*
*Value unaltered during Drum Read or Write operation
Figure 1.6. Load Final Core Address Register (Out)
15 14 13 12]11 10 9 8 |7 6 5 4] 3 2 1 0
W=0 E=Equip. No. o] ofofo0o]" 0] 0] Q
I_ O=Initiate Drum Write Operation
1=Initiate Drum Read Operation
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X X X X X X X X X X X X X X X X A

Not Used

Figure 1.7. Initiate Drum Read/Write Operation (Out)



15 14 13 12|11 10 9 8|7 6 5 4]3 2 1 0
W= E=Equip. No. oo ool o] o0 |1 ]|Q

15 14 13 12|11 10 9 8 | 7 6 5 4|3 2 1 0
A
l—Ready

(Drum)*
Busy
— Interrupt

—Data

- End of Operation

— Alarm

— Lost Data*

—Protected (Switch)

—Checkword Error*

—Protect Fault*

— Guarded Address Enabled (Switch)

— Timing Track Error*

— Power Failure*

— Sector Compare**
— Guarded Address Error*

— Sector Overrange Error*

*Alarm Conditions
**For Diagnostic Purpose

39731700A

Figure 1.8, Director Status (INP)
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15 14 13 12|11 10 9 8|7 6 5 4 3 2 1 0

W=0 E=Equip. No. olo]o|lo|lo|1]|o0]Q

15 14 13 12 11 10 9 8|7 6 5 4|3 2 1 o0

Track Address Register Contents Sector Address
Register Contents

Core Address Compare

Bits A0 - Al4 contain the current contents of the Sector Address Register.
This allows the driver or diagnostic to check the current drum position,
or at what sector an operation terminated. It is not cleared on reading
status or by Clear Controller. Bit A15 is Core Address Compare (Core
Address Register equals Final Core Address Register). This allows the
diagnostic to check Initial and Final Core Address Register Load/Compare
operation via A/Q (without DSA data transfers).

Figure 1.9. Sector Address Status (INP)

.18 39731700A



15 14

13 12111 10 9 8]l 7 6 5 413 2 1

Ww=0 E=Equip. No. 0 0 0 0 0 1

15 14

13 12 | 11 10 9 8 7 6 5 4 3 2 1

39731700A

Core Address Register Contents

Bits A0 - A15 contain the current contents of the Core Address Register.

The driver may use this status to check if a transfer completed properly.

The diagnostic can determine where in-core transfers were made, It is
not cleared on reading status or by Clear Controller (After EOP, should
equal LWA +1).

Figure 1.10. Core Address Status (INP)
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15 14 13 12|11 10 9 8]7 6 5 .43 2 1 0

W=0 E=Equip. No. 0 0 0 0 1 0 0 | Q

15 14 13 12 |11 10 9 8 7 6 5 4 3 2 1 0

Data Registér Zero Contents

Bits A0 - A15 contain the current contents of the controller register which
shifts data to/from the drum memory unit. After Drum Read/Write opera-
tion Bits A0 - A15 contain the last word transferred to/from core. This
status enables the diagnostic to determine whether bad data is occurring in
the drum or the DSA interface. It is not cleared on reading status or by

Clear Controller.

Figure 1.11, Data Status (INP)
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1,4,1,13

1.4,1.14

39731700A

Controls

Control functions are as follows:

e Scanner Switch - Routes transmission lines which form distributed DSA
scanner. Refer to 60165800 (see Table 1.4) for a detailed description.

e EQUIPMENT NUMBER Switch ~ Selects controller equipment number $0
through $F.

e PROGRAM PROTECT Switch - In the up position, causes controller to reject
all non-protected INP and OUT instructions.

o ENABLE GUARDED ADDRESS Switch - In up position, inhibits Drum Write

- operation into designated tracks.

e AUTO LOAD Switch - While depressed, causes controller to read first
1536 drum words into core (beginning at core location $0000). Operation
repeats as long as switch is depressed.

e CONTROLLER/BLOWER Circuit Breaker - Overload protection and power
switch (located on power distribution box).

e DRUM Circuit Breaker - Overload protection and power switch (located on
power distribution box).

e Drum memory unit controls - Described in the drum memory unit manual
(see Table 1.4).

Indicators

Indicator functions are as follows:

READY - Drum memory unit is ready for data transfers.

BUSY - Drum controller is performing Drum Read, Drum Write, or Clear

Timing Error operation.

1.21



Table 1.2. A/Q Program Protect Summary

CONTROLLER INP/OUT CONTROLLER
P.P. SWITCH P.P, BIT RESPONSE
1 1 RPLY
1 0 RJIT (EXT)
0 1 RPLY
0 0 RPLY

Table 1.3. DSA Program Protect Summary

INITIATE DRUM DRUM READ/WRITE
READ/WRITE INSTR., DATA BUFFER CONTROLLER COMPUTER
P, P, BIT P.P. BIT P.P. FAULT P.P. FAULT
1 1 No No
1 0 No No
0 1 Yes, Drum Yes, Drum
Read and Write Read Only
0 0 No No

e ALARM - Drum controller has detected one (or more) of eight possible con-

ditions which inhibit Drum Read and Write operations.

e Drum memory unit indicators - Described in the drum memory unit manual

(see Table 1.4).

1,4.1.15 Jumpers

Jumper functions are as follows:

® Guarded Address Jumpers - Front plane U-jumpers in card position A16

which select the highest Guarded Track Address (0 through 255). The

1.22 39731700A



address is assigned by an eight-position binary jumper configuration (see
sheet 18 of Appendix A). Factory assigned highest Guarded Track Address

is zero (no jumpers).

@ Sector Overrange Jumpers - Front plane U-jumpers in card position A16
which select the highest addressable Track Address. The address is
assigned (during factory checkout) by an eight-position binary jumper con-

figuration (see sheet 18 of Appendix A).,

® Eight spare U-jumpers (39025100) are inserted into card position A16 to

allow the user to assign any desired Guarded Address.

1.4.1,16 UL Listing.

The BG504 meets safety standards established by Underwriters'
Laboratories (UL).

1.4.2 RELIABILITY

1.4.2.1 Mean Time Between Failures (MTBF)

The MTBF of the major components is as follows:

® BG504 Drum Memory Subsystem 2600 hours
@ Drum Controller 7200 hours
© Drum Memory Unit 4000 hours

1.4,2.2 Fail Safe Features

® Power Failure Response - See Paragraph 1.4.1.9,

e Alarm Detection - See Figure 1. 8.

39731700A - 1.23



1.4.2.3

1.4.3

1.4.3.1

1.4.3.2

1.24

Marginal Checking Characteristics. All BG504 dc operating voltages are adjust-

able allowing the diagnostic to be run at plus and minus five percent vdltage

margins.

MAINTAINABILITY

Design Features

e Four status words available to the diagnostic for identifying hardware

failures and isolating their causes (see Figures 1.8 through 1.11).

e Functional printed circuit card layout of control functions to minimize the

number of cards associated with any failure.

e Use of like cards for non-control functions to enable card swapping and to

reduce spares: 9 card types out of 20 are used more than once.

e Adjustable dc voltages (see paragraph 1.4.2.3).

Accessibility
Description Drum Controller Drum Memory Unit
Circuits Soldered IC's in plug- Pluggable IC's on

Operating Controls

Status Indicators

Clock and WREN
adjustments

DC voltage adjustments

Comments

gable cards. Card edge
test points. Cards op-
erate on extenders.

Card edge panels

Card edge panel

Card edge potentiometer
and test points

Power supplies (rear
access)

All DC voltages on
card edge test points

single card (behind
hinged front panel)

See Drum Memory
Unit Manual (Ref.
Table 1.4)

Front panel

Power supplies (rear
access)

Operates on slide ex-
tended 18 inches

39731700A



1.4.3.3 Required Adjustments (See Section Six for procedures)

e Drum Controller - dc voltages (+6 vdc, +5 vde, -6 vdc), Clock, and Write

Enable (DSA),

@ Drum Memory Unit - Helium gas flow (regulator).

1.4.3.4 Maintenance Philosophy

@ Preventive Maintenance - Perform regularly

o Corrective Maintenance - Isolate failure through diagnostic and replace

defective assembly (e.g. printed circuit card, power supply, blower, etc.).

1.4.3.5 Mean Time to Repair (MTTR)

o BG504 Drum Memory Subsystem 3.0 hours
© Drum Controller 1.0 hours
© Drum Memory Unit 6.0 hours

(Includes 4-hour cool down)

1.4.3.6 Preventative Maintenance (PM)

© Monthly - Check helium pressure (5 minutes).
¢ DMonthly - Check power supplies and filter (15 minutes).
e Quarterly - Run diagnostic (10 minutes).

© Annually - Run diagnostic with voltage margins (55 minutes),

1.4.3.7 Interchangeability

@ Nine card types in drum controller,

e Head plates in drum memory unit,
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1.4.3.8 Special Test Equipment Requirements or Options

e No special requirements.

1.4.3.9 Diagnostics Available

e See Appendix B.

1.4.4 HUMAN ENGINEERING AND SAFETY

No special requirements.

1.4.5 REFURNISHMENT

The helium bottle beneath the '.drum memory unit must be replaced at approxi-

mately six-month intervals,

1.4.6 MATERIALS, PROCESSES, AND PARTS

All connector contacts except J01, Terminator Power, are gold plated. All

switch contacts are gold plated or sealed.

1.4.7 ELECTROMAGNETIC INTERFERENCE

Electromagnetic compatibility conforms to CDC-STD 1.30.022 (see Table 1.4)

except for internal grounding: the BG504 incorporates a single point ground (SPG).

1.4.8 TRANSPORTABILITY/PACKAGING

Packaging for shipment shall conform to CDC Procedure 13-004 (see Table 1.4).
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1.4.9

1.5

1.6

EQUIPMENT SPECIFICATION DATA SHEETS

Specification requirements for the BG5.04 are outlined in Figures 1. 12 through

1.15.

EQUIPMENT CONFIGURATION

Each BG504 includes all major components described in paragraph 1.2, Compo-

nent part number differences are ligted in Table 1.1,

APPLICABLE DOCUMENTS

The documents listed in Table 1.4 are applicable to the extent specified herein.

Table 1.4. Applicable Documents

DESCRIPTION PUBLICATION NO,
1700 Imput/Output Specification 60165800
DTL Intebrid Logic General Information 84785000
Drum Memory Unit Maintenance Manual None
Digital Development Corporation Models
5575 Kearny Villa Road 7311
San Diego, California, 92123 7312
(714) 278-9920 (7313)
Olympus 1700 Diagnostic Package 39268100
Software User's Manual
1700 System Maintenance Monitor (SMM17) 60182000
Reference Manual
1700 Computer Reference Manual 60153100
Electro-magnetic Compatibility Performance CDC-STD 1.30.022
Requirements and Test Methods
CDC Supplier Packaging Specification CDC Procedure
: 13~-004

39731700A
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GENERAL INFORMATION

Equipment Identification Number___BG504 A through H
Equipment Name DRUM MEMORY SUBSYSTEM
39744600

Top Assembly Part Number

Is Equi'pment a stand alone (black box) unit? YES

PHYSICAL CHARACTERISTICS

Dimensions and Weight:

Uncrated Crated - Van Crated - Air
(if known) (if known)
Height. 75 in,
Width 24 in,
Depth 28 in.
Weight 730 lbs.
Equipment Support:
Number of Casters 0
Number of Leveling Pads 4 __
Area of each Pad 4.9 in. sq.
Vibration Limits: 0-10Hz 0.005 in. total excursion

10-25Hz 0.002

Operating And
Non-operating 25-50Hz 0.001

Over 50 Hz 0.0005

MAXIMUM VIBRATION NTE 2 G’s

LOGIC CHARACTERISTICS

Logic Cable Number of Terminating Maximum Distance from
From To Cables Connector Type Cable Length Cable con. to Floor
Rack AQ 2 61 pin 200 ft. 48 in.
Rack DSA 2 61 pin 80 ft. 48 in.
Rack INT 1 3 pin MS 200 ft. 51in.

Figure 1.12, BG504 Physical Characteristics
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ELECTRICAL CHARACTERISTICS

. inal #eres
ermina Excl, Saf A/Q KVA MEAS,
Identitier Voits | Frea. Phase xecrou:\:tv (MAX) | (MAX) KW BST. | (Nowm)
TBO1 120 50/60 1 2 6.0 0.72 0.60
Yes No
40 DC Terminator Power is required? X

Figures shown in above table are standard per DCD-STD 1.30.011. If some are not applicable, please cross out.

Motor Load (Name plate ratings of individual or combined motors, arranged to start together, that exceed 1 HP or 6 AMPS
full load current ratings):

HP V. | FREQ. g FLA LRA FUNCTION

Power Field Terminal Location:

400Hz________in. above base of cabinet

50Hz______in, above base of cabinet
50/60Hz_1 ______in. above base of cabinet
Terminator Power__1_______in. above base of cabinet

Number of Terminator Resistor Assemblies: NONE SUPPLIED, 0 - 4 REQUIRED

Describe unusual starting characteristics such as disks, drum and printers:

DRUM MEMORY REQUIRES 6 MIN. (NOM.) TO GET UP TO SPEED. IF CONTROLLER POWERED UP WITH DRUM,
ALARM CONDITION PREVAILS. IF CONTROLLER POWERED UP 6 MIN. AFTER DRUM, NO ALARM CONDITION.

Figure 1.13. BG504 Electrical Characteristics
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ENVIRONMENTAL CHARACTERISTICS

Temperature:

Operating 40

min.

Non-operating__-30__ °F to

°F

min.

Max. Temp. Gradient 02

°F per hour

Recommended Operating Temperature

°F

Relative Humidity:

90 9%

Operating 10 %
min, .

Non-operating >

% to

max.

95 %

min,
Altitude (above S.L.)

Max. Altitude 10,000

Heat Dissipation (BTU/Hr):

Air 2050

Water

max.

(OPER/NON-OPER)

Total

o (Error free recovery window = 40°F)

NO CONDENSATION

NO CONDENSATION

Type of Equipment Cooling:

Natural Convection
Internal Fans
Rating 540 CFM
Direct Water Cooled
Refrigeration System:

Quantity and Size of Condensing Units:

Qty.___ TONS
Condensing Unit Location:

Internal

External
Air Cooled Condensing Unit
Water Cooled Condensing Unit

Water Supply Conditions:

Temperature (°F)
Flow (gallons/min.)
Pressure Drop (psi)

Min. Recommended

o
x

Figure 1.14. BG504 Environmental Characteristics
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21.00
LEVELING PADS

POWER DIST. BOX

//

20,50
LEVELING PADS :
CABLE ENTRY AREA
6.00 x 16.50
o &
|
/\
TOP COVER OF : // 20" DOOR SWING
RACK REMOVED Y TYP FRONT & REAR
FOR CLARITY _
FRONT

Figure 1.15. BG504 Plan View
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Section Two

OPERATION AND PROGRAMMING

2.1 CONTROLS AND OPERATING PROCEDURE
All BG504 operator controls are described in paragraph 1.4.1.13.
2.2 JUMPERS AND OTHER EQUIPMENT CHANGES
2.2.1 GUARDED ADDRESS JUMPERS
Guarded Address jumpers are described in paragraph 1.4.1.15. For an example
of jumper configurations refer to Table 2. 1.
Table 2.1. Guarded Address Jumper Configuration Example
U JUMPER CONFIGURATION (A16 PINS) GUARDED
31-32| 33-34|35-36) 37-38[39-40 | 41 -42 |43 -44 | 45 - 46 TRACKS
1 1 1 1 1 1 1 1 0 - 255
1 0 - 128
1 0 -64
1 0~ 32
1 0-16
1 0-8
1 0-4
1 0-2
1 0-1
0
39731700A 2.1



2.2.2

2.3

2.3.1

2.3.1.1

2.3.1.2

2.2

SECTOR OVERRANGE JUMPERS

Sector Overrange jumpers are described in paragraph 1.4.1.15.

PROGRAMMING INFORMATION

GENERAL

Equipment Number

Each INP or OUT instruction to the BG504 must have bits Q7 through Q10 set to
the equivalent binary code of the hexidecimal number displayed on the BG504

EQUIPMENT NUMBER switch. The standard BG504 equipment number is two.

A/Q OUT Commands

The BG504 responds to the following five A/Q OUT commands:

e Director Function (DF)

e Load Initial Sector Address Register (LISA)

e Load Initial Core Address Register (LICA)

e Load Final Core Address Register (LFCA)

e Initiate Drum Read/Write Operation (IRW)

Each command has a separate station address. (Bits QO through Q6.) All five

commands must be executed to perform a Drum Read or Drum Write operation;

command sequence requires only that IRW occur last.

39731700A



The Clear Controller OUT command is accepted anytime; other OUT commands
are accepted only if the controller is not busy and no alarms exist. The con-
troller goes Busy only after an Initiate Drum Read or Initiate Drum Write OUT

command.

2.3.1.3 A/Q INP Commands

The BG504 responds to the following four A/Q INP commands:

e Director Status (DIS)

e Sector Address Status (SAS)

e Core Address Status (CAS)

e Data Status (DAS)

Each INP command has a separate station address. Status other than DIS is

provided primarily for the diagnostic. INP commands are accepted at all times

by the controller (see paragraph 2.3.12.2).

2.3.2 DIRECTOR FUNCTION OUT COMMAND

The A/Q bit configuration is shown in Figure 1.3. Director function bit definitions

are as follows:

® A0 Clear Controller - Initializes all controller logic, clears all interrupts
and interrupt enables. Clears Alarm conditions and Timing Error Cleared

Interrupt (see paragraph 2.3.11.3).

e Al Clear/Disable Interrupts - Resets Enable Interrupt flip-flops (FF's) if
bits A3 and A4 zero. EOP and Alarm Interrupts cannot occur if respective

Enable Interrupt flip-flop (FF) is reset.
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e A3 Enable EOP Interrupt - Sets Enable End of Operation Interrupt FF which

results in interrupt after Drum Read or Drum Write operation.

e A4 Enable Alarm Interrupt - Sets Enable Alarm Interrupt FF which results

in interrupt on any Alarm condition.

2.3.3 LOAD INITIAL SECTOR ADDRESS REGISTER OUT COMMAND
The A/Q bit configuration is shown in Figure 1.4.

A 15-bit address is placed in the A Register for this OUT command: bits A0
through A4 are the desired Initial Sector Address (ISA), and bits A5 through A14
are the desired Initial Track Address (ITA). The controller must be loaded with
the desired ISA minus one. If data transfers begin at sector zero of any track,
load A0 through A4 with $1F. For other desired ISA's load A0 through A4 with
the desired ISA minus one ($00 through $1E).

This command is required for every Drum Read or Write operation because the

ITA is incremented (at each origin mark) during data transfers.

2.3.4 LOAD INITIAL CORE ADDRESS REGISTER OUT COMMAND

The A/Q bit configuration is shown in Figure 1.5. This command must be loaded
into the controller before every Drum Read or Write operation because the 16-bit

Initial Core Address is incremented during data transfers to core.

2.3.5 LOAD FINAL CORE ADDRESS REGISTER OUT COMMAND
The A/Q bit configuration is shown in Figure 1.6.

This 16-bit address is unaltered during Drum Read or Write operations.
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2.3.6

2.3.7

39731700A

INITIATE DRUM READ/WRITE OUT COMMANDS
The A/Q bit configuration is shown in Figure 1.7.

The controller goes Busy immediately after either of these OUT commands. For
a Drum Write operation, data transfers from core begin immediately and data
transfers to the drum occur only after the desired initial sector rotates into

position under the fixed - read/write headplates.

For a Drum Read operation, data transfers from the drum to core only after the

desired initial sector is positioned under the headplates.

Once drum data transfers begin the controller remains Busy until the end of the

last sector at which data transfers occur.

DIRECTOR STATUS INP COMMAND

The A/Q bit configuration is shown in Figure 1.8,
Director status bit definitions are as follows:

o A0 Ready - Drum up to speed and ac power up. Drum temperature and pres-

sure OK. Alarm sets if Ready drops.

e Al Busy - Controller performing Drum Read/Write or Clear Timing Error.

Output commands rejected (except Clear Controller). -

e A2 Interrupt - Alarm, EOP, or Timing Error Cleared interrupt present.
Alarm and Timing Error Cleared interrupts cleared by Master Clear or
Clear Controller. EOP interrupt cleared by any non-rejected output (Inter-
rupt Enable cleared only by Master Clear, Clear Controller, or Clear

Interrupt).

e A3 Data - Ready for data transfer (Alarm Busy).
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e A4 End of Operation (EOP) - Data transfer is completed. EOP interrupt is

set. Reset by non-rejected output.
e A5 Alarm - Alarm condition is present:
- Drum going Not Ready
-  Lost data
-  Checkword error
-  Protect fault
-  Timing track error
- Power failure
- Guarded Address error

~  Sector Overrange error
Reset by Clear Controller function or Master Clear.

e A6 Lost Data

- Read from Drum operation - Data not transferred to core before new

data taken from drum. Data transfer is terminated; Alarm sets.

- Write on Drum operation - Data not retrieved from core in time to be

written on drum. Data transfer is terminated; Alarm sets.

e A7 Protected - PROGRAM PROTECT switch in PROTECT position. All

unprotected INP and OUT commands are rejected.

e A8 Checkword Error - Checkword error during Drum Read, data transfer

terminated; Alarm sets.

e A9 Protect Fault - An unprotected instruction has attempted to access pro-
tected core location (Drum Read or Write). Terminates data transfers;

Alarm sets. See Table 1.3.
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2.3.8

2.3.9

2.3.10

2.3.11

39731700A

e A10 Guarded Address Enabled - Switch is in position to inhibit writing into

Guarded Track Addresses.

e All Timing Track Error - Loss of drum timing pulse(s) (Origin, Bit Clock,

Sector Mark, Word Mark). Terminates data transfers; Alarm sets.

e A12 Power Failure - Disables Write Enable to the drum memory unit and

data transfers. Alarm sets 1 millisecond before controller voltages sag

(triggered by loss of approximately two ac power cycles).

e A13 Sector Compare Bit - True when Sector Address Counter = Initial Sector

Address Register (for diagnostic use).

e Al4 Guarded Address Error - Write on drum attempted at Guarded Address.

Transfers terminated; Alarm sets.

e A1l5 Sector Overrange Error - Drum Read or Write attempted on non-

existent drum track. Data transfers terminate and Alarm sets.

SECTOR ADDRESS STATUS INP COMMAND

The A/Q bit configuration is shown in Figure 1.9.

CORE ADDRESS STATUS INP COMMAND

The A/Q bit configuration is shown in Figure 1. 10.

DATA STATUS INP COMMAND

The A/Q bit configuration is shown in Figure 1.11.

INTERRUPTS

There is one interrupt line between the BG504 and the CPU. The number

assigned to this line is determined by which of the 15 connectors at the CPU
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2.3.11.1

2.3.11.2

2.3.11.3

2.3.12

2.3.12.1

2.8

the line is plugged into. The standard BG504 interrupt line number is five.

Three sources of interrupt share this line.

End of Operation Interrupt

The End of Operation (EOP) interrupt occurs at the end of every Drum Read or
Drum Write operation when Program Enabled. The EOP interrupt is cleared by

any non-rejected OUT instruction or by a Master Clear.

Alarm Interrupt

The eight conditions which cause an alarm are described in paragraph 2.3.7.

The Alarm interrupt occurs when Program Enabled.

The Alarm interrupt is cleared by a Clear interfupt or Clear Controller function

(paragraph 2. 3.2) or by a Master Clear.

Timing Error Cleared Interrupt

A non-programmable interrupt occurs after a timing error is cleared. This

interrupt is required by the driver.

The TEC interrupt is cleared by either a Clear Controller function or a Master

Clear.

REJECTS

Internal Rejects

Internal rejects occur if the BG504 controller is OFF or if bits Q7 through Q10 of
the INP/OUT instruction do not match the setting of the EQUIPMENT NUMBER

switch.
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2.3.12.2

2.3.13

2.4

39731700A

External Rejects

All unprotected INP and OUT instructions are rejected if the BG504 PROGRAM

PROTECT switch is up (see Table 1.2). All OUT instructions except for Clear

Controller are rejected if the BG504 is either Busy or in an Alarm condition.

MASTER CLEAR

Master Clear and Clear Controller result in the same BG504 activity: all con-

troller logic is initialized and all interrupts and interrupt enables are cleared.

SAMPLE PROGRAM

The following 1700 machine code program repeats Drum Write (or Read) opera-

tions of $C00 words beginning at core location $7000 to (from) sector zero of the

BG504. See Table 2.2.

Table 2.2.

Sample 1700 Machine Code Program

CORE LOCATION

CORE CONTENTS

COMMENTS

P
P+

© 00 N U e W N

E000
0101
0A01
0B00
03FE
E000
010C
C000
7000
0B00

(Equipment No. = 2)

Clear Controller

2.




2.

10

Table 2.2. Sample 1700 Machine Code Program (Continued)

CORE LOCATION

CORE CONTENTS

COMMENTS

H H O aQ @ »

[oy
(=]

B 0 T G b L N R

P+

et
=

03FE
E000
010E
€000
7C00
0B00
03FE
E000
0108
C000
001F
0B00O
03FE
E000
-0100
0B0O
03FE
18E9

Load ICA = $7000

Load FCA = $7C00

Load ISA = IF

(0104 for Drum Read)

Initiate Drum Write (Read) Operation

Jump Back and Repeat
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Section Three

INSTALLATION AND CHECKOUT

3.1 INSTALLATION REQUIREMENTS

The BG504 is a stand-alone unit occupying one standard 19-inch rack. Refer to
paragraphs 1.2 and 1.4.9 for a detailed physical description. The installation
procedure is:

e Unpack

e Inspect for damage and loose connections (paragraph 3.7).

e Wire 120 vac, 40 vde, and system ground to the power distribution box

(paragraph 3.2).
e Connect system cables and inspect internal BG504 cables (paragraph 3.3).

e Energize (paragraph 3.7).

3.2 POWER REQUIREMENTS

The BG504 requires external 120 vac and 40 vdc power as specified in paragraph
1.3. Wire termination is solderless: strip and insert into screw-down terminal.
A number ten screw is provided for system ground termination. Refer to Figure

5.1 for wiring details.

3.3 CABLING AND CONNECTORS

Cable requirements are specified in Table 3. 1.

39731700A ‘ ‘ 3.1
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Table 3.1. BG504 Cable Requirements

PART NUMBER

DESCRIPTION

FROM

TO

38927902
388088XX
39738102
310004XX

\
310004XX

Terminator Power
Interrupt (Optional)
Drum

A/Q Address In
A/Q Address Out
A/Q Data In

A/Q Data Out

DSA Address In
DSA Address Out
DSA Data In

DSA Data Out

120 VAC (Blower)
DC Power

AC Power

AC Power

J02

J01 Controller

J03
J04
J05
J06
J07
J08
J09
310
J11

J12 Controller
J2 Drum
J4 Drum

Drum Power Supply Panel

TB01 Power Distribution Box
CPU

J10 Drum

Other A/Q Device or CPU

Other A/Q Device (or Terminate).
Other A/Q Device or CPU

Other A/Q Device (or Terminate).
Other DSA Device or CPU

Other DSA Device (or Terminate).

Other DSA Device or CPU

Other DSA Device (or Terminate).
Blower |
Drum Power Supply Panel

J02 Power Distribution Box

J01 Power Distribution Box




3.4

3.5

3.6

3.7

3.7.1

39731700A

INTERFACE CHARACTERISTICS

The BG504/CPU interface conforms to Specifications 60165800 (see Table 1.4).
DSA loading is specified in paragraph 1.4.1.3.

Interface transmitter and receiver circuits are described in paragraph 1.3. 4.

COOLING REQUIREMENTS

BG504 cooling is provided by internal fans. See paragraph 1.2.5.

ENVIRONMENTAL LIMITATIONS

See paragraph 1.4.9.

PREPARATION FOR USE

PRELIMINARY INSPECTION

Before power is brought into the power distribution box, examine the BG504 for

damage and for loose mechanical and electrical connections:

o Does the drum unit helium atmosphere pressure gauge indicate some positive

pressure? Refer to drum unit manual (see Table 1.4) for further details.

e Are the drum unit slides secured to the rack and is the drum unit set properly

on the slides?
e Any loose screws or wiring on power supplies?

e Any loose connectors?

3.3



3.7.2

3.4

START UP PROCEDURE
Turn on circuit breakers:

e Motor POWER ON indicator should illuminate - disregard other indicators.
e Blowers must force air up through the controller module.

e After six minutes the READY indicator should illuminate.
Master Clear CPU:

e READY should be the only illuminated indicator on the controller module.

Refer to drum unit manual (see Table 1.4) for status of other indicators.

Run diagnostic SMM17 V3.0 Test 80 (see Appendix B).

39731700A



Section Four

THEORY OF OPERATION

4.1 GENERAL
This section describes only BG504 controller operation. Refer to the drum mem-
ory unit manual (see Table 1.4) for BG504 drum memory unit operation.
Controller logic is implemented with CDC DTL, and commercial TTL circuits.
Logic symbols are defined in Section Seven.
The controller logic package is Appendix A. See Table 4.1 for a definition of
terms. Positive logic is used throughout; terms ending in F are false-oriented.
Terms preceded by $ are twisted-wire pairs.
Table 4.1. Glossary of Terms
TERM DESCRIPTION

AINTF Alarm Interrupt False

ALARM Alarm (FF)

AISF Autoload Switch False

ARJT Reject (to AQ)

ARMF Alarm False

ARPLY Reply (to AQ)

AQPP Program Protect (from A/Q)

AQPPF Program Protect False (from A/Q)

A0-A15 A Register Bits 0-15

AOF-A4F A Registér Bits 0-4 False

BADF Bad False (GAE or SOR Alarm input)

BCC Bit Clock Counter
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
BC6 Bit Count 6
BC6F Bit Count 6 False
BC7F Bit Count 7 False
BZ Busy (FF)
BZF Busy False (FF)
CAC Core Address Compare
CACAF Core Address Compare A False (bits 0-7)
CACD Core Address Compare Delayed (FF)
CARC Core Address Register Carry (bits 0-7 to bits 8-15)
CARMF Clear Alarm Interrupt False
CAS Core Address Status
CA0-CA15 Core Address Register Bits 0-15
CAOF-CA15F Core Address Register Bits 0-15 False
CEOPF Clear EOP F.F. False
CIOPF Clear I/0 Instruction Protected F.F. False
CLEF Clear False (director function)
CLKF+ Clock False |
CLK2 Clock 2 (inverted CLKF+)
CLR Clear (director function or MCL)
CLRF Clear False (director function or MCL)
CNCT Connect
CNCTF Connect False
COPIF Clear EOP Interrupt False
CRUNF Clear Run False
CS1F Core Status 1 False (enables bits 0-7)
CS2F Core Status 2 False (enables bits 8-15)

4.2
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
CTE Clear Timing Error
CTEF Clear Timing Error False
Ccw Checkword
CWAZF Checkword A Zero False (bits 0-7)
CWBZ Checkword B Zero False (bits 8-15)
CWE Checkword Error (FF)
CWEF Checkword Error False
Cwz Checkword is Zero
CWOF-CWI15F Checkword Register Bits 0-15 False
CW1s Checkword Register Bit 15
DAS Data Status
DAS1F Data Status 1 False (enables bits 0-7)
DAS2F Data Status 2 False (enables bits 8-15)
DATA Data (FF)
DATAF Data False
DB0-DB15 Data Bits 0-15 (DSA)
DF Director Function
DFE Director Function Enable (interrupt enable/clear)
DIS Director Status
DMC Drum Memory Cycle Latch
DR Drum Ready (inverted DRF+)
DRF+ Drum Ready False (from drum unit)
DSAPB Program Protect Bit (from DSA)
DSAPP Program Protect (to DSA)
DS1F Director Status 1 False (enables bits 0-7)
DS2F Director Status 2 False (enables bits 8-15)

39731700A
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
DwW Drum Write (FF)
DWCOF Drum Write Control 0 False (FF)
DWCI1F Drum Write Control 1 False (FF)
DWF Drum Write False (FF)
DWI1F (Partially) Decoded Halfword Count 1 False
EARMF Enable Alarm Interrupt False
EEOPF Enable EOP Interrupt False
EGAE Enable Guarded Address
EGAS Enable Guarded Address Switch
EINTF EOP Interrupt False
ELAR Enable Load Address Register
EOP End of Operation (FF)
ERS Enable Read Shift (checkword/data in)
ERSF Enable Read Shift False (checkword/data in)
ERW Enable Read/Write
EWSOF Enable Write Shift 0 False (data out)
EwS1 Enable Write Shift 1 (checkword out)
EWS2F Enable Write Shift 2 False (checkword in)
FCA Final Core Address
FCO0-FC15 Final Core Address Register Bits 0-15
FCOF-FC15F Final Core Address Register Bits 0-15 False
GAE Guarded Address Error (FF)
GAJ0-GAJ7 Guarded Address Jumpers 0-7
GAP Gap FF (track switching time)
GAPF. Gap False (FF)
GATEF Gate False (1F - ISA for autoload)

4.4
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
GAO0-GA4 Gated A Register Bits 0-4 (ISA inputs)
GCLKF Gated Clock False
GCLK1 Gated Clock 1
HALT Halt (Scanner) False (FF)

HWM+ Half Word Mark (from drum unit)

ICA Initial Core Address

INT Interrupt

IoP I/0 Instruction Protected (FF)

IOPF 1/0 Instruction Protected False (FF)
IRW Initiate Read or Write

ISA Initial Sector Address

ITAF Increment Track Address Register False
LD Lost Data (FF)

LDF Lost Data False (FF)

LDRF Lost Data (On Drum) Read False

LDWF Lost Data (On Drum) Write False
LFCAF Load Final Core Address Register False
LICAF Load Initial Core Address Register False
LRORF Load Register 0 on Drum Read False
LROWF Load Register 0 on Drum Write False
LRIRF Load Register 1 on Drum Read False
LR2RF Load Register 2 on Drum Read False
LR2WF Load Register 2 on Drum Write False
LSAF Load (Initial) Sector Address Register False
LTAF Load Track Address Register False
MCLF Master Clear False

39731700A
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION

ME2 Me Too (FF)

NAP Enable EOP Interrupt (FF)

NAPF Enable EOP Interrupt False (FF)
NARM Enable Alarm Interrupt (FF)
NARMF Enable Alarm Interrupt False (FF)
Need Zero
@ Need 1

oM+ Origin Mark

ONE One

ORA6-ORA9 Sector Overrange Address Jumpers 6-9
ORD Our Reply Delayed

ORF Our Reply False

PCL Power Clear (5 sec)

PF Power Failure (FF)

PFF Power Failure False (FF)

PRIOR (DSA) Priority

PROF (DSA) Protect Fault (FF)

PROFF (DSA) Protect Fault False (FF)
PROK (A/Q) Protect OK

PROTS Protect Switch

QIS04 - Q Register Is 0 or 4

QIS0-QISE Q Register Is 0-E

Q0-Q3 Q Register Bits 0-3

RCS3F Read Control Step 3 False

RCOF Read Control 0 False (FF)

4.6
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
RDATA Reset Data
RDC Read Data Compare (CWG input)
RDCF Read Data Compare False (CWG input)
RDF Read Data False
READ Read (from A/Q)
RFDF Read From Drum False
RITWEF Reject on Drum Write False
ROSRF Run Or Set Run False
ROW Read Or Write (from A/Q)
RP Read Pulse
RPLY Reply (from DSA)
RPLYF Reply False (from DSA)
RQST Request (FF, to DSA)
RQSTF Request False (to DSA)
RRUN Reset Run
RUN Run (FF)
RUNF Run False (FF)
RWP Read or Write Pulse (from A/Q)
R00-R0O15 Register 0 Bits 0-15
ROOF-RO15F Register 0 Bits 0-15 False
R20-R215 Register 2 Bits 0-15
SAC Sector Address Compare
SAS Sector Address Status
SBZ Set Busy
SC Sector Counter
SCN1 Scanner Forward

39731700A
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
SCo0-SC4 Sector Count Register Bits 0-4
SC31F Sector Count 31 False

SET1F-SET3F
SIOPF
SLD

SM+

SOR
S.0.T.
SPROF
SRJT
SRJTF
SRUN
SRW
SSRUN
SS1F
SS2F

STS
STDF
STEC
STECF
SUPF

TA

TAC
TAO0-TA9
TAOF-TA9F
TE

Set Reject 1-3 False

Set 1/0 Instruction Protected False

Set Lost Data

Sector Mark

Sector Overrange (FF)

Select On Test

Set Protect Fault False

Set Reject

Set Reject False

Set Run (FF)

Start Read/Write

Set Set Run

Sector Status 1 False (enables bits 0-7)
Sector Status 2 False (enable bits 8-15)
Status

Settling Time Delay False

Set Timing Error Cleared

Set Timing Error Cleared False

Set Up False (autoload)

Track Address (Register) -

Track Address Carry

Track Address Register Bits 0-9
Track Address Register Bits 0-9 False

Timing Error (FF)

4.8
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
TEC Timing Error Cleared
TECF Timing Error Cleared False
TEF Timing Error False
TLK Trailing Clock
TLKF Trailing Clock False
VCTT Center Tap for Terminators
WBF Write Busy False
WB15 Write Bit 15
WCS5F Write Control Step 5 False
WCW Write Checkword
WCWF Write Checkword False
WCOF Write Control 0 False (FF)
WDC Write Data Compare (CWG input)
WDCF Write Data Compare False (CWG input)
WENF1 Write Enable False 1
WENF2 Write Enable False 2
WFSMF Wait For Sector Mark False (FF)
WNOF Write Need 0 False
WNI1F Write Need 1 False
WODF Write On Drum False (director function)
WP (A/Q) Write Pulse
WREN Write Enable
WRF Write Reply False
WRITE Write (from A/Q)
WRJT Write Reject
W2F Halfword Count 2 False

39731700A
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
WI15F Halfword Count 15 False
W193F Halfword Count 193 False
W196F Halfword Count 196 False
WI197F Halfword Count 197 False
$AB0-$AB15 Address Bits 0-15 (to DSA)
$SAPLY Reply (to A/Q)
$APRI (A/Q) Priority (not used in controller)
$AQPP Program Protect (from A/Q)
$ARJT Reject (to A/Q)
$AR0-$AR15 A Register Bits 0-15 (to/from A/Q)
$BC Bit Clock (from drum unit)
$BUFF Buffer Active (not used in controller)
$CHIN Character Input (not used in controller)
$CLKF Clock False
$DB0-$DB15 Data Bits 0-15 (to/from DSA)
$DMCL (DSA) Master Clear (not used in controller)
$DRF Drum Ready False (from drum unit)
$DSAP Program Protect (to DSA)
$HWM Halfword Mark (from drum unit)
SIMAF Increment Memory Address False
$INT Interrupt
$LINE Line Voltage (stepped down for PF detect)
$MCL Master Clear (from A/Q)
$NT1-$NT15 Interrupt Lines to DSA (not used in controller; however, note that $NT14

is wired to output of DSA Address bit 15 transmitter)

$oM Origin Mark (from drum unit)

4.10
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Table 4.1. Glossary of Terms (Continued)

TERM DESCRIPTION
$PIOR Priority (to DSA)
$PPF (DSA) Program Protect Fault (not used in controller)
$PROT Program Protect Bit (from DSA)
$QRO-$QR15 Q Register Bits 0-15 (from A/Q)
$RD Read Data (from drum unit)
$READ Read (from A/Q)
$RITE Write (from A/Q)
$RPLY Reply (from DSA)
$RQST Request (to DSA)
$SCN1 (DSA) Scanner Forward Input
$SCN2 (DSA) Scanner Return Output
$SCN3 (DSA) Scanner Return Input
$SCN4 (DSA) Scanner Forward Output
$SM Sector Mark (from drum unit)
$sp (DSA) Storage Storage Parity Bit (not used in controller)
$SPE (DSA) Storage Parity Error (not used in controller)
$TA0-$TA9 Track Address Bits 0-9 (to drum unit)
$TIME (A/Q) Timing Pulse (not used in controller)
$TLKF Trailing Clock False
$V20+, $V20- Terminator Power
$WD Write Data (to drum unit)
$WDIS Write Disable (to drum unit)
SWEF Write Enable False (to drum unit)
$WISZ W Is Zero (from A/Q)
$WREN Write Enable (to DSA)
$WSOF Write Sync 0 False

*

Symbol for card edge test point

39731700A
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4.2 PRINCIPLE OF OPERATION

The controller logic is divided into the following three functional groups:
e A/Q interface - 17 cards (approximately).

e DSA interface - 16 cards (approximately).

e Drum interface - 11 cards (approximately).

Some cards are shared by two functional groups so that the total card count is

only 39.

Sheets three and four of Appendix A are the functional block diagram. Note that
the A module (top) is strictly TTL logic, and the B module is CDC DTL logic.

The A module contains the majority of the controller logic including the interface

circuits (see paragraph 1.3.3) which connect to the drum memory unit.

The B module contains balanced-current mode transmitters and receivers (see

1.3.4) which connect to the 1700 A/Q and DSA channels.

Refer to the A module functional block on sheet 3 of Appendix A. As stated in
paragraph 2.3.1.2, a Drum Read or Drum Write operation occurs only after a

sequence of the following five OUT commands:

e Director Function (DF) - Enable/Disable interrupts. The DF output exer-
cises the general purpose TTL logic in the lower left corner of sheet 3 of
Appendix A. Clock card A26 in the center of the sheet decodes the Q-bits,
provides basic A/Q function timing, and supplies the TTL logic with a two-

phase clock synchronized to the rotating drum surface.

e Load Initial Sector Address Register (ISA) - Bits A0-A4 are loaded into the
ISA register (card Al4) via fan-in logic (card A30) in lower right corner of

sheet three; track timing logic is also on card A14. Bits A5 and A6 drop
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into track address register bits 0 and 1 (card Al15); card Al5 also has ten
track address line drivers and timing error logic. Bits A7 - A14 load into

TA register bits 2-9 (card Al7).

o Load Initial Core Address Register (ICA) - Bits A0 - A15 load into the core
address register (cards A19 and A22), top left corner of sheet.

e Load Final Core Address Register (FCA) - Bits A0 -~ A15 load into the final

core address register (cards A21 and A24), tbp left corner of sheet.

e Initiate Drum Read/Write Operation (IRW) - Either IRW function sets the
RUN flip-flop (FF), left side of sheet. Initiate Drum Read operation gives

control to card All - top right corner of the sheet.

Read data from the drum shifts bit - serially into data register zero (cards A6
and A7). When DRO is full, the 16-bit word drops into data register one. When
data register two is empty, the word drops from DR1 to DR2., The DSA control
logic (card All) then requests a core access. After the word in DR2 is sent to
core, DR2 goes empty. A double core access occurs whenever DR1 and DR2
are both filled. Core accesses continue until there is a core address compare -
top left corner (cards A20 and A23). The checkword generator (card A8) is
active during Drum Read and Write operations., At the end of each sector during

Drum Read operations, the checkword generator is tested for all zeros (card A9).

Initiate Drum Write operation gives control to card A12 - right edge of sheet
three. A core access is requested, and the 16 data bits drop into DR1, Like
the Drum Read operation, a parallel data transfer occurs between a full data
register and an empty one. Therefore, DR1 drops into DR2 and then DR2 trans-
fers into DR0O. DRO is shifted to the drum bit-serially on the write data line via
card A12. The 16-bit generated checkword is gated onto the write data line at

the end of each sector.
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4.3 DETAILED THEORY OF OPERATION

4.3.1 TRACK TIMING NO. 1 (CARD A14)

4,3.1.1 Track Organization. The BG504 is a sector-oriented storage device with 96 data

words per sector (see paragraph 1.4.1.4). The following four timing signals
from the drum memory unit enable the controller to synchronize the transfer of

data into and out of the proper positions on the rotating drum-recording surface:

e Origin Mark (OM) - Defines the start of a track (sector zero) during each

revolution of the drum.
e Sector Mark (SM) - Defines the start of each sector recorded on a track.

e Half-Word-Mark (HWM) - Defines the start and middle of each word recorded

on a track.

e Bit Clock (BC) - Defines each bit cell location. on a track. There are eight

BC's for every HWM.

See Figure 5.1 for timing relationships between the four signals.,

4,3.1.2 Sector Counter. The sector counter is a 5-bit binary counter which increments

on every SM. Note that the clock which increments each of the counters on card
Al4 is term . If a timing error occurs @ is disabled. The counter is
cleared only on CTE. Sector counter outputs are available for sector address

status. (See Figure 1.9).

4,3.1.3 Initial Sector Address (ISA) Register and Sector Address Compare (SAC). The

ISA register is loaded from bits A0 - A4 on a load ISA function output or set to

all ones during Autoload. See sheet 8 of Appendix A for the fan-in logic.
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4.3.1.4

4.3.1.5

4.3.1.6

4.3.2

4.3.2.1

4.3.2.2

39731700A

SAC is true when the sector counter and the ISA register are equal; drum data

transfers begin at the next sector.

Half-Word Counter. Term @ increments the 8-bit half-word counter at each

HWM. The counter is cleared at each OM or SM, Count sequence is 0 - 15 after

OM and 0 - 197 after each SM.,

The decoded outputs are required by the read control, write control, and timing

error logic.

Bit Clock Counter. Every controller clock pulse increments this 3-bit counter.

Two decoded outputs, BC6F and BCTF, are used by the read control and write

control logic.
Gap. Read circuitry in the drum requires 30 microseconds recovery time after
track switching, To enable a continuous read from one track to another, SM

zero occurs 128 BC's after OM. During this period the GAP flip-flop (FF) is set

and no drum data transfers occur,

TRACK TIMING NO. 2 (CARD A15)

Track Timing Error Detect. , If the three counters on card Al4 are not at their

predicted states for OM, SM, or HWM two FF's set: one denotes which counter
is in error and the other is the TE FF. The TE FF inhibits further incrementing
of the counters so that the error condition can be examined with a scope. The

error FF's are reset by CTE. Refer to Figure 5.2 for further TE details.

Track Address Register 0 and 1. Bits A5 and A6 are loaded into TAO and TA1

during the load ISA function output. The TA register increments at OM during
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Drum Read and Drum Write operation (RCOF or DWC1F false) TAC enables

TA2 - TA9 incrementing,

4.3.2.3 Track Address Drivers. The drum memory unit decodes ten track address lines

from the controller to select one head. Each line is a twisted-wire pair driven
from card A15. See paragraph 1.3.3 for a description of the controller/drum

interface circuits.

4,3.3 TRACK ADDRESS REGISTER BITS 2 - 9 (CARD A17)

The eight most significant TA bits are stored on card A17. Bits A7 - Al4 are
loaded into TA2 - TA9 by LTAF during the load ISA function output. Figure 5.2
shows that the TA increments at each OM during Drum Read and Drum Write

operations. The incrementing logic is located on card A15: terms TAC and ITAF.

During Autoload the register is cleared by SUPF, Register butputs TA2 - TA9
are used by the guarded address error and sector overrange error logic (card
A18) and by the A-register balanced current mode drivers (cards B12-B14) for
sector address status. Outputs TA2F - TA9F are TA driver inputs,

4,3.4 DATA REGISTERS (CARDS A06, A07)

4,3.4.1 Data Flow. Card A06 contains bits 0-7 of the three data registers and card A07,
bits 8-15. Data flows through the registers as illustrated in Figure 5.3. Note
that the parallel transfer of data from one register to another is the same for
Drum Read and Drum Write operations; only the entry and exit points are dif-
ferent, Control of the data registers is located on drum read control (card A1ll)
and drum write control (card A12). Transfers occur from a "full" register into

an "empty' register.
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4.3.4.2

4.3.4.3

4.3.4.4

4.3.5

39731700A

Data Register Zero. DRO performs as a serial in/parallel out register for Drum

Read operations and as a parallel in/serial out register for Drum Write opera-
tions. Data shifts right on each clock when enabled by EWSOF during Drum
Write and ERSF during Drum Read.

Read data, i{DF, shifts into R00 during Drum Read; R015F shifts in as an "end
around carry' during Drum Write., During Drum Write operations DR2 transfers
to DRO after the sixteenth bit of each word is shifted into the drum (LROWF and
$CLKF+ both false). DRO transfers to DR1 during Drum Read operations.

DRO outputs are brought off the cards for A/Q data status. DAS provides a two
way check on data flow: from core to the input to the drum, and from the output

of the drum to core.

Data Register One. DSA data drops into DR1 at the trailing edge of reply during

Drum Write operations (WBF and $WSO0F+ both false)., Note the commercial DTL
wired - AND gates into DR1., DRI is loaded with complemented data, so the

reset output of each FF connects to DR2.

During Drum Read operations, DRO transfers to DR1 after the sixteenth bit of

each word is shifted into DRO (LR1RF and $ TLKF+ both false).

Data Register Two. DRI drops into DR2 during Drum Read operations (LR2RF

and @ both false) and also during Drum Write operations (LR2WF and @
both false). DR2 outputs are sent to DSA (via cards B6 - B9) along with Write

Enable (via card B2) during Drum Read operations.

CORE ADDRESS REGISTER (CARDS A19, A22)

Card A19 contains bits 0-7 and card A22, bits 8-15. During Load Initial Core
Address function output the register is loaded with bits A0 - A15 by LICAF.
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4.3.6

4.3.7

4,3.8

4,18

$IMA F+ increments the register on the leading edge of reply. Outputs are used
by the core address compare logic, DSA core address drivers, and core address

status drivers. SUPF clears the register during Autoload.

FINAL CORE ADDRESS REGISTER (CARDS A21, A24)

Two identical cards store the 16-bit final core address which is loaded during
Load Final Core Address function output by LFCAF. The double-rail outputs
are needed by the core address compare logic. GATEF loads $5FF into the

register during Autoload.

CORE ADDRESS COMPARE (CARDS A20, A23)

If bits 0-7 of the ICA and FCA registers compare, CACAF is false, If bits 8-15
also compare CAC is true, CAC is sent to the DSA logic on card A1l and to an
A/Q status driver.

A/Q RESPONSE (CARDS A26, A28-A36)

A/Q logic is implemented with nine general purpose TTL cards and portions of

the controller clock card.

To understand the theory of operation of the A/Q function and status response
refer to the following:

e A/Q Response Flow Chart - Figure 5.4

e A/Q Response Timing Diagram - Figure 5.5

e A/Q Flow Logic Diagrams - Sheets 5-8 of logic package (see Appendix A).

The A/Q Flow Logic Diagrams illustrate the functional operation of the nine

general purpose TTL cards in positions A28-A36. The card location of each
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4.3.8.1

4.3.8.2

4.3.8.3

4.3.9

39731700A

logic element is indicated within the logic symbol. The logic sheet number of
each signal source or destination is indicated in parentheses near the input and
output pins. Signals which do not leave a logic sheet are designated by lines not

terminated with a pin-block-symbol.

Set Run/Run (See Sheet 6 of Appendix A), The RUN flip-flop (FF) enables either

the Drum Write control or the Drum Read control logic. The SET RUN FF is set
by an Initiate Drum Write (WODF) or Initiate Drurﬁ Read (RFDF) output function
or by initiating an Autoload (SUPF). RUN then sets after the track address lines
have settled 33 microseconds (STDF true). RUN resets at the end of either a
Drum Write (WCS5F) or Drum Read (RCS3F) operation. RUN is also cleared by
CLR or ALARM.

ME2/EOP (See Sheet 6 of Appendix A). The EOP FF sets at the end of a Drum

Write or Drum Read operation (RUN reset and ME2 set). EOP is cleared by any
non-rejected output function (A36*5 false) or by CLR.

BUSY/DATA (See Sheet 7 of Appendix A). The states of the BUSY and DATA FF's

determine whether A/Q output functions are rejected. To prevent these FF's

from changing state during the output function, GCLK1 is disabled (held false).

BUSY is set whenever the BG504 is unable to perform another operation.

BUSY = SRUN + RUN + CTE.

DATA sets whenever the BG504 is ready to perform a data transfer (Drum Read

or Drum Write operation)., DATA =RUN * CTE - ALARM.

DSA CONTROL (CARD A11)

Refer to publication 60165800 (see Table 1.4) for an in-depth description of the
1700 DSA bus.
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4.20

The DSA control logic on card All can be understood with the aid of Figures 5.6
and 5.7 (flowchart and timing diagram) and the following brief paragraphs.

Need Zero. DSA activity starts with NO. A11*21 is true when the write or read

control logic needs an access.
Need One. N1 instructs the DSA logic not to release the scanner after the first
core access: the read control or write control logic must send N1 before Reply

is received from the first access to get a second access.

Drum Memory Cycle Latch. All DSA devices receive reply. DMC 'tells" the

BG504 logic to which reply it should "listen",

Priority Latch., When the controller wants to access core, it transmits PRIOR

to the 1700 to speed-up the DSA scanner operation: once any peripheral has

accessed core the CPU is locked out until the PRIOR line is '"dropped'.

Write Enable Delay Latch. During Drum Read operations WREN must be sent to

DSA 350 +50 nanoseconds following request. The WREN Delay Latch drives the
delay circuit, Q1. Request cannot drive the delay directly because it can be as

narrow as 125 nanoseconds.

Increment Memory Address. IMA resets the Priority Latch when A11*25 is

true: this releases the DSA scanner. $IMAF+ increments the Core Address

Register,

Two Only, The TWO ONLY FF prevents the BG504 from getting more than two

consecutive memory accesses.
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4.3.9.9

4.3.10

4,3.10.1

4.3.10.2
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Double Access Enable., The decision whether or not to release the scanner is

made on the leading edge of reply: IMA strobes A11*25 (Double Access Enable

False). The scanner is not released if N1 - 2 ONLY - CAC =1,

Core Address Compare Delayed. The CACD flip-flop (FF) enables one additional

core access after CAC goes true. This permits one word Drum Read and Drum

Write operations. As a result, Core Address Status is always FCA+1 after EOP.
DRUM WRITE OPERATION (CARD A12)

Drum Write Control. Each Drum Write operation consists of a six-step sequence

as described in Figure 5.8 (flow chart), DWC0, DWC1, and DWC2 FF's form a
three-bit shift register which determines which step is active. The register ad-
vances each time a clock pulse is gated to A12*16. Note that A12*12 keeps the

register cleared whenever a Drum Write operation is not in process.

Data Register Load Control (Write), The flow of data through the data registers

is illustrated in Figure 5. 3.

WR1L, WR2L, and WROL maintain the "empty/full" status of DR1, DR2 and
DRO during Drum Write operations. Term ' keeps the load control FF's
cleared during step zero. At the end of reply, during steps one and two,
$WSO0F+ loads DSA data into DR1 (cards A6 and A7). The load control FF's then
enable register-to-register transfers after WR1L is set by WS1. DR2 load-
enable is LR2WF (A12*38) and DRO load enable is LROWEF (A12*20).

The data register load timing during steps two and three is illustrated in Figure
5.9, A12*26 is true during step one so DRO loading does not necessarily wait

until WB15 time,
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4.3.10.4

4.3.10.5

4.3.10.6

4.22

Shift Enable (Write). The DATA TIME and CW TIME FF's in conjunction with

track timing signals from card Al4 determine at what times, during step two

through four, data (or zeros) or CW must be shifted to the drum memory unit.

EWS2F shifts write data into the CW generator during steps two through four.

Note that gate C6C inhibits DRO shift at the time DR2 transfers to DR0 (WB15

Time).

Drum write sector timing is illustrated in Figure 5.10.

Need Memory Cycle (Write). The BG504 controller needs a memory cycle when-

ever DR1 is empty during write control steps one and two. If both DR1 and DR2
are empty a double access is required. WNOF sets the Priority Latch on card

All, and WNI1F holds the scanner if a second access is needed.

Checkword Generator Input/Write Data, EWS1 and EWS2F are the CWG shift

enables during Drum Write operations. The mode of shifting (0 - CW 0 and

CWN - CWN+l orl -~ CWO and CWN - CWN+1) is controlled by WDC and WDCF

during data time., WCW and WCWF enable CW 15 - CW_ and CWN - CWN+ 1

0
during CW time. Bug A2.5 gates CW15F to WDC during step four when zeros

are written on the drum. The CWG algorithm is described in Paragraph 4.3.13.

During steps two and three, term gates R015 onto the $WD+ line while

term gates CW15, Both and are false during step four which

forces zeros onto the $WD+ line.

Lost Data (Write). If DR2 is not full during write control steps two and three

when the DR2 -+ DRO transfer occurs (WB15 time) lost data occurs.
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DRUM READ OPERATION (CARD All)

Drum Read Control. Only four steps are involved in a Drum Read operation

(see Figure 5.11), The read control shift register, RC0 and RC1, operates like
the write control shift register. A11*9 keeps the register cleared when a Drum

Read operation is not in process.

Transfer from step two to step three is delayed until after the CW is tested

(see Figure 5.10).

The DR2 - DRO transfer in step three permits the last data word transferred to
core to re-enter DRO for A/Q data status.

To read the recorded CW via A/Q data status simply ground A11*26. The
DR2 - DRO transfer is inhibited which leaves the CW in DRO.

Data Register Load Control (Read). The flow of data through the data registers

is illustrated in Figure 5. 3.

The "empty/full" status of DR1 and DR2 is maintained by RR1L and RR2L during
Drum Read operation. Term @ keeps the two flip-flops (FF's) cleared at all

times except step one. Register load timing is illustrated in Figure 5.12.

Note that although read data is shifted into DR0O with CLK, all data register-to-

data register transfers occur with TLKF,

Figure 5.10 illustrates an eight-bit delay between write data and read data: write
data sent to the drum memory unit is not recorded on the rotating surface till

eight bit-times later.
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4.3.11.4

4.3.11.5

4.3.11.6

4.3.11.7

RB15 and WB15 are also eight bit-times apart. These two terms define the end
of read data words and write data words at the serial controller/drum-memory

unit interface,

DRO doesn't need a FF to remember when it is full. Since DRO shifts during data
and CW times for Drum Read operation it is full only for one bit-time (RB15

time).

Shift Enable (Read). ERSF enables DR0O and CWG shift operation during data and

CW times in steps one and two (see Figure 5.10).

Need Memory Cycle (Read). A core access is required when read data transfers

into DR2 (term @ false). The scanner is held for a second access if DR1 is

also full (term @ false) on the leading edge of a reply.

See Figure 5.3 for a detailed DSA timing diagram for Drum Read operations.

Checkword Generator Input For Read. The CRC compare terms (RDC and RDCF)

needed during Drum Read operation are generated by bug A2 and gated to card

A08 by gates C2A and C2C.

Lost Data (Read). If DRI1 is already loaded at RB15 time A11*35 is false and the

LD FF sets (card A35), Capacitor C11 insures that A11*35 remains true during

the CLK pulse at the end of RB15~time even though RR1L is set by the preceeding
TLK.

Checkword Error. Figure 5.10 illustrates the gross timing of the CWZ strobe.

Checkword errors can occur only during Drum Read steps one and two (term @

true).
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AUTOLOAD

So long as the AUTO LOAD push button is depressed, all the data in sectors 0-15

is repeatedly transferred to core locations 0-1535 ($0-$5FF).

The flow chart for this special Drum Read operation is Figure 5.13.

Initiate Autoload (Card A26). Like all Drum Read operations, Autoload can be

initiated only if a data transfer is capable (DATA true). GATEF and SUPF
initialize the controller as described in Figure 5.13. Once the RUN FF sets a
normal Drum Read operation is in progress and Figure 5.11 describes the opera-

tional sequence.

CHECKWORD GENERATOR (CARD A08)

During Drum Write operation all data from core is processed by the checkword
generator and the resulting 16-bit code is written on the drum as the 97th word

of each sector,.

After 96 data words are processed by the CWG during Drum Read operations, the
CWG should contain the same pattern as the recorded CW which follows, After

the recorded CW is processed, the CWG should contain all zeros.

Checkword operation is de’scribed in Figure 5.14 (flowchart), Note that the CW
is generated during data and CW times for Drum Read operation (ERS true);
however, for Drum Write operations, only during data time (EWS2 true). When
the CW is gated onto the $WD+ line during Drum Write CW-time the CWG simply
shifts-right., An end-around-carry feature (CW15 - CWO0) leaves the CW in the

CWG after Drum Write operations for examination (test points only).

A clip lead can enable the recorded CW to be read via A/Q data status following

Drum Read operations (see Paragraph 4.3.11.1).

4.25



4.3.14

4.3.15

4.3.15.1

4.3.15.2
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CLEAR TIMING ERROR (CARD A26)

The CTE FF is set by CLR « TE, where CLR = MCL+ Clear Controller. The CTE
sequence is described in Figure 5.15 (flowchart). Note that CTE resets at the
beginning of Sector Zero and allows all track timing counters to resume incre-

menting from a cleared state.

ALARMS

The eight inputs to the ALARM FF are shown on sheet 7 of Appendix A, Only

three alarm conditions need explanation.

Power Failure (Card A26). A 10v peak-to-peak sine wave appears at A26-9.

A26*6 is the integrated value which turns on Q2 and Q3 after the loss of about two
ac cycles, A26*22 sets the PF latch at least one millisecond before dc voltages

in the controller and drum sag.

Guarded Address/SOR Errors (Card A18). These two circuits operate similarly.

A full adder produces a carry whenever the contents of the TA register exceed

the one's complement of a jumper-assigned number.

During Drum Write operations the carry prevents GAE from setting, Note from
card A33 that EGAE = DW - TA8F - TA9F so that even with no carry GAE will
not set if either high-order TA bit is set.

A carry sets SOR during Drum Read and Drum Write operations if A18*2 is true,
Gate C1C prevents SOR errors when performing Drum Read operations on the

last sector of a drum: the TA increments at OM.
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SETTLING TIME DELAY (CARD A18)

STDF inhibits the setting of RUN during the 33 microsecond period following TA
register loading. The drum memory unit is therefore always provided a 25-

microsecond track switching delay which it requires during Drum Read operations.

INTERRUPTS

The three sources of BG504 interrupt are shown in sheet 8 of Appendix A. Note

that the TEC interrupt is not programmable.

CONTROLLER CLOCK (CARD A26)

The positive edge of $BC+ triggers the first of three tandem one shots. The first
one shot is (factory) adjusted to position the negative edge of $CLKF+ in coinci-
dence with the positive edge of $BC+. The timing relationship between the two

clock phases and the bit clock are shown in Figure 5.1.
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GENERAL

Section Five

DIAGRAMS

This section contains the following diagrams:

Figure Number

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16

DIAGRAMS

Title

Track Timing Diagram

Track Timing Error Flowchart

Data Flow Diagram

A/Q Response Flowchart

A/Q Response Timing Diagram

DSA Operation Flowchart

DSA Single Access Timing Diagram (Drum Read)
Drum Write Control Flowchart

Drum Write Data Register Load Timing Diagram
Sector Timing Diagram

Drum Read Control Flowchart

Drum Read Data Register Load Timing Diagram
Autoload Flowchart

Checkword Generator Flowchart

Clear Timing Error Flowchart

Power Wiring Diagram

The following pages contain the preceding listed diagrams.
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Figure 5.4. A/Q Response Flowchart (Sheet 4 of 5)
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Section Six

MAINTENANCE

6.1 PREVENTIVE MAINTENANCE INDEX

Perform preventive maintenance as follows:

e Levell-=—————meeeuc—— Monthly
® Level 2--wmmmmmmmmmme e Quarterly
e Level 3—-————mmmmmmmmm Annually
Estimated

Time Preventive
(Minutes) Level Ref. Paragraph Maintenance

5 1 6.1.1 Check helium pressure
15 1 6.1.2 Check power supplies
and filter
10 2 6.1.3 Run diagnostic
55 3 6.1.4 Run diagnostic with

voltage margins

The preceding index provides recommended frequency for performing preventive
maintenance on this equipment. Scheduling of this maintenance is a site respon-
sibility. Scheduling may include variations in the recommended frequency due to

individual site conditions (i.e., usage, environment, time, etc.,).
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6.1.1

CHECK HELIUM PRESSURE

Check/Conditions

Step 1 - Observe helium atmosphere on
small gauge on front of drum
chassis. It should be between
0.1and 1.5 psi.

CHECK: Is pressure acceptable ?

Yes No —m»

Step 2 - Remove front panel and slide
drum out to read high pressure
gauge. Use a suitable mirror
(see paragraph 7.1.2) to read
this gauge from the rear. This
can be accomplished without
removing the panel or extending
the chassis. The pressure should
read from 300 to 2200 psi.

Action

. Readjust regulator. Relieve

under-cover pressure. Wait
for settling. Repeat procedure
until reading is 1/4 - 1/2 psi.

If this procedure is necessary
too often, a faulty regulator or
a leak in the system may be
the cause. Monitor the
ACUATION PRESSURE LOW
lamp to see if it cycles more
than about every 10 minutes.
If it does, there is a leak in the
pressure system. It may then
be necessary to call Technical
Support for drum maintenance.
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Check/Conditions Action
CHECK: Is reading above 300 psi?
Yes NO ———— = 1. Turn off drum power.

2. Replace helium bottle by
executing following steps:

a.

Next Item b.

6.1.2 CHECK POWER SUPPLIES AND FILTER

Check/Conditions

Step 1 - Measure all supplies for their
nominal voltages and ripple
tolerances. Keep a record to
see if there is a degrading
history.

39731700A

Turn off helium bottle
pressure valve.

Turn off regulator.
Remove old bottle.

Inspect and clean mating
surfaces.

Install new bottle.

Turn on helium bottle,
fully open.

Relieve under cover
pressure.

Open regulator to a slight
flow.

Relieve pressure again and
wait for new setting to settle
out.

Repeat as necessary to
achieve approximately
1/4 psi.

Action
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Check/Conditions

+6 vde, +5 vde ---- 25 millivolt RMS
ripple (70 millivolt peak to peak) -
Controller

+5 vde, + 25 vde, -12 vdec --- 300
microvolt RMS ripple (3 millivolt
peak to peak) ~ Drum Memory

CHECK: Power supplies acceptable ?

Yes No —»

Step 2 - Check the blower filter.
CHECK: Filter clean?

Yes No ——

Next Item

6.1.3 RUN DIAGNOSTIC

Check/Conditions

Step 1 - Run SMM17, V3.0, Test 80
(See Appendix B)

Step 2 - Repeat the test several times.

6.4

Action

Check for blown fuses, circuit
shorts, open diodes, proper
input voltages, proper grounding,
etc... Repair or replace defec-
tive components or supply. Do
not void drum memory unit
warranty.

Vacuum the filter or clean with
mild soap and water if necessary.

If filter cannot be easily cleaned,
replace.

Action
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6.1.4

39731700A

Check/Conditions

CHECK: Any diagnostic errors ?

No Yes ———»

'

Next Item

Action

1. The flexibility and usefulness of
the drum diagnostic as described
in Appendix B, should allow
relatively quick problem isola-
tion. Repair or replace the
faulty component or assembly.

Note: Any failure indicated as being
under the drum cover shall require
qualified personnel from Regional
Technical Support. Do not void drum
memory unit warranty.

RUN DIAGNOSTIC WITH VOLTAGE MARGINS

Check/Conditions

Step 1 - Run the drum diagnostic (See
Appendix B) but omit Section 0
(Clock Adjustment).

Step 2 - Repeat the diagnostic at nominal
voltage settings.

CHECK: Any diagnostic errors ?

No Yes — =

|

Step 3 - Run the diagnostic twice with
all supplies at +5% margins.

Action

1. Repair or replace faulty
component.

Note: See above note (Paragraph
6.1.3).
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6.2

6.2.1

6.6

Check/Conditions Action

CHECK: Any diagnostic errors?

No Yes ——= 1. Check for deterioration in
grounds, power supplies,
cabling, or connectors, IC's,
etc.,. Repair or replace failing
part. Do not void drum memory
unit warranty.

Step 4 - Run the diagnostic twice at
-5% margins.

CHECK: Any diagnostic errors ?
No Yes ——» 1. Same as preceding action.
Step 5 - Return system to nominal voltage
settings. Re-run the entire
diagnostic to verify operation
while lightly shock testing the
unit.
CHECK: Any diagnostic errors?
No Yes ——= 1. Replace shock sensitive

component or assembly.
End of Maintenance

CALIBRATION AND ALIGNMENT

The following two potentiometers in the controller are factory set and therefore

not likely to need further adjustment.

CONTROLLER CLOCK ADJUSTMENT (CARD A26)

This adjustment synchronizes the controller clock to the track timing recorded

on the drum surface. Adjustment can be made during all power-on conditions
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of the BG504. The negative-going edge of $CLKF (A26*4) is aligned with the
positive-going edge of $BC+(A26*1) within+5 nanoseconds. See paragraph

4,3.18 for a description of the circuit.

6.2,2 DSA WRITE ENABLE ADJUSTMENT (CARD All)

This adjustment establishes the time delay between transmission of $RQST and
$WREN by the BG504 during Drum Read operations. The delay must be 350 £50
nanoseconds. Refer to publication 60165800 (see Table 1.4). Adjustment must
be made during Drum Read operations. The positive-going edge of WREN
(A11*22) must be delayed 350 +50 nanoseconds from the positive-going edge of
RQST (B02*7).

6.3 TROUBLESHOOTING

The recommended troubleshooting procedure is to run entire diagnostic and
examine printouts (see Appendix B). If the failure can be localized to a specific
logic area, replace suspected assembly (for example card substitution in con-
troller or IC replacement on drum memory unit logic card). If the failure cannot
be isolated, program diagnostic to loop on first section which fails and signal

trace; disable the printout for this mode.

If the failure occurs under shroud of drum memory unit, call Technical Support.
Only qualified personnel may make repairs under the drum cover. Do not void

drum memory unit warranty.
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6.8

Card Type

1LCT

9GJT

9GET

9GHT

9GFT

9GKT

9GLT

1LKT

1LLT

Controller Card Interchangeability

Card Description

Data Register

TTL Gate, High Fan In
TTL Inc. Reg, 8-Bit
TTL Compare, 8-EOR
TTL CNTR/Reg, 8-Bit
TTL Gate, Low Fan In
JK Flip-Flop, 5

3/4/4 Gated T/R, TTL

GP Transmitter, TTL

Card Positions

A06,
A09,
Al7,
A20,
A21,
A28,
A31,

BO06,
B12,

B20,

A07

A33

A19, A22

A23

A24

A30, A32, A34, A36
A35

B07, B08, B09, Bll
B13, Bl4

B21

?
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Section Seven

MAINTENANCE AIDS

7.1 MAINTENANCE AIDS

7.1.1 TEST POINTS
e All*26: Keeps checkword in DRO after drum read operation when grounded
so that checkword can be read via AQ data status.

e B02*5: Inhibits $WREN when grounded so that BG504 cannot write into core.

7.1.2 TOOLS

e Card extractor (Flotron 6121-174A, CDC Part No. 38862900).
e Card extender, 6-inch (CQ Card No. 38837100).

e Small adjustable hand mirror (General 555 or equivalent) for reading helium

gas bottle pressure from rear of cabinet.

e Refer to drum memory unit manual (see Table 1.4) for additional information.

7.1.3 DIAGRAMS

e Card and chip locations (Figure 7.1).

o Intebrid IC pin configuration (Figuré 7.2).

@ TTLIC pin configuration (Figure 7.3).

e TTL IC logic diagrams (Figures 7.4 through 7.9).

e Refer to drum memory unit manual (see Table 1.4) for additional information.
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. 50-PIN
/ CONNECTOR

TEST

7.2

/ L l ! | _/ POITS
— ) A1 | B-1 c-1 D-1 E-l [ 1
| 2
| 1l
| |
| |
| !
| — | a-3 D-3 | |
|
| |
l o N
| !
| o
B-5 I |
| |
I | ]
et — 24
I T 2s
A B c D E
PRINTED WIRING BOARD (PWB) COMPONENT SIDE CHIP LOCATIONS
» 19" MODULE >
le—m — —— § ] — o e . — g2
[] [ ] 1 2 ]
PIN NUMBERS
49 50
- L] L) |
- PWB'S J
MODULE CONFIGURATION
Figure 7.1. Card and Chip Locations
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WIDTH 0,030 MIN. PIN IDENTIFICATION

0,045 MAX,
1

1n00ang

D24

UU.UUUUUU

16 15 14 13 12 11 10 9

P—O 10 £0.010

P-— 0,800 *0.015

8 LEAm EVENLY
SPACED

o
J

0,530 20,0056

0.250 ——"

1-1881

39731700A

DELAYS
A

DOUBLE
INVERTERS

( +6

+6

DLA DLoo, 1,2 3

F24 ROIA |

FLIP-
FLOPS <

mYVVVAAS AYAD

RMB

SINGLE
INVERTERS

» RECEIVERS

~
TRANSMITTERS

PIN IDENTIFICATION CODE

CONNECTIONS

INPUT TO EXTERNAL
% CIRCUIT UNUSED PINS

nn"

GROUND OUTPUT TEST
POINT

Figure 7.2. Intebrid Circuit Pin Assignments and Dimensions
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14-PIN TTL
14 13 1211 10 9 8

CUT-OUT OR
INDENTION SN74XX
| J O 0 O O 6
1 2 34 5 6 17
16-PIN TTL
16 15 14 13 12 11 10 9
nNNOoaonMonn
CUT-OUT OR
INDENTION " SN74XX

agouudugugouno
1 2 3 4 5 6 7 8

Figure 7.3. TTL IC Pin Configuration, Top View
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VCC 6A 6Y S5A S5y J4A 4y
130 ﬂ
ouTPUT SN7400
'NPUT QUADRUPLE 2-INPUT
POSITIVE NAND GATE
1A 1y 2A 2¥ 3A 3Y GND
positive logic: Y = A NOTE: Component values shown are nominal.

1
mmS iomml Y

SN7404
HEX INVERTER

positive logic: Y = AB NOTE: Component values shown are nominal.

Vee 20

LAURARRANRINER
sT H

=

S——

J

g
)

positive logic: Y = ABCD

Figure 7.4.

39731700A

SN7413
DUAL NAND SCHMITT TRIGGER

IC Logic Diagram
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7.6

) N H N N Y
vee Vc C C G C C

an Lewa 100 LLNAREAERIAARINER RIRRIR

: outeut ¥
-
NruTs § O
s e I_
-
" GND 1
IRIRAERIERIRRILAIR
A 8 C ) E F GND
values sh are

positive logic: ¥ = ABCDEFGH NC—No Internal Connection

Ve¢ 2 2€ NC 28 24 2Y
wiinjjuf{njjofjs|je

ositive logic: Y = ABCD Component values thown are nominal.
P o9 8co NC—No Internal Connection

Figure 7.5. IC Logic Diagram

8-INPUT POSITIVE
NAND GATE

DUAL 4-INPUT POSITIVE
NAND BUFFER
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SN7442
4-LINE-TO-10-LINE DECODER
(1-OF-10)

4-LINE-TO-10-LINE DECODER

anil

18xl)

IN%JTS OUTPUTS
/ A\Y /, —N AN
VCC A B C D 9 8 7
Jw s e e e ln o]l
q-j
L
A B C D
01 2 3 45 67 829
0 Ij T_‘L\
| —— I
— 1 m B —
Vit2f({3{14¢115((6f[]7]]8
\ 0 1 2 3 4 5 6, GND
Vv
QUTPUTS
INPUT A 4 ]e
| TR o
H
umn outnt 2
5
mruuo—.{ SO L] ._D—OW"V”
_ T poom. | SNTAL2
-Do-« 5
. 0
scoSor i Powm|  (1-0F-10)
]
]
{a
. E ) 5 }: outet 7
IE N ,__i% ourmt s
C} i ouTmT 9
. (See Note 4
vee ) Vee 1Y rg—'_x\ 10 1C ay

A
m’uvs{ s

X
{Z
GATE Y OF

(See News 4)

SN5450. SN7480 ONLY

SN7450
EXPANDABLE DUAL 2-WIDE
2-INPUT AND-OR-INVERT

GATE

positive logic:

Y = (AB) + (CD) + (X)
X = Qutput of SN5460/SN7460

39731700A

Figure 7.6. IC Logic Diagram
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TRUTH TABLE o 0 1 5o B 1 e
{Each Latch) w s wl[ul[u]fn]]e]l]s
ty th+1
D Q a] [« 8 T alfa €
; 3 " e | lesoex o] Lo_cu SN7475
0 0 4-BIT BISTABLE LATCH
tflalsTefssr[l0
NOTES: 1. t, = bit time before clock 6 16 M CoKKkvee B o &
negative-going transition. 34
2. th+1 = bit time after clock
negative-going transition, NC—No internal connection
INPUT OUTPUT
WHEN WHEN
€o=0 when| S0 wi
HEN b
Cpm0 P 8, . G G, GND B A I,
Ay /|1 flAz /B2 /|z1 /|Z2 /ic2 /=1 /]E2 /]c2 s puuygynpjuopys
Azl/ B3|/ A4l/ Bs4|/ I3/ Zai/ Ca|/ 3|/ Z4|/ Ca Lr——J_____l
(N ENERENENENENER K
1 J]o]Jolol1 [ofJof[ol1]o B 4 |
01 ]o o1 [oJolo|1]o » ! INTERNAL
{ CARRY C,
1|1 o oo |1 o1 ]1 o =]
oo |1 |o]o |1 o1 ][1]o ==
1 o |1t o1 |1 [o|lo]o]n i —fz:l
o |1 IERE 1 oo o |1
[(HEEEREEEEENEEEREEE IRIRAIERIERIRRILRIRAIL
T
olofo]1]o0 1 ol 1 1 | o A, I, s B Vee % 08 )
1 {o]o |1]1 1 oo [o ]
o1 [o 111 1 o] oo |
1 {1 o J1]oTo 11 )]0 |1
0o ]o |1 1 o | o 101 o]
1 o |1 1|1 0 1 /o1 1
o |1 1 1] 0 1 {0 |1 1
1 |1 1 1|0 1 1] 1 1 1

NOTE 1:Input conditions at Ay, Ap, By, By, and C ( are used
to determine outputs £q and I3, and the value of
the internal carry Cp. The values at Cz, A3, B3,

A,4, and By, are then used to determine outputs £3, Zg4,
and Cq4.

SN7483
4-BIT BINARY FULL ADDER

Figure 7.7, IC Logic Diagram
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NOTES:

TRUTH TABLE
(Each Flip-Flop)
tn the1
Q

Qp J Clock K

2 D - ol SN74107
. DUAL J-K MASTER-SLAVE
n FLIP-FLOP

e r-1r-118
= lOo|=|O|X

1. tn = Bit time before clock puise.
2. tp4q = Bit time after clock pulsa.

Low

Clear is independent of clock.

positive logic:
input to clear sets Q to logical 0.

NOTES:

39731700A

‘REH/ 1 2
VeC Cext Cext 10 23 CLEAR 28 2A

Bl junijw]f9

N

INPUTS OUTPUTS

A B| @ a a

H X L H CLEAR o

X L L H T |

L t . v IRIRZIERIERIERIRIRAIR]

i H JL v 1A B '@ 20 2 2R, /GNO
Coxt  Cppy

positive logic:

Low input to clear resets Q to low
tevel and inhibits data inputs

A. H = high level (steady state), L = low level (steady state), T = transition from low to high level, | = transition from high to low
level, JL. = one high-level pulse, U~ = one low-level pulse, X = irrelevant (any input, including transitions).

. NC = No internal connection.

. To use the internal timing resistor of SN54122/SN74122 (10 k2 nominal}, connect Rj to V.

D. An external timing capacitor may be connected between Cegyxt and Rext/Cext (pOsitive).

O m

SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH CLEAR

Figurec7 .8. IC Logic Diagram
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7.10

849
] ﬁ L QUAD 2-INPUT NAND GATE
: @'
janoy .
VCc 18 X X 10 1 A4
—oVce wijupnuijwijs[e
e |
28k 760 2 28k 58 1
J/_J.
: N )
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ouTPUT
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GATE 1 OF _ <
X o— 470 4 k2 <
SN74HS50 xo—l '-j ng

Figure 7.9. IC Logic Diagram

SN74H50
DUAL 2-WIDE 2-INPUT
AND-OR-INVERT GATE
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7.1.4

7.1.4.1

39731700A

PRINTED CIRCUIT BOARD REPAIR

The maintenance and repair of 30-pak assemblies includes removing and replac-
ing integrated circuits, cutting copper foil conductors to facilitate wiring changes,

and adding discrete wires and components.

Usually, failure analysis is effective only when the defective circuits are re-
ceived in an as-failed condition. Therefore, the following general precautions
are given to minimize further damage to either the printed circuit board or any

component (integrated circuit or discrete component) on the board:

e Refrain from multiple bending of component leads. A lead may break off

after being bent only a few times.

AN

e To avoid damage to the substrate of an integrated circuit chip, do not twist

its leads.

® Heat application from a soldering iron must not exceed five seconds. Ex-
cessive heat damages and shortens the life of components and loosens the

copper foil from the printed circuit boards.

Removal of Integrated Circuit Chips

The following paragraphs contain two separate and distinct methods for removal

of integrated circuit chips. They are given in the order of preference.
Destructive Removal Procedure

To complete the removal procedure described in this paragraph, the following

tools are needed:

@ One miniature diagonal cutters

e One miniature soldering iron with pencil tip (25-watt)
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® One miniature long-nosed pliers

® One solder sucker

Perform the following steps:

e Using the diagonal cutters, clip leads on one side of the chip being removed
at a point as near to the chip as possible as shown in the following

illustration:

Cut Here
Cutting IC Chip Leads
e After leads on one side of the chip are cut, either bend the chip back and

forth several times to break the leads from the other side, or cut them with

the diagonal cutters.
e Mount the printed wiring assembly in a vertical position.

e Using miniature soldering iron with pencil tip, heat one of the severed leads
on printed wiring side of the assembly. When solder melts, pull lead out of
hole in assembly from component side of assembly, using miniature long-

nosed pliers.

® After each lead is removed, re-heat each vacated hole and remove excess

solder with a solder sucker.
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Desoldering Each Lead Procedure

To remove an integrated circuit chip, the following tools are needed:

® One miniature soldering iron with pencil tip (25-watt)
e One solder sucker

o One length of copper wick

Perform the following steps:

® Mount the printed wiring assembly in a vertical position.

e Using the pencil-tipped soldering iron heated to maximum temperature, heat

one lead of the chip on the component side of the assembly.
e When the solder melts, remove it with a solder sucker.
® Repeat preceding step for all leads of the chip to be removed.

e After majority of solder has been removed by the solder sucker, reapply
heat and use a copper wick to remove small amounts of remaining solder

from each lead.

® Repeat any of the preceding steps, as required, until all leads of the chip

are free and the chip may be removed.

7.1.4.2 Replacement of Integrated Circuit Chips

Perform the following steps:

e Before mounting replacement chip on assembly, inspect holes where the

chip leads will be inserted to be sure that no residue solder is in the holes.

39731700A 7.13



7.1.4.3

7.1.4.4

7.14

e DPosition replacement chip over holes so that either the small recessed area
or the notch is to the left. Do not use the lettering on the chip as an indi-

cator of a correctly-positioned chip.

e Gently push chip down until all leads pass through holes in the board. If too
much resistance is felt as chip is inserted, recheck holes for residue solder
and remove if necessary. When chip feels firmly seated on board, turn

board over and check that all pins of chip came through proper holes.

® Solder each lead on printed wiring side of board. When soldering is com-
plete, inspect holes on component side of board where chip leads went

through the board to ensure that solder filled holes around leads.

e Clean and inspect all soldering. Trichlorethylene is preferred as a cleaning

agent.

Cutting Copper Foil Conductors

Perform the following steps:

e Using an Exacto knife, cut copper foil in two places, approximately 1/32

inch apart.

® Peel off the small copper strip between the two knife cuts. It is not neces-

sary to remove entire copper strip.

Adding Discrete Wires

Perform the following steps:

e On printed wiring side of the board, measure desired length of 30 AWG wire

to be used and add 3 or 4 inches of wire to that measured.

e Strip1 1/2 to 2 inches of insulation from one end of the 30 AWG wire and

make a small loop of the bare wire close to the insulation.
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® Place loop of wire over pin of the chip and pull loop snug against solder
around the pin. Then hold hot pencil-tipped soldering iron against pin and
wire loop until solder melts and covers wire loop. Add more solder, if

necessary.

e Holding free end of the 30 AWG wire taut, measure distance to the pin to
which the free end will be soldered. Strip wire at that point, pull it tight,

and wrap wire around the pin.

e Hold hot soldering iron against the wire and pin until solder melts and flows
around the wire and pin. Trim any excess wire from both pins and clean

solder joints, if necessary, using trichlorethylene.

7.1.5 DIAGNOSTIC DESCRIPTION

See Appendix B.
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39731700A

Section Eight
PARTS DATA

PARTS DATA

Parts data is provided in this section by copies of the following released CDC
drawings:
e Figure 8.1 Drum Memory Subsystem Drawing 39744600 (Sheets 1 through 6)

e TFigure 8.2 Spare Parts List for Drum Memory Subsystem Drawing

SP39744600 (Sheets 1 through 5)

e Figure 8.3 Panel Assembly — Power Supplies PL39738900 (Sheets 1 and 2)
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Figure 8.1.

Drum Memory Subsystem Parts List
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CODE IDENT DOCUMENT NO. REV.
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CONTROL DATA

ANALOG - DIGITAL SYSTEMS DIVISION

CODE IDENT

4

DOCUMENT NO

REV.

La Jolla, Calif. 92037 09132 SHEET PL .3374 46 OO E
FIND PART QUANTITY REQUIRED UNIT NOMENCLATURE SPECIFICATIONS ,
NO [ioENTIRICATIONl a ol 0/ lo 2 |0 3|0 |0 sloe o 7 weas OR DESCRIPTION NOTES . OR MATERIAL
/s Bozomod /|7 |77 |7 7|7 |7 STANDARD 19" RACK
2 |3s005000 7 {7+ {7 {7 7|7 |7 ]/ FILLFR MEMBER
339130 | s s 7|7 |77 |7 PR DIST BOX A6
& 390291007 |7 {1 |77 |7 |1 |7 FACK MOD KIT
5 Bocozqod 2|2 |2 |2|2]e|2]2 S/IDE PANEL
6 397238900 /1 |7 |7 |7 |7 |77 |7 FANEL W/PWR SUP Az
7 Boraosad s |/ |7 |7 |7 /7|77 DRUM CONTROLLER A3
839529000+ |7 |7 |7 7|77 |/ BLOWER (GHZ20A) Az
ICICICEygis/l7. «, BV RV NV VAR IV BV A BV A A COVER, TOR -LOUVERE D L7 GRAY
10 |39 78.5.S00REF\REF RELNREF \REFIREFIEF\REF PWR WIRING D/46RAM|
1713973802 s |7 |7 |77 | 7|7 |7/ CABLE 4SS Y-200% 70
Errrraze WA WAVAVE AN VAV CABLE ASS Y-S L,08
s3397¢5003| /7 |1 |7 |1 |77 ]|/ ABLE ASS Y- 2, 15417 79
/2 138933500\ 7 |7 |1 |2 |2 |77 |7 IDENT FLATE
/5 39668602 / | VPR SuP (orRUN7) Al
f\\ \| |oweonr-r9¢,608 wowros a5
1639668603 /| 1 / L |pwe so= rury) Al
T \| |okuar-s393,2/c worols 45
/7 [ocescos / / 1 L e sup @rung) 4/
3 | PROM - 583, 522 wokDY A5

AAJIBI

, !:RNT!D IN USA




ANALOG - DIGITAL SYSTEMS DIVISION

CODE IDENT

DOCUMENT NO

REV.

La Jolla, Calif. 92037 09132 SHEET 5 PL 3974£é OO A

FIND PART QUANTITY REQUIRED UNIT NOMENCLATURE SPECIFICATIONS,
NO [IDENTIFICATION os/lozlos 04'05 o&lo7 M?:S OR DESCRIPTION NOTES , OR MATERIAL
18 368605 / / / {' PR sur rUNT) Al
e \|_ |owkusr- 756,232 woenk A5
19 |396¢8605 AV | suP (DRUA) Y,
T~ U lopr 283020 woeds a5
2032cs8607| /| VAVAW LT |ewe sue(orur) Al

— /%' | |pRum -4 /79,648 WORGZS AS
i—i 39668605 / / 7 (‘ PWR SUP (DRUM) A/

\|_ |opum | 376 252 words AS

2239ce5609| AT {1 |pwe sup torury Al
e \| |orwns- 1572 862 worhs 45
25389687231/ |7 |7 |/ /7 BLANK PANEL
ez 38968227 |/ |1 |1 |7 |1 |7 BLANK PANEL
es|39025/00\ 8 | 5| 9 |10|9 |rolro|rs U~ SUMIPER

AAlIBI

PRINTED IN USA




DWN // CONTROL DATA RALG PrREFIX/] DOCUMENT NO. REV
CHKD A . . .
— MRS )0 0 MEMORY SUASYSTEM| / |29 722500 E
SYSTEMS DIVISION
MEG P . La Jolla, Calif. 9203 Tfrr=r—oeem—r
N CODE IDENT
arre o o SHEET é
SHEET REVISION STATUS REVISION RECORD

REV ECO DESCRIPTION DRFT | DATE

A 'RELEASED ég'w 19

B DODOC  |ADDED SHRE 24075 L/ST a&_% 19-2-

C |\oDLC WIDED AvO ECR 569 44, 5 12-16-N

D | DDC JEE SPARE PARTS LNT 54, L 16:16%

£ | DDC N I1Z WA 38927802,FCR3I ‘,&IH. 1-251
NOTES:

DETACHED LISTS

AA3180 7N N "RINTED IN USA



Figure 8.2. Spare Parts List for Drum Memory Subsyétem

39731700A 8.11






DWN ///;% YHLS PREFIX DOCUMENT NO. REV
CHKD TR S SPARE PARTS LIST FOR
ENG ANALOG - DICITAL DRUM MEMORY SUBSYSTEM 5P 39744600 E
ya SYSTEMS DIVISION
MEG L/ y . - La Jolla, Calif. 9203 Tfrrmermmememer
CODE IDENT
aree VBN 09132 BG504A-H [SHEET | of &
SHEET REVISION STATUS REVISION RECORD
REV ECO DESCRIPTION DRFT | DATE ﬂ?]ﬁ
}5 DDC RETEASED 27 0o | e M
FN & €22 WAS asmzsoafb,w g{(
0| bboc 24536100 ECR 4GS o f¢V |FIL1 |2,
NOTES:

DETACHED LISTS

AAJI80

v

ea




CODE IDENT DOCUMENT NO REV.
ANALOG -:;l:::“:ft.::s‘;zon; DIVISION 09132 SHEET 2 PL SP39744600 D
FIND PART QUANTITY REQUIRED U'O“::T NOMENCLATURE SPECIFICATIONS,
NO |IDENTIFICATION 00 lo 02 03 | 04 05| 06 07 MEAS OR DESCRIPTION NOTES , OR MATERIAL
1 39233400 1 1 1 1 1 1 1 1 PWA TTL Incre Reg 8 Bit 9GET
2 ] 39233700 1 |1 1] 1}]11]1 1] 1 1 TTL Counter/Reg 8 Bit 9GFT
3 | 39234300 1 |1 1] 1]1]1 1] 1 TTL Compare 8 EOR 9GHT
4 | 39234600 | 1 |1 111 )1 1)1 TTL Gate High Fan In 9G] T
S ]| 39234900 1 |1 1] 1|1 }1 111 TTL Gate Low Fan In 9GKT
6 39235200 1 1 1 1 1 1 1 1 JK Flip Flop 5 9GLT
7 | 39377400 1 ]1 1|1 1}11]1 1] 1 TTL NAND 2 Input 9DDT
8 39709200 1 1 1 1 1 1 1 1 3/4/4 Gated Xceiver 1LKT
9 | 39705100 1 |1 11 ]1 |1 111 Track Timing No. 1 1LAT
10 | 39705400 1 11 1111 |1 111 Check Word Gen 1LBT
11 39705700 1 1 1 1 1 1 1 1 Data Register 1LCT
12 39706000 1 1 1 1 1 1 1 1 Drum Read/DSA Control 1LDT
13 39706300 1 |1 11111 111 Track Timing No. 2 1LET
14 1 39706600 1 11 1 1111 ]1 111 Drum Write Control 1LFT
15 | 39708300 1 111 }]1]1 1] 1 Controller Clock 1LGT
16 1 39708600 1 111 }1 11 1] 1 Equip Select 1LHT
17 1 39708900 1 11111 11 1] 1 Memory Scanner TTL, 1LJT
18 1 39709500 1 1 11 11 11 111 Gen Pur Xmitter 1LLT
19 | 39709800 1 111111 1] 1 Y Gen Pur Receiver 1LMT
20 39715300 1 1 1 1 1 1 1 1 PWA Guarder Addr/or Detect 1IMBT
AA3ISI /A FoN

SINTED IN USA




r\, N N

CONTROL DATA

ANALOG - DIGITAL SYSTEMS DIVISION CODE IDENT DOCUMENT NO REV.

CORPORATHCA La Jolla, Calif. 92037 09132 SHEET 3 PL 5P39744600 D
FIND PART QUANTITY REQUIRED ug;r NOMENCLATURE SPECIFICATIONS ,

NO |IDENTIFICATION 00 lor Loz losTos [ oslos [ o7 MEAS OR DESCRIPTION NOTES, OR MATERIAL
21 39283405 1 1 1 1 1 1 1 1 Circuit Breaker 5 Amp

22 24536500 1 1 1 1 1 1 1 1 Fan, Axial

23 11824400 5|5 ST S5 15 St 5 IC Party Line Xmitter TOlA

24 11824500 515 ST S| S |5 S| 5 + Party Line Xmitter T31B

25 11826500 1 1 1 1 1 1 1 1 Flip Flop F34

26 11826900 S |5 S1 515 ]S 51 5 Party Line Receiver RO1A

27 11827000 S 15 ST S 1515 S| 5 Party Line Receiver RO1B

8 1848500 3 13 31313 13 313 Inverter 148M
38385300 1 1 111 1 1 1] 1 844

30 39385500 1 1 1 1 1 1 1 1 849

31 39385800 1 1 1 1 1 1 1 1 7442

32 39388300 7 17 71717 17 717 7400

33 39388400 4 4 4 4 4 4 4 4 7430

34 39388500 9 |19 91919 |9 91 9 7450

35 39388600 7 17 717 17 |7 71 7 7472
W soagazoo 11 b1 Lol 1 Ja 1 7475

37 39388800 1 1 1 1 1 1 1 1 7483

38 39389200 2 |12 21212 |2 21 2 7440

39 39389300 111 1 111 }1 111 7493

10 39389700 1 1 1 1 1 1 1 1 1C 7404

AAJIBI PRINTED IN USA




ONTROL DATA; ANALOG - DIGITAL SYSTEMS DIVISION CODE IDENT DOCUMENT MO REV.
La Jolla, Calif. 92037 09132 SHEET 4 PL SP39744600 R
FIND PART QUANTITY REQUIRED UNIT NOMENCLATURE SPECIFICATIONS,
NO {IDENTIFICATION OF OR DESCRIPTION NOTES, OR MATERIAL
0001 02 JO3 J]04]05] 061 07 MEAS '
41 39389800 1 1 1 1 1 1 1 1 1C 74123
42 39389900 1 1 1 1 1 1 1 1 7413
43 | 39390000 | 2 |2 | 2| 2|22 ] 2] 2 74107
44 | 52301300 111 11 1]1 {1 1] 1 ;L Double Inverter D34M
45 52301400 1 1 1 1 1 1 1 1 IC Flip Flop F34M
46 25175800 ]20 |20 20 |20 {20 ]20 20 | 20 Diode
47 24562100 1 11 1 111 1 1 1 Transistor
48 1 39054700 1 11 11 111 11 111 Transistor 2N4250
49 | 39347000 111 11 1 11 1 11 1 Transistor 2N5210
50 12211703 1 1 1 1 1 1 1 1 Helium DDC 13465
1 112248466 1 1 1 1 1 1 1 1 PWA Phase Lock Loop DDC 21295
52 12248467 1 1 1 1 1 1 1 1 PWA Peak Detector DDC 21245
53 12248468 1 1 1 1 1 1 1 1 PWA Filter Terminator DDC 21301
54 12248469 1 1 1 1 1 1 1 1 PWA Filter Term. & Reg. DDC 21302
355 12248470 1 1 1 1 1 1 111 PWA Line Terminator DDC 21300
56 12248471 1 1 1 1 1 1 1 1 PWA Filter DDC 21305
57 12220182 1 1 1 1 1 1 1 1 I.C. Decoder N8250A
58 50254600 1 1 1 1 1 1 1 1 I.C. Gate 74500
59 12220183 1 1 1 1 1 1 1 1 I.C. Flip-Flop 74S112
[60 94918801 |2 |2 212 |2 |2 2 12 I.C. Gate 74H00
AAJIBI

/)

"UNTED IN USA




M - N

AT CODE 1DENT DOCUMENT NO REV.
R T e | owaz | seeer PL | sessnsaang B
FIND PART QUANTITY REQUIRED U;LT ‘ NOMENCLATURE SPECIFICATIONS,
NO JIDENTIFICATIONT o0 T 0 T Tos Toal os Tos [ o7 MEAS OR DESCRIPTION NOTES , OR MATERIAL
61 15104600 1 1 1 1 1 1 1 1 I.C. Gate 74H10
62 94918800 2 12 2 2 2 2 2 2 I.C. Inverter 74H04
63 52343700 1 1 1 1 1 1 1 1 I.C. Gate 74H51
64 | 52335900 |2 |2 | 2|22 |2 | 2]2 I.C. Flip-Flop 74H74
65 94918809 1 1 1 1 1 1 1 1 I1.C. Gate 7400
66 94918810 1 1 1 1 1 1 1 1 I.C. Gate 7402
67 17183800 1 1 1 1 1 1 1 1 I.C. Buffer Driver 7416
68 17183900 1 11 1 1 ]J1 {1 1]1 1.C. Buffer Driver 7417
69 94918813 1 1 1 1 1 1 1 1 1.C. Gate 7420
70 94918817 2 2 2 2 2 2 212 1.C. Buffer Driver 7440
71 94916109 3 |3 313 }3 |3 313 1.C. Flip-Flop 7474
72 50252900 1 1 1 1 1 1 1 1 I.C. Line Receiver 75107
73 12220184 1 1 1 1 1 1 1 1 I.C. Pullups Sl161
74 12231108 1 |1 1 11 11 |1 111 Power Supply Sorenson 0SA28-2.0
75 12231126 1 1 11111 }1 111 Power Supply Sorenson QSA12-2.1
76 12231127 1 1 1 11 J1 11 1 1 Power Supply Sorenson QSA5S-6.4

AA3LISI . PRINTED IN USA







Figure 8.3, Panel Assembly - Power Supplies, Parts List

39731700A 8.19
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17 R PAVEL Assemsy- D enn | e

PREFIX DOCUMENT NO. REV

2 roy|mmoc-veral  POWER SUPPLIES

SYSTEMS DIVISION

[wec Vv La Jolla, Calif. 9203 7femeemeer
APPR . M 7~ﬂ-7l Cc:;";;'" BG504 LMSHEET /! OF 2

SHEET REVISION STATUS REVISION RECORD
REV ECO DESCRIPTION ES_QFT DATE
A1 __— | RETEASED P 7C 17-90
A Z/ua WAS PSOLFN 7 WA |,
J03 (EcR 3(10) g el (LEAR

NOTES:

DETACHED LISTS

PRINTED N USA

AAJISO



RLLILA e s s vson | Tgg133 | weer 2 rL 30735000 | b
_r; PART QUANTITY REQUIRED ug;r NOMENCLATURE SPECIFICATIONS,
NO [IDENTIFICATION OO MEAS OR DESCRIPTION NOTES , OR MATERIAL
| 39738200 1 PANILL.
2 13909850 1 GDIIT-A PWP SPLY 5V 4.54 'P502
3 B9w38!| / 6DII7-B PWP SPLY, GV 34A . PSO3
4 38933500 / PLATE , [DEMT
5 |84820002]12 SCEPN , IAPPING , PUIL, PR HD, &-Bx 80 LG
6 PXpida4| | WIBE, ELECT., STRD, T/, (YELLOW) 16 AWG
7 1396 / GDIT-C PWE SPLY, GV, 624 PSO|
8 |
9 p5/a8804|12 VEPMINAL -G TOMGUE, WISUL

AA3IBI

* UNTED IN USA



9.1

39731700A

WIRE LIST

Section Nine

WIRE LIST

9.1



03715772

ALARM
ALARM

AL SF

ARJT

ARP| Y

AD

AnF

Al

AlN

A1

Al?

A3

Als4

Al1S

A?

A4

39740700

A34=n20
R12=008

A2A=0711

A3S=n4n

A35=039

A3n=034

Ana=n21

A30«013

A24=N4R

Al T7=045

AP2=045

A21=n4R

A21=045

A19=047

B12~008
R36~001

B36=035

B2n=041

B2n=042

gllegl2

A3n=031

B11=020

R13-040

B13-048

R14=-012

Bl14=-020

B14=040

Bl11~040

B11-048

B12=-012

WIRE
WIRE

WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE

WIRE

AGAINST
AGATINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

RACKPLANE
BACKPLANE

BACKP{ ANE

BRACKPLANE

RACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

RACKPLANE

BACKPLANE

RACKPLANE

BACKPLANE

BACKPLANE

BRACKPLANE

RACKPLANE

BACKPLANE

RACKPLANE

PAGE

DR\UM CONTROLLER

WITH
WITH

WITH

WITH

WITH

WITH

WIiTwH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

MIN.
MIN

MINe

MIN.

MIN,

MINe

MIN,

MIN,

MINe

MIN.

MIN

MIN.

MIN,

MIN,

MIN

MIN,

MIN,

BUNDL ING
BUNDL ING

RUNDL ING
BUNDLING
RUNDL ING
RUNDL ING
RUNDLING
RUNDLING
BUNDL ING
RUNDL ING
BUNDL ING
BUNDL ING
BRUNDL ING
BUNDL ING
PRUNDLING
BUNDL ING

BUNDL ING

0001



3/15/72

AS

A&

AT

AR

AQ

R7
B2

BZF

CAn
cao

cay
Cajy

Caln
CAln

caly
cany

Car?
Cay?

CAla
CA 3

Cals
Cars

CAlS
CAyg

39740700

AlS=n42

Al1S5=043

Al19=n45

A24=044

A24=n43

A3A=030
B11=008

ANG=02R

A20=045
R11=0A3

A20=046
Bl11=0n4

A23=136
B13=03

A23-033
R13=030

A23=0721
Bl4=npn3

A23=020
R14=004

A23=010
Bl4=031

A23=-009
Bl4=030

B12~020

B12-040

B12=048

B13-012

R13=-020

B36«004
B36=004

A29=007

B2n=034
B20=034

B2n.033
B20=033

BR21~-022
R21=022

B13=-030
B21=021

Bl14=-003
B21=014

B14=00%
R21=013

B14=-031
B21-004

BR14-030
B21-003

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

AGAINST

AGAINST
AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

RACKPLANE

RACKPLANE
RACKPLANE

BACKPLANE

BACKPLANE

RACKPLANE

RACKPLANE

BACKP|_ANE

BACKPILLANE

BACKPLANE

BACKPLANE

PAGE

DR(M CONTROLLER

WITH MIN,
WITH MIN,
wiTH

MIN,

WITW MIN

WITH MIN,

WITH MIN.

WITH MIN,

WITH

MIN,

WITW MIN,

WITH MIN,

WITH MIN,

BUNDL ING

RUNDL ING

RUNDL ING

BUNDL ING

RUNDLING

BUNDLING

BUNDL ING

BUNDL ING

BUNDL ING

RUNDL ING

BUNDL ING



n3/15/72

Ca?
CA2

CA3
CA3

CAs
CAs

CASs
CAs

Cas
Cas

Ca7?
Ca7

CAR
Cas

CAog
CA9

CLKF+

CSIF

CS2F

CwE
CwE

DASIF

DASSF

39740700
A20=036
B11=031

AZo-njg
Bli=-0130

A20=0n2)
R12=0A3

A20=020
B12=nn4

A20~010
Bi2~n3

Azn-n59
B12=030

A23=n4%
B13=0n3

A23=046
Bl3=004

A32-0n4
A2R=n46
A28=047

All-nj?
All=012

A283=03R

A2R=Nn4

Bl1.031
B20=022

B11=030
R20=021

B12~-003
R2n=014

B12=-004
B20-013

B12«031
B20=004

B12=-030
B2n=-003

B13~-003
B21=034

B13=004
B21=-033

A34-033

B11=-026

B13-026

B13=-006
A34-005

B11=-025

B813-025

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

RACKPLANE

PAGE

DRyUM CONTROLLER

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITwH

WIiTh

WITH

WITH

WITH

MIN,

MIN,

MIN,

MIN.

MIN.

MIN.

MINe

MIN.

MIN,

MIN,

MIN

MIN.

MIN,

BUNDLING

BUNDL ING

BUNDL ING

BUNDL ING

BUNDL ING

RUNDL ING

BUNDL ING

BUNDL ING

BUNDL ING

BUNDLING

BUNDL ING

BUNDL ING

RUNDL ING

0003



n3/15/72

DATA

DR
DR

NRF .

DSAPR

Dsapp

DS1F

NSPF

Dw
Dw
DW

EGAE

EGAS
EGAS
EGAS

EOP

GAE

GAP

GAn

GA?

39740700

AR6=008

Ano=023

A28=0nA
Bli=0pék

A26-0113
A33=n33
A29=001
A28=027
APR=N32

Al1=021
A22=018
A28=0)8

A1R=N27

AlR-n§3
Alg=0n3
B13-032

A32=030
Alr=np4
Al8=N13

Al4=033

Al4=n32

B11-036

A3n=045

B11-006
B36=003

A?8.005

R26=045

B21=-041

B1?=022

B13=022

AP2-018
A2R=018
A33-011

A33=-022

A2R=013
B13=-032
B36~036

B12-006

Bl4=032

Al14=-035

A30=-046

An=017

WIRE

WIRE

WIRE
WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE
WIRE
WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

AGAINST

AGAINST

AGAINST
AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST
AGAINST
AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

BACKPLANE
BACKPL ANE

BRACKPLANE
BACKPLANE

BACKPLANE
RACKPL ANE
BACKPLANE
RACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE
BACKPLANE
BACKPLANE

BACKPLANE
BACKPLANE
BACKPLANE
RACKPLANE

BACKPLANE

PAGE

DRyM CONTROLLER

WITH

WITH

WITH
WITH

WITH

WITH

WITH

WITH

WITH

wWiTH

WITH
WIiTH
WITH

WITH

WITH

WITH

WITH

WITH

MIN,

MIN.

MIN,
MIN,

MIN,

MIN.

MIN,

MIN,

MIN,

MIN,

MIN.
MIN
MIN,

MIN,

MIN,

MIN,

MIN.

MIN.

BUND[ ING

RUNDLING

RUNDLING
BUNDL ING

BUNDLING

BUNDLING

BUNDLING

BUNDL ING

BUNDL ING

BUNDL ING

BUNDL ING
RUNDL ING
BUNDL ING

BUNDLING

BUNDLING

BUNDL ING

BUNDL ING

BUNDLING

0004



n3/15/72

GAR
GRD
GRN
HA|T
INT
INTS
INT-
1.D
LDRF
LOWF
MCLF
OMe
ORD
PCLP
PF

PRINR
PRIOR

PROF

39744700

Al4=npy
Bl4=050
An2= ¢
All1=044
A33-024
TB1=043
TB1-046
A35=006
Al1=n38
Al2=073
A29*014
Al2=022
Ali-047
A26=N15
A26=016

Al1=n46
B02=033

A36=046

A3n=-032

PS=+TER

TR1=030

Bn?=-036

Rl11=032

TB1=044

TB1-047

Bl12=032

A34-028

A34«-023

B36=027

Alé4=013

A33-036

B36-026

B14=-006

Bo2=011
B21=042

B13-008

WIRE AGAINST RACKPLANE

16 GA, WIRE

WIRE AGAINST
WIRE AGAINST
TR1=n45
TR1=048
WIRE AGAINST
WIRE AGAINST
WIRE AGAINST
WIRE AGAINST
A15=013
WIRE AGAINST
WIRE AGAINST
AGAINST

WIRE

WIRE
WIRE

AGAINST
AGAINST

WIRE AGAINST

BACKPLANE

RACKPLANE

RACKPLANE

RACKPLANE

BACKPLANE

RACKPLANE

A26=035

BRACKPLANE

BRACKPLANE

BACKPLANE

RACKPLANE
BACKPLANE

RACKPLANE

PAGE

DRyM CONTROLLER

WIiTH

WITH

WITW

WITw

WITH

WiTwh

WITH

WITH

WITH

WITw

WITH
WITH

WITH

MIN, BUNDLING

0005

22 GAe« STRANDED WIRE

MIN,

MIN,

MIN.
MIN,
MIN,

MIN.

MIN,
MIN,
MIN,

MIN,
MIN,

MIN,

BUNDLING

"BUNDL ING

BUNDLING

BUNODL ING

BUNDLING

BUNDLING

BUNDL ING

BUNDL ING

BUNDL ING

RUNDL ING
BUNDLING

BUNDL ING



n3/15/72

PROTS

PWRR
PWRR

PURG
PURG

PWRW
PWRW

Qo
Qo

RCS3F

RFDF

RPLY
RPLY

ROST

RQASTF

RUMF
RUNF

ROO

Ro1

R0O10

RO11

39740700

B12=n26

X1z2= X
Xx12= X

X12=GrD
X12=GRrD

X172= W
X12~ W

AD9=027
A26=070

Al1=027

ANQ=n4h

Al11=-0139
A11+=039

Al1=045

BN2=020

Al1=024
A127019

AD6=0n%

ADA=0Nn6

ADT7=011

AOT=077

B36=037

PWR=CRD
Ti=o00l

El
PWR=CRD

PWR=CRD
Ti=002

A26=020
B26=023

A32=045

A29=024

A32-005
B02=-032

B02=-012

R2n=0139

Al12-019
A31=019

Bll1-028

Bll=nonl

B13=-034

B13=-027

PAGE

DRUM CONTROLLER

WIRE AGAINST BACKPLANE WITW MIN. BUNDLING

R ACk
RLACK 16 GAe WIRE
GREEN 16 GAe WIRE
GREEN
WHITE
WHITE 16 GAe WIRE

WIRE AGAINST BACKPLANE

WIRE
WIRE

WIRE
WIRE

WIRE

WIRE

WIRE
WIRE
WIRE
WIRE

WIRE

AGAINST

AGAINST

AGAINST
AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

AGAINST

BACKPLANE

RACKPLANE

RACKPLANE
BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPL ANE

BACKPLANE

WITH

WITH

WITw

WITH
WiTy

witH

WITwW

Wity

WITH

WITH

WITH

WITh

MIN,

MIN.

MIN.

MIN,
MIN.

MIN,

MIN.

MIN.

MIN.

MIN,

MIN,

MIN,

BUNDLING

BUNDLING

BUNDLING

BUNDLING
BUNDLING

BUNDL ING

BUNDLING

BUNDL ING

BUNDL ING

BUNDLING

BUNDL ING

BUNDL ING

0006
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ROY?2

Rn13

RNV 4

RN15

Ro?2

R0O3

Ro4

Rns

ROA

Rp7

Ro8

R0O9

SCn

sCy

39740700

ANT7=038

AOT=041

ADT=042

Al2=0n5

ADA=011

ADb=027

ANG=0138

AN6=041

ADh=042

ADK=N43

AOT=005

AD7=006

Al4=021

Al4=029

Al4=028

Al4=027

A2R=017

B14=028

B14=001

B14=034

B14-027

B11=034

Bl11=027

B12=028

B12-001

Bl12-034

B12=027

B13-028

B813-001

B11=005

B11=019

Bl11=029

B11=-033

B11-024

WIRE

WIRE

WwIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WwIRE

WIRE

WIRE

WIRE

AGAINST
AGAINST

AGAINST

AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGA;NST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST

AGAINST

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BRACKPLANE

BACKPLANE

RACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

PAGE

DRUM CONTROLLER

WITH

WITH

WITH

WITH

Witk

WITH

WITH

WITh

WITh

WITH

WITH

WITH

WITH

WITH

WITK

WITH

MINo,

MIN,

MIN,

MINe

MIN,

MINe

MIN,

MIN.

MIN,

MIN,

MIN.

MIN.

MIN,

MINo,

MIN,

MIN.

BUNDL ING
BUNDLING

BUNDLING

BUNDLING
BUNDLING
RUNDL ING
BUNDL ING
BUNDL ING
BUNDLING
BUNDLING
BUNDLING
BUNDLING
BUNDL ING
BUNDLING
BUNDL ING

BUNDLING

0007
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SS2?F

TAN

TAY

TA? .

TA3

TA4

TAS

TAG

TA7

TA8

TARF
TARF

TA9

TAQF
TaoF

TE

V+?0p
V+20

Veg
Ve

39740700

A2R=np?2

Al8=035

AlR=n40n

Al18~038

A1R=037

Al1R8=0191

A1R=0N29

AlT7="n33

A17=-030

Al17=036

Al7=037
A33-019

Al7=029

AlS=ng7
Al7=031

A34=0n7

Bl=npnl
TR1=006

PS=+
PS--

B13=024
812-019
B12=029
812;033
B13-005
B13=019
B13-029
R13=033
B14=005
B14=019

A33-020
A33=-020

Bl14-029

A17-031
A33-017

B13-036

TRl=0n2
TR1=-007

BUS-BAR
BUS=-BAR

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

TRl
T81

+ TER.

AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST
AGAINST

AGAINST
AGAINST

AGAINST
AGAINST

=008

A MODULE
= TERe. A MODULE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

RACKPLANE

BACKPL ANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

BACKPLANE

RACKPLANE

RACKPLANE

TBlego¢
TB1=009

PAGE

DRUM CONTROLLER

WITH MIN,
WITH MIN,
WITH MIN,
WITH MIN,
WITH MIN
WITy MIN.
WITH MIN.
WITH MIN
WITH MIN,
WITH MIN,

WITw MIN,

WITW MIN,

WITH MIN,

wiTH MIN,

TR1=005
TBY=020

16 GAs WTRE
16 GA, WTRE

BUNDL ING

BUNDL ING

RUNDLING

BUNODL ING

BUNDLING

RUNDLING

BUNDLING

RUNDL ING

BUNDLING

BUNDL ING

BRUNDLING

BUNDLING

RUNDLING

RUNDLING

TRl=006
TH1=033

0008
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Ves
Veg

V=20
Ve2n
Ve2n

VCTT
VCTT
VCTTY
VCTT
vVeTT
VeTT
VCTT
VCTT
veTT
VCTT
veTT
VCTTY

WENF )

WENF?2

WODF

WP

WREN

WRITE

%AB0 s
sABO«

$ABl e
. %AB1e

3974700

PS=+
PS=w

TB1=015
TB1=040
TB1=041

Bl4a=047

B02=080
TR1=010
TB1=021
TB1=026
X04=CTR
X05«CTR
X06=CTR
X07=CTR
X08=CTR
x09=CTR
X10=CTR
X11=CTR

Al19~011

Al9=n14

A09=~0n32

A0G=030

All=042

A26=024

x08= al
X09= A1l

Xn8=~ A3
X0G9= A3

PAGE

DRyYM CONTROLLER

D
BUS=BAR + TERs B MODULE 16 GAe« WIRE
BUS~BAR = TERs B MODULE 16 GAe WIRE
TB1=016 TB1=017 TBl=018 TBY=019
TR1=038 _
TB1=011 TR1=012 TBl«013 TRY=014
PS==TER 16 GA, WIRE
TB1=029
TR1=050 TR1=037 TBl=034 _
TR1=022 TR1=023 TR1=024 TR1=025
TR1=027 TR1=028 TBl=029 TBY=030
TR1=021
TB1=022
TBl=023
TB1=024
TR1 =025
TR1=026
TR1=027
TB1=028
B06=026 WIRE AGAINST BACKPLANE WITH MIN,
BOR=026 WIRE AGAINST BACKPLANE WITH MIN,
A29=019 WIRE AGAINST BACKPLANE WITH MIN,
A26=040 WIRE AGAINST BACKPLANE WITH MIN,
BG2=003 WIRE AGAINST BACKPLANE WITH MIN.
B26-031
B20=036 X08= A2 R20=035 $ABO=
B2n=036 Xn9= A2 B20-035 $ARQ=
B20=038 X08= A4 R20=037 $ABl=
B20~038 X09= A4 B20=037 $AB]=

TB1=040

T81=015

TR1=026
TB1=010

RUNDL ING
RUNOL ING
RUNDL ING
BUNDL ING

BUNDL ING

0009
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39740700 D DRUM CONTROLLER
tAB1n+ X)R= 1 B21=024 Xn8= C2 R21=023 $AB10=-
®AR]1 0+ XN9= 1 B21=024 X09= C2 R21=023 $AB10=
$ART Y+ X0R= 3 R21=026 X08= Cé& R21=025 $AB11~
FARY+ Xn9= 3 B21=026 X09= Cé B21=025 $AB1 )"
sAR1 2« X088« 5 B21=015 XnB= C6 B21=016 $AB12=
FAR12+ X0g= 5 B21=0195 Xn9= Cé B21=016 $AB) 2~
$ARY 3+ X088« 7 B21=017 X08= C8 B2l=018 $AR] 3~
cARY 3+ X09= ¢7 B21=017 X09= C8 B21=018 $AB13~
®AB14+ x08= 9 B21=-005 xn8= CO R21=006 $AB) 4=
AR 4+ Xh9= 9 B21=005 Xo9= Co R21=006 $AB] 4=~
FARIGs X08= g3 B21=007 X088~ Fé R21=004 $AB15=-
ARG+ X09= F3 R21=007 Xn9= F4& R21=008 $AR1S=
SARD. XNR= A5  B2ne=02é4 XpB= A6  R20=023 $AR2= :
FAR?. X0Q= AS B2n=0264 XN9= A6 B20=023 $ABR2 =
%AR3. XNR= A7 B2n=026 XnRe AR B20=025 $AB3=
RAR3, X09a= A7 R2n=026 XN9= A8 B20=025 $AB3=
%AR4+ X0B= AQ B2r=015 X08= AD R20=016 $ARG=
%AR4L 4 X09« AQ B20=-015 X09= AQ R20=016 $AB4=
$ARG s Xnge Q) B2n=017 Xn8= B2 R20=018 $ABRG=
¢ABS, X09= R} B20n=017 X09= B2 R20=018 $ARS=
$AB6+ XNR= R3 B2n=005 XnB= B4 R20=006 $ABG=
sARA, AN9= B3 B20-005 Xn9- B4 R20=006 $AB6-
$AB7+ XNR= Rpg B2n=007 Xo8= Bé6 B20=008 PART=
%ART7 X099« RS B2n=007 Xn9= B6 B20=008 $ABT =
$ARR+ KOR= R7 B21=036 Xn8= B8 R21=035 $AB8=

$ABR 4 X09- R7 B21=036 X09= B8 B21l=035 $ARB=~ o
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s

n3715/72

$ABO+

%ABO«+

$APLY+
KAPL Y+

FAPRYI+

FAQPP+
T AQPP+

FARIT +
%ARJT +

TARO+
%*ARO+

RAR +
AR+

$ARY1O+
sAR1p+

$AR11+
§AR1] ¢

$AR12+
$ARY 2+

fAR13+
$ARY 3+

®ARY 4+
FARY 4 ¢

$AR1IS+
$AR15+

AR+

39740700

XNQ=
X0Q=-

X0 6=
X07=

X06=

X04=
XS

X06=
X07=

X06=
X0 7=

X06=
X07=-

X06=
XQ7=

X0h=
X07=-

X06=
XO07=

X06=
X07=

X06=
X07=

X06=
X07=-

X06=

RO
RS

D3
N3

ns

na
no

DS
ns

Al
Al

A3
A3

ol
cl

c3
c3
¢S
of-)
c7
c7

co
co

-

ni
N1

S

B21-038
B21«~038

B20=046
B20=046

X07=- D9

B36=045
B36=045

B20~044
B20=044

Bl1-018
B11~018

Bl11=016
B11=-016

B13=046
B)13=046

B13=044
B13=-044

R14=018
Bl4-018

Rl4=016
Bl14=016

B14=046
B14=046

Bl4=044
R14=044

B11=-046

Xo8=
X09=

X06=
XoT=

X06=

X04=
X05=

X06=
X07=

X06=
X7~

X06=
X7

X06=
XQT=

X06=
XQT=

X06=
X07=

X06=
X07=

X06=
X07=

X06=
X07=

X06=

BO
B0

D4
D4

Do

DO
Do

D6
D6

A2
A2

A4
A4

ce2
o]

Cé
Cé4

cé
Cé

ce
cs

co
co

D2
D2

A6

B21=037
B21=037

B20~045
B20=045

X07= DO

R36=046
B36=046

B20=043
B20~=043

Bll=017
Bll=017

Rl1=015
Bl11=015

R13=045
B13=045

Bl13=043
B13=043

Bl4=017
Bl4~=017

Bl4=015
Bl4=015

Bl4=045
Bl4=045

Bl4=043
Bl14-043

B1l=045

PAGE

DRUM CONTROLLER

$AB9~
$AB9 =~

$SAPLY=
$APLY=

$APRI=

$AQPP~
$AQPP=

$SARJT =
$ARJT=

$ARO=
$ARO~-

$AR1~
$AR1 "~

$AR10~
$AR1 0=

5AR11~
$AR11=

$AR12=
$AR12~

$AR13~
$AR13~

$AR14=
$AR] 4=

$AR15=
$AR15=

$ARZ-

0011



n3/715/772

CcARD 4+

AR+
#AR3+

tARL4 »
®ARG4

TARS+
T ARG,

RARAS
FARAK,

SART7 »
FART

FARSB.
¢ ARR,

FARG ¢
%*ARG .

tRC+

FRUFF +

FCHING

HFCLKF +
CLKF «
SCLKF+
RCLKF +
$CLKF +
FCLKF +
SCLKF+
RCLKF +
®CLKF +
SCLKF+
RCLKF +
FCLKF «

39740700

ADT= A5

XNA= A7
XaT= A7

X0h= AQ
X07= A9

X06= 1
X07= R}

X06= R3
XnT= R3

XK06= RS
X07= RS

X0h= R7
Xo7= R7

X0h= RQ
X07= R9

X03=00n1

X24= F1

X0A= N7

AQa=0271
Ag7=021
AQ0R=0n39
Al1=N15
Al2=-n28
Al4=047
Al18=029
A17=006
AlR=0n7
A21=047
A24=n47
A2A=00nS

Bl11=046

B11-044
Bl1=044

B12-018
B12-018

R12-016
B12-016

B12=046
R12=046

Rl12=-044
B12=044

B13=-018
B13-018

B13=016
B13=016

AP26=001

Xnp5= F1

X607« N7

AG7=021
ApR=039
A11=015
Al?2=078
Al4=naT
A15=029
A1 7=006
Al1R=007
A21=n47
A24=047
A26=005
A32=004

Xn7= A6

X06= A8
XpT= A8

X06= AQ
X07= AQ

X06= R2
X07= B2

X06= B4
X07= B4

X06= R6
X07= B6

X06= B8
Xn7- B8

X06= B0
Xo7= Bo

X03=002

Xn&= E2

x06= D8

ADA=N22
Ap7=022
ANB=n4&0
All=n25
A12=026
Al4=048
A15=025
A17=002
A18=n05
A21=050
A24=050
A2b6=006

B1l=045

B11=-043
B11-043

R12=017
B12=017

R12=015
B12=-015

R12=045
R12=045

R12=-043
R12=043

R13=017
R13=017

R13=015
BR13=-015

A26=002
X05= E2
x07- D8

AQT=022
AQB=040
All=025
Al2=026
Al4=048
A15=025
Al7=002
A18«005
A21=050
A24~050
A26=006
A32=002

OR\M CONTROLLER

$AR2=

$AR3~
$AR3~

PARG~
$ARG~

$AR5=-
$ARS-

PAR6=
HARE-

$ART =
PART=

PARB=
$ARB=.

PARO=
$AR9 -

$RC=
$RUFF =
$CHIN=

$CLKF =
$CLKF=
$CLKF =
$CLKF =
$CLKF =
$CLKF =
SCLKF=
$CLKF=
$CLKF =
$CLKF=
$CLKF =
$CLKF=

0012
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%+DBn«+
%DR0«

$DR1+
«DR1+

«DR1n+
s0B10«

$DBli+
%DB11+

%DR12«
$0B12+

%DR1 3¢
$DR13+

$DR1 4+
+DR14+

sDB15+
$DR15+

+DR2+
#DR2+

%DR3+
%DR3e

%DR4
DB4 4

%DB5.
+DBS.

39740700

Xln=
Xll=

Xln=-
X1i=-

Xlo=
Xll=

X1n=
X11=

Xln=
Xll=

X1n=
X11l=

X1n=
X1ll=

Xlne=
X11=-

X1l9=
X11=-

X1Nn-
Xll=

X10=
X1l1l=

X1g=
X11=

X1n=
Xl1=

Al
Al

A3
A3

cl

c3
3

c5S
€5

c7
c7

c9

N1
Nl

AS
AS

AT
AT

A9
A9

R1
R1

R3
R3

B06=018
Bné=018

B06=016
Bn6=016

BoR=046

Bo8=044
RoB=04%

B09=-018
B0S=018

B09=016
B09=-016

B09=046
B09=046

R09=044
B09=044

B06=046
B0b=046

R06=044

B07=018
Bn7=018

BOT7=016
Ba7=016

Bo7=046
Bn7-046

X10=
X1l=

X10=
X11=

X10=
X1l=

X100~
X1l=

X10=
Xll=

X10=
X11l=

X10=
X11=

X10=
X11l=

X10=
X11l=

X10=
X1l=

X10=
X1l=

X10=
X1l=

X10=
X11=

A2
A2

A4
Ad

Ce
C2

Cé4
Cé

o] )
Cé

cs
cs

Co
Cco

D2
D2

A6
A6

A8
A8

A0

B2
B2

B4
B6

B06=017
RO6=017

B06=015
B06=015

BOB=045
R0OB=045S

BOB=043
ROBw043

B09=017
B09=017

B09=015
B09=-015

RO9=045
B09=045

B09=043
B09=043

R0O6=045
B06=045

RO06=043
R06=043

BO7=017
B07=017

B07=015%
B07=015

B07=045
BO7=045

DRiUM CONTROLLER

$DBO=-
$0R0=-

$0B1~-
$DB1=-

50810~
$DB10~-

$0B11~
$DB11~

$0B12~
$DB12=

$0B13~
$0B13=

$DR14=
$DB14 =

$0B15=
$DB15=

$DR2=
$DR2=

$0B3~
$D0B3~

$DR4 =~
$0R4=

$NBS-
$DBS=

$DB6=-
$0B6=



n3/15/772

+DR7+
2DR7 &

sDRAB+
sDRA,

%DR9 4
«NR9,

FOMCY +

2DRF «+

+«DSAp+
¢DSAP.

THWM+

FIMAF +
*IMAF

RINTS
SINT+

*LINE

sMCL +
SMCL +

TNT1+

&NT1n+

&NT11e

ENT12+

39740700

X1n= RS
X11= RS

Xin= R7
Xli= R7

Xln= Rr9
X1]1= R9

X08= F1

X03=-037

XNR= n§
AlG= NY

X03=015

A11-035
Al19=-0nh

TH1=nr4S
X02= A

APh=0n9

rAda= N7
Xyg= n7

XKl0= F3

XnR= F5

X08= F7

X08= F9

Bo7=044
Bo7=044

Bn8=-018
Bn8-018

BnB=016
BOR-016

Xn9- E1

A26=-013

R21=044
R21=044

Al4=017

A19=006
AP2=006

R29=-010
TR1=045

T1=005

B36=042
B36=042

X11= E3

Xn9= ES

X09=- E7

X099« E9

X10= Bé
Xx1l= B6

X10=- B8
X11l= B8

X10= BO
X11l= B0

Xn8= E2

Xn03=0n38

Xn8= D6
Xn9= D6

X03=016

Al1l1=025
A19=002

TR1=046
Xoe= B

AP6=010

xX04= D8
Xo5= D8

X10=- E&4

X08= E6

Xn8= EB8

x08= EO

RO7=043
R0T=043

ROB=017
B08=~017

R0B=015
R0B8=019

X09~ E2

A26=014

R21=043
R21=043

Al4=018

A19=002
A22~-002

B20=009
TB1=046

T1=003

R36=041
R36-041

Xll= Eé4

X09~ E6

X09- EB8

X09=- EO

PAGE

DRyM CONTROLLER

$INT=
$INT=~

$DRT7~
$DB7=-

$DBB=
$DB8=-

$DR9=
$DBG=

SOMCL =

$DRF =

$DSAP=
$DSAP=

FHWM=

$IMAF =
$IMAF =

STRANDED WIRE
STRANDED WIRE

L INE

$MCL=

BNT1=

$NT10-

INT11-

$NT12=-
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SNT13+

FNT16+

$NT2+

*NT3¢

sNT4+

FNTRe

wNT6e

&NT 7+

SNTRe«

SNTO+

%«0M+

%PIOR®
sPIORs

KPPF «

%PQQT&
$PROT+

$ORN+
$QRN+

39740700

X2R= F1

X08= F§

K10= Fq

X1n= F7

X1n0= F9

Xln= g1

Xln= F3

X10= F§

X10= F7

X08= F3

X03=003

X08= n3
X09= N3

X10=- fF1

X1n= n§g
X11= nS

X04= A1
X05= a1l

X04= A3
X05= A3

Xn9= F1

X09= FS

X1l= ES

X11=- E7

X1l=- E9

X11= F1

X11= F3

X111~ FS

X11= F7

Xp9= E3

Al14-013

B21=046
B21=046

X11= El

RP6=043
R26=043

B26-030 -

B26=030

B26«028
B26-028

Xn8= F2
X08= F6
X10= E6
X10=~ EB8
X10= EO
X10=~ F2
X10= F4
X10= F6
X10=~ F8
Xp8= E4
X03=004

X08= D&
X09= D4

X10~ E2

X10= D6
X11l= D6

X04= A2
X095~ A2

X04= A4
X05= A4

X09= F2

X09= F6

X1l= E6

X1l= EB8

X1l= EO

Xll= F2

X1l= Fé4

X1l= F6

X1l= F8

X09= E4

Al4=014

B21=045
B21=045

X1l= E2

B26=044
R26=«044

B26=029
B26-029

B26=027
B26=027

DRiyM CONTROLLER

$NT13~-

$NT15=

BNT2=-

BNT 3~

INT 4=

INTS=

PNT 6=

ENT 7=

$NTB=-

$NT9=

$OMe

$PIOR=
PIOR=

. $PPF=

$PROT=
$PROT=-

$QRO~
$QRO~

$QR]1=
3QR] =
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3974A700 D DRUM CONTROLLER
FQR1ne Xng= 1 R36=008 Xn4= C2 R36=007 $0R]1 0=
$AR1 N+ X05= 1 B36-008 X055« C2 B36=-007 $QR10~
SQR1Y + Xa= 3 XnG- 3 X04= C& X05= Cé& $QR11 =
RQAR1 2+ x04=- 5 X05= C5 X064~ C6 X05« C6 30R12=
QR 3+ X0D4= 7 Xn%= Cc7 X04= C8 X05- c8 $QR13~
ZORY 4+ X04= 9 Xn5= C9 Xo4= CQ X05= Co $0R1 4=
®OR15+ X04= N X05= D1 X04= D2 X005« D2 $NR) K=
SOR? X04= 2§ BP6=020 X04= A6 R26=019 $OR2-
GAR? 4 X05= AS B26=020 X0S= A6 B26=019 $QR2=
RQR3+ XNb4= AT BP6=014 XN4= AB R26=013 $QR3=
§QOR3 s X0S5= A7 R26b=(14 X05= AB B26=013 $NR3=
ZORG + X04= AQ X05= A9 X04= AQ X05= A0 $ORG =
SARS « XN4e= p) X0S= R1 X04= R2 X05= B2 PORS=
FOR6+ XN4= R3 X0S5= RB3 X04= R4 X05= Ré& $QR6=
FQART + X04= n& R36=030 X04= R6 R36=~031 SQRT =
#OR7+ X0S= RS B36=030 Xn5= Be R36«031 $QRT=
%QR8 S X04= 17 R36=021 X046~ RSB R36=022 $QR8=
ARS8+ A)5= RY B36=021 Xp5= BS B36=022 $QR8=
%ARO+ X)4= RQ B36=012 X04= B0 R36«013 $QRO=
#QR9s X)5= R9Q B36=012 X0S5= B BR36«013 $QR9=
SRN+ X03=071 A11-009 X03=012 A11=002 $RD=-



(

o

n3/15/172

sREAD+
SFREAN+

SRITE«
SRITE+

FRPLY+
SRPLY+

FRQAST+
KRQST+

SCNy+

$SCN2+

FSCN3I+

SSCN4+

$SMe

%SP+

%SPE+

$TAO+

$TAY+

$TA2,

+TA3+

\_.+TA4,

39740700

Xn4= D3
X05= n3

Kib= NG
X05= nb

Xln= n7
X11= n7

X08= n7
X09= p7

Xn8= n1

X08= F7

X09~ F7

X09=

X03=013

x10= n3

Xlo= n9

X03=017

X03=019

X03=-021

X03=023

X03=02%

B26=048
B26-048

B26=040
BR26=040

RO2~026
RN2~-026

B02=015
Bn2~015

B02=-008
B02=-010
B02=-024
Bn2=-022
Al4-015
X11=- p3
X11= DS
A15=-028
Al5=024
A15-023
A15=027

A15«001

Xn4= D&
X05= D&

X04= D6
X05= D6

X10= D8
X11= D8

X08= D8
X09~ D8

X08= D2

X08= F8

X09= F8

X09= D2

X03=014

X10= D&

X10= DO

X03=018

X03=020

X03=022

X03~=0n24

X03=026

R26=046
R26=-046

B26=039
B26=039

RQ2=025
B02=025

R02=016
B02=016

B02=007
R02=009
B02=023
R02=021
Al4=016
Xll= D4
X11= DO
A15-026
A15-026
A15-025
A15=025

A15=«002

PAGE

DRUM CONTROLLER

$READ-
SREAD=

3RITE-
PRITE=-

$RPLY=~
SRPLY=

$RQAST=
$RQST~

$SCN1~-

$SCN2=~

$SCN3=

$SCNo~

$SM=

$SP=

$SPE=-

$TAQ=

1AL~

$TA2=

$TA3-

$TAL=

0011



3715772

pTAS e

FTAG.

FTAT7+

LTAR.

TAGe

FTIME+

RTLKF +
STLKF +
STLKF#+
FTLKF+

&Ve20
&V+2n
sV+2q
sVe2n
qVe2n
®V+20
%V+20n
aV+20
qV+2n
sV+20
sV+2n

gwNe

SUDIS+

QUWEF &

SWISZ+
GUISZe

RYUREN+

3974n700

X03=027

x03=029

X03=n31

A03=0133

X03=03%

X04- F3

ANA=N1T
AODT=017
AQR=n37
All1=nng

B(2=04%
R)P=045
Xdl1= A
X04- F9
X06= FQ
XNg= F9
X97=- F9
X0R« FQ
X0N9= ¢9
Xin= F9
X11= F9

X03=009

XN3=007

X03=005

Xn4= F7
X05= 7

XHR= N9

A15=-008

A15-003

A15=007

A15=046

A15=-048

X05- E3

AnT-n17
ACB~037
A11=-028
A2h=003

R36=034
TB1=-009
TR1=020
TB1=001
TR1=002
TR1=003
TB1=004
TR1=005
TR1=006
TR1=007
TB1=008

A12=004

AZ26=027

A12=-001

B36~039
R36=039

Bn2=005

X03=028
X03=030
X03=032
Xn3=034
Xn3=n36
Xn4= E4

ANh=Nn18
ANT=018
Ap8=n38
All=026

HO2=046
Rp2=n46
Xnl= B
X04= FO
X05= FO
Xné6= Fo
X07= FO
Xn0B= FO0
Xn9= FO
X10= FQ
X1i= FO

Xn3=010
X03=008
X03=006

X04= F8
X05= F8

X08= DO

A15=010

A15=002

A15=010

A15-050

A15=050

X05= E4

AQT=018
A0B-038
Al11=026
A26=004

R36=-032
TR1=019
TR1=040
TR1=011
TR1=012
TB1=013
TBl=014
TB1=-015
TB1=016
TBl=017
TR1=018

Al12=002

A26=025

A12=002

R36=040
R36=040

B02=006

DRuyM CONTROLLER

hV=20

3TAS-

$TA6™

BTAT=

3TAR=

$TA9=

$TIME=-

PTLKF=
$TLKF =
PTLKF =
STLKF =

V=20
V=20

STRANDED WIRE

$v=20
V=20
V=20
$v=20
$V=20
$V=20
V=20
V=20

$Wh=-

$WDIS-

PWEF =

dwiSi-
$WisZ-

$WREN=
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SWREN+

RWSOF

SWSAF+

AINTF
AINTF

ALLARM
ALARM
ALARM
ALARM

AQPP
AQPP
AQPP

QPPF
A QPPF

ARMF
ARMF
ARMF
ARMF

AD
AD
AD
AQD

AOF
AOF
AOQF

Al
Al
Al
Al
Al

/’\

39740700

X09= D9

A0T7=-028

Ank=028

A32=0n22
A33=027

A3P=074
A32=033
A33=00n3
A34=020

A34=04R
A36=nn4
B36+=043

A36=001
A36=037

A33=001
A34=014
A34=017
A35=018

Al9=005
A21=044
A2R=011
A30+=034

A30=03)
A30=044

A36=029

A19-008
A21-043
A3n=npn4
A30=011
A30=013

B02-005

Al12-027

AnT7=028

X09= DO

AQT=026

Anb=n26

PAGE

DR(UM CONTROLLER

B02=006 SWREN=
A12=025 $WSOF =
AQT=026 SWSOF =

001°¢
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39740700 D DRM CONTROLLER
AlF A3n=n01
AVF A3N=024
alon AlT=004 \
Al0 AP2=003
Al0 A24=04R
All A]?-ng?
all AZ2=904
All A2 4=045
A2 Al7=048
Al? AZ22=047
AY? A24=0n4
A13 AlT7=n43
Al3 A22=048
Al3 A24=001
Al4 Al7=045 .~
Al 4 AP2=-043 ..
Al4 A24=006
Al1G A22=745
AlS A24=N0%
A2 ~ Al9«nn3
Y4 A21=048
A? A30=0n73
APF A3n=nng
AZF A30=020
A3 Al19«004
A3 AZ21=045
A3 A30=007
A3 A30=n48
a3F A3n=0nA9
A3F A30=010 -

aA3F A30=030



7N
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A4
A4
A4
AG

A4F
AGF
A4F

AS
AS
AS

L)
A6
LY

AT
A7

AB

A8
A8

A9
A
A9

RANF
RADF

RC6h
RC6

RCeF
RC6F

RC6&F
RCAF

RCTF

39740700

A19=047
A21=004
A30=005
A30=037

A3n=0p8
A30=018
A30-078

A15=042
A19=048
A21=001

AlS=n43
AIQ-OQB
A21=0n6

Al7=005
A19=045
A21=0n5

Al7=908
AZ22=005
A24=044

Al7=003
A22=008
A24=0473

A28=135
A33-010

Al1=010
A17=011

All1=0n8%
Al4=043
Al7=015
Al7=018

All1=073

PAGE
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0021
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RCTF
ACTF
ACTF

A7
nZ
RZ

aZF
AZF

CAC
CAC
CAC

CACAF
CACAF

cACD
CACD

CARC
CARC

CARMF
CARMF

CcAO
cAN

CANnF
CAQF

CAlF
CAlF

CA1N

39740700

Al2=247
Ala=03¢
Al5=015

A35=020
A36=028
A36=030

A29=nn7
A35=030

Al1=041
A23=017
#l4=0373

A20=032
AZ23=01R

Al1=029
AY2=021

Al9=n46h
A22=-012

A3N=016
A32=nm18

Al19=109
A20=0489

AY9=n2Q
A20=0473

A19=021
A20*046

Al1Qe=nD7
A2(=040

AZ22=010

PAGE
DRyM CONTROLLER

0022
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CAl11F
CA1YF

cAl2
CAl?

CAl12F
CAl12F

.cAl3
‘A1l

CAY13F
CA13F

cAls
cAls

CAl4F
CAl14F

CAlS
CcAlS

CA15F
CA1SF

CA2
CA2

CA2F

39740700

A23=n134

A22-019
A23=034

A23-033

AZ22-023
A23=027

A22=033
A23=021

A22-039 .

A23=02723

AZ2=030
A23=020

R22=034
AZ23"M 4

A22=0136
A23-010

A22=-037
A23=0nH8

A22=029
A23=009

A22-031
A23=063

Algenyo
A20=-036

Al19«019

PAGE
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002:
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CA2F

CA3
CA3

CA3F
CA3F

CA4
CA4

CA4F
CA4F

CAS
CAS

CASF
CABF

CA6
cAé

CAGF
CA6F

CA7
CAY

CATF
CATF

CASR
CAR

CARF
CAS8F

CA9

39740700

A20=0734

A19=022
A20=033

A19=0n23
AZ20=027

A19-033
A20=021

Alg=n39
A20=023

A19=030
A20=020

AlQ=n34
AZ0=014

A19=036
AZ20=010

A1Q=937
A20=008

AIQ-O?Q
AZ20=009

Al9="31
A20=003

A22=0n9
A23=045

A22=n29
A23=043

A22=02)

PAGE

DRiM CONTROLLER

0024



7 N

n3/15772 PAGE 002!

39740700 D DRUM CONTROLLER
CA9 A23=n46
CA9F A22=077
CA9F A23=040
cEnpPF A31-034
CEOPF A36=012
cIOPF A34=02)
clopF A34=046
CLEF A2a=012
CLEF A29=0173
cLK?2 A31=00n3
CLK? A31=-014
cLK?2 A31=-022
cLK? A31=-032
. CLK? A32-001
Lk? A35=0n73
CLR A26=039
CLR A29=016h
CcLR A29=040
CLR A29=041
CLR A31=029
CcLR A31=03]
CLR A32=-036
CLRF AO9=N47
CLRF Al1=0n1
CLRF AlR=np4
CL.RF A29=015
CLRF A29=042
CLRF A32-014
CLRF A32=-018
CLRF A32-019
CLRF A32=042
CLRF A34=019
CLRF A35=033
CLRF A36=048
INCT A33=041

CNCT A36=009



n3/15/172 PAGE 0026

39740700 D DRiyM CONTROLLER
CNCT A36=0n131
CNCTF A2A=r46
CNCTF A36="34
CNCTF B36=075
COPTF A30=032
COPIF A32=n1
CRUNF A31-013
CRUNF A31=133
CRUNE A372=035
CS1F R11=n26
CSIF Bl12=0n24
~S2F B13=0726
cSeF Bla=026
CTE Al4mna? )
CTE Alg=n14
cTE A26=0130
CTE A3N=014
CTF A34-N34
CTEF A34=011
CTEF A34=029
CTEF A34=03]
CTEF A35=n16
CTFF A35=019
CWAZF A09=ny3
CWAZF AD9=040
o174 ANG=NY2
CWR7 AD9=037
CWEF A33=00n6

CWEF A34~008

Cw2 ANGQ=0739
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39740700 D DRyYM CONTROLLER
cw2 All=r06
CWOF A0B=00S
CWOF A09=020
CWIF ANDR=NN4
CW1F AN9=019
CWlng AQB=029
CWloF AQ9=0nR
CWliF AOB=028
CWI1IF AD9=0nnT
CWl2r A08=031
CW12F AN9=00n6

-~ CW13F A0B=030
CW13F A09=00p5
CW14F AQR=032
CW14F AD9=0n4
cW1S AOR=006
cW1s Al1=018
cwls ' Al12=0nR
CW1SF A08-097
CWISF A09=001
CW1SF Al1=019
CW1sF Al2=009
CW2F A0R=009
CW2F A09=018
CW3F AOR=010
CW3F AD9=0)T

- CW4F ANB=015

CW4F A09=016
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39740700 D DRUUM CONTROLLER
CWSF Ang=ny3
CW5SF ANQe=N1g
CW6F ADR=019
CW6F A09=01 4
CWTF AdR=020
CWTF AO9=n11
QWAF ANR=027
CWRF AD9=n1Q
CWOF ADR=N273
rWOF AN9=n0nQ
NAS1F Hll=n%5
NASIF B12=025
NASPF R13=025
NAS2F Bl14=058
NATA AZh-nqﬂ
NATA A2R=015
NATA A29=012
NATA A35=1n9
NATAF A35«017
NATAF A36*019
NRO ADH=009
nBO B0OA=012
nB1 AilA=nQAR
nB1l BOA=920
NnB1n ANT7T=007

nBlo BOB=040
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39749700 D . DRyM CONTROLLER
C
nB11 AOT=013
NBR11 B08=048
nB12 A0T7-029
nR12 B09=012
NR13 AnT=037
nR13 B09=020
NB14 AQOT=040
NB14 HN9=040
nB1s ADT=0139
NnB1S B0g=048
NR2 AdR=0QT
NRp BOA=040
B3 ANB=N113
> nR3 B0e=048
NR4 AD6=079
NR4 BO7=012
NnRS ANp=037
nBS B07=-020
]-1.) Aos-ngo
nBé6 BO7=040
nB7 A0K=039
N7 BO7=048
nB8 A0T=009
nBs B0A=012
nB9 ADT=008
- NBY B08=020
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39740700 D DRUM CONTROLLER
FFE A30=014
YFE A30=035
YWE A3n=040
NFE A30™ 045
NR A28-n6q
AR A33=N04
NS1F Bll=02?
NSIF H12=n22
NS?2F H13=0p2
NS2F Bl4=0p2
Nnw ANRB=n¢48
nw A09=011
N ANQ=N4E
nw All=r21
NWCHF ANR=0nN]
NWCoOF Al2=n19
NwCiF Al2=020
NWCIF Al5~M9
NWF AN6=N34
NWF ANT=04
NWF ADQ=n46
NWF ANQ=0473
NWF AlP2=-017
PW1F . Al12=033
NW1F Al4=n44
c ARMF A3n=038
FARMF A32=044
FEOPF A30=047
FEOPF A32=023

FEINTF A32=032
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CFINTF

FLAR
FLAR
FLAR
FLAR

FOP
£OP

FRS
gRS

FRSF
FRSF
FRSF
FRSF

FRW
Rw
e RW

FWSOF
FWSoF
EWSOF

EWS1
FWS)

FWS2F
FWS2F

FCO
FCo

FCOF
FCOF

3974n700

A33=n21

A29=004
A29=039
A29=n44
A29=N46k

A31=040
A32=030

AQR=0N33
Al7=014

An6=n3?2
A07=032
All-n36
Al7=013

A29=018
A29~n21
A29=023

A06=031
AD7=031
Al2=045

ADR=035
A12%007

ADR=047
Al2=018

A20=044
A21=036

A20=048
A21=041

A20-039
A21=038

PAGE
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39740700 D DRYM CONTROLLER
FCI1F A20=n42
FCIF A21=0139
FClo A23=0131
FCln AZ24=028
FClnF AZ23I=175
FClo0F A24~0733
FC11 A23-030
FC11 A24=n139
FCLIF A23=029
FCIF A24=013)
FC1? A23=-n19
FC12 A24=017
FCl?2F A23=r02 '/
FCI2F A24-=004 S
FC13 A23-015
FC13 A24=019
FCI13F A23=716
FC13F A24=02?2
FCla A23=0n7
FCl14 AZ247010
FCl4F A23=711
FCI4F A24=016
FC15 A23=004
FC15 AZ4=012
FCISF - A23="05

FCI5F A24=014
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39740700 D DRyUM CONTROLLER
L
FC2 A20~0131
FC2 A21=0728
FC2F A20n=n135
FC2F A21=033
FC3 A20-030
FC3 A21=0130
FC3F A20=029
FC3F A21=031
FC4 A20=019
FC4 A21=017
FC4F A20=022
FC4F A21=024
\/\ .
FCS A20=015
FCS A21=019
FCSF A20<016
FCSF A21=022
FCé6 . A20-0n7
FC6 A21°010
FC6F A20=011
FCOF A21=016
FC7 A20-004
FCY A21°012
FCTF A20=005
FCTF A21=014
--C8 A23=0464

(_ c8 A24~036
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3974n700 D . DRyYM CONTROLLER
FCAF A23=n48
FC8F AZ4=041
FC9 A24=038
FCOF A23=n4?2
FCOF A24=039
RAE AlR=024
GAF. APR=N36
GA.I0 Alh=046
GAJN A1R=033
GAN Al =044
GA N Al1R=0N14
GAJ? AlLa=Nng?
GAJP Ar1B8=N34
GAJ3 Alh=040
GAJ3 Al1R=032
GA j4 Al6=0138
GAJ4 AlR=0730
GA S Alh=026
GAJS AlR=n28
GAJ& Ale=n34
GAJG AlR=n29
GAT Al6=032
GAJ7 AlB=020
GAPF All=004
GAPF Al2=011

GAPF Al4=034 &
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GAPF

GATEF
GATEF
GATEF
GATEF
GATEF
GATEF
GATEF
GATEF

GA1
GAY

GA4
GA4

GCLKF
GCLKF

\mCLKi

6CLK]
GCLK1

GRD
GRD

GRD
GRD
GRD
GRD
GRD

GRD
GRD
GRD
GRD
GRD
GRD
GRD
GRD
rRN

C

39740700

A15=040

A21=746
A24=046
A26-0§4
A30=019
A30=021
A30=023
A30=099
A30=043

Al4=03)
A30=n22

Al4=023
A30=027

A33-039
A34=036

A34=035
A35=014
A35=022

A11=-002
Al11=025

Ale=002
A16=003
Ale=005
Ale=007
Alg=0n9g

Al6=031
Al6=033
Ale=035
Ale=037
A16-039
Al6=041
AlR=043
Alg=045
Alg=050

PAGE
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3974AT700 D DRiyM CONTROLLER

aRD Al9=np2
GRD Al1G=nq7
RO A21=002
GRD A?21=009
5RD AZ21=ny1
GRD AZ21=01R
GRD A21=020
GRD AZ21=027
GRD A21=Nn?29
ARN A21=n3%
aRN AZ21=N77
GRD A21=Ng0
GRD AR2=002
GRD AR2=0q7
GRN AZ4=002
ARD AZ24=0173
GRD A24=015
GRD AZ24=021 PN
GRD A24=0773 N
GRD A24=027
GRD A24=n3P
GRND A24=Nn35
GRD AP4=040
GRD A24=0%0
GRD A2AR=NDP5
GRD A26=n26
GRD A26=080
GRD ) APZR=(n?
GRD A2R=nn3
GRN AZR=0N4
GRD A33=n40
GRD A33=ngn
GRD A35«nNn1

GRD A35=nn2
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39740700 D DRyM CONTROLLER

(
GRD A35«n29
GRD A35=n41
GRD A35=050
GRD B02-002
aRD BN2=019
GRD B02=013Y
GRD B02=050
GRD Hl11=0n2
GRD Bll1=n21
GRD Hll=n23
GRD Hl2=0n2
"GRD Bl12=021
GRD Bl2=0723
( 3RD B13=072
GRD B13=n21
GRD Bl13=0723
GRD Bla=0p2
GRD Bl4=n2)
GRD B14=023
HWM e Al2=046
HWM e Al4=017
HWMe Al5=03)
INT B11=-032
INT B20=011
10P A29=006
10P A34=016
10P A34-024
TO0PF A33=032
CVTOPF A34=018
_{OPF A34=022



n3/15/72 PAGE 0038

3974n700 D DRYM CONTROLLER
TTAF A15-032
TTAF A17=107
i DF A33=0n5
LDF A35=010
LFCAF A21=007
ILFCAF A21=0n8
ILFCAF A24=007
I.LFCAF A24=008
LFCAF A29=0137
1. ICAF Al9=017
LICAF A22=M\7
LICAF AZ29=048
| RORF AQR=019
LRORF AQT7=019
LRORF Al1=040
| ROWF ANG=N20
LROWF ANT=020
LROWF Al2=Nn40
| R1IRF ANA=036
ILRIRF A9T=036k
LR1RF Al11=0137
| RZRF A0K=033
LR?RF AQT7=033
I.R2RF All=n39
| R2WF AOGK=016
LR2WF A0T7=016
LR2WF A12=044
| SAF Al4=na
LSAF Al18=nyR

LLSAF A29=n24



n3/715/72 PAGE 0039

39740700 n : DRyM CONTROLLER
( |
LTAF Al15=-n38
LTAF , AlT=0y7
ILTAF A29=03]
I.TAF A29=0473
E?2 A31-0720
ME ? A317n36
NMAP A32=0n9
NAP A3P=n>T7
NAP A32=029
NAPF A32-012
NAPF A32=023
NARM A32=013
NARM A32=n021
NARM A32=046
'ARMF A32=01hA
_ .ARMF A372=043
NNE ANQ=N133
NNE A09=N734
NNE AD9=041
NNE AGQ=ng4?
NNE ANQ=N044
NNE Al2=011
ONE Al2=014
ONE Al7=-M16
NNE Alg=n312
NNE Al9=013
ANE Alg=015
ONE A21=003
NNE A21=013
NNE A21=015
ONE A21=021
ONE A21~-023
ONE A21=03?
NNE A21=034
NNE A21=040
ONE A21=042
ONF A24=003
ONE A24-=009
(" NE A24=011

\-NE A24=01R8
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39740700 D DRyyM CONTROLLER

ONF A24=020
ONFE A24=n29
NNE A24=034
NNE A24=037
ONE A24=04?
ONE A26=028
ONE A28=0na1
ANE A2R8=006
NNE A31-004
NNE A31-007
ONE A31=008
ONE A31=011
ONE A31=016
ONE A31=0721
NNE A31=024
nNE A31=027
ONE A31~078
NNE A31=-013R
NNE A33=0130
NNE A33=N44
NNE A33=045
NNE A35=0n7
ONE A35=0nR
ANE A35~011
ONE A35=013 ;o
aNE A35=024 .
ONE A35=0N27
ONE A35-028
NNE A35=034
ONE A35-038
NNE A35=045
ONF A35=048
AR A22=014
nR A22=n35
NRAG Ale=01n
NRAAK Alg=n11
ARAY Alb=npR
NRAT A18=017
NRAR Al6=N06
NRA8 AlB=014
nRA9 Al6=0n4 -
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n3/15/172

ORF
ORF
ORF

oF
PF

PFF
PFF

PRIOR
PRIOR

PROF
PROF

PROFF

. OROFF

P

~1S04
Kwisoa

ROFF

PROK
PROK
PROK
PROK

PROTS
PROTS

QlIsSc
Qlsc

QISE
NISE

nIsSn
QISo

39740700

Al1=034
AR22=713
A22=016

Azs-ojs
A34=0n3

A33=009
A34=006

Bo2=011
B02-033

A36=045
A367046

A33=0n7
A36=043
A36=047

A26=045
A33=042
A36=038
A36=0139

A36=040
B36=037

A26=0133
A29=047

A26=-037
A29=038

A2h=019
A29=022

A26=012
A36=020

DRI/M CONTROLLER
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3974n700 D DRyUM CONTROLLER
nish A26=021
nIs) A28=n28
n1is AZ2R=030
nlIs? AZ26=027?
NnIsS? AZ28=020
nIs? AZ2R=024
nIs3 AZ26=N023
n1sS3 A28=044
N1IsS3 AZR=048
nIss AP6=018
niss4 A28=n4(
n1s4 A2g=N27
nISAK A26=017
QAISA A2Q«=n48 _
-
\\\.
no A26=020
0o A2R=0n9
non A36=Nnn5
nOF A36=0n8
NOF A36=0n23
nl A2h=034
N1 B26=026
ne n26=03)
n2 B26=n11
n3 A26=132
n3 B26=0Y7
RCOF All=n11

2CoF A15=n20
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. 39740700 - D DRyYM CONTROLLER
L
RDATA A34=n012
RDATA A35=012
aDC ADB=045
rDC All1=016
RDCF ADR=N473
ROCF Al1=0np?
QDF a06=0724
ROF Ali=nv4
READ A26=0473
READ B26=041
RFDF A29=024
RFDF A34=042
RFDF A36=015
. |
RJTWF A36=022
RJTWF A36=042
ROSRF A34=030
ROSRf A35=021
ROSRF A36=035
ROW A26=048
ROW A35+-034
ROW A35=046
RP A26=04T7 |
RP A28*=019
RP A28=02]
RP A2g8=023
RP A2R=029
RP A28=077
RP A2B=N39
rP A28=043
RP A28=045
L«PLY;’- A32=008

RPLYF A33=034



n3/18/72

RQSTF
ROSTF

RRLUIN
RRUN

RUN
RUN
RUN
RUN
RUN

RUNF
RUNF
RUNF

RUNF
RUNF

RWP
RWP
RWP

n01s
RO1S

RO1SF
RO1SF
RO1SF

n07F
ROTF
ROTF

n2n
R20

n2)
nR21

R21n

39740700

B20=039
B21=n29

A31-012
A32=047

Al18=nng
A31=0p1
A31=009
A31=023
A36=0136

A31=017
A31=m9
A31=035
A34=Npg

A35=M5

W26=04]
A38=03?
A3S=043

A0T7=0473
A12=005

ANA=ND3
ANT=04R
Al2=0n6

ADAR=048R

AOT=023
AOT=074

AQR=NN]
B06=003

L06=003
BOA=004

A0T=004

PAGE
DRIjM CONTROLLER

0044
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R210

n211
R211

R212
R212

rR2113
R213

R214
R214

R215
R215

Y-y
<22

rR23
R23

R24
R24

R25%
R25

R26
R26

rR27
R27

R28
R28

rR29Q

39740700

B08~031

AGT=015
BNR=030

ADT=04%
B09=0n3

AOT=046
B09=004

AOT=047
B09=-031

ADT=044
BN9=030

AO6=004
H06=03]

ADK=0NYS
B0k=030

AN6=045
B07=0n3

AO6=046
BO7=0n4

A06=047
807'03)

A06=044
BO7=030

AOT=001
BOR=003

A0T7=003

PAGE
DRyYM CONTROLLER

0045
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39740700 D DRI1IM CONTROLLER
R29 BAR=0Nna
]AC Al)=020
SAC Al2=n%9
SAC Als=019
SAC Hl4=1nQ
<B? A34=032
sR?Z A3g5=n»3
SC3F Al4=039
SC31F AlB=014
SCé4 Al4=0139)
sCea B12=-0n5
SETYF A33=n046
SETYF A3fp=nnT
SET2F A33-047 -
SET2F . A36=032 ..
SET3F A33=048
SET3F A36=017
SI0PF A34=015
SIOPF A34=0464
SIOPF A34=047
sLh A34=02T
SLD A35=0n5%
SM+ 2108=n46
SMe Al1=017
SMe+ Al12=n24
SMe+ Al4-n1sg
SM+ Al5=04]
SMe+ A26=029
SOR Al1R=0n]

SOR AZ2R=~n73
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3974n700 DRyUM CONTROLLER
SOR Bl14=-036
SPROF A33=n31
SPROF A36=044
SR.IT A35-=0135
SRJT A36=0n3
SRJT A36=041
SRUTF A35=047
SRJTF A36=0nh
SRJTF A3h=011
SRUM A31~-0n6
SRUN A31=018
SRUN A3A=n133
SRW A34=041
L eRW A34=n433
W A34=045
SSRUM A31=0n5
SSRUN A36=016
SS1F Bll=n24
SS1F B12=024
$S2F H13=0264
SS2F Bla=024
STDF AlR=n2?
STDF A31=-M5
STEC A3n=nN35
STEC A32=020
STECF A32=-017

STECF A32=-037

SUPF AQ9=N048



n3/15/72 PAGE 0048

39740700 D DRIM CONTROLLER
SUPF AlG=n33
SUPF Al7=r38g
SUPF Alg=n23g
SUPF AR2-035
SUPF A26=007
SUPF A29=03?2
SUPF A34=013
SUPF A36=018
TAC AlS=0n21
TAC A17=012
TAO AlR=017
TAn A1B=n25
TAL Al5«n18
TA) AlB=040
TA? A17=nq9
TA? Al1R=n28
TA2F A18=0p?2 L
TA2F Al7=02n
TAR A17-021
TA3 A1R=037
TA3F A1S=030
TA3F A1T=027
TAG AlT7=-010
TA4 A18=0n13
TA4F Al1G=Nn4
TA4LF Al7=019
TAS Al7=022
TAS AlR=n39
TASF A15=005

TASF Al 7=n23



n3/15/172

TAK
TAG

TA6F
TA6F

TA?
TA7

TATF
TATF

TAR
TAR

TABF
TABF

TAS
TAQ

TA9F
TASF
TA9F
TAQF

TE
TE
TE
TE

TEC
TEC

TECF
TECF
TECF

TEF

39740700

Al7-0133
Al18=010

AlS=n006k
A17=n139

A17-n3o
Al8=016

A15=n09
A1T7=034

A17=034
A18=015

AlS=n45
Al17=n37

A17=029
A1R=009

A33=014
A33=M5
A33=016
A33=M7

Al4=n45
A15=n37

A26=038
A34=N07

A32=03R
A32°n39

A32=040
A32=041
A33=028

A33=008

PAGE
DRyUM CONTROLLER

004¢
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39744700 D ' DRUM CONTROLLER
TEF A34=010
ues A36=049
v+§ B36*023
Veh B02=047
V=6 BO6=N47
V=6 BOT=047
V=6 BOR=047
V=& BOG=047
Ve=h Hll=n47
V=6 Bl12=047
V=g B13=047
V=6 Bl4=0g47
V=6 R20=047
V=6 B21=047
V=6 H26=N47
Veg R3a=047
wBF AO(’)“‘O{Q
wRF AOT=014
WwRF Al2=1730 : L
WCSSF A32=048
WwCw AOB=0Nn3
WwCw Al12=013
wCWe AOR=042
WCWF Al12=015
weCne Al1=013
WCOF A12=037
WwCOF Al4=0n7
wDC AOB-044
wDC Al2=m 2
wDCF A0B=041

wDCF A12=003
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39740700 D DRiyM CONTROLLER
WENF 1 B06=026
WENF1 B07=026
WFNF 2 B08=026
WENF 2 B09=n26
WF SMF A26=036
WF SMF A3n=n33
wNOF Aal1=n43
WNOF A12-0d3
wWNIF All1=048
WNI1F Al12=n4]
wODF A29=019
wODF A34=039
WwODF A36=013
WP AZh=040
wp A28=nN14
WP A29=010
WP A29=011
WREN All=042
WREN Al9%n16
WREN Al9=018
WREN A29=0nS
WRF Al2~035
WRF A22=011
WRITF A26=047
WRITE A33=037
WRITE A36=N14
WRITE A36=024
WRITFE R26=031
WRT A33=043

MRJT A36=021

~—--
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39744700 D DRUM CONTROLLER
W156F Al4=0né6
W1SF A1S=044
wlSF AlR=ng41
w193F A12=-034
W193F Al14=004
wl96F Al1=0n8
W196F Al4=0pn8
W197F A11=003
wlo7F Alg=0n5
W197F Als=n39
wW2F All1=007
wW2F Al4=0n3
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fied by Drawing Number 39745600. The document is complete within itself and
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Appendix B
BG504A/H DRUM MEMORY SUBSYSTEM DIAGNOSTIC

The document presented in this appendix is a CDC Programming Specification
identified as 39932200. The document is complete within itself and has not been

renumbered to agree with page and paragraph numbers of this manual.
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SCOPE

This specification describes the BG504A/H Drum Controller diag-
nostic. It will operate under the control of SMM17 V3. 0 or above

and has been assigned Test No. 80 in the SMM17 library list. The
purpose of this specification is to describe the comprehensive set

of test sections for both factory checkout and field maintenance.

APPLICABLE DOCUMENTS

Software

1500/VW SMML17 Software Subset of SMM17 V3. 0.
SMM17 Manual Publication No. 60182000.

MBS subset of SMM17 V3.0 ERS.

Hardware

1700 Reference Manual Pub. No. 60153100
SC-1700 Reference Manual Pub. No. 60270600
BG504 Drum Subsystem Pub. No. 39731700

DESCRIPTION

Communication

Communication with the diagnostic will be through either 1) Console;
2) Teletype. Refer to latest SMM17 manual for loading information.
General Test Description

The following areas will be tested:

1. Functions
2. Status

3. Interrupts
4. Data

5. Alarms
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The method of testing is to make each succeeding test section more
complex, forming a bootstrapping-sequential technique aimed at re-
ducing troubleshooting time. For example:
1. Sector, initial core and final core address registers will
be verified prior to drum transfers.
2. Al controller data registers will be verified prior to

checking drum transfers.
The type of response (reply, reject) to all I/O instructions, except
when reading status, will be verified against predicted values. This
will include timer information to the nearest millisecond. For ex-
ample, the controller may be busy, external reject, up to 17 millisec
after initiating a write operation. The actual checking is performed
in the monitor, the test supplies the data.
All four status words are copied after each function, read or write.
The only exception is section two where only director and sector
address status is copied. Although four status words are copied, only
those applicable to the I/O operation will be verified.
To verify all 8 alarm conditions it will be necessary to '"bug" specific
logic aréas. To achieve this a card extender and clipped lead are
requii'ed. Although this procedure is primarily used by Q.A., it can
be helpful both in checkout and in the field.

Preset Input Parameters

A Q
Stop 1 8051 0201
Stop 2 0FDE 0200
Stop 3 4500 0000
Stop 4 0000 0000
Stop 5 5ABA 8060
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3.2.6.1 Refer to latest edition of SMMI17 reference manual for an explanation
of Stop 1.
3.2.6.2 Stop 2 Sections
(A) BIT

0 Bit clock adjust procedure/buffer addresses

1 Sector address counter
2 Initial sector address register/ sector address compare
3 Initial and final core address/core address compare
4 Sector overrange/data registers
5 Guarded address
6 Serialize test
7 Worst case patterns
8 C. E. section (manipulative)
9 Auto load/protect
10 Checkword check -
11 Clear timing error
12 Not used
13 ‘Not used
14  "ON" =50 Hz, "OFF" =60 Hz
15 Indicates the maintenance bell troubleshooting aid. If set,

the teletype bell will be rung prior to each error message.

"~ It is to be used in conjunction with the omit typeouts and
repeat conditions features as an aid to isolating intermi-
ttant errors.

(Q) Number of tracks (drum size). Bit 06=64 tracks, bit 07=128
tracks, etc.
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Stop 3
(A) Interrupt data in the form BLBL.
B = bit position in director status

L, = Line number

End of operation status bit position

IEMM pumber

Not used
Q=0

Stop 4

(A) Bits 0-14 = first available track/sector address.
(Q) = Highest guarded track address.

Stop 5

(A) Section 4, 8 data pattern

(Q) Section 8 control

Q 15| 14|13} 12| 11  * Transfer Length 0

L - A s
L—— Not Used

Data Check
Write
Read

*Transfer length: Max. = 3072 (1 track)

Min., = 1 word
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3.3 I/0 CYCLE
381 The I/O cycle is a collection of monitor calls, common to all test
sections,

All I/O requests to the monitor including status, function output, read,
write, status and interrupt timing are grouped in a specific order and
located near the beginning of the test. It is called as a subroutine
with the name tag "IOCYL.'".

All function requests result in an "early I/O Cycle exit''. Requests

for data transfers complete the I/O cycle, see flow chart.

3.3.2 The following monitor calls are used in the I/0 Cycle:
Monitor [L/0 Cycle Monitor Error
Subroutine Description [Pointer No. No.(s)
Check Copy and check requested no. X0 0003
Status of status words against pre-
dicted values.
Function Output values to load ICA, FCA X1 0001, 0002

and ISA registers. Begin copying
status 60us after output. Reply
to output instruction is verified
against the predicted reply.
External reject (if any) timing is
checked. Maximum time to wait
= 32,767 milliseconds.

Read/Write Initiate read or write operation. X6/X17 0001, 0002
Response and timing same as
Function. Begin copying status
approx. 100us after oufput.

Recheck Verify last status(s) copied againgt X2 0003
predicted values.
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Monitor 1/0 Cycle Monitor Error
Subroutine Description pointer no. no.
Recognize Copy and check all requested X3 0003, 0004
Interrupt status while waiting for an

interrupt. Control is passed

to the monitor while waiting.
Monitor Copy and check all requested X4 0000, 0003
Status status while waiting for a

specific status bit to change

state within a specified time.

The last status(s) copied which

saw the bit change is not veri-

fied.
Recheck Same as above. X5 0003
Select Makes the occurrence of an NONE NONE
Interrupt interrupt legal to the monitor.
Deselect Makes the occurrence of an NONE NONE
Interrupt interrupt illegal. .

Interrupt Processor

The interrupt processor, like the test sections, uses the I/O Cycle to

acknowledge interrupts. The I/O Cycle pointer no. for Check Status,

Function and (1st) Recheck Status is changed to X8, X9 and XA respect-

ively. Error messages are shorter for acknowledge interrupt because

only the 1st two status words are copied.

Alarm interrupts results in the following:

1. Clear controller

2. Enable or disable end of operation and/or alarm interrupt

- as requested by the test section.
3. Deselect the line to the monitor thereby making the occurrance
of an interrupt illegal. The line is reselected prior to the

next request for a data transfer.
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End of operation interrupt results in 2 and 3 of the above.
3.4 INITIALIZE
3.4.1 A task of the section search routine, located at the beginning of the test,

is to initialize each section prior to passing control to that section,

Initialize performs the following sequence of operations:

1. Adjust timing values if connected to 50Hz power.

2. Clear all status calls (except last Recheck Status) in the I/O Cycle.
3. I/0 Cycle switches:

a) set early exit
b) set function
c) clear interrupt

Set error code to zero (SSEE).
Direct monitor to copy status 1 and 2 only. See 6.0 for status description. ‘e
Set 1st Recheck Status, status 1 value to expect ready and data. "

Ixecute clear controller.

Direct monitor to copy all 4 status words.

W 00 =01 O U

Set Check Status, status 1 value to expect ready and data.

10. Return to section search routine.
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3.5 Error detection reporting
3.5.1 The test uses 6 monitor subroutines to perform the following operations.
1. Execute I/O
a) Read
b) Write

¢) Function

2. Process interrupts
3. Copy status

4, Check status

5. Monitor status

6. Detect errors

The test calls these subroutines from a common area near the front of
the test. The sequence of calls is referred to as the "I/O CYCLE",
see the I/0O cycle flow chart. The monitor supplies the error type
number for all monitor detected errors.

NOTE: Data errors are reported by the test.

The I/O cycle position pointer and test section pointer is supplied in

each message.

3.5.2 Generalized Error Format:
Al Q1 . A2 Q2
XXY8 S/J SSE 1E2 RTN ADDR
XX - Test no.

Y - No. of A/Q pairs
8 - Error message

S/J - Stop jump parameter -
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STOPS
Bit 0 Stop 1 Stop to enter test parameters
Bit 1 Stop 2 Stop at end of test section

Bit 2 Stop 4 Stop at end of test

Bit 3 Stop 8 Stop on error

JUMPS

Bit 4 Repeat conditions

Bit 5 Repeat test section

Bit 6 Repeat test

Bit 7 Build test list

Bit 8 Omit typeouts

Bit 9 Display memory address in Stops

Bit 10 Re-enter test parameters

Bits 11-15 Not used

SS - Section No.
E1 Section position pointer
E2 I/0 cycle position pointer

RTN ADDR - Memory location of error routine
.5.3 DATA ERRORS - A dummy I/O cycle pointer (XXXF) is used for data errors.

For all data errors the information following the generalized error
format will be as follows:
A3 Q3 A4 Q4 A5 Q5

Actual Expected Read buffer Error Transfer length This track
address address attempted address
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3.5.3.1 Data Error Example:

8058 0241 07AF OF29 F339 F3B9 182B 193B OC00 0022

Section No. I] Actual Expected Read Addr Length Track/

Section pointer Data Data Buffer of error Sector
I/0 cycle pointer - data error

Test error routine return address

The error indicates bit 07 was dropped in track 1 sector 2. The

transfer length attempted was 3072 words or 1 complete track.

3.5.4 Monitor Detected Errors
For monitor detected errors, the I/O cycle pointer will be X0 --XA,
numbers X8 --XA are used for the interrupt processor. The message

following the generalized error format will be in two parts.

PART 1
A3 Q3 A4 Q4
Monitor error LORR Last Operation Last Operation
Number (A) (Q)
3.5.4.1 Monitor érror no. .
0000 *Busy status bit did not change state within specified
time (status time out), 2 revolutions.
0001 *I/O time out. External reject to output instruction for
a period longer than specified.
0002 I/0 response error. Reply to output instruction was

other than predicted.
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PART 2

Monitor

Error No. A5 Q5 A6 Q6 AT Q7
00 Actual Actual Actual Actual Actual *Status control

" Status 1 Status 2 Status 3 Status 4 Time{(msecWord

01 Actual Actual Actual  Actual Actual 0000 (not used)

Status 1 Status 2 Status 3 Status 4 Time(msec)

02 Actual Actual Actual Actual
Status 1 Status 2 Status 3 Status 4

03 Actual Expected Actual Expected  Actual Expected
Status Status 1 Status 2 Status 2 Status 3 Status 3

Actual Expected
Status 4 Status 4

04 Actual Actual Actual Actual Actual Mask
Status 1 Status 2 Status 3 Status 4 Time(msec)Register

Expected 0000 (not used)
int. line one hex character per line.

Status 1 = director status (ST1) Status 3 = memory address (ST 3)
Status 2 = sector address (ST 2) Status 4 =1last data word (ST 4)

See 6.0 for complete status description.

* Status control word = 0CBS

0 = Not used
C = Condition; 1 = wait for status bit to go "off"
0 = wait for status bit to go "on"

B= Bit position in status word
S = Status word (0-3)
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0003 Status error. Actual did not equal expected.
0004 *Interrupt time out. Interrupt did not occur within
specified time.

*Time is measured to the nearest millisecond.

LO = Last operation performed
10 = Write
20 = Read
30 = Function
RR = Response to last operation output instruction
10 = Reply
20 = External reject
30 = Internal reject

Last Operation (A) contents of the A register for last operation.

Last Operation (Q)

contents of the Q register for last operation.
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3.5.5 Monitor error example:
A Q1 A2 Q2 A3 Q3 A4 Q4 As Q5 Ag Qe

8068 0241 0402 O0AB3 0003 3010 0001 0101 0001 0009 0001 0001

0 A T T A A N
A (@

Section
Section error pointer
1/0 cycle pointer Actual status

Monitor error no. (ST1)

(status error) Expected status 1 —

Last operation (function)

A 2
Response (reply) ctual Status

(ST2)

Expected Status 2

This error indicates that the data status (bit 03) is missing from ST1
after a clear controller to equipment no. 2. The section error pointer
indicates the function was issued from the initialize routine. The I/O
cycle pointer indicates the error was detected in the 1st recheck

status subroutine which verifies the status copied after issuing the

clear controller function (see I/0 cycle flow chart).

Note the actual and expected values for ST2 (A6, Q6) are equal. Although
the status error is in ST1, the error message will contain actual and

expected values for all status words copied as a diagnostic aid.
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4.0 TEST SECTIONS
4.1 SECTION 0
4.1.1 Controller Clock Adjustment/Buffer Addresses

This section does not require the computer for I/O. Its purpose is to
instruct personnel in adjusting the controller clock to be in sync with
the bit clock on the drum. The bit clock is approximately 342 nano-

seconds for a 60 Hz drum and 400 nanoseconds for a 50 Hz drum.
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4.1.2 The following message will be output:
CONTROLLER CLOCK ADJ *=TEST POINT
1. SYNC (+) CARD A26*1
2. ADJUST ZERC GOING CLOCK A26* 4+/-5NSEC.

3. ALL MEASUREMENTS REF. AT +.5V.
READ BUFFER =YYYY

WRITE BUFFER = ZZZZ

4.1. 3 The clock should be adjusted every six months or whenever the drum is
replaced.

4.2 SECTION 1

4.2.1 Sector address counter

4.2.2 The purpose of this section is to verify the sector address counter. The

diagnostic will test for the following conditions:
1. A bit "stuck" on
2. A bit "stuck" off
3. An intermittant bit
Either of the above conditions would cause addressing errors, resulting

in potential catastrophic failures.

4.2.3 To accomplish this the sector address register status is read at approx-
imately 40 kHz rate for 17 milliseconds, or one revolution, and the
status stored in a continuous 850 word buffer. The data is then examined
for proper incrementing. To scope this section set bits 5, 8 in the SMM

stop/jump word. Bit 05 sets repeat section, bit 08 omits the typeout.

4.2.4 The following sequence is performed.
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Section Error

Operation Pointer
1. Read sector address status 011X
for 1 revolution.
2. Check for data = all zeroes. 012X
3. Verify the incremented sector 013X
addresses.
4.3 SECTION 2
4.3.1 Initial Sector Address Register/Sector Address Compare
4.3.2 This section will verify the Initial Sector Address (ISA) Register and

Sector Address Compare logic using all 32 sectors. The ISA will be
preloaded at zero. The sector address compare bit and sector address
status will be monitored to see that a complete revolution does not
occur without sensing sector compare. After detecting sector address
compare, the sector address status will be verified. This will check

for improper loading of the ISA register.

4.3.3 The following sequence is performed.
[ Section Error
Operation Pointer
1. Load ISA register (1st time = zero). 021X
20 Wait for sector address compare, verify 022X

sector address status.

3. Increment sector address and repeat
steps 1 and 2. Exit after last sector.
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4.4 SECTION 3
4.4.1 Initial Core/Final Core Address/Core Address Compare
4.4.2 This section will verify the loading of the initial/final core address

registers and the address compare logic. This test does not require
DSA transfers, therefore the incrementing logic will be checked in
another section. The method is as follows:
1. Load initial and final address registers to zero,
verify compare and core address status.
2. The final address register bit 00 is set and no compare
compare verified,
3. The initial address register bit 00 is set and compare
status verified.
4, The procedure is repeated with bits 00 and 01.
After each pass the next significant bit is added
until all the bits are verified.
A sliding ones/zeros and random pattern will then be used to determine if
there is interaction on the A-write lines.
4.4.3 Improper.loading of the initial core address register will be verified
by the final core address status. Since the same register is used for
both operations, this will be a quick check.

4.4.4 The following sequence is performed.
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Section Error
Operation Pointer
1. Set 1st pattern
2. Load ICA register, do not expect core 031X
address compare.
3. Load FCA register with pattern from 032X
step 2, expect core address compare
status.
4. Shift pattern one place and repeat from
step 2. After 16 shifts get next word
type and repeat from step 2. There are
4 word types.
SECTION 4

Sector Overrange/Drum Data Register

The purpose of this section is to verify the sector overrange logic and

the three data registers between DSA and the drum. The section will

perform a drum write using the data pattern from the 5th parameter

stop, see 3.2.6.

To verify sector overrange (SOR) an attempt is made to write into the

1st non-existent sector as determined from the second parameter stop

(see 3.2.6). Refer to Table 1.0 for SOR jumper assignment.

The following sequence is performed.
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Section Error

Operation Pointer
1. Load ICA with write buffer address. 041X
2. Load FCA with write buffer address (ICA). 042X
3. Load ISA with illegal address. 043X
4. Enable alarm interrupt if requested. 044X
5. Attempt a 1 word write on 1st non existent sector 045X
6. Clear controller if interrupts not selected. 046X
7. Enable end of operation interrupt. 047X
3. Load last good ISA value. 048X
o. Initiate a 1 word write on last sector. 049X

The data register cards located on cards A06-A07 are checked.
DSA control for drum write is checked on card All.
Drum write control on Al2 is checked except for checkword genera-

tion and transfer of write data to the drum.
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No. of SOR Jumper Posgitions
Tracks 7-8 9-10

%
N
3
1
[«

64 0 0

128

192

256

320
384
448

512
576
640

704

= = = = Ol O |0l Q1O O O

768

—= ||| ool m|m|m|m]olo | |@

832

i

896

[
~ o | @

960

b |
—

1024

TABLE 1.0

Card Position Al6
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4.6 SECTIONS 5
4.6.1 Guarded address
4.6.2 The purpose of this section is to verify the guarded address logic and the

enable guarded address switch. A message will be output to set the
switch.

4,6.3 The highest guarded address parameter (see 3. 2. 6) determines which
track will be used (sector 0) to verify the illegal write. Refer to table
2. 0 for track address jumper assignment.

4.6.4 After reading from the guarded sector, the section attempts a write to
the same address. The error is verified, and a one sector write on the
last track, sector 0 is performed. The guarded address switch is reset

and the previously guarded sector is written using the same data.
4.6.5 Interrupts are not required for this section.

4.6.6 The following sequence is performed.
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Operation Section Error
Pointer
1. Output message to set guarded
address switch.
2. Load ICA register with address of 051X
read buffer.
3. Load FCA register with address of 052X
read buffer +95.
4, Load ISA registers with highest guarded 053X
track, sector zero.
5. Initiate read operation 054X
6. Load ICA register with address of read 055X
buffer.
7. Initiate write operation on guarded track, 056X
sector zero. Expect error.
8. Clear Controller 057X
9. Load ISA register with last track address, 058X
sector zero.
10. Initiate write operation on last track, sector 059X
zZero.
11. Load ISA register with highest guarded 05AX
- address, sector zero.
12, Load ICA register with address of read 05BX
buffer.
13. Output message to clear guarded address
switch.
14. Initiate write operation on a guarded sector 05CX
using the same data (see step 7) to preserve
the guarded sector.
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JUMPER ADDRESS HIGHEST GUARDED TRACK
31 32 128
33 34 64
35 36 32
37 38 16
39 40 8
7 ) 4
13 i 2
15 16 1

CARD SLOT A-16
TABLE 2.0

NOTE: No jumper = track 0

Section 6

Surface address test

The purpose of this section is to verify the address logic from the controller
to the drum surface. The serialize method is used to write each sector
with its own address. For 512 tracks, the data would appear on the drum as

follows:
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Track Sector Wﬁrd Wi)rd Wé) g d
0 0 0000 0000 — — — — 0000
0 1 0001 0001 — — — — 0001
1 0 0010 0010 — — —_ - 0010
1 10 001A 00l1A — — — ~— 001A
511 0 03F0 08F0 — — — — 03F0
51 31 03FF 03FF — — — — 03FF

4.7.3

4,7.4

The entire drum surface, or that area specified by the input parameters

(see 3.2.6), is also data checked. After serializing is complete, the

sector address is reset to the 1st track, then read and compared to pre-

dicted values for that track. This procedure is repeated until all

tracks have been verified.

The following sequence is performed.

Error Section

Operation Pointer

1. Ené.ble end of operation interrupt 061X

if requested.
2, Load final core address register 062X
3. Load initial core address register. 063X
4, Load initial sector address register. 064X
5. Set up write buffer (1 track).
6. Write 1 track. 065X
7. Repeat from step 3 until all tracks

written.
8. Load final core address register. 066X
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Error Section
Operation Pointer

9. Load initial core address register, 067X
10.  Load initial core address register. 068X
11, Generate 1st (next) track in write buffer.
12, Read 1 track . 069X
13. Compare read and write buffers. 06AF
14. Repeat from step 9 until last track read

and checked.

4.8
4.8.1

4.8.2

Section 7

Worst Case Patterns

The purpose of this section is first, to test the drum surface for bad

spots and second, to test check the head assembly and drum electronics

for rate sensitivity problems. Each track is written with the same

data which contains 37 sets of data. Except for one, each set is 83

words in length, see table 3.0.

DATA LENGTH DESCRIPTION
Random 83 Random
Sliding zeroes 83 Each of 16 patterns is 83 words
Sliding ones 83 Each of 16 patterns is 83 words
101010101010 83 Maximum rate change
110011001100 83 50. 0% max.
000111000111 84 33.3% max.
000011110000 83 25. 0% max.

3072 Total

TABLE 3.0
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Table 3.0
4.8.3 The following sequence is performed.
Section Error
Operation Pointer
1. Enable end of ope ration interrupt if 071X
requested.
2. Load final core address register. 072X
3. Load initial core address register . 073X
4, Load initial sector address register. 074X
5. Write 1 track , 075X
6. Load final core address register. 076X
7. Load initial core address register. 077X
8. Load initial sector address register. 078X
9. Read 1 track. 079X
10. Verify the data . 07AF
11. If last track verified exit, if not increment
the track address and go to step 2.
4.9 Section 8
4.9.1 ‘ Maintenance
4.9.2 The purpose of this section is to allow the operator to design a mini

diagnostic which operates under I/O Cycle control. The following

modes are available as defined in 3.2.6.2:
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Operating Mode
Write only

Read only
Write, read

Write, read and data check

cn#:ooto:—-

Read only, data check

Data transfers may be made with or without interi'upts as determined
by stop 3, see 3.2.6.3.

The initial track/sector address is entered via stop 4, see 3.2.6.4.
for example, track 4 sector 12 = 008C.

The transfer length is entered concurrent with the operating mode.
The data pattern to be written is entered via stop 5, see 3.2.6.2.
This section is designed to loop indefinitely. The method used to
stop execution and redefine the operating conditions is as follows:

1. Set the skip key.
A =SMM ID word Q=58/J

2. Set bit 10 in the stop/jump word. This is a request to
stop to re-enter parameters.

3. Hit run, the second SMM stop is di splayed.

4. Hit run again, the test will stop for parameter entry.
Remove bit 10 from the stop jump word and make
parameter changes.

The skip key is checked a maximum of six times in the I/O Cycle
and once in the monitor. Therefore, it's possible to repeat step 1
seventimes (worst case) before reaching the re-enter parameter

stop.
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This section should be used as a diagnostic aid in troubleshooting

specific problem areas. A high degree of sync control for scoping

is available through the length of transfer and initial sector address

value parameters.

The following sequence is performed.

Operation Section Error
L Pointer
1. Enable end of operation interrupt if 081X
requested.
2. Load final core address based on length 082X
parameter,
3. Load initial core address register. 083X
4. Load initial sector address based on 084X
parameter data.
5. Write, length based on parameter data. . 085X
6. Repeat steps 1 - 6 for write only.
Continue to step 7 for read,
7. Load final core address based on length 086X
parameter.
8. Load initial core address register, 087X
9. Load initial sector address value from step 088X
4,
10. Read, length based on parameter data . 089X
11, Verify data if requested, if not go to step 1. 08AF

Step 1 also checks the skip key to determine-if a stop to re-enter

parameters has been requested.
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Section 9

Auto load and Program Protect

This section is in two parts. Part 1 verifies the auto load logic,
part 2 checks the protect logic.

Part 1is checked by saving the auto load image (1536 words) in
the write buffer, writing the auto load area , clearing core from
0 - 5FF, initiating an auto load and comparing the data to the
write buffer. If an error is detected the write buffer image is re-
turned to low core and the data error reported. Note the actual

error is destroyed.

Part 2 verifies both the controller and computer protect fault logic.

- The conditions stated in table 4.0 are checked for the proper res-

ponse.
Controller 1/0 Controller
PP Switch ‘ PP Bit Response
1 1 Reply
1 0 Ext. Reject
0 1 Reply
0 0 Reply

Table 4.0
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To verify controller protect fault a read drum is initiated under the

following conditions:

1. Read buffer, length = 1536 words, is protected.
2 Drum protect switch is off.

3. CPU protect switch is on.
4

Output instruction isnot protected.

After processing the protect fault, the read buffer is checked to insure

no DSA transfers had taken place. If a data error is detected, the following messagt
is added to the normal data error:
CPU SHOULD NOT HAVE ACCEPTED DSA

DATA DURING FORCED PROTECT FAULT.

It is possible for the controller to write, under protected conditions, to the

CPU and not detect a protect fault. An example is as follows:

Conditions
1. Read buffer protected
2. Output instruction protected
3. CPU protect switch on

A faulty DSA transmitter for bit 17 (protect) would indicate to the CPU that

the output instruction was not protected and would not write into mennoi'y- The
CPU sends the DSA protect fault signal but it is not sensed in the controller.
The problem could be a bad cable, receiver or another DSA device holding

down bit 17.

The missed protect fault is checked as follows:
1. Generate random data in read buffer.
2. Generate same data in write buffer.

3. Read auto load area under protected conditions (4.10. 6).
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4, Compare read/write buffers, expect no compare.

5. Print the following message after compare:

DSA PROTECT FAULT NOT

DETECTED BY CONTROLLER
P = XXXX

The following sequence is performed.

Section Error
Operation Pointer

1.  Enable end of operation interrupt if requested 091X
2. Load FCA register = WRBUF+1535 092X
3. Load ICA register = WRBUF 093X
4, Load ISA register =track 0, sector 0 094X
5. Write auto load area 095X
6. Print auto load message, clear core from

0-5FTF, wait 10 seconds
7. Verify the data 096F
8. Print message to set drum and console protect

switches
9. Load FCA register = RDBUF+1535 097X

(auto load area)
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Section Error
Operation Pointer
10.  Load ICA register = RDBUF. 098X
11. 'Fill read and write buffers with same data.
12. Initiate read, expect external reject. 099X
13. Print message to clear drum protect switch.
Protect read buffer.
4. Initiate read, expect protect fault. Verify 09AX
memory address status =RDB UF+1.
15. Clear controller if interrupt mode not selected. 09BX
Go to 16. for interrupt mode selected.
16. Check read buffer data to verify no DSA
transfers. A special message is added to the
normal data error.
17. Load ICA register = RDBUF. 09CX
18. Read 16 sectors beginning track 0, sector 0. 09DX
Output instruction is protected.
19. Check data determine if protect fault occurr ed,
If yes print special message.
20. Clear read buffer protect bits.
Section 10

Checkword check

This section should be run to check the drum surface when the customer

will not allow writing on the drum.

That portion of the drum surface as defined to the test during parameter

input time, is read a track at a time. The data is stored in the read

buffer but not checked. Status is checked before, during and after each

operation.

For 60Hz power timing is approximately 30 tracks per second.
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The following sequence is performed.

NO.39932200
DATE 3/9/72
PAGE
REV. A

Operation Section Error
Pointer

1. Enable end of operation interrupt if 0A1X

requested
2. Load FCA register 0A2X
3. Load ICA register 0A3X
4, Load ISA register 0A4X
5. Initiate read operation 0A5BX
6. Check for last track. If not last incre-

ment track address and repeat from step

3. If last, exit.
Section 11

Clear timing error

This section verifies that a clear controller function issued after sensing

a timing error interrupt will result in a clear timing interrupt.

The interrupt line must be connected in order to execute this section.

The following sequence is performed.

Operation Section Error
Pointer
1. Print the generate timing error message:
MOMENTARILY GND Al4*2,
2. Enable alarm interrupt 0B1X
3. Output a dummy function to enable I/0O 0B2X

cycle to select interrupts then wait for
clear timing error interrupt.
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4.12.5 A 1 second delay after sensing the timing error prevents multiple

interrupts.
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5.0 SPECIAL TESTS
5.1 CHECKWORD CHECK
5.1.1 The checkword will be held in ST4 (status wbrd 4) when test point

A1l *26 is grounded. Foyrunique checkwords will be verified using

section 8 to control the number of words written on the drum.

5.1.2 Set the stop on error bit (03) in the Stop/Jump word.

Set up section 8, see 3.2.6.5, to perform a write only using the values

in table 5.0. Ground test point A11*26. Start test and observe the error.

The actual value for ST4 should contain the checkword as described in

table 5.0.

Repeat for all 4 conditions.

No. No. of Words Data Expected checkword
1 96 0000 0000
l
2 | 5555 FFF5
3 \L AAAA 0015
4 96 FFFF FFEO

Table 5.0
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Al
A2
A3
A4

A5 -

A6
AT
A8
A9
Al0
All
Al2
Al3
Al4
Al5

STATUS DESCRIPTION
STATUS 1 (ST1)

Ready *

Busy

Interrupt

Data (Ready not busy)
End of operation

Alarm

Lost data *

Protected

Checkword error *
Protect fault *
Guarded address enable
Timing track error *
Power failure *

Sector address compare
Guarded address error *

Sector over-range *

Generates alarm

STATUS 2 (ST 2)

A0 - A4 Sector

A5 -Al4 Track

Al5

LA JOLLA REV.

PROGRAMMING NO.ss932200
SPECIFICATION PAGE 39
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DIRECTOR STATUS

SECTOR ADDRESS STATUS

Core address compare
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STATUS 3 (ST 3) CORE ADDRESS STATUS

A0 - Al5 Core address

STATUS 4 (ST 4) LAST DATA STATUS

A0 -15 Last drum data word

7.0 FUNCTIONAL DESCRIPTIONS
Q3 Q2 Q1 Q0 Function
0 0 0 0 Write
0 0 0 1 A0 Clear Controller

Al Disable/Clear Interrupt
A3 Enable EOP Interrupt
A4  Enable Alarm "

Read
Load initial sector addre_ss
Load initial core address

Load final core address

| =] =] ©
— =l O]
—-| o] o] ©
ol o o] ©




—— — — — — — — —— —— — ——— — — — — —— — — o— —

COMMENT SHEET

MANUAL TITLE __BG504A-H DRUM MEMORY SUBSYSTEM

39731700
PUBLICATION NO. REVISION
FROM NAME:
BUSINESS
ADDRESS:

COMMENTS: This form is not intended to be used as an order blank. Your evaluation of this manual will be welcomed
by Control Data Carporation. Any errors, suggested additions or deletions, or general comments may
be made below. Please include page number.



STAPLE

STAPLE

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN U.S.A,

POSTAGE WILL BE PAID BY

CONTROL DATA CORPORATION
LA JOLLA RESOURCE CENTER
4455 EASTGATE MALL

LA JOLLA, CALIFORNIA 92037

ATTN: PUBLICATIONS DEPARTMENT

STAPLE

FIRST CLASS
PERMIT NO. 333

LA JOLLA. CA,

CUT ALONG LINE



	000
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	1-07
	1-08
	1-09
	1-10
	1-11
	1-12
	1-13
	1-14
	1-15
	1-16
	1-17
	1-18
	1-19
	1-20
	1-21
	1-22
	1-23
	1-24
	1-25
	1-26
	1-27
	1-28
	1-29
	1-30
	1-31
	1-32
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	2-09
	2-10
	3-01
	3-02
	3-03
	3-04
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	4-24
	4-25
	4-26
	4-27
	4-28
	5-01
	5-02
	5-03
	5-04
	5-05
	5-06
	5-07
	5-08
	5-09
	5-10
	5-11
	5-12
	5-13
	5-14
	5-15
	5-16
	5-17
	5-18
	5-19
	5-20
	5-21
	5-22
	5-23
	5-24
	5-25
	5-26
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07
	6-08
	7-01
	7-02
	7-03
	7-04
	7-05
	7-06
	7-07
	7-08
	7-09
	7-10
	7-11
	7-12
	7-13
	7-14
	7-15
	7-16
	8-01
	8-02
	8-03
	8-04
	8-05
	8-06
	8-07
	8-08
	8-09
	8-10
	8-11
	8-12
	8-13
	8-14
	8-15
	8-16
	8-17
	8-18
	8-19
	8-20
	8-21
	8-22
	9-00
	9-01
	9-02
	9-03
	9-04
	9-05
	9-06
	9-07
	9-08
	9-09
	9-10
	9-11
	9-12
	9-13
	9-14
	9-15
	9-16
	9-17
	9-18
	9-19
	9-20
	9-21
	9-22
	9-23
	9-24
	9-25
	9-26
	9-27
	9-28
	9-29
	9-30
	9-31
	9-32
	9-33
	9-34
	9-35
	9-36
	9-37
	9-38
	9-39
	9-40
	9-41
	9-42
	9-43
	9-44
	9-45
	9-46
	9-47
	9-48
	9-49
	9-50
	9-51
	9-52
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07
	A-08
	A-09
	A-10
	A-11
	A-12
	A-13
	A-14
	A-15
	A-16
	A-17
	A-18
	A-19
	A-20
	A-21
	A-22
	A-23
	A-24
	A-25
	A-26
	A-27
	A-28
	A-29
	A-30
	A-31
	A-32
	A-33
	A-34
	A-35
	A-36
	A-37
	A-38
	A-39
	A-40
	A-41
	A-42
	A-43
	A-44
	A-45
	A-46
	A-47
	A-48
	A-49
	A-50
	A-51
	A-52
	A-53
	A-54
	A-55
	A-56
	A-57
	A-58
	A-59
	A-60
	A-61
	A-62
	A-63
	A-64
	A-65
	A-66
	B-01
	B-02
	B-03
	B-04
	B-05
	B-06
	B-07
	B-08
	B-09
	B-10
	B-11
	B-12
	B-13
	B-14
	B-15
	B-16
	B-17
	B-18
	B-19
	B-20
	B-21
	B-22
	B-23
	B-24
	B-25
	B-26
	B-27
	B-28
	B-29
	B-30
	B-31
	B-32
	B-33
	B-34
	B-35
	B-36
	B-37
	B-38
	B-39
	B-40
	B-41
	B-42
	replyA
	replyB

