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PREfACE 

This manual contains reference information 
applicable to the BR3C9/BR3E4/BR3ES disk 
storage unit. It has been prepared for cus
tomer engineers and other technical personnel 
directly involved with maintaining this equip
ment. 

Information in this manual is applicable to 
the BR3C9 models A/B/C/D/J/K and BR3E4/BR3ES 
A/B/E. 

Reference information is divided into three 
sections. These sections and a brief descrip
tion of their contents are listed below. 

Section 1 - General Description: Describes 
equipment functions, specifica
tions and equipment number 
identification. 

Section 2 - Operation: Describes and illus
trates the location and use of 
all controls and indicators, 
power on sequencing, and disk 
pack installation and removal. 

83318200 E 

Section 3 - Theory of Operation: Describes 
basic logic and mechanical 
functions. 

For further information concerning the BR3C9 
refer to the following manuals. 

Publicatial No. ~ 

83318100 BR3C9/BR3E4/BRJES - Installa
tion and Checkout, Preventive 
Maintenance, Corrective Main
tenance, Diagrams, Wire Lists. 

83318300 BR3C9/BR3E4/BR3ES - Parts . 
Data . 

83318600 BR3DS/BRJD6/BR3C9/BR3E2/BR3E3/ 
BR3E4/BR~ES - Key to Logic, 
Integrated Circuits, Discrete 
Circuits, Card Schematics, 
Card Component Layout Diagrams. 

v/vi 
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SECTION 1 

GENERAL DESCRIPTION 





GENERAL DESCRIPTION 1 

INTRODUCTION 

The BR3C9 is a high speed, random access, 
data storage device that records and recovers 
data using portable disk packs. 

The equipment specifications for this unit 
are listed in Table 1-1. 

ASSEM8LY LOCA nONS 

General 

Figure 1-1 illustrates the major drive assem
blies. Detailed information on the construc
tion and function of these assemblies is 
provided in section 2 of this manual. 

7MIII 

Figure 1-1. Assembly Locations 
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1-2 

'rABLE 1-1. EQUIPMEN'r SPECIFICATION 

Specification Value 

Heiqht 

Width (Front) 

Depth 

Weight 

Temperature 

Operatinq 

Gradient 

Non-operatinq 

Gradient 

HUmidity 

Operatinq 

Non-operatinq 

Altitude 

Operatinq 

Non-Operatinq 

Input Voltage 

~C9A,B 

BRlC9C,D 

BR3E4,A 

BRJE4,B 

BRJES,A 

BRJESiB 

Power Consumot~on 

Current 

True Power 

Power Factor 

Heat Dissipation 

Startinq Current 

39.25 in (997 mm) 

22 in (559 DIll) 

44.5 in (1130 mm) 

680 lhs (309 kq) 

60~ (ls.SoC) to 90°F (32°C) 

12°1' (6.60 C) per hour 

-30°1' (-34°C) to +150°1' (66°C) 

36°1' (200 e) per hour 

20' to 80' (providinq there is 
no condensation) 

5' to 90' 

-1000 ft (305 m) to +7000 ft (2134 m) 

-1000 ft (305 m) to +16000 ft (4877 m) 

208v (+10t,-15t), 60 (t1t) Hz 

220v (+10t ,-1St) , 50 (t1t) Hz 

208v (+10t,-15t) , 60 (t1t) Hz 

220v (+10t,-1St), 50 (t1t, Hz 

208v (+10t,-1St), 60 (t1t) Hz 

220v (+10' ,-1St) , 50 (t~t' Hz 
standby Accessing 

!!.!! ~ !!.!! ~ 
2.0 Amps 2.5 Amps 8.0 Amps 8.5 Amps 

0.4 KW 0.5 KW 1.2 KW 1.3 KW 

0.9 0.9 0.7 0.6 

1400 B'l'O 1750 BTU 4200 B'l'O 4500 BTU 

!!!!! ~ ~ 

0-6 sec 38 40 

6-8 sec 38 2S 

8-10 sec 20 12 

10-12 sec 12 8 

12-14 sec 8 8 

83318200 C 



TABLE 1-1. EQUIPMENT SPECIFICATION (CONT' D) 

Specification Value 

Channel Configuration 

BR3C9A/C, BR3E4A, BR3E4B 

BR3C9B/D, BR3E5A, BR3E5B 

Data Capacity 

~R3C9A/B/C/D 

BR3E4/BR3E5 A/B 

83318200 E 

Disk Pack 

Packs/Drive 

Recording Surfaces/Pack 

Usable Tracks/Surface 

Tracks/inch 

Tracks Spacing 

Rota tion Speed 

Recommended Pack 

Seek Timing 

823 tracks 

411 tracks BR3E4/3E5 

1 track 

Average 

Latency Time 

Average 

Maximum 

Single 

Dual 

200 megabytes/ 

100 megabytes 

1 

19 

823 (808 plus 15 sparesY' 
411 (404 plus 7 spares) BR3E4/3E5 

384 

0.0026 inch 

3600 (±2%) rpm (16.7 ms/rev) 

M4451 

55 ms (maximum) 

40 ms (maximum) 

8 ms (maximum) 

30 ms 
25 ms BR3E4/3E5 

8.33 ms (@ 3600 rpm) 

17 ms (@ 3528 rpm) 

I 
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TABLE 1-1. EQUIPMENT SPECIFICATION (CONT'O) 

Specification 

Recordinq 

Mode 

Bit Density 

Rate 

Recordinq Heads 

Quantity 

Read/Write Width 

TOP COVEl ASSEMBLY 

The top cover assembly protects the drive. 
assemblies during customer operations. 

The pack cover is opened by means of a latch 
under the cover. An electrical switch 
senses the cover is opened, and disables 
spindle motor power. 

DECX ASSEMBLY 

The deck assembly has the following major 
subassemblies: 

• A spindle assembly to mount the disk 
pack. Its associated drive motor runs 
continuously whenever a pack is in
stalled, the pack cover is closed, the 
START switch is on, and sequence power 
(either from the controller or with the 
LOCAL/REMOTE switch on the power supply 
in the LOCAL position) are available. 

• An actuator assembly that mounts the 
read/write heads for processing data. 
The actuator contains a voice coil 
positioner controlled by a closed
loop, continuous-feedback servo system 

• A shroud to surround the disk pack. 
The shroud: protects the pack, aids 
in directing air from the blower to 
the pack~ and prevents the operator 
from damaging the read/write heads 
with the pack. 

• A read/write chassis to mount logic 
cards that cont~in logic directly 
affecting head selection and operation. 

1-4 

Value 

Modified frequency modulation (MFM) 

4040 bpi (inner track nominal) 

6.45 MIIz (nominal) 

20 

0.0021 in (nominal) units 

• A first seek interlock assembly to 
provide a heads load command delay. 

AC POWER SUPPLY 

The ac power supply provides ac power re
quired by the drive. orhe ac voltages gen
erated are distributed to the dc power 
supply located in the logic chassis assembly. 

The line filter filters the ac power input 
to the power supply. 

LOGIC CHASSIS 

The logic chassis serves as the mounting 
point for the main complement of the logic 
cards and dc power supply. The chassis is 
hinge-mounted for easy access to the cards 
(which plug in at the inner side of the 
chassis) or to the backpanel terminals (at 
the outer side). The backpanel terminals 
provide ready access to all signals entering 
and leaving each card. In addition, the 
cards have test points for monitoring cri~ 
signals within the cards. 

The logic chassis also contains a test point 
panel that provides a location for status 
monitoring of the dc voltages generated by 
the dc power panel. 

Located in the lower half of the logic chas
sis is the dc power panel. The dc power 
panel provides dc power required by the 
drive. It also contains relays and solid 
state logic used for power sequencing. 

83318200 A 



EQUIPMENT IDENTIFICATION 

An equipment number is assigned to each drive 
to identify its configuration. This provides 
a systematic method of identifying, account
ing, and controlling changes that affect 
drive logic and mechanical components. 

The equipment configuration is identified by 
a nameplate attached to the frame at the 
back of the drive. The nameplate.is visible 
with the logic chassis open. The Equipment 
Identification Number will be similar to the 
following: 

EqUipment ~ t 
Identifier I 

Type 
Identifier 

02 

Lseries 
Code 

The Equipment Identifier indicates the basic 
function of the unit. This number will be 
BR3C9 on all units for which this series of 
manuals have been prepared. 

The Type Identifier indicates a non-inter
changeable difference in equipments that 
affects the interface. The term "Mod" is 
sometimes· used interchangeably with "Type 
Identifier" • 

The Series Code Changes with each non-inter
changeable change within the equipment. 

83318200 B 

Drives with different series codes are fully 
interchangeable at the system level: however, 
not all of their electrical or mechanical 
components may be interchangeable. Series 
codes are changed by Engineering Change 
Order (ECO) only at the factory. 

Other changes are accomplished by Field 
Change Order (FCO). These changes may be 
installed either at the factory or by field 
personnel. FCO changes are indicated by an 
entry on the FCO Log that accompanies each 
machine. It is important that this log be 
kept current by the person installing each 
FCC. 

Unless otherwise specified, all theory, pro
cedures, and diagrams in these manuals apply 
to all units. Exceptions are noted where 
applicable. 

Manuals accompanying unit shipments from 
the manufacturer match the configuration of 
those units. Subsequent manual changes are 
controlled by the Revision Record sheet 
behind the title page of every manual. This 
sheet identifies the Series Code and FCC 
effectivity of manual changes. If mainte
nance will be performed using a manual 
other than the manual supplied with each 
drive, verify that the manual and drive 
configurations match. 
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OPERATION 2 

INTRODUCTION 

The drive contains several panels and indicators. 

Figure 2 -1 locates the panels and indicators on a 
cabinet. Table 2 -1 describes the various panel 
controls and indicators. 

TABLE 2-1. CONTROLS AND INDICATORS 

Control or Indicator Function 

Operator Panel 

START/STOP Controls power on and off sequences. If the indicator is 
Switch/indicator not lighted (indicating drive is in a power down condition) 

depressing the switch does the following: 

• Lights the indicator 

• Energizes the spindle drive motor 

• Initiates the first seek sequence 

This happens only if the disk pack is in place with can-
ister r~ved, the pack cover is closed, and the circuit 
breakers are on. 

If the indicator is lighted (indicating the unit is 
powered up) depressing the switch extinguishes the 
indicator and causes a power off sequence. 

READY indicator Lights when the heads are loaded and the unit is ready 
to accept commands. 

PROTECT Depressing this switch lights the indicator and inhibits 
switch/indicator the drive from writing on the pack. 

OFFLINE indicator Lights when the drive has experienced any of the following 
conditions: 

• Controller issued a Set Local State command 

• ONLINE switch on maintenance panel set to an offline 
position. 

Logic Plug Determines the device number of the drive. Each plug has a fixed 
number which is changed by replacing the present plug with one 
having a different number. The controller determines the device 
number via a Device Number ReQuest command (Tag 26). 
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2-2 

Control or Indicator 

CHECK 
switch/indicator 

POSITIONER OFFSET 
switch 

READ CLOCK switch 

TABLE 2-1. CONTROLS AND INDICATORS (CONTrD) 

Function 

Operator Panel (Cont'd) 

Lights when one or more of the following fault conditions 
occur. 

• .Read or write is commanded without an On Cylinder 
siqnal. 

• Low voltage (±Sv, ±20v, or -16v) condition 

• Read and Write commanded at the same time 

• Servo dibits lost for more than 200 ms 

• More than one head selected 

• Air flow has decreased below an acceptable limit 

• Head register contains number exceeding 18 
(no head select) 

• Write command without write current 

• Write CUrrent without Write command 

Logic Chassis Maintenance Panel 

NOTE 

The POSITIONER OFFSET and READ CLOCX switches 
are designed for use during a maintenance 
situation. Functions of the two switches are 
enabled only when the ONLINE switch. is set to 
either OF? LINE position. 

NORMAL position allows servo logic to position positioner 
to the nominal center of the disk pack servo recording 
track. 

OOT position injects a fixed bias so that positioner 
is positioned 400 micro inches off nominal center of 
servo track in the direction away from the spindle. 

IN position injects a fixed bias so that carriage is 
positioned 400 microinches off nominal center of servo 
track in the direction toward the spindle. 

NORMAL position allows read data strobe to occur in the 
nominal center of the allowable margin of the data 
window (time period in which a recovered data "1" must 
appear in order to be recognized as a "l"). 

AOV position causes data strobe to be moved to the 
advanced (early) marqin position of the data window. 
(Data strobe occurs about 8 nanoseconds earlier than 
nominal) • 

RET position causes data strobe to be moved to the 
retarded (late) margin position of the data window. 
(Data strobe occurs about 8 nanoseconds later than 
nominal. ) 
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TABLE 2-1. CONTROLS AND INDICATORS (CONT'D) 

Control or Indicator Function 

ONLINE/NOIOOU./ 
WRITE PROTECT 
switch (Cont'd) 

CHECR 
switch/indicator 

+5, -5, +20, -20, 
and GND test jacks 

Bidirectional Data 
Line bit indicators 

DISPLAY SELECT 
switch 

ONLINE/NORMAL/ 
WRITE PROTECT switch 

83318200 A 

Logic Chassis Maintenance Panel (Cont'd) 

OFFLINE-WRITE PROTECT position causes same occurrences as 
for OFFLINE-NORMAL position and additionally disables the 
write circuits. 

Switching from OFFLINE to ONLINE causes an internal 
General Reset (equivalent to DIN). 

Indicator lights in response to one or more of the same 
conditions as listed for the operator panel CHECK 
.swi tch/ indica tor. 

Pressing the logic chassis maintenance panel CHECR 
switch clears the Pack Unsafe FF and all bits of DSBI, 
DSB2, and DSB3. 

Provide a point at which dc voltages in logic chassis can 
be measured. They must not be used as a power source. 

Display information is selected by DISPLAY SELECT switch 
when in Offline mode. Indicator lights if selected signal 
is true. 

Ten position rotary switch that allows selection and dis
play of machine ·status and register contents. Switch 
positions function as follows: 

1. ADDRESS VERIFY is used only in conjunction with Off 
Line Tester. Tester operation stops if it detects 
difference between cylinder byte read from disk and 
contents of Cylinder Address register. Indicators 
display address read from disk. Error may be verified 
by setting switch to DSB4. Bit 26 (Tester Address 
Error) will be on. 

ONLINE position places unit under control of control 
unit. 

OFFLINE - NORMAL position causes the following: 

1. Prevents control unit from initiating a seek or 
read/write operation. 

2. Enables control of drive functions by Off Line 
Tester. 

3. Lights LOCAL indicator. 

4. Clears reserved status of drive, inhibiting 
gating of status signals (including OPI to 
controller. 
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TABLE 2-1. CONTROLS AND INDICATORS (CONT'D) 

Control or Indicator Function 

Loqic Chassis Maintenance Panel (Cont'd) 

DISPLAY SELECT 
switch (Cont'd) 

Elapsed Time ~Meter 

DRIVE MO'l'OR circuit 
breaker 

+20Y Fuses 

+20Y indicator 

±46, t20, and :10 
volt circuit breakers 
Local/Remote Switch 

(Applies only to drives 
wi th Power Sequence 
feature) 

2. CYLINDER causes contents of Cylinder Address reqister 
to be displayed. 

3. DIFFERENCE causes contents of Difference Counter to 
be displayed. This value is complement of number 
trac:lcs to go. 

4. HEAD causes contents of Bead Reqister to be displayed. 

S. SUMMARY STATUS causes Summary Status (SSR) byte to be 
displayed. Refer to Table 2-2 for bit siqnificance. 

6. DS82-DS87 causes appli~able Detailed Status byte to 
be displayed. Refer to Table 2-2 for bit siqnificance. 

The meaninqs of the Summary Status and Detailed Status 
bytes are explained in Section 4. 

~ Power Supply 

Indicates cumulative hours that loqic dc power is on. 

Controls application of ac voltaqe to spindle drive motor. 

Protects 20 volt power supply transformer used to derive 
+20Y sequence and lamp voltaqes. 

DC Power Supply 

Liqhts to indicate presence of +20Y voltaqe used by lamps 
and power up sequence circuit. 

Control application o"f related dc voltages throughout drive. 

Determines whether the power on sequences of the drives in a 
particular string are controlled independent of one another 
by the START switches or by the START switches working in con
junction with a power sequence signal received from either the 
controller or the first drive in the strinq. In the local 
mode, the power on sequences are controlled independently. 
However, in the remote mode, pressing the START switch starts a 
power on only if the drive is receiving the Pick signal. 

In remote, the drive receives the Pick signal only if all 
previous drives in the strinf have completed their power on, 
are in local, or are completely deenerigized (all circuit 
breakers off). 

The purpose of remote mode is to allow a sequential power up 
of all drives in the string. A sequential power up is accom
plished by: 

1. Closing all circuit breakers and setting the LOCAL/REMOTE 
switch of each drive to the REMOTE position. 

2. pressing the START switches to light the indicators of 
each drive except the first in the string. 

3. Press the START switch to light the indicator of the 
first drive. The drives will now power up sequentially 

: ______________ -tl ____ ~(see Local/Remot~ Control discussion for mor"" .i",-F~~mation 
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UNIT Power circuit 
breaker 

Main Breaker Box 

Controls application of main ac power. 
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OPERATING INSTRUCTIONS 

POWER APPLICATION 

The following procedure prepares the drive 
to go on-line. 

1. Install a disk pack (refer to disk pack 
installation. 

2. Set main breaker box UNIT POWER circuit 
breaker to ON. Blower motor will start. 

3. Open cabinet logic chassis gate located 
at the re~r of the drive cabinet. 

4. Position logic chassis maintenance panel 
switches as follows: 
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• POSITIONER OFFSET switch to NORMAL. 

• READ CLOCK switch to NORMAL 

• ON LINE switch to ON LINE 

S. Close all dc power supply circuit break
ers. The +20Y indicator (on the dc 
power supply) lights. 

6. Close cabinet logic chassis gate. 

7. Press operator panel START/STOP switch/ 
indicator. This lights the indicator, 
starts the spindle drive motor and 
initiates the first seek sequence. 

8. Completion of the first seek operation 
lights the operator panel READY indica
tor. The heads are now positioned at 
track 000 and the unit is ready to re
ceive a command. 
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Figure 2-1. Controls and Indicators 
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POWER DOWN 

The following procedure powers down the drive. 

1. Stop the spindle motor and unload heads 
by either issuing a Set Standby State 
(Taq 13) from the controller or press
inq the S~T/STOP indicator/switch on 
the operator panel. 

I WARNING j 
If pressing the START/STOP switch 
does not cause the heads to unload 
and the spindle motor to stop the 
followinq procedures must be followed 
to avoid personal injury or damage 
to the heads and· disk pack. 

1. Manually retract heads as follows: 

a. Open top cover from rear 

b. Disconnect yellow lead from 
voice coil 

c. Manually retract heads following 
precaution qiven in Section 5 of 
this manual under Maintenance 
Preliminary conditions 

2. Remove main ac power from drive by 
openinq UNIT PO~R circuit breaker. 

3. Determine cause of failure (nor
mally an open lead to voice coil. 

2. Remove main ac power to drive by openinq 
UNIT POWER circ:ui t breaker. 

DISK PACK HANDLING 

To ensure maximum disk pack life and relia
bility, observe the followinq precautions: 

1. Store disk packs in a machine-room 
atmosphere (600 F to 900 F, 10% to 80% 
relative humidity). 

2. If a disk pack must be stored in a 
different environment, allow two hours 
for adjustment to the computer environ.
ment before use. 

3. Never store a disk pack in sunliqht, 
in a dirty environment, or on top of 
another disk pack. 

4. Store the disk packs flat, not on edqe. 

S. Always be sure that both the top and 
bottom plastic cannister covers are on a 
disk pack whenever is is not actually in
stalled in a drive. 
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6. When markinq packs, use a pen or felt
tip marker that does not produce a loose 
residue. Never use a lead pencil. write 
on the label before it is applied to the 
disk pack cannister. 

7. Always close the disk drive pack access 
cover after loadinq or removinq the disk 
pack. This will allow the disk drives 
positive air pressure system to keep the 
pack area free of any foreiqn particles. 

8. Do not attach any label to the disk pack 
itself. Labels will not remain attached 
when the pack is spinninq and catas
trophic head crashes may result. All 
labels should be placed on the pack 
cannister if r~quired. 

DISK PACK INSTALLAnON 

Malee certain that the disk pack to be in
stalled has been properly maintained. 

1. Raise drive front cover. 

2. Lift the disk pack by the plastic 
canister handle. f 

3. Disenqaqe the bottom dust cover from the 
disk pack by squeezinq the levers of the 
releasinq mechanism in the center of the 
cover and. liftinq the cover off. Set 
the cover aside to an uncontaminated· 
storaqe area. 

CAUTION 
Make certain the heads are fully 
retracted. 

4. Place the disk pack onto the spindle 

NOTE 

A spindle lock mechanism (ratchet 
brake) is actuated when the disk 
pack canister cover is on the 
spindle. A "click" may be heard 
as the lock mechanism enqaqes. 
The machanism holds the spindle 
stationary while loadinq or un~ 
loadinq a disk pack. 

S. Twist the canister handle clockwise 
until pack is locked in place. 

6. Lift the canister clear of the disk 
pack and set it" aside to an uncon
taminated storaqe area. 
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7. Close the front cover immediately to 
prevent the entry of dust and the 
contamination of the disk surfaces. 

DISK PACK REMOVAL 

1. Press (to extinguish) to operator 
panel START switch. 

2. Check that disk pack rotation has 
stopped completely. 

3 • Iai.se the front cover. 

CAUTION 

During maintenance procedures the 
read/write heads are somet~es 
manually positioned. Make certain 
that the heads are fully retracted. 

4. Place the plastic canister over the 
mounted disk pack so that the post 
protruding from the center of the disk 
pack is received into the canister 
handle. 

5. Twist the canister handle counterclock
wise until the disk pack is free of the 
spindle. 

CAUTION 

Avoid abusive contact between the 
disk pack and the spindle assembly 

6. Lift the canister and the disk pack 
clear of the spindle. 

7. Close the front cover. 

8. Place the bottom dust cover in position 
on the disk pack and tighten it. 

9. Store the disk pack in a clean cabinet 
or on a clean shelf. 

HEAD ALIGNMENT CARD (DSFV) 

Four LED indicators are provided as monitors 
to ensure accurate alignment data is taken. 
Their functions are: 

Power 

Input 

- When lighted indicates power is 
applied to card (card is fully 
inserted in card slot). 

- When lighted idnciates amplitude 
of alignment signal is below 
minimum threshold required to 
allow alignment card to operate. 

Bad ~- When lighted indicates short 
duration loss of alignment 
signal. Indicator lights when 
polarity (Sl) is operated. A 
one-shot maintains light for 
four seconds. 
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Mode - When lighted indicates switches 
S2 (servo-R/W select) or S3 

,(meter sensitivity) are not in 
correct position to measure data 
head alignment error. 

NOTE 

Measurement of data head align
ment error can be taken only when 
the power indicator is on and 
the other indicators are off. 

Three toggle switches are provided.on the 
card edge Which perform the follow1ng 
functions: 

Sl - Switch changes the polarity of the 
alignment signal and is used in 
taking measurements of both servo 
and data heads as follows: 

a) note null meter reading in P 
(normal) position 

b) note null meter reading in N 
(reverse) position 

then P-N = alignment position, i.e., 
P~+30 mv, N=-40 mv(+30)-(-40)=+70 mv 
alignment error. 

S2 

S3 

- Switch selects the servo head (S) 
as an input to the card on 'the data 
head (R/W) as an input to the card. 
When switch is in S position, mode 
indicator will light. 

- Switch changes the sensitivity of 
the meter circuit (TPX and TPY). 
In Xl position, meter readings are 
multiplied by 1, in X.l ~ultip~y 
meter readinqs by 10. W1 th SWl. tch 
in Xl position, mode indicator 
lights. 

Test points TP-X and TP-Z are connected to 
the null meter. TP-Y is connected to an 
oscilloscope to observe the dibit pattern. 

,OFF LINE TESTER 

The Off Line Tester PN 86073404 permits full 
control of the drive seek and read/write 
logic without computer intervention. 

The tester front panel is illustrated in 
Figure 2-2. Switch functions are defined 
in Table 2-2. 

PREPARA nON FOR USE 

1. Verify that the CPU operating system 
permits the drive to be removed from 
computer control. 

2. Open cabinet rear door. 
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~---------------I~T PATTERN--------------~ 

2S6 128 64 32 16 8 4 2 UPPER ' , LOWER 

0 HEAD SEQ REV 
% ONLY "--{ SECTO~Q FWC rr REPEAT RTZ START 

@ UPPER ANOOM ACC£SS @ @ @ @ @ 
SEQ LOWER CONT RITE RESET - SINGLE STOP 

HEADS HEAD AOV DIRECT 

NOTES: I. DATA SYNC JACK IS ON REAR PANEL OF TESTER. 

Switch/Indicator 

Bits Used 

INPO'l' Al.l 
Al.l 

Al.l 
Al.l 

1-16 

1-16 

1-32 

1-32 

PATTERN Lamps 

Mode Select 
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TABLE 2-2. OPE' LINE TESTER SWITCH FUNCTIONS 

Mode Select 
Switch Position 

DIREC'l' 
CON'!' 

SEQ FWD 
SEQ REV 

BEAD 

SECTOR 

UPPER 

LOWER 

HEAD ADV 

LOWER 

Function 

Loads destination cylinder of seek. 

Loads length of each forward or reverse 
incremental seek. 

Loads head to be selected for read/write 
operations. 

Loads sector to be selected for read 
operations. 

Loads upper six bits of data pattern to 
be written. 

Loads lower six bits of data pattern to 
be written. 

Indicates 12-bit data pattern that has been 
loaded into tester for write operations. 

Controls tester mode of operation. 

N/A 

Loads write data pattern selected by INPUT 
$Witches 32 through 1 when LOAD switch is 
actuated. Pattern is displayed by LOWER 
PATTERN indicators. 
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TABLE 2-2. OFF LINE TESTER SWITCH FUNCTIONS (CONT' D) 

Switch/Indicator 

Mode Select 
(Cont'd) 

LOAD/SEQ HEADS 
SWITCH 

READ/ACCESS/WRITE 
SWITCH 
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Mode'Select 
Switch Position 

OPPER 

SECTOR 

BEAD 

SEQ REV 

SEQ FWD 

RANDOM 

CONT 

DIRE~T 

LOAD 

NEUTRAL 

SEQ HEADS 

READ 

ACCESS 
(NEUTRAL) 

Function 

Loads data pattern selected by INPUT swit 
ches 32 through 1 when LOAD switch is 
actuated. Pattern is displayed by UPPER 
PATTERN indicators. 

R/A 

Selects head to be used for read/write oper
ations (determined by INPUT switches 16 
throuq'h 1) when LOAD switch is actuated. 

NOTE 

The following switch positions, 
except DIRECT, are under further 
control of REPEAT/SINGLE switch. 
For sequential forward or reverse 
seeks, do not exceed lenq'ths 
greater than 255 tracks. 

Drive seeks in reverse until it reaches 
cylinder 000; operation then stops. De
crement length selected by INPUT switches. 

Drive seeks forward until it reaches cylin
der 822 (or address is generated that would 
exceed 822), then performs direct seek to 
cylinder 000. Sequence repeats. Increment 
length selected by INPUT switches. 

Drive continuously seeks forward or reverse 
to random cylinder. INPUT switches have no 
effect. 

Drive ~ontinuously seeks from starting cyl
inder to cylinder selected by INPUT switches. 

Drive seeks once to cylinder selected by 
INPUT switches. 

Data selected by INPUT switches is loaded 
in tester. When mode select switch is in 
UPPER or LOWER position. Data selected by 
INPUT switches is loaded into drive when 
mode select switch is in HEAD position. 

Data selected by INPUT switches is loaded 
into drive. 

No data loaded. 

N/A 

Drive reads selected track with selected 
head after each seek. Cylinder address 
read from disk is displayed on logic chas
s.is maintenance panel if its DISPLAY SELECT 
switch is in ADDRESS VERIFY position. If 
error occurs on compare between address read 
from disk and current cylinder address, ac
cessing stops. This may be verified by 
setting DISPLAY SELECT to DSB4: if Bit 8 
is lit, (Address Error Fault) has been 
detected by tester. 

Reading and writing inhibited. Only seeks 
are enabled. 
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Switch/Indicator 

REAO/ACCESS/WRITE 
SWITCH (Cont'd) 

R/W ONLY/RESET 
SWI'l'CH 

REPEAT/SINGLE 
SWITCH 

RTZ SWitch 

START/STOP 
SWITCH 
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TABLE 2-2. OFF LINE TESTER SWITCH FUNCTIONS (CONT'D) 

Mode Select 
Switch Position 

R/W ONLY 

SINGLE 

REPEAT 

RTZ 

START 

STOPS 

Function 

NOTE 

00 not perform write operation with 
drive's TAG LINE SELECT switch in 
ADDRESS VERIFY position. 

Write operation begins at Index and ends at 
next Index. Drivf!! writes following pattern: 

1. Delay of 630 ~sec after leading edge of 
index mark, before Address Segment of 
track is written. 

2. Bit pattern that was leaded into PATTERN 
display from end of Address Segment to 
leading edge of index. 

Seeks are inhibited. Refer to REPEAT/SINGLE 
swi tch for further infozmation. 

Seeks enabled. Refer to READ/WRITE. 

Resets starting address of single-access 
continuous seeks (SINGLE and CONT) • 

One operation will take palce each time 
START/STOP switch is actuated to START. If 
writing, one seek/write operation is per
formed. If reading, one seek/read operation 
is performed. . 

In R/W ONLY mode the following occurs: 

1. While reading, selected track is read 
once per START/STOP switch actuation. 

2. While writing, one track is written 
per START/STOP switch actuation. 

Operation continues until START/STOP switch 
is actuated to STOP (except, DIRECT mode 
has only one operation) • 

In READ or WRITE mode, one read or write 
operation is performed per each seek. 

In R/W ONLY mode the following occurs: 

1. While reading, select track address is 
continuously read and compared. 

2. While writing, track is continuously 
rewritten. 

Drive performs a return to zero seek opera
tion when RTZ switch is actuated. 

Initiates selected operation. If in SINGLE 
mode, switch must be actuated for each 
execution. 

Stops operation. 
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TABLE 2-2. OFF LINE TESTER SWITCH FUNCTIONS (CONT'O) 

switch/Indicator 

DATA SYNC JACK 
(Rear of Tester) 

Mode Select 
Switch Position 

3. Set ON LINE/NORMAL/WRITE DISABLE switch 
to OFF LINE (normal). Tester will not 
work in ON LINE mode. If operated in 
WRITE PROTECT mode, accessing and read
ing are normal, but data cannot be 
written. 

4. Open tester bottom panel and remove cable 
assembly. If tester has not been used, 
verify that 12.88 MHz crystal is instal
led. The 13.60 MHz crystal should be in 
the dummy jack. Replace cover. 

NOTE 

DC power supply voltage must be 
removed when tester is being in
stalled or removed. 

5. Connect cable assembly between connec
tors on rear of tester and C27 on logic 
rack. Tester receives power from drive. 
Set START/STOP switch to STOP. 

6. Apply DC power. 

OPERATING PROCEDURES 

Error Detedion 

The DISPLAY SELECT switch on the logic rack 
maintenance panel is a valuable accessory in 
using the tester. A thorough knowledge of 
this switch and its functions will assist 
greatly in isolating malfunctions. Functions 
of each switch position are specified in 
Table 2-1. 

When the DISPLAY SELECT switch is set to 
ADDRESS VERIFY position, the ADDRESS & CON
TROL BUS indicators display the cylinder 
address read from the disk. This function 
is enabled only during tester read operations. 
If any error occurs, all accessing stops and 
the last address read will be displayed. 
Proceed as follows: 

1. Set DISPLAJ SELECT switch to following 
posiiton to verify the type of error. 
DSB4, Bit 26 displayed indicates that 
the tester detected an address error: 
DSB3, Bit 27 indicates a seek error; etc. 
(refer to Table 3-3). 
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Function 

Provides scope sync point during read opera
tions. Signal is positive-going at begin
ning of data pattern (which follows cylinder 
byte) and drops at end of data field. Be
cause of timing variations and propagation 
delays between tester, drive, and scope, the 
first bit of the data pattern may not actua
ally be displayed. 

2. Set switch to CYLINDER position to de
termine the address that the drive 
should be at. 

3. Set switch to DIFFERENCE position to 
check the contents of the difference 
counter. When the seek is completed, 
all bits should be on (which is the 
complement of zero). 

4. If the cylinder and difference are 
correct, but an address error is 
indicated, proceed as follows: 

a. Press FAULT switch. Address Error 
DSB4 26 is stored in drive's Fault 
register. FAULT switch must be 
pressed to clear that bit. 

b. Select R/W ONLY. 

c. Reread cylinder address. 

d. If ADDRESS VERIFY display matches 
CYLINDER display, the error is not 
a positioning error; a read error 
caused the previous "address error". 

5. If CYLINDER and ADDRESS VERIFY cannot 
be matched, cause of the address error 
was a positioning error. 

While performing sequential forward seeks, 
and with the DISPLAY SELECT switch set to 
CYLINDER, the display will increment with 
e:lch seek. 

Seek Operations 

The tester is capable of performing the 
following seek operations: 

• Single seek to any cylinder 

• Repeated seek between any two cylinders 

• Sequential seeks at selectable seek 
lengths 

NOTE 
Do not exceed seek lengths greater 
than 25Srtracks. 

• Random cylinder seeks 
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Single Seek 

This proceduxe causes a single direct access 
to desired cylinder. Precondi tiOD tester by 
settinq ST~/STOP switch to STOP and actuat
inq RTZ switch. 

1. Set INPUT switches to desired cylinder 
number. 

2. Set LOAD/SEQ BEADS switch to neutral 
position. 

3. Set mode select switch to OIREcr. 

4. Set READ/ACCESS/WRI'l'E switch to ACCESS. 

5. Set R!W ONLY/RESET switch to neutral 
position. 

6. Set REPEAT/SINGLE switch to SINGLE. 

7. Set S'l'ART/STOP awl tch to STARr. 

8. When move is complete, return STAR'l'/ 
STOP switch to STOP. 

Repeated Seek Between 'l'WO ex linders 

This procedure causes drive to access. be
tween two cylinders. Precondition tester by 
setting START/STOP switch to S'l'OP and actuat
ing RTZ switch. 

1. Perform single seek procedure to desired 
first cylinder if it is other than track 
000. 

2. Set INPUT switches to new desired 
cylinder. 

~. Set LOAD/SEQ BEADS switch to neutral. 

4. Set mode select switch to CONT. 

5. Set READ/ACCESS/WRITE switch to ACCESS. 

6. Set R/W ONLY/RESET switch to neutral 
position. 

7. Set REPEAT/SINGLE switch to REPEAT. 

8. Set START/STOP switch to START. 

9. To stop repeated seeking, place START/ 
STOP switch to STOP. 

Seauential Seeks 

This procedure causes drive to ac·cess sequen
tially forward, or reverse. The direction 
is determined by the Mode Select switch, and 
the incremental cylinder seek lenqth is de
termined by the setting of the INPUT switches. 
Precondition tester by setting STOP/START 
switch to STOP and actuating RTZ switch. If 
actuator is not at cylinder 000 and a seqen
tial forward seek is initiated, the actuator 
seeks forward one seek length at a time from 
current cylinder position until reaching last 
cylinder or an illegal address. It then 
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returns to cylinder 000 in one movement and 
continues forward sequential seeks starting 
at track 000 and at the seek length set by 
the INPUT switches. 

If a sequentia~ reverse seek is initiated, 
actuator seeks in reverse at the cylinder 
increment selected by INPtJ'l' switches until 
reachinq track 000. The operation is then 
stopped. A direct seek to a cylinder other 
than 000 must precede a sequential reverse 
seek .. 

For sequential forward or reverse seeks, do 
DOt exceed seek lenqths qreater than 255 
tracks. Otherwise seek lengths different 
from that desired will be obtained. E'or 
example, if a seek of 256 is commanded, 
actuator will seek to: 0,256,1,257,2, 
258, 3, 259, and so on. 

If CON'l' and SINGLE are both selected, actuate 
RESET if the starting seek address is to be 
chanqed. '!'his permits the tester to gate 
internally the new address selected by INPUT 
switches. Otherwise, tester will command a 
return seek to original starting cylinder 
(stored when operation first started) • 

Procedure for Sequential Forward Seek: 

1. Perform single seek procedure if desired 
startinq position is other than track 
000. 

2. Set INPUT switches to desired seek 
lenqth. 

3. Set LOAD/SEQ HEADS switch to neutral. 

4. Set mode select switch to SEQ FWD. 

5. Set REAO/ACCESS/WRITE switch to ACCESS. 

6. Set R/W ONLY/RESET switch to neutral. 

7. Set REPEAT/SINGLE switch to desired 
mode. 

8. Set START/STOP switch to START. 

9. If REPEAT/SINGLE switch is set to SINGLE, 
one seek is made for each START/STOP 
switch actuation. Return START/STOP 
switch to STOP when move is complete. 
If REPEAT/SINGLE switch is set to REPEAT. 
selected seek operation is continuous 
until START/STOP is set to STOP. 

Procedure for Sequential Reverse Seek: 

1. Perform single seek to desired starting 
track. 

2. Set INPUT switches to desired seek 
length. 

3. Set LOAD/SEQ HEADS switch to neutral. 

4. Set mode select switch to SEQ REV. 
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5. Set READ/ACCESS/WRITE switch to ACCESS. 

6. Set R/W ONLY RESET switch to neutral. 

7. Set REPEAT/SINGLE switch to desired 
mode. 

8. Set START/STOP switch to START. 

9. If REPEAT/SINGLE switch is set to SINGLE, 
one seek is made for each START/STOP 
switch actuation. Return START/STOP 
switch to STOP when move is completed. 
If REPEAT/SINGLE switch is set to 
REPEAT, actuator will sequentially move 
to cylinder 000 and stop. 

10. Set START/STOP switch to STOP. 

Head Selection 

1. Select a specific head as follows: 

a. Set mode select switch to HEAD. 

b. Set INPUT switches (16 through 1) to 
desired head number. 

c. Actuate LOAD/SEQ BEADS switch to 
LOAD and let return to neutral posi
tion. The selected head will be 
used for all operations. 

NOTE 

Head register will be cleared 
automatically after a RTZ step. 

Read Operations 

Read operations are primarily address
oriented. The tester compares the cylinder 
address read from the disk with the current 
cylinder address. If an error occurs, execu
tion stops. Read Gate stays up for the 
remainder of the track. When comparing 
cylinder addresses set DISPLAY SELECT switch 
on maintenance panel to ADDRESS VERIFY. 

Panel indicators then display cylinder ad
dress read by tester. If performing a repeat 
read without accessing (R/W ONLY) indicators 
may appear to be blank. This is because the 
lamp drivers cannot react fast enough to 
display data inputs. Display may be obtained 
by setting START/STOP switch to STOP or 
performing a single access/read operation. 

The data pattern read from the disk is NOT 
compared with the loaded pattern in the 
tester. Pattern read errors will therefore 
not be detected by the tester. If it is 
necessary to observe read waveforms within 
drive, connect oscilloscope vertical inputs 
to desired test points. Sync positive on 
DATA SYNC jack on tester rear panel. Display 
is initiated at leading edge of first data 
bit. Because of timing variations and pro
pagation delays, first bit may be missed so 
that display starts at second bit. 
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A read operation can be performed in conjunc
tion with a seek operation or separately. If 
performed with a seek operation, the seek is 
completed first, then the track is read. 

Read One Track 

To read one track perform the following step~ 

1. Set READ/ACCESS/WRITE switch to READ. 

2. Set REPEAT/SINGLE switch to SINGLE. 

3. Set R/W ONLy/REsET switch to NEUTRAL. 

4. Select desired head as described in 
Head Selection procedure. 

s. Access to desired track as described in 
Seek Operations. 

6. To read track again, actuate START/STOP 
switch. Repeat START/STOP step for 
each read operation. 

To select new head on same track without 
accessing perform the following steps: 

7. Set R/W ONLY /RESET switch to R/W ONLY. 

8. Select desired head as described in 
Head Selection procedure. 

9. Set START/STOP switch to START. To read 
that track again, actuate START/STOP 
switch. Repeat START/STOP step for each 
read operation. . 

To read continuous with one head without 
accessing perform the following steps: 

10. Set REPEAT/SINGLE switch to REPEAT. 

11. Set START/STOP switch to START. Track 
will be continuously read until START/ 
STOP switch is set to STOP. 

Read More Than One Track 

To read more than one track perform the 
following steps: 

1. Set READ/ACCESS/WRITE switch to READ. 

2. Set REPEAT/SINGLE switch to REPEAT. 

3. Set R/W ONLY/RESET switch to NEUTRAL. 

4. Select desired head as described in 
Head Selection procedure. 

s. Select desired seek as described in 
Seek Operations. 

6. Tracks will be continuously read until 
START/STOP switch is set to STOP. 
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Read All Cylinders With All Heads 

To read all cylinders with all heads use the 
following procedure: 

10 Set READ/ACCESS/WRI'1'E switch to READ. 

2. Set REPEAT/SINGLE switch to REPEM'. 

3. Set R/W ONLY/RESET switch to NEtl'rDL. 

4. Select head 00 as described in Bead 
Selection procedure. 

5. Set Mode Select switch to SEQ FWD. 

6. Set INP~ switches for one track seek. 

7. Set S'l'ART/S'1'OP switch to START. Address 
will be read on track 000 by head 00, 
etc. When last track is read switch 
STAR'l'/S'1'OP switch to S'1'OP. Repeat test 
selectinq next higher order head and 
read all tracks. Continue until all 
heads have read all tracks. 

Write Operations 

A write operation can be performed in con
junction with a seek operation or separately. 
If performed with a seek operation, the seek 
is completed first, then the track is written. 
The write 'operation beqins at Index and ends 
at the next Index. The bit pattern loaded 
into the PAT'l'ERN display is written on the 
track {after a delay of 630 ~sec from the 
leading edqe of Index. 

Write One Track 

'1'0 write one track perform the following 
steps: 

1. Set READ/ACCESS/WRITE switch to write. 

2. Set REPEAT/SINGLE switch to SINGLE. 

3. Set R/W ONLY/RESE'l' switch to NEUTRAL. 

4. Load bit pattern as follows: 
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a. Set Mode Select switch to OPPER. 

b. Set INPUT switches (32 through 1) to 
upper six bits of bit pattern. 

c. Actuate LOAD/SEQ BEADS switch to LOAD 
and let switch return to neutral. 
Verify that pattern is displayed by 
LOWER PATTERN indicators. 

d. Set Mode Select switch to LOWER. 

e. Set INPUT switches (32 through 1) to 
lower six bits or bit pattern. 

f. Actuate LOAD/SEQ HEADS swi tah to 
LOAD and let switch return to neutral. 
Verify that pattern is displayed by 
LONER P~ indicators. 

5. Select desired head as described in 
Bead Selection procedure. 

6. Access to desired track as described in 
Seek Operations. 

7. To write track aqain, actuate START/STOP 
switch. Repeat START/S'1'OP step for each 
write operation. 

To select new head on same track without 
accessing perfor.m the follOwing steps: 

8. Set R/W ONLY/RESET switch to R/W ONLY. 

9. Select desired head as described in 
Head Selection procedure. 

10. Set START/STOP switch to START. '1'0 
write that track aqain, actuate ST~/ 
S'1'OP swi tah. Repeat STAR'l'/S'l'OP step 
tor each write operation. 

To ~ite continuous with one head without 
accessing perform the following steps: 

11. Set REPEAT/SINGLE switch to REPEAT. 

12. Set S'l'ART/STOP switch to START Track 
will be continuously written until 
ST~/S'l'OP switch is set to STOP. 

write More Than One Track 

To write more than one track perform the 
following steps: 

1. Set READ/ACCESS/WRITE switch to write. 

2. Set REPEAT/SINGLE switch to REPEAT. 

3. Set R/W ONLY/RESET swi-ch to NEUTRAL. 

4. Load bit pattern as follows: 

a. Set Mode Select switch to UPPER. 

b. Set INPUT switches (32 through 1) to 
upper six bits of bit pattern. 

c. Actuate LOAD/SEQ HEADS switch to LOAD 
and let switch return to neutral. 
Verify that pattern is displayed by 
UPPER PATTERN indicators. 

d. Set Mode Select switch to LOWER. 

e. Set INPUT switches (32 through 1) to 
lower six bits of bit pattern. 
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f. Actuate LOAD/SEQ BEADS switch to LOAD 
and let switch return to neutral. 
Verify that pattern is displayed by 
LOWER PATTERN indicators. 

5. Select desired head as described in 
Head Selection procedure. 

6. Select desired Seek as described in 
Seek Operations. 

7. Tracks will be continuously written 
until START/STOP'switch is set to STOP. 

Write All Cylinders With All Heads 

To write all cylinders with all heads use 
the following procedure: 

1. Set READ/ACCESS/WRITE switch to write. 

2. Set REPEAT/SINGLE switch to REPEAT. 

3. Set R/W ONLY/RESET switch to NEUTRAL. 

4. Load bit pattern as follows: 

a. Set Mode Select switch to UPPER. 

b. Set INPUT switch (32 through 1) to 
upper six bits of bit pattern. 
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c. Actuate LOAD SEQ HEADS switch to 
LOAD and let switch return to neu
tral. Verify that pattern is dis
played by OPPER PATTERN indicators. 

d. Set Mode Select switch to LOWER. 

e. Set INPUT switches (32 through 1) to 
lower six bits of bit pattern. 

f. Actuate LOAD/SEQ HEADS switch to 
LOAD and let switch return to neu
tral. Verify that pattern is dis
played by LOWER PATTERN indicators. 

5. Select head 00 as described in Head 
Selection procedure. 

6. Set Mode Select switch to SEQ FWD. 

7. Set INPUT switches for one track seek. 

8. Set START/STOP switch to START. Pattern 
will be written on track 000 by head 00, 
then track 001 is written by head 00, 
etc. When last track is written switch 
START/STOP switch to STOP. Repeat test 
selecting next higher order head and 
write all tracks. Continue until all 
heads have written all tracks. 
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THEORY OF OPERATION 3 

INTROOUCTION 

The theory of operation is organized into 
the following 2 parts. 

• Subsection LA - Describes the operation 
of the power supply and m~jor mechanical 
assemblies. 

• Subsection lB - Describes the logical 
functions and the signals exchanged 
within the Controller. 

Functional descriptions are frequently accom
panied by simplified logic diagrams. These 
diagrams are useful both for instructional 
purposes and as an aid in troubleshooting. 
Figure 3-1 illustrates the logic symbology 
used by the illuatra~ions in this manual. 
The diagrams have been simplified to illu
strate the principles of operation1 there
fore, other elements may be omitted. The 
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logic diagrams in the Maintenance manual 
should take precedence over the diagrams in 
this section whenever there is a conflict 
between the two types of diagrams. 

The descriptions are limited to drive opera
tions only. In addition, they explain ~~ 
operations and do not list variations or un
usual conditions resulting from unique system 
hardware or software environments. Personnel 
using this manual should already be familiar 
with principles of operation of the computer 
system, the controller, programming consider
ations (including the correct sequencing of 
I/O commands and signals), and track format 
(i.e., data records and field organization). 

The text will make liberal use of system and 
drive abbreviations. These abbreviations are 
listed in Table 3-1. 
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Abbre-
viation 

API 

ARC 

CA 

elL 

em 

COL 

eoo 

*CYL 

DC-

TABLE 3-1. ABBREVIATIONS 

Abbre-
Full Name viation 

Angular Position In MSD 

Advance Read Clock OPI 

Control Adapter (Controller) OPO 

Cylinder Address In (Lower) RCB 

Cylinder Address In (Upper) ROB 

Cylinder Address Out (Lower) ROM 

Cylinder Address Out (UP.per) ROX 

Cylinder * REV 

Command Code Lines (0-5,P) RLS 

Full Name 

Mass Storage Device 

Operational In 

Operational Out 

Recalibrate 

. Read Beader 

Reset Diagnostic Mode 

Read 

Reverse 

Release 

DCS Device Command Strobe RPS Rotational Position Sensing 
(error) 

DEN Device Event Notification 

*0 IF!' Difference 

DIN Device Initialize 

01- Bidirectional Data Lines 
(DIO-17,DIP) 

OLI Device Level Interface 

OMl Data Modifier Line 

DNR Device Number Request 

D5B Detailed Status Byte 
(Bytes 051-058) 

DTR Device Type Request 

*EOT End of Travel 

*FP Flip-Flop 

FLT Fault 

*FWD Forward 

BIL Bead Address In (Lower) 

BIU Head Address In (Upper) 

HOL Head Address Out (Lower) 

HOU Head Address Out (Upper) 

lOX Index Mark 

MB Megabyte 

*MP Maintenance Panel 

*OP Operator (Control) Panel 

RRC 

RTC 

*R'1'ZS 

SDE 

SOM 

SFL 

SFO 

SLS 

Retard Read Clock 

Return to Track Centerline 

Return to Zero Seek 

Set Diagnostic Escape 

Set Diagnostic Mode 

Seek Forward (Lower) 

Seek Forward (Opper) 

Set Local State 

SPI Shift Position In 

SPO Shift Position Out· 

SRI Serial Read In 

SRL Seek Reverse (Lower) 

SRO Seek Reverse (Opper) 

SSR Summary Status Request 

SSS Set Standby State 

SWO Serial Write Out 

SZE Seize Device 

*'1' Track 

*VEL Velocity 

WRT Write 

*NOTE: These are abbreviations for device functions. They are not applicable to 
the I/O. 
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ELECTROMECHANICAL FUNCTIONS lA 

INTRODUCTION 
This subsection provides physical and ~ 
descriptions of the power supply and the ma
jor mechanical assemblies. It is divided 
into the foll~winq major areas: 

• Power Supply 

• Loqic Chassis Assembly 

• Deck Assemblies 

• Blower System 

• Disk Pack 

POWER SUPPLY 

GENERAL 

Each drive cabinet has a self-contained pow
er supply accessible by swinqinq open the 
logic chassis. The power supply is contain
ed in two locations. The ac portion of the 
supply, consistinq of transformers, recti
fiers, tJ:iacs, and line filters, is mounted 
in the lower rear of the drive cabinet. The 
dc portion of the supply, consistinq of rec
tifiers and filters and the relays for power 
sequencinq, is mounted in the lower portion 
of the loqic chassis. Power supply coolinq 
is accomplished by room air for the ac por
tion1 for the dc portion, cooling air is 
blown over the chassis from a blower at the 
front of the drive cabinet. 

The power supply has the following onputs: 

1. +20Y for power sequencinq control. 

2. ±20 vdc used by the logic. 

3. ±9.7 vdc which, in turn, is regulated 
to ±S vdc at the loqic chassis. 

4. ±46 vdc for use by the voice coil 
positioner. 

s. -16 vdc used to retract the carriage 
under emergency conditions. 

Power distribution and sequencing control 
are illustrated in Figures 3-2 through 3-4. 

AC/DC DISTRIBUTION 

Input power is made available to the power 
supply via the closed contacts of the UNIT 
POWER circuit breaker. With this breaker 
closed, the blower motor operates. AC power 
is available to the remainder of the circuit 
breakers. 
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The rema1naer of the ac distribution occurs 
when the input voltage is applied to trans
former AlT3. An ac voltaqe of about 24 volts 
is picked off the secondary and applied to 
the first seek interlock motor, but applica
tion of the voltaqe to the motor does not 
occur until the spindle motor is started. 
Another T3 output is rectified to +20Y volts, 
which is used as a control voltaqe within 
the power system. 

With +20Y volts available, AIQl is enabled. 
Solid state switches AlQl throuqh AIQ4 effec
tively operate as relays. 

The input applied to pin 1 of these devices 
is transferred to output pin 2 only if pin 
3 has +20 volts on it while pin 4 is ground
ed. 'rhese enables are described in detail 
in the Power Up Sequence discussion. 

With AIQI enabled, ac is applied to trans
formers AITI and T2. In the case of T2, four 
distributative voltages developed across the 
secondary windings are applied to receiver/ 
filter circuits. The four circuits. (+9.7, 
-9.7, +20, and -20 vdc) are not adjustable 
and incorporate no switching device other 
than circuit breakers for circuit protection. 
Both polarities of the 9. 7v circuit are vol
tage level requlated and made adjustable to ±5 vee 

, at the logic chassis. 

The voltages developed across AlTl are appli
ed to rectifier and filter circuits. None 
of the voltages are adjustable. The actuator 
power (±46 vdc) incorporates no switching 
devices other than circuit breakers for pro
tection. The emergency retract power .(-16 
vdc) uses retract relay KS to connect or dis
connect the emergency retract capacitor to 
the voice coil. This function is' explained 
further in the Emergency Retract discussion. 

LOCAL/ REMOTE CONTROL I 
This ~pplies only to units with power sequence 
feature. 

Generc:d 

The power on and off sequence of drives ha',ing 
the power sequence feature can be controlled 
either locally or remotely depending on the 
setting of the drive LOCAL/REMOTE switch. 
When this switch is set to LOCAL, the seq
uences are inititated at each driVe. When 
the switch is set to REMOTE, the sequences 
are initiated only at the first drive in the 
power sequence cable daisy chain. This daisy 
chain consists of I/O cables (in addition to 
the A and B cables) that sequentially route 
the Pick and Hold power sequence signals to 
each drive in the Subsystem. 
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The LOCAL/REMOTE switch is located on the 
power supply control panel and controls 
the mode of operation by determining how the 
drive remote start relay (Kl) is energized 
and deenergized. This relay works in con
junction with the drive START switch to 
control the power on and off sequences. 

Figure 3-1.1 shows the LOCAL/REMOTE power 
sequencing control circuits. The oper
ation of these circuits in both local and 
remote modes is explained in the following 
paragraphs. 

local Contra' 

When the drive is in local mode, the remote 
start relay (Kl) energizes whenever +20 
volts is available. In this mode, the power 
on sequence (see figure 3-1.2) begins when 
~e START switch is pressed to light the in
~1cator (providing all circuit breakers and 
1nterl?ck~ ~r7 closed). The power off seq
uence 1S 1n1t1ated by pressing the START 
switch to turn off the indicator. 

Remote·Contro' 

In the remote mode, the start of the power 
on sequence is controlled by the Sequence 
Power (KS) and Remote Start relays as well 
as the START swi tch. Here, even of the 
S~ART switch is pressed (to light the in
d1cator), the sequence does not begin until 
both relays are energized. The Sequence 
Power relay (KS) energizes when all circuit 
breakers are closed. With KS energized, the 
Remote Start relay (Kl) energizes to start 
the power on whenever the Pick signal goes 
low (see figure 3-1.1). 

Therefore, if the START switch is on and the 
circui~ breakers are closed, the Pick signal 
dete~nes when the power on sequence begins. 
In a system where the Pick lines are connect
ed in a daisy chain, the drives power up 
sequentially, starting with the first drive. 
A sequential power up occurs because each 
drive waits until its spindle is up to speed 
(K2 energizes) before passing the pick signal 
to the next drive in the chain. 
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Only the drives in the remote mode with their 
START switches on (lighted) are involved in 
the power up. Drives in local or with their 
START switches off (not lighted) are not in
volved in the power up. A drive that is not 
involved passes the Pick Signal to the next 
drive without delay providing its circuit 
breakers are open thus deenergizing KS. 

The Pick signal originates either at the con
troller or a plug connecting to the I/O panel 
of the first drive in the daisy chain. (the 
plug keeps the Pick signal permanently low) 
with the Pick signal low, the first drive 
begins ite power up sequence whenever its 
START switch is pressed )providing all 

breakers and interlocks are closed). When 
the spindle of the first drive gets up to 
speed and the Speed relay (K2) energizes, the 
Pick signlas go to the next drive. This 
sequence is repeated until all drives in the 
remore mode with their START switches on are 
powered up. 

Once the Remote Start relay (Kl) has been 
energized, the Hold signal keeps it energized 
even if the Pick signal goes inactive~ (Hold 
like Pick, may orginiate wither at the con
troller or the first drive). This allows 
powering down drives in the chain without 
affecting other drives. 

POWER ON SEQUENCE 

Power application to the unit is sequenced by 
logic and by relays within the power supply. 
Refer to Figures 3-2 through 3-4. 

When the circuit breakers are closed, ac and 
dc power is enabled. As the +SV power comes 
up, Power Up Blanking acts as a master clear 
to the logic. Controller issuance of anSSR 
command will result in a Device in Standby 
and Positioner Busy status response. OPI is 
available if Online mode is selected by the 
switch on the maintenance panel. 

With a pack installed and all interlocks 
closed, the unit may be powered up. (on units 
with power sequence feature Kl must also be 
energized) Pressing the START switch on the 
control panel has the following effects: 
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1. ~he Stop FF (Figure 3-3) is cleared. It 
was set previously by dc power up,a Set 
Standby State a:maand, or by a preriaJs pres
sil¥J (to extiD;uish) to STARr switch/iD:iicatar. 

2. ~he logic provides an enable (Figure 3-3) 
to energize MOtor relay Kl. 

3. ~he closed contacts of K3 cause the fol
lowing: 

a. +20 volts enables solid state switches 
AlQ2, AlQ3, and Q1Q4. ~hese switches 
can now conduct ac power to the spin
dle motor. 

b. Because the motor is stopped, the 
centrifugal switch inside the motor 
is closed. ~his provides a ground 
enable to AlQ4 to connect the start 
winding and capacitor to ac power. 
At 2000 rpm the switch transfers to 
open, disconnecting- the start winding 
and enabling the run winding. 

c. Apply GND to the first seek interlock 
motor. ~he first seek interlock 
switch transfers to the not complete 
(in progress) position. 

d. Removes power from the hysteresis 
brake. 

4. When the logic determines that the spin
dle speed exceeds 3000 rpm and the first 
seek interlock delay is complete, relay 
K2 energizes. 

S. With relay K2 closed 

a. +20 vdc distributed to the read/write 
logic 

b. Retract relay K5 energized (Figure 
3-4). 

6. The transferring contacts of KS cause 
the following: 

a. Disconnects the emergency retract 
capacitor from the voice coil while 
connecting it to the -16v power sup
ply to allow it to charge to -16 
volts. 

b. Connects the power amplifier A2Al 
to the pOSitioner so that the logic 
may control the positioner. 

7. The first seek interlock switch mechan
ically transfers to the complete posi
tion upon completion of the interlock 
motor revolution (15 seconds for first 
seek delay). This removes the remaining 
ground to the interlock motor to disable 
it. It also signals load heads to the 
logic. 
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8. Completion of the first seek delay al
lows the start of the First Seek (load 
heads) function. The logic commands the 
posi tioner to move the carriage forward. 
Refer to the Pirst Seek discussion for 
further informatione 

9. When the heads move into the pack, the 
heads loaded switch closes. This causes 
the following: . 

a. Provides a control signal to thelo;L: 
for further loading/unloading sequenc
ing. 

b. Maintains a motor relay K3 enable so 
that the motor continues to operate 
if the control interlock opens. This 
prevents the motor from being shut 
down until the heads are unloaded. 

c. Energizes relay K6. If any condition 
occurs where Retract relay KS opens, 
K6 continues to apply -16v retract 
voltage to the voice coil until the 
heads unload. 

d. Enables the -16v Sense circuit. If 
the -16v power becomes insuffiCient 
(loss of power), fault is set and 
Retract relay K5 opens. Relay K5 
connects the retract voltage to the 
voice coil while removing logic con
trol of the voice coil. 

EMERGENCY RETRACT AND DATA PROTECTION 

Certain emergency conditions could occur 
which require immediate disabling of the 
write circuits and full retraction of the 
heads. These conditions are: 

1. Loss of ac power, either site power 
or UNIT POWER circuit breaker. 

2. Opening of any of the control inter
locks (Figure 3-4). 

3. OVerheating of spindle motor, If this 
occurs, the spindle motor thermostat 
(Figure 3-3) opens: this applies ac 
across the DRIVE MOTOR circuit breaker 
coil to open the contacts. Loss of 
speed (step 4) occurs. 

4. Loss of spindle motor speed. 

S. Loss of any of the following ac voltages: 
+20Y, ±9.7, or -16. 

If any of these conditions occur, the read/ 
write logic is disabled and the heads are 
unloaded. Refer to Figure 3-5 for t~ng of 
these conditions. 
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LOSS OF AC POWER 

The following events occur upon catastrophic 
loss of the ac power or opening of either 
Sv circuit breaker. 

1. All dc power supplies ~ their outputs 
to zero and the logic is disabled. 

2. All relays open. 

3. With KS open, the normally-closed con
tacts of KS (Figure 3-4) provide a path 
from the emergency retract capacitor 
A2C2 to the voice coil. This negative 
voltage pulls the carriage back to its 
retracted stop. 

4. With K2 open, +20 vdc is removed from 
the read/write logic. 

I 

When power is restored, drives without the 
power sequence feature and drives with this 
featu~e and in local mode are restarted by 
press1ng the START switch. Drives with the 
power sequence feature and in remote mode 
automatically restart when power is resto;ed. 

CONTROL INTERLOCK OPENING 

If the control interlock (Figure 3-4) opens, 
the heads unload normally as explained in 
Power Off Sequence. Pressing START to ex
tinguish the indicator opens the interlock 
to initiate the normal unload heads sequence. 
There are certain special emergency sensing 
conditions: 

1. If either the +10 or -10 circuit breaker 
opens, AlQl (Figure 3-2) is disabled. 
The effect is the same as if all ac 
power were lost. All ac power input to 
the dc power supplies is opened except 
to +20Y. 

2. Opening a 20v circuit breaker generates 
an undervoltage condition to light the 
CHECK indicator. 

3. Opening of any other circuit breaker or 
interlock breaks the control interlock. 

All of these conditions extinguish the START 
indicator and unload the heads. Any under
voltage condition (±20v or ±Sv) sets the Pack 
Unsafe FF and lights the CHECK indicator. 

lOSS OF SPEED 

If the spindle motor speed drops below 2700 
rpm, the following events occur: 

1. The speed detection circuit in the logic 
detects the speed loss and opens Speed 
relay K2. As a backup circuit, when 
the speed is less than about 2000 rpm, 
the motor centrifugal switch closes. 
This breaks the gate in the -16v sense 
circuit (Figure 3-4) to open KS and 
enerqizes K4 to start a new first seek 
interlock time delay. 
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2. With x2 open: 

a. KS opens to apply -16v retract vol
taqe to the voice coil. 

b. +20 vdc power is removed from the 
read/write logic. 

3. Relay X3 is de-energized when speed 
drops below 2700 rpm. 

4. Relay K6 remains energized to continue 
to apply -16v retract voltage until the 
heads retract sufficiently to open the 
heads loaded switch. 

LOSS OF DC POWER 

If +20Y power is lost, all relays open and 
the ac input to the dc power supplies is 
opened. The effect is the same as if all.ac 
power were lost. 

If +9.7v is insufficient, the following occur: 

1. Relays K2 and K3 are opened by the +Sv 
Sense circuit. 

2. With K2 open: 

a. KS opens to apply -16v retract power. 

b. +20v power removed from read/write 
chassis. With the heads still load
ed, the write circuit generates a 
Current Fault. 

3. With K3 open: 

a. The spindle motor is disabled. 

b. The hysteresis brake is enerqized. 

4. In addition the undervoltage condition 
will liqhtothe CHECK indicator and raise 
DSB2 bit 2. The condition must be 
cleared to load heads aqain. 

If -16v power is lost, the following occur: 

1. The -16v Sense circuit opens KS. It 
also generates an undervoltage fault 
condition to set the PACK UNSAFE FF 
and open One Start Interlock (Figure 
3-3). 

2. With KS open, retract power is applied 
to the voice coil. Since the undervol
taqe fault has disabled the read/write 
logic, the circuit is disabled prior to 
carriage retraction. 

3. Relay KS remains energized, so the drive 
motor continues to run. Heads cannot 
load until the CHECK indicator is cl~. 
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POWER OFF SEQUENCE 3. With K3 open: 

The normal power off sequence beqins when the 
controller issues an SSS command, the START 

a. The spindle motor is disabled. 

b. Power is applied to the hysteresis 
brake. I swi tch is pressed, or in uni ts with the power 

sequence feature of the Pick and Hold signals 
go inactive. Sequencinq is then as follows 
(see Figures 3-3 and 3-5): 4. With IC2 open: 

1. The Stop FP sets. This raises an Unload 
Heads command wi thin the logic. This 
sets the RTZ Latch which, in turn, causes 
the, carriage to retract at 7 ips. 

2. When the heads ~load: 

a. Relay K3 de-energizes. 

b. The speed detection circuit is dis
abled to de-energize relay Xl. 

CONTROL INTERt.OCX 

SPINDl.E MOTOR 
PO'of£R REl.AY 1(3 

REVIRSE POSITIONER 
MOTION 

FORWARD POSITIONER 
MOTION 

HYST!RISI$ 
BRAKE POWER 

R/W HEADS 

HEADS \.CADED 
SW STATE OR ICI 

CURRENT OR -If IV 
FAUl.T ENASl.E 

SPUD REl.AY 1(2 

+ZOV TO WRITE 
ClRCUIT 

LOGIC/POSITIONER 
DC VOLT AGE.S 

RETRACT RELAY 1(5 

EMER RETRA~ 
PWR (CAP DISCH) 

-16 VOI..TS 

FIRST SEEK 
INT!RLOC< MOTOR 

INTERLOCK CYCLE SiI 

NOTES: 

NORMAl. 

I 

--.-r-
I 

1..0/),---...... " 

!DO ~I-----

~~ 
1..00 I 

I 

~ 
ON I 

OFF~ 
OFF .---
ON~ 

<D RETRACTED STOP ENCCUNTERED. 

l.OSS 0' - IIV 
RETRACT VOt.TAGE 

I I 
: ~~: r<D-~I--
II I 

" , 
I' I 

" " 
" 

, 
! ' 

'I 'I ,. 
----n'--~----
~ 

I 

~ 
I 
I 

LOSS 

a. +20v removed from read/write loqic. 

b. Relay lCS opens 0 The emergency re
tract capacitor discharges through 
the voice coil to pull it back 
against its retracted stop. 

I..OSS (AND ItECOVERf) 
orr INPUT AC Olt 5V 

C,ltCUIT SJcEAKER 

',--_....1 
• I 

, '-1 --

~ 
I, I 

II r 
~'~':.-------." I, , 

~ ,I "----

T!I :r II .... ____ ~. 

" , 
II :r 
" . 
II I 

'1 :r 
I' , ,', ~ 
\,,;. ----.;._ ..... ' : 
'I I 

"

1 ~ 
. I : 
II ,: . , 
I' , 

11~------J~.' 
" , i.f'...-. :, 
I! I v--t---\L1 , 

, I 

I I , 

, I L 
I I 

J--1lL 
I I ~OSS RECOVERyGD 

LOSS (ANO RECOVERY) 
orr SPIED 

, , 
:~ 
~ . . 

: I r , , 
, , 

I 

--:-:-1,-, _~r , 
!--___ :."r 

, I 

, :r 
I ' " 

~ I I , I: 
...., ~ ! r--:--
~: 
I I I I r 
I, I , 
,I I 'I 
,. I " 

~ 
II I II I 

:~I'! 
-!..J ! '-!.!...!..-

I' I '" 

~
III 

I' I , 
I 

I I I I 

.J, ; L 
" @ I I 

~ 
I I 

LOSS RECOVERY 

® VELOClTY <3~ IPS. PERIOD IHOETERM INATE • 
® FAUl.T DETECTED.I(~ RETRACTS POSITIONER 

~ C:YCI..!S WILl.. REPEAT UNTIl. END OF THAT 

@ NO BRAKING OCCUltS IF INPUT AC 
OR +20Y IS 1.0ST. 

3-10 

CYCto! DURING WHICH SPEF.D RECOVERS. 
SPEED CAN RECOVER ONl.Y CURING A 
FIRST SEEK CYCt.!. 

~ RECOVERY IS NORMAL 
POWER UP, 

Figure 3-5. Power Off Timing 
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LOGIC CHASSIS ASSEMBLY 
The logic chassis assembly consists of a wil:e 
wrap board, logic cards, Maintenance panel, 
air plenum and dc power supply. The entire 
assembly forms the rear door to the cabinet. 
Flexible tubing from the blower assembly 
connects to the air plenum and provides air 
to cool the logic cards and the dc power 
supply. 

The logic cards are installed on the pro
truding pins of one side of the wire wrap 
board. Wiring between cards and to and from 
the logic chassis occurs at the protruding 
pins on the opposite side of the wire wrap 
board. Access to this wiring is gained by 
releasing two 1/4-turn fasteners at the top 
of the door and removing the outer surface 
of the rear door. 

The logic card section contains the bulk of 
the logic cards used in the cabinet (five 
cards are located on the deck assembly). 
The vertically mounted cards are installed 
in four rows (A top row and D bottom row) 
at numerically identified locations. 

Some cards span two rows and are referred to 
as full-size cards. Others span a single 
row and are called half-size cards. Refer 
to the Diagrams section of the Maintenance 
manual for a description of the logical 
functions performed by the cards. The Logic 
Card manual provides a physical description 
of the cards. The Wire Lists section of the 
Maintenance manual contains a tabulation of 
the wire wrap connections made in the ~. 

The test point panel at the top of the logic 
chassis provides a convenient point to ~ 
the dc voltages. At the bottom of the logic 
chassis assembly, and on the front panel of 
the dc voltage section of the power supply, 
are located the LOCAL/REMOTE switch, the 
indicator for +20Y power and the circuit 
breakers for ±46v, ±20v, and ±lOv. Specific 
information on each control or indicator on 
the test point and dc power panel is pro
vided in the Operation section of this ~. 

ME Maintenance panel contains a set of test 
point jacks, switches and indicators that 
relate to the operational status of the drive. 
These components function primarily in the 
maintenance mode as a troubleshooting aid. 
Specific information on each control or in
dicator is provided in Section 2 of this 
manual. 

DECK ASSEMBLY 

GENERAL 

The deck assembly mechanism (Figure 3-6) 
drives the disk pack and loads and pOSitions 
the read/write and servo heads. The deck 
assembly consists of a drive motor, hyster
esis brake, spindle, actuator, two trans
ducers, and a first seek interlock assembly. 
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DRIVE MOTOR 

The drive motor drives the spindle assembly. 
The motor is a 3/4-hp unit of the induction 
type. The motor is secured to a mounting 
plate. The motor mounting plate is secured 
to the underside of the deck plate in such 
a manner as to allow control of belt tension. 
Power is transferred to the spindle via a 
flat, smooth-surfaced belt that threads over 
the pulleys of the spindle and drive motor. 
Two idler springs maintain a constant ten
sion on the motor mounting plate to keep the 
belt tight. 

A second pulley on the drive motor shaft 
links the motor (via a V-belt) to the hys
teresis brake. 

The temperature of the drive motor is moni
tored by an internal thermostat. If the 
motor overheats, the thermostat opens. This 
applies ac across the DRIVE MOTOR circuit 
breaker coil to open the contacts. The re
sult is a speed loss (refer to Power Sup
plies). The DRIVE MOTOR circuit breaker 
must be reset to ON to restore operation. 

HYSTERESIS BRAKE 

The hysteresis brake decelerates the drive 
motor during a Power-off sequence (refer to 
Power-off sequence paragraph). The brake 
is energized whenever Motor relay K3 is de
energized. The brake mounts on a plate 
which, in turn, is mounted on the motor 
mounting plate. The brake and motor shafts 
are linked via a V-belt and a pulley on each 
shaft. 

The brake consists of two concentric perme
able bodies. These cylinders are assembled, 
one inside the other, with a uniform gap 
separating the outer diameter of one from 
the inner diameter of the other. These 
adjacent surfaces are machined to contain 
a series of pole faces. A permanent magnet, 
in the shape of a cup, fits in the gap to 
separate the cylinders. This cup is con
nected to the brake shaft. As long as 
spindle motor power is applied, brake power 
is not available and the cup is driven at 
the speed of· the motor. When spindle motor 
power is removed, braking power is applied. 

A flux field is created between the inner 
and outer cylinder pole faces as braking 
voltage (+20 volts) is applied to the inner 
cylinder. The flux field sets up what -'is in 
effect magnetic friction between the inner 
cylinder and the cup, causing the cup (and 
brake shaft) to decelerate. Brake deceler
ation in turn causes spindle motor deceler
ation. 
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SPINDLE ASSEMBLY 

The spindle assembly is the physical inter
face between a drive and a disk pack. The 
surface of the pack mounting plate (Figure 
3-7) ~tes directly with the center of the 
disk pack. 

A vertically free-floating lockshaft runs 
through the center of the spindle assembly. 
The upper end of the lockshaft contains 
internal threads that engage the external 
threads of a stud projecting from the disk 
pack. When the disk pack canister cover 
handle is rotated clockwise, the spring
loaded 10ckshaft is pulled upward and the 
disk pack is pulled down. As a result, the 
mating surfaces of the disk pack and spindle 
are engaged by a force of approximately 325 
pounds. When the disk pack is fully en
gaged, a release mechanism in the canister 
handle frees the canister from the disk pack. 

The spindle is locked by the pack canister 
when installing or removing a disk pack. 
This makes it easier to install or remove 
a disk pack by preventing spindle rotation. 

The pack on switch and ground spring (Figure 
3-7) are mounted at the lower end of the 
spindle assembly. The ground spring is 
mounted so that it is a~ways in contact with • 
the lockshaft to bleed off any accumulation 
of static electricity on the spindle to the 
deck through a ground strap. The pack on 
switch contacts transfer in response to the 

DRIVE ~l' '-T-

PACK SENSOR 
SWITCH 

8DI63A 

Figure 3-7. Spindle Assembly 
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vertical movement of the 10ckshaft. When 
the shaft is up (disk pack mounted), the 
contacts are closed. When a pack is not in
stalled, the shaft moves downward to deflect 
the switch actuator and transfer the con
tacts. The switch is part of the interlock 
that inhibits spindle motor power to an 
improperly configured unit. 

ACTUATOR 

The actuator consists of the carriage, actu
ator housing, and magnet assembly. The 
actuator (Figure 3-8) is the device that 
supports and moves the read/write and track 
servo heads. The forward and reverse moves 
of the carriage on the carriage track are 
controlled by a servo signal. The basic 
signal is developed in the logic section and 
processed by a power ampl.ifying stage in the 
power supply. The power amplifier output is 
applied to the voice coil positioner (part 
of carriage). The signal causes a magnetic 
field about the voice coil positioner. This 
magnetic field reacts with the permanent 
magnetic field existing around the magnet 
assembly. The reaction either draws the 
voice coil into the permanent magnet field 
or forces it away. Signal polarity deter
mines the direction of motidh, while signal 
amplitude controls the acceleration of the 
motion. 

The voice coil positioner is a bobbin-wound 
coil that is free to slide in and out of the 
forward face of the magnet assembly. Fastened 
to the positioner is a head/arm receiver 
which holds the 19 read/write heads and the 
single track servo head. The head/arm re
ceiver mounts on the carriage and bearing 
assembly that moves along the carriage track 
on eight bearing type rollers. Movement of 
the positioner in or out of the magnetcauses 
the same motion to be imparted to the entire 
carriage assembly. This linear motion is 
the basis for positioning the read/write and 
track servo heads to a particular track of 
data on the disk pack. (Refer to Head Load
ing paragraph for detailed information on 
read/write head loading and unloading.) 

The positioning signal is derived in the 
logic chassis and power supply. The signal 
is applied to the voice coil positioner via 
two flexible, insulated, metal straps, the 
ends of which are secured to the cam mount 
and the carriage and bearing assembly. 

During any Seek operation, the logic must be 
informed of the current location and velocity 
of the carriage. This information is pro
vided by the velocity transducer in the 
magnet assembly and the lone track servo 
head installed on the head/arm receiver. 
The transducer is a two-piece device, one 
piece stationary and the other movable. Refer 
to the Transducers paragraph for a complete 
description. 
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Fiqure 3-8. Actuator Assembly Elements 

The actuator contains a stop mechanism to 
limit extremes in forward and reverse move
ment. The stop assembly is a rubber cylin
der sandwiched between two metal plates. If 
the carriage moves too far toward the disk 
pack, the stop rod heads contact the plate 
on the magnet-side of the rubber cylinder. 
If the carriage is retracted far enough 
away from the disk pack, the rear of the 
head/arm receiver contacts the stop assa~
bly stud protruding through the stop plate. 

Head Loading 

The read/write heads must be loaded to the 
disk surfaces before exchanging data with 
the controller. The heads must be removed 
(unloaded) from this position and driven 
clear of the disk pack either when power is 
removed from the unit or when the disk pack 
velocity falls below about 2700 rpm. The 
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actuator components invotved in these oper
ations are identified in Figure 3-9. 

Head loading amounts to allowing spring 
pressure of the floating arm (part of head/ 
arm assembly) to move the aerodynamically 
shaped head face toward the related disk 
surface. When the cushion of air that exists 
on the surface of the spinning disk is en
countered, it resists any further approach 
by the head. Spring pressure is designed to 
just equal the opposing cushion pressure 
(function of disk pack rpm) at the required 
height. As a result, the head flies. How
ever, if the spring pressure exceeds the 
cushion pressure (as would happen if the 
disk pack lost enough speed), t~e head stops 
flying and contacts the disk surface. This 
could cause damage to the head as well as 
the disk surface. 
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Figure 3-9. 

To prevent damage to the heads and/or the 
disk pack during automatic operation, load
ing occurs only after the disk pack is up to 
speed and the heads are over the disk sur
faces. For the same reason, the heads un
load automatically and are retracted if the 
disk pack rpm drops out of tolerance. During 
manual operations, heads should never be 
loaded on a disk pack that is not rotating. 
Head loading is part of the Power On/First 
Seek function. As power to the deck is se
quenced up, the drive motor starts. This 
initiates disk pack rotation and a first 
seek interlock delay. Actual delay is ap
proximately 15 seconds. 

When the disk pack rpm reaches 3000, the 
power supply speed relay energizes to es
tablish the ability to continue the operation. 
Upon completion of the first seek interlock 
delay, the logic specifies a forward seek 
and the carriage moves forward toward track 
O. Head loading occurs during this forward 
motion. The carriage continues toward the 
spindle until the servo detects ,track o. 

The floating arm (Figure 3-9) is designed 
to maintain a ~onstant loading force. While 
the heads are retracted, head cams on the 
actuator housing bear agains~ the floating 
arm cam surfaces. The cams support the load
ing force and hold the heads in unloaded 
position. As the carriage moves forward, the 
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Head Loading 

HEADS LOADED - CAM SURFACE 
ON EACH HEAD ASSEMBLY RIDES 
OFF CAM AS CARRIAGE EXTENDS. 
SPRING FORCE OF FLOATING ARM 
MOVES READ/WRITE HEAD TCWARD 
DISK SURFACE UNTIL OPPOSING 
FORCE OF AIR LAYER CANCELS 
FORCE OF FLOATING ARM. 

floating arm cam surface rides off the head 
cam just after the read/write heads move out 
over the disk surface. The loading force 
moves the head face toward the air layer on 
the surface of the spinning disk until the 
opposing forces balance. 

The heads loaded switch status reflects the 
state of the read/write heads (loaded or 
unloaded). This status is used in the logic 
chassis and power supply. The switch mounts 
on the carriage track and is transferred by 
carriage motion. Whenever the carriage is 
fully retracted, the switch state reflects 
the unloaded status of the heads. As the 
carriage moves forward during a Power On/ 
First Seek,_the switch transfers at a point 
within about 0.1 to 0.2 inch forward of the 
retracted stop. This switch status remains 
unchanged until the carriage is retracted to 
the same position and, as such, does not 
precisely indicate the loaded/unloaded status 
of the heads. Precise status is determined 
by the logic when the servo track head ~es 
dibits. 

Head unloading occurs whenever power to the 
unit is removed or disk pack rpm drops below 
tolerance. Either event drops a speed ~le 
signal to the logic. This causes the voice 
coil to drive the carriage in reverse from 
its current location toward the retracted 
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stop. (Either normal or emergency methods 
can be used. Refer to Power Off Sequence 
paragraph for additional information.) As 
the carriage retracts, the cam surfaces en
counter the head arms and each head rides 
vertically away from the related disk sur
face. The carriage continues back to the 
retracted position and stops. 

Head/Arm Assemblies 

Twenty head/arm assemblies are mounted on 
the carriaqe. A read/write head/arm a.sseui:)ly 
consists of a read/write head assembly . 
mounted at the end of a supporting arm struc
ture. A track servo head/arm assembly con
sists of a read coil head assembly mounted 
at the end of a supporting arm structure. 

The head assembly (Figure 3-10), which in
cludes a cable and pluq, is mounted on a 
gimbal rinq which, in turn, is mounted on a 
floating arm. This method of mounting a.l.lows 
the head assembly to pivot (independent of 
the arm) tangentially and radially relative 
to a data track on the disk surface. Such 

motion is required to compensate for possible 
irreqularities in the disk surface. 

The arm structure consists of a floating arm 
secured to a heavier fixed arm. The end of 
the fixed arm opposite the head mounts in 
the carriage receiver. The floating arm is 
the mounting point for the head and is 
necessarily flexible so that it can flex 
during load and unload motions, onto and off 
of the cam surfaces. 

Freedom and mobility of the head are neces
s~ elements to being able to function with 
interchangeable disk packs. During head 
loading, each floatinq arm is driven off the 
related cam and unflexes to force a head 
toward the air cushion on the spinninq disk 
surface. The force applied by the floating 
a~ causes the heads to fly or float on the 
air cushion. Vertical motion by a disk sur
face (due to warpage or imperfection) is 
countered by a move in the opposite direction 
by the gimballed head and/or floating arm. 
As a result, flight height remains nearly 
constant. 

trOItCC .~u IY 
"'""ATI ....... 

~-.~ ~. tr~ SI""RATm!"uo "-
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SUlttrACI: ~ 

) C"II U;"VIS C"" 
SUlttrACI- HI"O 
alCOIiCS "1 .. 80fUII 

\ 
..... , .. ~. CAM:.::?.~~~ ./ CAlI SUItf'ACI:- _ 

~ "UO IS UNLOAOm 
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Figure 3-10. Head/Arm Assembly Motion 
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TRANSDUCERS 

The deck assembly contains two tra~sducers: 
speed sensing transducer and veloc~ty trans
ducer. These transducers provide signals 
that are used by the logic chassis and the 
controller to generally control the progres
sion of most machine operations. 

Speed Sensing Transducer 

The speed sensor (Figure 3-6 and 3-11) gen
erates a voltage output whenever a ferrous 
material (steel pin set in spindle pulley) 
enters the magnetic field surrounding the 
pole piece at the pickup end of the trans
ducer. The logic then shapes this signal 
into a 55 microsecond pulse. As long as the 
speed exceeds 3000 rpm, one of these pulses 
will be sensed at least once each 20 ms. A 
sensing circuit within the logic m~nitors 
the pulse repetition rate and prov~des an 
enable to Speed relay K2. 

If speed is insufficient, t~e pulse r 7peti
tion rate is reduced accord~ngly. Th~s has 
either of two effects: 

1. 

2. 

If the heads are not loaded, K2 
cannot energize and the logic will 
not initiate the load sequence. 

If the heads are already loaded, K2 
opens, thereby opening th7 cOil.of. 
Retract relay KS. The vo~ce co~l ~s 
disconnected from the logic power 
amplifier and connected to the -16v 
emergency retract capacitor. The 
heads immediately are unloaded to 
the retracted stop. 

en' ___ SPINDLE 
• ~ PUL~EY 

SPEED 
~ ~SENSOR 

55 IJoS PULSES 

75148 

Figure 3-11. Speed Detection 
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Velocity Transducer 

The velocity transducer (Figure 3-12) is a 
two-piece device consisting of a stationary 
tubular coil/housing and a movable magnetic 
core. 

The magnetic core is connected via the ex
tension rod to the rear surface of the head/ 
arm receiver. All motion of the carriage is 
therefore duplicated by the magnetic core. 
As the core moves, an emf is induced in the 
coil. The amplitude of this emf is directly 
related to the velocity of the core (and 
carriage). The polarity of the emf is an 
indication of the direction of movement by 
the core (and carriage). The transducer 
output drives an operational amplifier lo
cated in the logic chassis. This signal is 
used by the servo logic to control acceler
ation/deceleration of the carriage during 
Seek operations. 

FIRST SEEK INTERLOCK ~SSEMBLY 

The First Seek Interlock assembly provides 
a fixed time delay from the completion of 
the Start interlocks until heads can be 
loaded during the Power On/First Seek se
quence. 

The assembly consists of a motor, reset 
switch, cam linkage, and a mounting base. 
The base mounts on the deck assembly. The 
motor is energized during the Power On se
quence and starts a ls-second (approximate) 
first seek interlock delay cycle. The cam 
revolves until the reset switch is~~. 
The switch then transfers and removes power 
to the motor and signals completion of the 
delay cycle to the logic. 

If power is lost or dropped during the cycle, 
the cam completes the initial cycle upon re
application of power. At this time, a new 
cycle is initiated if Speed relay K2 has not 
been energized. Refer to Power On paragraph 
for a complete description of conditions 
that apply power to the first seek inter
lock motor. 

BLOWER SYSTEM 

The blower system (Figure 3-13) provides 
positive pressure in the pack area. The 
presence of this elevated pressure results 
in an outward dispersion of air preventing 
ingestion of contaminated air. This air 
flow greatly reduces possible contamination 
and resulting damage to the disk surfaces 
and the read/write heads. 

Power to the blower drive motor is available 
whenever the UNIT POWER circuit breaker is 
on. 
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DISK PACK 
The disk pack is the recording medium for 
the drive. The disk pack consists of 12 
l4-inch dis'·s, center-mounted on a hub. The 
recording surface of each disk is coated 
with a layer of maqnetic iron oxide and re
lated binders and adhesives. The top and 
bottom disks are protective non-recording 
disks. 

There are 19 recording surfaces and one 
track servo surface. The servo disk con
tains pre-recorded information that is used 
by the servo logic to position the heads to 
the desired track. 

The recording tracks are grouped in a 2 inch 
band near the outer edge of the disk. The 
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disk has 823 tracks. The diameter of the 
outer track (823) is approximately 13 inches, 
while track 0 is about 3 inches. The tracks 
are spaced about 0.0026 inches apart. 

The disk pack has a two-piece container. The 
bottom cover can be removed s~ply by grasp
ing and rotating the center hub. The top 
cover is designed so that it can be removed 
only by installing the disk pack on the 
spindle. The disk pack can be ~emoved from 
the spindle only by using the top cover (see 
Operation section). This design protects 
the disk pack from physical damage and greatly 
reduces the possibility of contamination of 
the disk pack recording surfaces. 
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LOGIC FUNCTIONS 2A 

INTRODUCTION 

This subsection describes the loqic functions 
performed by the drive and divides them into 
the followinq areas. 

• Device Level Interface - Describes the 
signal lines connectinq the drive to 
controller. 

• Commands - Defines the commands issued 
to the drive and the drive responses to 
them. 

• Command -Execution - Describes how the 
drive loqic processes commands received 
from the controller. 

• Sc -~ u" • .:o ... tiC'ns - Explcti.ns how the drive 
logic ~_Mtro~s the pGsit10ninq of the 
read/write heads on the disk pack. 

• Track Servo Circuit - Describes how dns 
circuit derives, from the disk pack, 
timinq pulses used by the Servo and 
Machine Clock circuits. 

• Machine Clock Circuit - Explains how 
the Machine Clock qenerates the timinq 
siqnals used by the index, sector and 
read/write circuits. 

• Index Detection - Describes how the 
drive detects the index pattern which 
indicates the loqical beqinning of each 
track. 

• Sector netection - Explains how the 
drive derives the Secto4 pulses which 
are used to determine the anqular posi
tion, with respect to Index of the read/ 
write heads. 

• Read/Write Operation - Explains how the 
drive processes the data that it reads 
from and writes on the disk pack. 

• Sense Operations - Describes the drive 
logic used to monitor the status of the 
drive. 

• Diagnostic Operations - Explains how 
the controller checks certain areas of 
drive operations by use of diagnostic 
conunands. 

Figure 3-14 is a block diagram illustratinq 
basic signals within the drive. The func
tions of these signals are described in the 
applicable description of logic functions. 
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'~st operations require the transfer of data 
between the controller and drive. Descrip
tions of these signal interchanqes will em
l,i&asize drive functions. Controller func
tions are described only where necessary to 
clarify drive operations. Unless otherwise 
specified, controller siqnal timing is for 
illustrative purposes only. Refer to the 
applicable controller manual for details of 
controller operations and actual I/O timing. 

. DEVICE LEVEL INTERFACE 
Signals are exchanged between the controller 
and drive by means of a set of signal con
ductors known as the Device Level Interface 
(DLI). The functions of these signals are 
d._cribed in ~able 3-2 and shown on Figure 
3-15. 

The basic unit of information is the byte. 
A byte consists of eight information bits 
(logical 1 o~ O) plus a parity bit. Data is 
transferred between the drive and controller 
one byte at a time. This information is 
transmitted in parallel: eight data lines 
plus one parity line to make odd parity. 

COMMANDS 
Commands may be classified as follows: 

• Control Commands - Cause the drive to 
execute- the instruction without any 
data transfer via the bidirectional data 
lines. 

• Input Information Transfer Commands -
Cause the drive to transfer data to the 
controller via the bidirectional data 
lines. 

• Output Information Transfer Commands -
These transfer data to the drive via the 
bidirectional data lines. 

• Test and Diagnostic Commands - Controls 
drive operations for test purposes. 

Table 3-3 describes the commands and classi
fies them according to the above categories. 
Figure 3-16 is a quick reference table show
ing all command abbreviations and hex ~. 

COMMAND EXECUTION 
Before the drive will execute any commands, 
certain prior conditions must be met: the 
Controller must have Operational OUt up and 
the drive must be online. Otherwise, ~ 
are not recognized. 
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Figure 3-17 illustrates the logic used to 
decode commands from Channel I. With the 
exception of Seize and Summary Status Request 
the controller must first have successfully 
seized the drive. Regular commands without 
a prior Seize will cause a Select Fault~ this 
raises FL~ and sets bit 23 of the Summary 

Status Register. A subsequent Summary Status 
Request or Fault Reset (Device or Initialize 
power up) is required to reset the FLT. (For 
single channel drives, Seize will be accept
ed, but need not precede any other valid 
cOlllllland. The CHI Reserved FF is held in the 
continuous set state.) 
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COMMAND CODE LINES DCO - DC5 PLUS PARITY .~ 
DEVICE COMMAND STROBE 

DCS ~ -
SERIAL WRITE OUT SWO -C> - SRI 

SERIAL READ IN -
C 

DEVICE INITIALIZE 
DIN i:> 

0 DATA MODIFIER 
~ N OMI 

T 

8 UNES Pl.US PARITY:) 
R A 

0 ~~IRECTIONAL DATA LJNES 

L 
L OPERATIONAL OUT 

OPO ;:::::> 
E 
R - opr OPERATIONAL rN -- DEN 

DEVICE EVENT NOTIFICATION --- FLT 
FAULT --- lOX 

INDEX MARK -
HOLO& :> 
PtCK 1NLt. ...... 

Lt. PICK OUT 
-

NOTES: 

~ USED ONLY ON DRIVES WITH POWER TO NEXT 
:> DRIVE IN SEQUENCE (LOCAL/REMOTE) FEATURE 

AND, IN SOME CASES, MAY ORIGINATE 
AT A PLUG ON THE I/O PANEL OF 
FIRST DRIVE IN STRING. 

SEE INSTALLATION SECTION OF 
MAINTENANCE MANUAL FOR PIN ASSIGNMENTS 

STRING 

Figure 3-15. Device Level Interface Lines 
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-DCa 

DCl 
DC2 

DC3 

i. 
DC4 

0000 0001 0010 0011 0100 

CD 00 CD 01 02 03 04 
00 

SFU SFL SRU 

10 11 12 13 14 

01 
SZE RLS RCB SSS SLS 

20 21 22 23 24 

10 
HIU HIL CIU CIL API 

@30 ® 31 ®32 ®33 ®34 

11 
RD RD ncR 
DIFF DIFF 
UPPER IaiER ID-OP CNl'R OO-OP 

loutput Info Xfer! 

SFU - Seek Forward-Upper 

SFL - Seek Forward-Lower 

SRU - Seek Reverse-Upper 

SRL - Seek Reverse-Lower 

DCs 

0101 0110 0111 1000 

05 06 07 08 

SRL COU COL HOU 

15 16 17 18 

ROM ~ ~ SPO 

25 26 27 28 

ROX DNR DTR SSR 

®35 ® 36 ®37 ®38 
WRl' 
TEST 

OO-OP to-QP ro-QP am:K 

I Control I 
SZE - Seize Device 

RLS - Release Device 

RCB - Reca1ibrate 

SSS - Set Standby State 

SLS·- Set Local State 

RDM - Reset Diag. Mode 

1001 1010 

09 CDoA 

HOL 

19 1A 

SPI ARC 

29 2A 

DS1 DS2 

CD 39 ®3A 
WRr 
TEST 

COU - Cyl. Out-Upper 

COL - ey1. Out-Lower 

BOU - Hd Addr Out-Upper 

HOL - Hd Addr Out-Lower 

RTC - Return to Track Centerline 

WRT - Write 

NOTES: 

(!) Invalid commands. 

SPO - Shift Posit. Out 

SPI - Shift Posit. In 

ARC - Adv. Read Clock 

RRC - Ret. Read Clock 

SDM - Set Diagnosti~ Mode 

SDE - Set Diagnostic ~pe 

GD Valid only durinq set diagnostic 
escape mode 

~Valid (No-op) 

1011 1100 1101 1110 

<D OB (DOC <DOD CD OE 

IB lC 10 1E 

RRC ~ ~ SDM 

2B 2C 20 2E 

DS3 DS4 DS5 DS6 

® 3B <D3C 3D 3E 
nc 
DIFF 
CNl'R 1m: RDH 

IInput Info Xfer! 

HIU - Hd Addr-Upper 

BIL - Hd Addr-Lower 

1111 

OF 

WRT 

IF 

SDE 

2F 

DS7 

3F 

DS8 

CIU - Cyl. Addr In-Upper 

CIL - Cyl. Addr In-Lower 

API - Ang. POSe In 

RDX - Read 

DNR - Device Number Request 

DTR - Device Type Request 

SSR - Sum. Stat. Req. 

DS1 - Det. Stat. Req.-Byte 1 

DS2 - Det. Stat. Req.-Byte 2 

DS3 - Det. Stat. Req.-Byte 3 

DS4 - Det. Stat. Req.-Byte 4 

DSS - Det. Stat. Req.-Byte 5 

DS6 Det. Stat. Req.-Byte 6 

DS7 - Det. Stat. Req.-Byte 7 

DS8 - Det. Stat. Req.-Byte 8 

RDH - Read Header 

7M83 

Figure 3-16. Command Decodes & Abbreviations 
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TABLE 3-2. SIGNAL LINES 

Line Function 

Command Code 
DCO-5 

Device Command 
Strobe (DCS) 

Operational Out 
(OPO) 

Device Initialize 
(DIN) 

Data Modifier 
(CMl) 

Serial Write Out 
(SWO) 

Device Event 
Notification (DEN) 

Fault 

Serial Read In 
(SRI) 
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Lines From Controller To Drive 

Six lines plus parity which carry encoded commands from 
controller to drive. 

Indicates that the Command Decode lines are valid and the 
command may be decoded .• 

When true it indicates the controller is operational. 
Unless this line is true the drive will ignore all sig
nals from the controller. 

Acts as a general reset to the drive: All drive status 
and control functions are reset and the positioner re
turns to cylinder 000. Before the drive will react to 
this signal the following conditions must be met. 

• Controller issuing command must have Operational 
Out true. 

• Controller issuing command must have seized the 
drive. This signal releases the seized status. 

• Drive must be On Line 

Used during a write operation it causes the· drive to 
ignore the data on the bidirectional data lines thereby 
creating an address mark. 

Signal from Controller to drive that is used in conjunc
tion with Serial Write In (SRI) to syncronize transfer 
of data on the bidirectional data lines. 

Lines From Drive To Controller 

This line indicates that an event has occurred which 
is reflected in the Summary Status byte. The controller 
obtains this byte via Summary Status Request (Tag 28). 

Indicates the drive has detected an error. The con
troller can determine the specific error by examining 
the Detailed Status bytes via the Detailed Status Re
quest Commands (~ags 29 through 30). All fault con
ditions, except pack unsafe, are cleared when the 
Detailed Status byte identifying the fault is requested 
or by a Device Initialize signal. Pack unsafe must be 
cleared by pushing the CHECK switch/indicator on the 
maintenance panel. The pack unsafe signal is caused by 
any of the following: 

• Low DC Voltage 

• No Servo Tracks Detected 

• Write Current Fault 

• Read or Write and Not On Cylinder 

Signal from drive to controller that is used in conjunc
tion with Serial Write Out to syncronize transfer of 
data on the bidirectional data lines. 
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TABLE 3-2. SIGNAL LINES (CONT'D) 

Line Function 

Index Mark 
(lOX) 

Operational In 
(OPI) 

Pick In 

Bold 

Pick Out 

Lines From Drive To Controller 

A 2mB pulse indicating the drive ha~ sensed the begin
ning of a logical track and occurs once each revolution 
of the disk pack. The leading edge defines the begin
ning of the track. 

When true it indicates the drive is powered up, on line 
and capable of cammunicatinq with the controller. 

Bidirectional Data Lines 

Nine lines carryinq data, address, control and status 
information between the controller and drive. The 
specific information transferred deoends on the command 
being executed. 

Power Sequence Lines (used only on units with Power 
sequence feature) 

-

Used for power sequencinq. A low on this line powers up 
drive i~ LOCAL/REMO'l'E switch is in REMOTE and STAR"!' in
dicator if liqhted. The drive receives the siqnal either 
from the controller or the previous drive in the strinq. 
Dependinq on the system, this siqnal may oriqinate either 
at the controller or a jumper plug attached to the 1/0 panel 
of the first drive in the strinq. With the jumper pluq, the 
signal is held low at the input to the first drive. See 
Local/Remote Control discussion for more information. 

Used for power sequencing. This line must be low for drive to 
remain in a power up condition after completinq a remote power 
up. Like Pick In, this siqnal may oriqinate either at the 
controller or the first drive in the strinq. 

Goes to next drive in strinq as pick In. If this drive is in 
local, the siqnal is low thereby allowinq the next drive to 
power up. If LOCAL/BEMOTE switch is in REMOTE, the siqnal qoe! 
low when the drive completes its power on sequence. 
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Command 

Seek Forward 
Upper (SFU) 
Tag 02 

Seek Forward 
Lower (SFL) 
Tag 03 
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TABLE 3-3. COMMANDS 

Definition/Function 

1. An output information tag. 

2. Loads Upper 2 bits of seek difference information (512,256) into 
temporary storage for gating into the Difference Counter during 
a subsequent Seek Forward Lower (Tag 03). The data is received 
via the bidirectional data lines. 

3. This tag must precede the Seek Forward Lower Command. 

4. Bidirectional data lines are decoded as follows: 

Decode 

DIFF 256 

DIFF 512 (BR3C9 only) 

Not Used 

1. An output information tag. 

2. Loads lower 8 bits of seek difference information (tracks to go) 
from bidirectional data lines into the Difference counter. 

3. This tag must be preceded by a Seek Forward Upper (Tag 03) or the 
fault line is raised along with Bit 24 of the Detailed Status 
Byte. 

4. This command causes the drive to seek forward the number of cyl
inders indicated by the difference count. 

5. The Bidirectional data lines decode as follows: 

ill Decode ~ Decode 

20 DIFF 1 24 DIFF 16 

21 DIFF 2 25 DIFF 32 

22 DIFF 4 26 DIFF 64 

23 DIFF 8 27 DIFF 128 
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TABLE 3-.3. COMMANDS (CaNT 10) 

Command Definition/Function 

Seek Reverse 
Upper (SRU) 
Tag 04 

Seek Reverse 
Lower (SRL) 
Tag 05 

Cylinder Out 
Upper (COU) 
Tag 06 

cylinder Out 
Lower (COL) 
Tag 07 

Head Address 
Out Upper 
(HOU) Tag 08 

Head Address 
Out Lower 
(HOL) Tag 09 
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Same as Seek Forward Upper except that seek is in reverse direction. 

Same as Seek Forward Lower except that seek is in reverse direction. 

1. An output information tag. 

2. Cause the drive to set the high order bits (512 and 256) in the 
Cylinder Address register (CAR) according to the information on 
the bidirectional data lines. 

3. This command must precede the Cylinder Out Lower (Tag 07) oc::amand. 

4. The bidirectional data lines send the following information to 
the drive. 

m Decode 

20 
CAR 256 

. 21 CAR 512 (BR3C9- only) 

22_27 Not Used 

1. An output information tag. 

2. Causes the drive to load the 8 low order bits of the new cylinder 
address into the Cylinder Address Register (CAR). 

3. The bidirectional data lines are decoded as follows: 

m 
20 

21 

22 

23 

24 

25 

26 

27 

Has no effect in the drive. 

1. An output information tag. 

Decode 

CAR 1 

CAR 2 

CAR 4 

CAR 8 

CAR 16 

CAR 32 

CAR 64 

CAR 128 

2. Transfers head address information to the drive via the bidi
rectional data lines. The drive stores the data in the Head 
Address Register (HAR). 

The drive will now read and write data using the head identi
fied by this head address. 
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'rABLE 3-3. COMMANDS (CONT' D) 

Command DefinitionlFunction 

(BOL) (Cont'd) 

Taqs OA-oS 

Write (WRr) 
Taq OP 

Recalibrate 
(RCB) 'rag 12 

Set Standby 
State (SSS) 
'raq 13 

Set Local 
State (SLS) 
'rag 14 

Seize Device 
(SZE) '1'ag 10 

Release Device 
(RLS) '1'ag 11 
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3. The bidirectional data lines decode as follows: 

ill. Decode 

2° BAR. 1 

21 BAR 2 

22 BAR 3 

23 BAR 8 

24 BAR 16 

25_2' Not Used 

Zavalid commands 

1. An output infoxmation COlIID4nd. 

2. This cOllllllaJ1d causes the drive to Write data on the disk pac:lc. 
See the discussion on Write operations for. more information. 

1. A control command. 

2. Causes the Head register and Cylinder Address register to be 
set to zero and the heads to return to track 000 (R~Z). 

1. A control command. 

2. Causes the drive to turn off the pack motor, unload the heads 
and extinquish the ST~ indicator. 

3. '1'0 return to the ready state the operator must push the S'1'AR'.r 
button. 

1. A control command. 

2. Removes drive from on line status. It breaks I/O communication 
between drive and controller and lights the LOCAL indicator. 

3. Drive is returned to On Line status by moving the ON LINE/OFF 
LINE switch from ON LINE to OFF LINE and then back to ON LINE. 

1. A control command. 

2. When 2 controllers are connected to a drive (dual channel) this 
signal is used to seize (select) the drive. For dual channel 
operation the drive must be seized before it will respond to 
o~~er instructions (other than Summary Status Byte Request). 
However the seize is not required for single channel operation. 

3. '1'he drive responds to the command only if it has not been pre
viously seized by the other controller. 

1. A control command. 

2. Issued by the controller having the drive seized, it releases 
the drive from the seized condition thus making it available to 
both controllers. 

3. The drive sends a Device Event Notification (DEN) to ~~e other 
controller telling it the drive is now available. 
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TABLE 3-3. COMMANDS (CONT'D) 

Command Definition/Function 

Reset Diagnostic 
Mode (ROM) 
Tag 15 

Tag 16, 17 

Shift Positioner 
Out (SPO) Tag 18 

Shift Positioner 
In (SPI) Tag 19 

Advance Read 
Clock (ARC) 
Tag lA 

Retard Read 
Clock RRC 
Tag 1B 

Set Diagnostic 
Mode (SOM) 
Tag 1E 
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1. A control command. 

2. Resets diagnostic operations (Tags lE or IF) and places drive in 
normal mode. 

3. The drive performs an RTZS (refer to Recalibrate Tag 12). 

These tags are recognized and acknowledged by the drive but initi
ate no operations. 

1. A control command. 

2. This is used for data retry and error recovery. 

3. It causes the positioner to move the read/write heads 400 ~in 
away from the spindle unless Shift Positioner In (Tag 19) was 
active in which case it would cause the heads to return to the 
track centerline. In either case the drive generates a 10 ms 
Positioner Busy signal. 

4. The Offset condition is reset and the positioner returned to the 
track centerline by any of the following: 

• Device Initialize Signal (DIN) 

• Return to Centerline (Tag 30) 

• Shift Positioner In (Tag 19) 

• Any Seek Command (however the seek is not performed) 

• Loss of On Cylinder 

1. A control command. 

2. Same as Shift Positioner OUt (Tag 20) excepe that the heaas are 
offset 400 ~in towards the spindle and Shift Position OUt replaces 
Shift Position In as a reset condition. 

1. A control command. 

2. Used during data recovery it moves the Read Data strobe to the 
early position of the data window (about 8 ns earlier than nonnal). 

3. The function is reset by a Recalibrate (Tag 12) or Retard Read 
Clock (Tag lB). 

1. A control command. 

2. The same as Advance Read Clock (Tag lA) except that it retards 
the Read Data strobe by about 8 ns. 

3. Reset by a Recalibrate (Tag 12) or an Advance Read Clock (Tag lA). 

1. A control command. 

2. Places drive in diagnostic mode and sets bit 7 (Device in Diag
nostic Mode) of Summary Status Byte. 

3. This command initiates no function in drive unless Set Diagnostic 
Escape' (Tag IF) is also received., 

4. Drive returned to normal operation by a Reset Diagnostic Mode 
(Tag ls) or by the Device Initialize line going true. 
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'rABLE 3-3. COMMANDS (CONTI 0) 

Command Definition/Function 

Set Dia9Dostic 
Escape (SDE) 
'rag 1F 

Bead Address 
In Opper 
(BIV) 'rag 20 

Bead Address 
In Lower 
(BIL) 'rag 21 

Cylinder Address 
In Upper (CIU) 
'rag 22 

Cylinder Address 
In Lower (ClL) 
Tag 23 
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1 .. A control command. 

2. Enables the drive logic to perform special diagnostic functions 
by disabling the normal command repertoire (except for 'rag 15) 
and conditioning the logic to receive to test and diagnostic 
commands- (Tags 30 through 37). 

3. 'I'his command inhibits the Sector Counter and sets Bit 7 (Device 
in Diagnostic Mode) of the Swamary Status byte. 

4. Drive is returned to normal operation by a Reset Diagnostic Mode 
('rag 15) or by the Device Initialize line going true. 

1. An input information collllllaDd. 

2. Causes the drive to return a byte of zeros on the bidirectional 
data lines. 

1. An input information CODllDand.. 

2. Drive transfers its current head address to the controller via 
the bidirectional data lines. 

3. ':he bidirectional data lines decode as follows: 

!!! Decode 

2 
O· 

BAR 1 

21 BAR 2 

22 BAR 4 

23 BAR 8 

24 BAR 16 

25_27 Not Used 

1. An input information command. 

2. Causes drive to place high order bits of current positioner lo
cation on bidirectional data lines. 

3. Bidirectional data lines are decoded as follows: 

ill Decode 

20 
CAR 256 

21 CAR 512 

22_27 Not Used 

1. An input information command. 

2. Causes drive to place 8 low order bits of current positioner 
location on bidirectional data lines. 
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TABLE 3-3. COMMANDS (CaNT 'D) 

Command Definition/Function 

eIL (Cont'd) 

Angular Posi
tion In (AP1) 
Tag 24 

Read CRDX) 
Tag 2S 

Device Number 
Request (DNR) 
Tag 26 
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3. Bidirectional data lines are decoded as follows: 

!!! Decode 

2° CAR 1 

21 CAR 2 

22 CAR 4 

23 
CAR 8 

24 CAR 16 

2S CAR 32 

26 CAR 64 

27 CAR 128 

1. An input information command. 

2. Gates current angular position (sector to the controller. This 
is the value the Sector Counter was at when the APl Tag was 
received. 

3. Bidirectional data lines decode as follows: 

!ll Decode 

2° 1 

21 2 

22 4 

23 8 

24 16 

2S 32 

26 64 

27 Not Used 

1. An input information tag. 

2. Enables the drive to read data from the disk pack. See discussion 
on read operations for more information. 

1. An input information command. 

2. Causes the drive to place the 8 bit physical identifier number on 
the bidirectional data lines. 
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TABLE 3-3. COMMANDS (CON'!" D) 

Command Definition/Function 

DD (Cont'd) 

Device Type 
Request (MIl) 
Tag 27 

Summary Status 
Request (SSR) 
Tag 28 
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3. Bidirectional data lines decode as follows: 

~ Decode 

2° 1 

21 2 

22 4 

23 8 

24 16 

25 32 

26 64 

27 128 
'_ .. 

1. An input information cODllllaDd. 

2. Causes drive to return prewired type identifier code on bidirec
tional data lines. 

3. Bidirectional data lines are decoded as follows: 

~ Decode Decode 

(200MB) (100MB) 

20 1 1 

21 0 0 

22 0 1 

23 1 1 

24 1 1 

25 0 0 

26 1 1 

27 0 0 

l. An input information command. 

2. Causes the drive to transfer 8 bits of summary status information 
to the controller via the bidirectional data lines. The unit 
need not be seized or have a pack installed (refer to Sense Oper
ations for more information). 

3. The bidirectional data lines are interpreted as follows: 

~ 

Device In 
Diagnostic Mode 

Meaning 

Drive has received a Set 
Diagnostic Mode (Tag lE) or 
Set Diagnostic Escape (Tag IF). 
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'l'ABLE 3-3. COMMANDS (CONT'D) 

Command Definition/Function 

ssa (Cont'd) !!!!!!. 
Device Failure 

Device Protected 

DLI Error 

Positioner Busy 

83318200 C 

Meaning 

Error has been detected in 
drive. One of the following 
occurred: 

1. Any error of OS2 (see Table 
4-7). 

2. Bits 23 and 27 of DS3. 

3. Bit 20 of DSS. 

4. Pack Unsafe FF set. This 
lights the CHECK indicator. 
This condition is set by 
any of the following: 

a. Read or Write while not 
On Cylinder. 

b. Voltage fault of ±Sv, 
±20v, or -l6v power. 

c. Dibits lost for more than 
200 milliseconds. 

d. Simultaneous Read and 
Write. 

e. CUrrent Fault (see DS2, 
bits 24 thru 27). 

Any of the above conditions 
will raise the FLT line. 

WRITE PROTECT indicator is on. 

Interface error has been de
tected by dQ. ve. One of the 
following has occurred: 

1. Any error of OSlo 

2. Bit 26 of DS3. 

3. Select Fault has occurred. 
Controller attempted any 
command other than Summary 
Status Request or Seize 
before first successfully 
seizing the drive. 

Any of the above conditions 
will raise the FLT line. 

Positioner is in motion. One 
of the following conditions 
exist: 

1. Not Unit Ready and Not Stop 
(typically a First Seek 
sequence) . 
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TABLE 3-3. COMMANDS (CONT • D) 

Command Definition/Function 

SSR. (Cont'd) 

Detailed Status 
Byte 1 (DSB1) 
Tag 29 

3-34 

26 

!!!!!. 
Positioner Busy 
(Cont'd) 

Device in Standby 

Device Seized 

Device Reserved 

Meaning 

2. Stop with heads loaded (typ
ically a power off sequence). 

3. Zero-length Seek Forward 
Lower or Seek Reverse Lower 
command. 

4. Seek in progress (not On 
Cylinder) • 

S. Up for 10 milliseconds fol
lOWing receipt of Start Po
sitioner In or Start Posi
tioner Out or, if one of 
these is already set, R.e-turn 
to Centerline or Recliabrate. 

When the Positioner Busy status 
drops, DEN is retw:ned to the 
controller .. 

Drive is in Standby Mode, that 
is, Unit Ready (First Seek to 
On Cylinder) is not available 
yet. Status is cleared by 
Stop (Set Standby State or 
press S'r~ to extinguish in
dicator). 

Drive has accepted a Seize 
command and is reserved to 
controller issuing the Summary 
Status Request. If drive is 
single-port device, this sig
nal is always available with
out requiring a Seize command. 

Drive has already been seized 
by the other channel. 

1. This is an input information command. 

2. This command causes the drive to present a byte of data concern
ing various drive error conditions. These conditions are iden
tified on the bidirectional data lines. 

3. The FFls corresponding to the status bits are reset by the De
tailed Status Byte 1 command, a Device Initialize signal or by 
pushing the CHECK indicator/switch on the maintenance panel. 

4. All errors identified in Detailed Status Byte 1 set Summary 
Status Byte Bit 23 (DLI error). 

5. The bidi~ectional data lines are interpreted as follows: 

~ 

Data Parity Error 

Meaning 

On Output Information Trans
fer Commands (DCO,DCl = 00), 
parity was not odd during 
time that SWO is down while 
SRI is up. 
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'rABLE 3-3. COMMANDS (CONT ' D) 

Command Definition/Function 

DSBl (Cont'd) 

83318200 A 

!!!!!. 
'rransfer 'riming 
Error 

Protect Violation 

State Violation 

24 Invalid Command 
Sequence 

Meaning 

During read or write ~~, 
Serial Write Out and Serial 
Read In timing relationships 
were incorrect. 

WRT or Write Test command was 
issued with WRITE PROTECT indi
cator on. Also sets 051, bit 
23. 

Anyone of the following errors 
occurred: 

1. Same condition that set DS1, 
bit 22. 

2. WR'r or Write 'rest command 
with Positioner Busy. 

3. Write or Write 'rest command 
while offset (Shift Posi
tioner Out or In) is active 
if not in Set Diagnostic 
Escape Mode ('rag !F). 

4. Standby State Violation -
one of the following oanmmds 
was decoded with drive in 
Standby: . 

RCB 

ROB 

ROX 

SFL 

SPO 

SPI 

SPO 

SRL 

sao 

S. Positioner Busy State Vio
lation -- one of the fol
lowing commands was decoded 
with Positioner Busy up. 

RCB ROX SPO SRL 

ROB SDE SPI SRO 

RDM SFL SPO sss 

WR'r 

One of the following invalid 
sequences occurred: 

1. COL preceded COU. 

2. SFL preceded SFU. 

3. SRL preceded SRU. 
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TABLE 3-3. COMMANDS (CONT'D) 

Command Definition/Function 

DSBl (Cont'd) 

Detailed Status 
Byte 2 (DSB2) 
Tag 2A 

3-36 

!!!!. 
Invalid Co1llllli1nd 

CODIIIIaIld Parity 
Error 

1. An input information COJlllllaJ1d. 

Meaning 

1. A diagnostic command was 
issued prior to a Set Diag
nostic Escape (Tag IF). 

2. A no-op COJlllllaJ1d (other than 
codes 32,34,35,36, or 37 
during Set Diagnostic Es
cape) was received while in 
any mode. • 

Command did not have odd par
ity at rise of Device Command 
Strobe. 

2. This command causes the same function as DSBl except for the 
following: 

• All errors in this status byte set Summary Status Byte 
bit 21 •. 

• All errors in this status byte are reset by the DSB2 
command, the Device Initialize signal or the CHECK switch/ 
indicator. 

• The bidirectional data line decode is differento 

3. The bidirectional data line decode is as follows: 

ill !!!!!. 
20 Loss of Voltage 

Not Used 

Spindle Speed 
Loss 

Meaning 

Anyone of the following dc 
voltage errors occurred: 

1. +5v less than +4.S25v. 

2. -5v more posi ti ve than 
-4.825v. 

3. +20v less than +lSv. 

4. -20v more positive than 
-lSv. 

5. -16v more positive than 
-12v. 

Any of these errors will set 
Pack Unsafe FF and light in
dicator. In addition, insuf
ficient -l6v power will cause 
automatic emergency retract 
of positioner. 

Spindle speed dropped below 
2700 rpm after heads were 
~oaded. Heads unload. 
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TABLE 3-3. COMMANDS (CONT ' D) 

Command Definition/Function 

DSB2 (Cont'd) 

Detailed Status 
Byte 3 (DSB 3) 
Tag 2B 
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23 Not Used 

NO or Multiple Head 
Selection 

Loss of AC Write 
CUrrent 

Write Current with
out Write Command 

Write Command with
out Write Current 

Meaning 

Head number 19 or greater 
(non-existent) is selected or 

more than two heads have been 
selected. 

NOTE 

The remaining DS2 bits 
apply only while writing 
wi th DMl down. 

NO write driver output current 
transitions were detected for 
900 nanoseconds. 

Write current is sensed but 
Write Enable is down. 

Write Enable is up, but there 
is no write current. 

1. An input information command. 

2. Sends a byte of status to the controller concerning the error 
condition identified on the bidirectional data lines. 

3. The 

• 
• 
• 

4. The 

error conditions are reset by any of the following: 

Device Initialize (DIN) signal. 

Pushinq CHECK switch/indicator 

By the DSB_3 command 

bidirectional data lines are interpreted as follows: 

!!!!!. 
Not Used 

Rotational Position 
Sensing Fault 

Not Used 

Positioner 
Overtravel 

Meaning 

While not in Set Diagnostic 
Escape Mode, sector counter 
did not reach a count of 127 
before Index was sensed. Also 
sets Device Failure (SSR bit 
21 ). 

Positioner went forward past 
cylinder 822 (Forward EOT) 
or reverse past cylinder 000 
(Reverse EOT) if not perform-
ing an RTZS. Also sets DLI 
Error (SSR bit 23). 
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TABLE 3-3. COMMANDS (CONT' D) 

Command Oefinition/Function 

DSB 3 (Cont'd) 

Detailed Status 
Byte 4 (DSB4) 

3-38 

Seek Incomplete 

1. An input infoJ:mation cODllllalld. 

Meaninq 

Positioner could Dot attain 
On Cylinder status with 500 
milliseconds after start of 
a controller-initiated seek 
(SPL, SlUt, ReB, or RDH). Also 
sets Device Failure (SSa bit 
21). 

2. This command causes the drive to present a byte of data concern
inq the status of the drive at the time the command was received. 

3. The bidirectional data lines are interpreted as follows: 

. 22 

23 

24 

25 

2 6 

!!!!!. 
Reverse FP Set 

Forward F!' Set 

Restricted Air 
Flow 

Not Used 

Pirst Seek Inter-
lock Cycle 
Incomplete 

Not Used 

Tester Address 
Error (Offline 
Only) 

Fine Servo 
Status 

Meaninq 

Status bit indicating that 
Seek Reverse Lower was last 
seek cODllDaDd. Not affected 
by Recalibrate or Reset Diag
nostic Mode. 

Status bit indicating that 
SFL was last seek command. 
NOt affected by Recalibrate 
or Reset Diagnostic Mode. 

Cooling air was of inadequate 
volume. CHECK indicator 
liqhts. 

Status bit indicating that 
First Seek Interlock motor 
is operating. 

Not used vb'ile Online. When 
Offline, Off Line Tester has 
detected a difference between 
the current cylinder address 
and the address byte read 
from the pack. Device Fail
ure (SSR 21) is set, but not 
returned to controller since 
drive is Offline. In addi
tion, error may be displayed 
by setting DISPLAY SELECT 
switch on maintenance panel 
to DSB4. Bit 26 indicator 
will be on. Error is cleared 
by pressing CHECK or by re
turning unit to Online mode. 

Fine 1'1' is set: less than one
half cylinder remains of seek, 
positioner is On Cylinder, or 
positioner is in LOAD or RTZ 
sequence. 
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Command 

Detailed Status 
Byte 5 (DSB5) 
Tag 20 

Detailed Status 
Bytes 6,7 
(DSB6,7) 
Tags 2E,2F 

Read Difference 
Counter Upper 
Tag 30 

Read Difference 
Counter Lower 
Tag 31 

Tag 32 

Increment Sector 
Counter Tag 33 
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TABLE 3-3. COMMANDS (CONT' 0) 

Definition/Function 

i.An input information command. 

2. This command causes the drive to present a byte of data that, 
except for bit 2; concerns the status of the drive at the time 
the command was executed. The status is returned on the bi
directional data lines. 

3. The bidirectional data lines are interpreted as follows: 

~ Meaning 

Write and Read Both Write Enable and Read 
Enable were up simultaneously. 
This sets Pack Unsafe FF to 
light the CHECK indicator and 
to set Device Failure (SSR bit 
21 ) .. 

Read Clock Offset Status bit indicating that 
read circuit is under influ
ence of ARC or RCC command. 

Positioner Offset Status bit indicating that 
positioner is under influence 
of a Shift Positioner Out or 
In command. 

Heads Retracted Status bit indicating that 
heads are unloaded as sensed 
by heads loaded switch. 

Not Used 

These tags are recognized and acknowledged by the drive but initiate 
no drive functions. 

1. A test and diagnostic command requiring prior acceptance of a 
Tag IF. 

2. Causes the drive to gate bits 28 and 29 of Difference Counter 
onto bits 20and 21 of bidirectional "data lines. 

1. A test and diagnostic command requiring prior acceptance of a 
Tag IF. 

2. Causes the drive to gate bits 20 through 27 of Difference coun
ter onto bidirectional data lines. 

This tag is recognized and replied to by the drive but initiates 
no drive operations. 

1. A test and diagnostic command requiring prior acceptance of a 
Tag IF. 

2. Causes the drive to increment its Sector counter by 1. The 
counter and its register are reset by Set Diagnostic Escape 
(Tag IF). With Tag lF up the index and dibits input to the 
counter is disabled. The counter value is read by an Angular 
Position In Command (Tag 24). 

3-39 



TABLE 3-3. COMMANDS (CONT'D) 

Command Definition/Function 

Tags 34,35,.36, 
37 

Write Test 
Check Tag 38 

Write Test 
(Tag 3A) 

Tag' 3D 

Tag' 3C 

Return To 
Track Center
line (!'tTC) 
Tag 3D 

Read Header 
(ROB) Tag 3E 

Detailed Status 
Byte 8 (DSB8) 
Tag 3F 

3-40 

These tag's are recoqnized and replied to by the drive but initiate 
no drive operations. 

1. A test and diagnostic command requiring prior acceptance of a 
Tag lP. 

2. Issued after Write Test (Tag 3A). If NRZ fault occurred (error 
condition), bit 20 of bidirectional data lines will be true. 
If Current fault occurred (normal condition Write· Test), bit 
21 will be true. Error conditions are cleared when command 
drops. 

1. A test and diaqnostic command requiring prior acceptance of a 
Tag lP. 

2. Causes drive to write special pattern transferred via bidirec
tional data lines. It then checks the following: 

• Toqgling of NRZ data as it leaves the Serdes Shift Register. 
I~ toggles are absent for more than 800 nsee NRZ fault sets 
(refer to Write Test Check Tag 38). 

• ~e AC Write Fault Detector is checked when the controller 
raises the Da~ modifier line causing a period without byte 
transitions. This should set Write Test Current Fault. 

This tag' is recognized and replied to by the drive but initiates no 
drive operation. 

Invalid command. 

1. A control commande 

2. Causes positioner to return to track centerline by resetting 
either Shaft Positioner Out (Tag 18) or Shift Positioner In 
(Tag 19). 

3. This causes a 10 ms Positioner Busy status followed by Device 
Event Notification {riEN). 

1. An input information command. 

2. Some function as Read (Tag 25) except that the drive searches 
for and must find the address mark before any data transfer can 
occur (see discussion on read operations). 

This command is recognized and replied to by the drive but ini
tiates no drive functions. 
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Note that the drive may be in the standby 
state and still execute commands not involv
ing seeks, reads, or writes. To complete a 
Summary Status Request for example, the drive 
must be powered up but need not even have a 
pack installed. 

As an example of execution sequence assume 
that the unit is seized and that a cylinder 
Out Lower (COL) command has been issued. See 
Figure 3-18. Sequencing is then as follows: 

1. Controller places the command byte on 
the Command Code Lines. 

2. Drive decodes the command (000 111) as 
Cylinder Out Lower. Since OCO=O, En
able Serial Read In is generated inter
nally. 

3. Controller raises Device Command Strobe. 
The following occur if the command byte 
plus parity is not odd: 

a. Command Parity Error is generated. 

b. Bit 27 of DSl sets. 

c. DLI Fault comes up. 

d. FLT returned to controller. 

4. Controller raises S.erial Wri te Out. 

5. SRI Out FF (Figure 3-18) sets to raise 
Serial Read In. 

6. Controller drops Serial Write Out. 

7. With Serial Write Out down, single-shot 
DCgl triggers and remains up for one 
microsecond. This raises CB I Sample, 
causing the following: 

a. Logic verifies that Cylinder Out 
Upper preceded Cylinder Out Lower. 
If not, Invalid Command Sequence 
(bit 24 of DS1) and DLI Fault are 
set. 

b. Data on bidirectional lines loaded 
into Cylinder Address Register. See 
Figure 3-17. (In the case of Cyl
inder Out Lower, bit 28 was stored 
by a flip-flop during the preceding 
Cylinder Out Upper and is also gated 
in at this time.) 

8. After one microsecond, DC~l returns to 
its untriggered state to trigger DC~2 
for one microsecond. This causes the 
following: 

a. Data parity is checked. If not odd, 
bit 20 ·of DSl is set along with DLI 
Fault. 
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b. Seek Enable comes up. If the com
mand is a seek (SFL, SRL, or RCB), 
it is executed at this time. 

c. SRI Out FF clears to drop SRI. 

On an input command (Cylinder In Lower in 
Figure 3-18), Serial Write Out is raised in 
response to Serial Read In, Execution se
quence is as follows: 

1. Command byte raised by controller. 

2. Drive decodes command as Cylinder In 
Lower (100 011). This gates the con
tents of the Cylinder Address Register 
(Figure 3-17) onto the multiplexer. 

3. Device Command Strobe is raised by the 
controller, triggering single-shot 
OCg3 for 500 nanoseconds. The multi
plexer data is loaded into the Data 
Buffer which serves both channels. 

4. The data is immediately applied to the 
I/O transmitters (and also to the re
ceivers). 

5. If both DCO and DCl are not down, the 
drive will add a parity bit (DIP) if 
required. Correct parity is not, how
ever, checked. 

6. After DC~3 t~es out, it triggers sin
gle-shot DC~4 for 500 nanoseconds. When 
it times out, SRI In FF sets to raise 
Serial Read In to the controller. 

7. When the controller raises Serial Write 
Out, Serial Read In, SRI drops. 

8. When the controller drops Device Com
mand Strobe, the Data Buffer is reset. 

Read or Write operations have a similar, but 
not identical, Serial Read In/Serial Write 
Out exchange. Refer to the applicable ~ry. 
discussion for further information. 

For commands where data is not exchanged 
(Control Commands), the bidirectional data 
lines are not sampled for data or parity. 

SEEK OPERATIONS 

GENERAL 

Seek operations are those drive functions 
that cause a repositioning of the read/write 
heads. The heads are attached to the actu
ator which in turn, is moved in a voice coil 
positioner. The mechanical elements involved 
in the mechanism are described in the as~ly 
portion of subsection lAo 
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The discussion on Seek operations is divided 
'into the following areas: 

• Servo Circuit Operation - Describes the 
Servo circuit, which controls the voice 
coil positioner. 

• Basic Seek Operation - Provides a gener
al description of how the drive ~ 
during a seek operation. 

• Types of Seeks - Describes the different 
types of seeks performed by the drive. 

• End of Travel Detection - Describes what 
happens when the drive positions the 
heads beyond the normal area of travel. 

• Seek Status and Error Conditions - De
fines certain error conditions related 
to seek operations. 

SERVO CIRCUIT OPERA nON 

The servo circuit is a closed loop servo
mechanism used to position the read/write 
heads. Figure 3-19 is a simplified schematic 
of the servo circuit. Functions of the major 
elements of the system are explained in 
Table 3-4. 

A servo loop sums all of the error voltages 
imposed on it. The loop always attempts 
to maintain itself at a null. If not nulled, 
the loop will adjust the correctable device 
(in this case, the voice coil positioner) to 
achieve this null. Signals applied to the 
loop are called error voltages. Two major 
error voltages are used. 

1. A position error: this is the departure 

of the positioner from the desired 
position. 

2. A feedback signal to modify (or oppose) 
the position error to cause a smooth 
motion of the positioner. 

The position error signal is provided by the 
position converter and its allied elements. 
The amplitude of the signal is proportional 
to the distance from the present position 
to the desired position (tracks-to-go). The 
major feedback signal is the output of the 
velocity transducer. The amplitude of this 
signal is proportional to the velocity of 
the positioner while the phase indicates 
the direction of motion, forward or reverse. 

The loop applies its position and feedback 
signals to one summing point, the summing 
amplifier. If the summation of these sig
nals is not equal to zero, the summing amp
lifier outputs a signal proportional to the 
amplitude of the error voltage (which sig
nifies the amount of displacement from the 
desired position) and the phase of the error 
voltage (which indicates the direction of 
displacement). 

The error output from the summing amplifier 
is applied to the actuator assembly. The 
actuator contains a voice coil positioner 
that supports and moves the read/write heads. 
In turn, the voice coil is located within a 
powerful magnet. Whenever a current passes 
through the voice coil windings, the inter
action of the induced emf and the magnet's 
flux field cause the positioner to move. 
The acceleration of the motion is propor
tional to the polarity and amplitude of the 
voice coil current. 

TABLE 3-4. SERVO CIRCUIT PUNCTIONS 

Circuit Element Function 

Difference Counter 

Digital To Analog 
Converter 

Desired Velocity 
Function Generator 
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Holds the complement of the number of tracks yet to be crossed 
.. before reaching the desired track or cylinder. When On Cylinder 
the counter indicates 1023 or 511 for BR3E4/3E5. An associ
ated decoding network provides outputs representative of the cur
rent general content of the counter. 

Monitors the 7 lowest order bits of Difference counter to provide 
an analog indication of position error the amplitude of which 
is proportional to the number of tracks to go. The amplitude 
decreases in discrete steps as last 127 tracks of a seek are 
crossed. 

Processes Position Error signal at gain levels that vary as 
position Error decreases. The resulting output is the analog 
representation of the desired velocity curve to achieve maxi
mum control of deceleration. The parallel non-linear feedback 
circuit maintains tight loop control by increasing gain as the 
Position Error signal approaches zero. This gain control pre
vents loss of control during the critical deceleration portion 
of the seek and is essential to minimize overshoot and settle 
out problems. 
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TABLE 3-4. SERVO CIRCUIT FUNCTIONS (CaNT 'D) 

Circuit Element Function 

Position Converter 

Summing Amplifier 

Load Gate 

RTZ Gate 

Power Amplifier 

Velocity Amplifier 

Velocity Integrator 

Fine Enable and 
Fine FF 

Bit 0 Address 
Register and 
FF Slope 

3-44 

Uses the output of the digital to analog converter to develop 
the coarse position error signal. 

Generates a control signal to drive the power amplifier. Con
trol signal based on algebraic summation of Position Error and 
Velocity Amplifier signal causes power amplifier to accelerate 
carriage. When Velocity signal exceeds Position Error, carriage 
decelerates. 

Provides a constant positive input to the summing amplifier. 
Thi,s causes forward velocity of 7 ips. 

Provides a constant negative input to the summing amplifier. 
This causes reverse velocity of 7 ips. 

Responds to summing amplifier derived control signal to drive 
carriage mounted voice coil positioner. Current feedback is 
used. to stabilize the gain of the power amplifier. 

Amplifies signal of carriage mounted linear velocity transducer 
to provide an indication of velocity to the servo circuit. The 
associated amplifier disable forces amplifier gain to zero dur
ing a Power Off sequence (unload heads). This is required so 
that coupling between the positioner field and the velocity 
transducer does not cause oscillation durinq movement of the 
retracted position. 

Provides an integrated representation of velocity between each 
of the ~ast 127 track pulses of a seek. Integrator is clamped 
off to gain of zero at all other times. Inteqrator output is a 
sawtooth waveform applied to input of desired velocity function 
generator between each track pulse to fill in or smooth out the 
stepped siqnal of the O/A converter (received via the position 
converter) • 

Fine enable monitors integrated velocity. When difference 
counter is 1022 and fine enable (Velocity integrator output) 
exceeds 1.28v, it indicates that there is one-half track to go. 
Fine FF sets to enable fine gate and clear coarse gate. This 
switches Position Error input to summing amplifier from desired 
velocity (coarse gate) to fine servo (fine gate). Fine also 
has the following effects: 

a. Turn on inteqrator clamp to switch off velocity integrator. 

b. Enables on cylinder detection. 

During load or RTZ sequences, both the fine and coarse latches 
are cleared. This disables both the fine and coarse gates so 
that motion is under control of load gate or RTZ gate. 

Used to select proper track servo signal phase for use as Fine 
Servo signal (signal controllinq servo loop as last track is 
approached and carriage is stopped). If bit 0 is not set, the 
seek destination is an even numbered track and the track servo 
signal will be inverted for use in stopping the carriage. If 
bit 0 is set, an odd track is identified and track servo is not 
invert~d. Register bit content is placed in Slope FF which 
performs actual gating. 

93318200 A 



· " 

TABLE 3-4. SERVO CIRCUIT FUNCTIONS (CONT'D) 

Circuit Element Function 

Fine Servo 
Amplifier 

Provides the Fine Servo signal to the On Cylinder Detector. 
This signal amplitude is proportional to ~istance that heads 
are displaced i,rom track centerline. Scale factor is one 
millivolt per microinch displacement. 

If heads drift off slightly after seek is completed, track 
servo Signal is no longer nUll. This becomes fine servo 
signal to drive heads back into position. 

Provides the Position Error signal, via the fine gate, to the 
summing amplifier during the last one-half track of the seek. 
Amplitude of this signal is proportional to distance-to-go. 
Phase is selected by Slope FF to be opposite in phase to ve
locity signal. The combination of the position error and 
velocity signals controls voice coil current to bring posi
tioner into On Cylinder position. 

On Cylinder 
Detector 

Monitors fine servo signal when T~l. \ihen signal is less 
than about O.3v, heads are close enough to track centerline 
to be assumed to be on cylinder. After 1.75 ms delay, On 
Cylinder is generated. If heads overshoot at end of seek 
so that voltage exceeds 0.7v, delay is reinitiated. Delay 
permits carriage to settle out before controller may attempt 
any read/write operations. The On Cylinder Detector is 
inhibited from triggering for 4.75 ms from the initiation 
of a Seek Start. 

BASIC SeEK OPERATION 

Introduction 

Seek operations are initiated by a series of 
control signals from the controller or by 
internally-generated signals wi thin the drive 
during power up conditions. Most long seeks 
may be divided into four phases (see Figure 
3-20) : 

1. Accelerate Phase: the voice coil re
ceives full current to move the posi
tioner from the current cylinder ~ds 
the new cylinder. 

2. Coast Phase: velocity is at its maximum 
and the positioner velocity is constant. 

3. Deceleration Phase: the positioner is 
approaching the desired cylinder. Its 
velocity must be reduced by braking 
action to prevent overshoot. 

4. S~op Phase: the positioner is almost 
at the desired cylinder. It must be 
stopped at the precise centerline of 
the new data cylinder. The logic is 
~n Fine mode to stop and hold the posi
tioner at the new cylinder. 

Refer to the various seek descripcions for 
detailed information on the exact seek se
quencing. 
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Accelerate Phase 

This phase is controlled largely by the posi
tion error Signal. The controller loads the 
difference counter with the complement of 
the seek length. For example, if the heads 
are presently on cylinder 10 and must go to 
cylinder 160, the seek length is 150 cylin
ders. In binary representation, decimal 
150 is 00 1001 0110. The complement of this 
number is 11 0110 1001, or decimal 873. At 
each cylinder pulse, the counter is incre
mented; therefore, the greater the number 
in the difference counter, the fewer tracks
to-go. The counter is at its maximum value 
when tracks to go equal zero. This maximum 
value is 10:3 (11 ! ~.~ 1 1111) :'l~~ C;11 (n1 
1111 1111) for the BR3E4/3E5. 

The 7 low-order bits of the difference coun
ter are applied to the Digital to Analog 
(D/A) converter. The value of these bits 
indicates the position error (or tracks-to
go) from 0 to 128. That is, the amplitude 
of the D/A converter outp~t is directly pro
portional to the numner of tracks remainin'J 
in the seek. If the remaining seek length 
is greater than 128, the D/A converter out
put is at its maximum value. 
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The output of the OIA converter is applied 
to the position converter which used it to 
develop one coarse position error signal. 
This signal is directly proportional to the 
O/A converter output and serves as the input 
to the summing amplifier. 

At the beginning of this. seek the coarse po
sition siqnal is maximum so the input to the 
sWllllling amplifier is a large siqnal. Since 
there is no velocity yet, the current through 
the voice coil is max~, causing maximum 
acceleration. As the positioner accelerates, 
a velocity signal is generated by the ~ty 
transducer. This signal opposes the position 
error signal. Its amplitude, however, is 
less and acceleration continues. 

Coast Phase 

Eventually, the amplitude of the position 
error signal and the velocity feedback sig
nal are equal. The net error signal in the 
loop drops to zero. The summing amplifier 
output follows, so current is cut off. Ve
locit¥ is constant. Friction losses will 
tend to slow the positioner but, as it does, 
the velocity signal decreases. This allows 
the position error signal to call for more 
current. 

Oec.l.rate Phase 

B'raking action starts as the positioner ap
proaches its selected cylinder. 

The track servo circuit (refer to Track 
Servo Circuit description) has been gener
ating cylinder pulses as each cylinder is 
passed. These pulses are used to increment 
the difference counter. When T=64, 
the position error signal, from the 
desired velocity function generator 
is reduced. This causes the velocity sig
nal to dominate and, since it is opposite 
in phase to the position error, the summing 
amplifier output switches polarity. OppOSing 
current passes through the voice coil. The 
carriage decelerates. Both the desired ve
locity and velocity signals are decreasing 
simultaneously. Voice coil current decreases 
proportionately. 

The 1000 maintains speed along an ideal ve
locity curve. This curve is the analog ver
sion of the number of tracks-to-go. The 
velocity curve is generated by the desired 
velocity function generator. Its output is 
compared with velocity to achieve maximum 
deceleration under all conditions without 
overshoot. The position signal is the sum 
of the following: 
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1. The position error signal from the 
poSition converter. Its output is 
a siqnal whose amplitude is propor
tional to the number of tracks-to-go. 

2. Integrated velocity from the velocity 
integrator. Integrating a velocity 
siqnal provides a signal proportional 
to distanceo This signal is a sawtooth 
wavefor..: it is pulled back to zero by 
each cylinder pulse and increases in 
proportion to velocity and time (dis
tance). The combination of the step
ping-down output from the position 
converter with the ramp integrated ve
locity signal results in .a smooth curve 
of constantly-decreasing magnitude. 

3. The function provided by the nonlinear 
feedback around the desired velocity 
function generator. 

Stop Phase 

Stop Phase begins when the difference coun
ter indicates that there is one track-to-go. 
When T=l, the velocity integrator signal is 
pulled back to zero by the cylinder pulse. 
Its output, indicating distance, increases. 
When its amplitude indicates approximately 
one-half track remains, Fine Enable sets the 
Fine FF. Desired velocity is disabled since 
the coarse gate is opened by Fine being set. 

The last half-track of motion is controlled 
by the fine servo signal. There is a slight 
increase in position error gain in switching 
from coarse to fine. Fine servo and velocity 
are applied to the summing amplifier through 
the fine gate. The summation of these two 
signals controls the braking current. 

At the start of the seek, the Slope FF is 
set if the seek is to an odd-numbered cyl
inder. The slope Signal controls the phase 
of the track servo signal applied to the 
fine position amplifier. This adjustment is 
required since track servo signal phasing 
is a function of the servo head position: 
the Signal is negative when over negative 
dibits and positive when over positive dibits. 
Therefore, on forward seeks, the signal is 
decreasing from a negative value toward zero 
when approaching a data track with an odd 
number; it it increasing from a positive 
value toward zero when approaching a data 
track with an even number. The opposite is 
true during a reverse seek. 

Phasing of the track servo signal is selected 
so that the fine servo signal opposes the 
velocity signal during the last half-track of 
the seek. Both signals are decreasing. If 
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either is greater, the summing amplifier 
makes minor braking current adjustments. 
When the heads are on cylinder, both signals 
are zero and current is zero. 

When the fine position signal is less than 
about 0.3 volt, the positioner is, for all 
practical purposes, positioned over the data 
track. This initiates the On Cylinder~. 
After 1.75 milliseconds, On·Cylinder is 
generated. 

The fine servo siqnal remains active even 
though On Cylinder is up. This is the track 
following or position error operation. Since 
the positioner is not mechanically locked in 
place, it can drift off cylinder. As long 
as it is precisely positioned, the dibits 
read from the adjacent dibit tracks are ~ 
and opposite. Should the carriage move, one 
dibit signal will increase in amplitude. 
This results in a slight track servo signal 
which is translated into the fine servo sig
nal. The summing amplifier, in turn, senses 
this off-null condition and drives the po
sitioner back on cylinder. 

If the positioner goes off cylinder suffi
ciently to cause the fine position signal 
greater than 0.7 volt for more than 800 ~ 
seconds, the On ~ylinder signal is lost. 
This sets Seek Incomplete, Fault, and de
selects the heads. If the unit is reading 
or writing at the time, Pack Unsafe is also 
set. 

The loop also permits positioner offset if 
the program requires it for error recovery. 
Shift Position In (Tag 19) command will pro
vide a positive bias input to the fine posi
tion amplifier. This is now an error signal 
to the summing amplifier to cause a motion 
forward of 400 microinches. The motion stops 
when the bias voltage and track servo vol
tage cancel. Shift Position Out (Tag 18) 
causes a 400-microinch reverse offset. Ei
ther offset may also be provided by switches 
on the maintenance panel. Positioner Busy 
status is up for 100 milliseconds following 
receipt of Shift Position Out or Shift Po
sition In. DEN is then generated. 

Short Seeks 

The preceding explanation of the basic seek 
operation presumed long seeks that permitted 
the positioner to attain maximum velocity. 

Maximum velocity· of about 66 ips requires 70 
tracks acceleration time. During short 
seeks, gating is identical although relative 
phasing of the error signals will vary. 
During seeks less than 128 tracks certain 
signals are available immediately: 
integrated velocity, non-linear 
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feedback to the desired velocity function 
generator, and a position converter output 
not clamped at its maximum value. These 
signals generate a position error voltage 
to accelerate the positioner. 

The voice coil saturates for a shorter time 
but the primary function remains unchanged: 
acceleration occurs when the position error 
signal exceeds the velocity signal; braking 
occurs when the velocity signal exceeds the 
position error signal. 

TYPES OF SeEKS 

Introduction 

The drive performs 3 basic types of seeks: 

• First Seek - Initiated by pressing the 
START switch, it causes the heads to 
load and position themselves at cylin
der 000. 

• Direct (Forward/Reverse) Seek - Per
formed when the controller commands 
the drive to move the heads from one 
location to another. 

• Return to Zero Seek - Initiated by the 
controller it causes the drive to posi
tion the heads at cylinder 000. 

First Seek (load) 

This function, also known as the Load se
quence, involves the activities that a unit 
must perform before it can effectively res
pond to a Read, Write, or Seek command from 
the controller. This function consists main
ly of power supply relay sequencing and ~~ 
checking by the unit's logic. As a result, 
no actual selection of the unit is required 
and very little drive/controller signal ex
change occurs. Successful progression of the 
function assumes that all circuit breakers 
are on, disk pack is installed on spindle of 
unit, and the interlocks are closed. Success
ful completion of a First Seek is signified 
by the occurrence of DEN and the lighting of 
the Unit Number indicator. Standby status 
(SSR bit 25) drops. 

Initiation of the function occurs when the' 
START switch is pressed (Figures 3-21 and 
3-22). Refer to the power supply discussion 
in this section for additional sequencing 
information. Positioner Busy status is 
available. The logic enables motor relay 
K3. This causes release of the hysteresis 
brake and starts the spindle motor. At the 
same time, the First Seek Interlock is ener
gized to initiate a First Seek Interlock 
Delay. ~n SIC 33 and above, ~e first .seek I 
in~erlock is replaced by circuitry located on 
the _SAV card. 
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When the disk pack speed reaches 3,000 rpm, 
the power supply relay K2 energizes to apply 
+20v power to the read/write logic and to 
energize retract relay XS (the heads are un
loaded) to connect the positioner voice coil 
to the power amplifier driven by the servo 
logic. 

At the end of the 15 second (approximately) 
First Seek Interlock Cycle the First Seek 
Interlock switch transfers and activates the 
first seek operation by setting the Load 

I latch. In SIC 33 and above, first seek delay 
circuit on the _SAV card provides the 
signalthat sets the Load latch~ Th~ Load 
latch drives the Load gate: th~s b~as 
voltage forces an average forward 7 ips 
access that mechanically loads the heads. 
The carriage continues forward with the 
servo head searching for the prerecorded 
positive dibits signals on the track servo 
or positive, dibits) is sensed, the Load 
latch is cleared and the Fine gate is en
abled. The carriage now servoes into 
cylinder 000 under control of the fine servo 
signal. 

When the positioner reaches cylinder 000, On 
Cylinder is generated. This causes the fol
lowing sequence of events: 

1. Unit Ready comes up within the drive. 

2. Standby status drops. 

3. Positioner Busy·status drops. 

40 DEN is returned to the controller. 

s. With EOT down, Index is available. 

6. The drive may respond to any operational 
command if preceded by a normal seize 
sequence. However, Seize and S~ 
Status Request (Tag 28) do not requ~re 
a prior Unit Ready. 

If for any reason, the dibit signals are not 
de~ected by the track servo logic within 200 
milliseconds after the Load Latch is set, the 
RTZ latch will be set. The positioner will 
retract to the heads unloaded position. In 
this case, a Pack Unsafe (Device Fault and 
CHECK indicator on) condition exists to pre
vent reloading until the CHECK is cleared. 
The same conditions exist if the dibits are 
lost for 200 milliseconds after Unit Ready 
is available. Refer to Seek Status and 
Error Conditions for other First Seek Errors. 

Direct (Forward/Reverse) Seek 

Introduction 

The Direct Seek function involves those oper
ations that must be performed to move the 
read/write heads from their present track or 
cylinder location to the one specified by 
the controller. This function must be pre
ceded by a Seize command unless the unit is 
already seized or if it is a single channel 
device. 

3-52 

The basic principles of the seek operation 
are explained in the Servo Circuit discussion. 

• 
I/O Sequencing 

Controller/drive Signal interchanges during 
a seek function frOID cylinder 10 to cylinder 
160 would be as follows (see Figures 3-23 
and 3-24): 

Except as specified below, the 
actual sequence may be varied 
without affecting drive opera
tions. This is a typical se
quence. 

1. Controller raises Cylinder Address in 
Opper (Tag 22) command. 

a. Drive decodes command. 

b. Bit 28 and 29 . of Cylinder Address 
Register is placed on bit 20 and 21 
of bidirectional data lines. This 
bit is on if the positioner is 
currently at cylinder 256 or above. 
Since the current address is 10, 
bit 20 and 21 are zero. 

c. Drive raises Serial Read In one 
microsecond after rise of Device 
Command Strobe. Delays OC,3 and 
DC,4 must time out before Serial 
Read In is raised. It drops in 
response to Serial write OUt from 
the controller. 

2. Controller raises Cylinder in Lower 
(Tag 23) command. 

a. Drive decodes command. 

b. Bits 27 through 20 of Cylinder Ad
dress Register are placed on bi
directional data lines. With current 
address equal to decimal 10, this 
byte is 0000 1010. 

c. Drive raises Serial Read In. It 
drops in response to Serial Write 
Out. 

3. Controller places bit 28 and 29 of 
new address on bit 20 and 21 of bi
directional data lines. Since new 
address (160) is less than 256, this 
bit is zero. Controller also raises 
Cylinder OUt Upper (Tag 06) and Serial 
Write Out. 

a. Drive decodes command. 

b. Drive raises Serial Read In. 

83318200 E 



00 
w 
W .... 
00 
N 
o 
o 

> 

w 
I 

U1 
w 

<D 
CONTROLLER 
ISSUES COL 
COMMAND AND 
LOWER I SITS Of 
NEW CYLI DER 
ADDRESS 160) 

NEW CYLINDER 
ADDRESS LOADED 
INTO UNIT 
CYLINDER ADDlfSS 
REGISTER 

CONTROLLER 
ISSUES SFL/SRL 
COMMAND AND 
LOWER I SITS OF 
DlffE~ENCE (SFL 
& 150 

COMPLEMENT OF 
SEEK LENGTH 
ENTERS 
DIffERENCE 
COUNTER (POSI
TION ERROR) 
(361 ) 

NOTE: <D 

® 

VALUES PROVIDED IN THIS BLOCK 
ASSUMES fORWARD SEEK FROM 
CYL 10 TO CYL 160, HEAD 5 

SEQUENCING OF SIGNALS NOT RELEVANT TO 

~:I~h/~~~~~ . TH~~ ~~t ~~=c:~~l ~~~T 
OR IF' SFL PRECEDES SF'U, INVALJO 
COMMAND SEQUENCE (DSSI bit 2~) IS SET. 

G) 
CONTROlUR 
ISSUES HOU/HOL 
COMMANDS AND 
NEW HEAD 
NuttIER (5) 

ISSU£S COU Of 
NEW CYLINDER 
AODItn TO UNIT 

Figure 3-23. Direct Seek Flow Chart (Sheet 1 of 2) 

SUMMING AMPLIFIER 
PROVIDES NEGATIVE 
POSITION ERROR 
SIGNAL TO VOICE 
COIL AMPLIFIER 
TO CAUSE FORWARD 
MOTION 

C ) (SHEET 2) 

""86-1 



w 
I 

VI .... 

Q) 

w 
w .... 
Q) 

N 
o 
o 

).0 

HIAD MOTION .... 

DATA "tACKS 

URVO 01 IITS 

'RACK SERVO 

fiNE SERVO 

VELOCITY ICDeR 

ClIff CNTrt 

I,' I,' I~i IfO Mil 
i ODD jlVEN i 000 jlvENI , 

--A}.---
1 

- - - - - - - - 'HiSi SIGNALS y-' . 
• SU .... ED TO ------- 1- -- CONTIIOL MOTION 

~ 

Figure 3-23. 

onECliON CII. 
euns USE I'OS
ITION SIGNAlS 
TO DERIVE 

IIACk PULSES 
AND fiNE SEavo 
IONAl NO' 

!uSEO iJaTlL 
, ~ ih 

(sileo I) 

Direct Seek Flow Chart (Sheet 2 of 2) 

' .... -2 



DIRECT FORWARD SEEK FROM TRACK 10 TO TRACK 160, HEAD 05 

I c:tu I C:lL c:au! aK. I MOU ! MOL SFU S'L 

• • · . 
1=ILlsl~I~ILlgl~1 

to 

· , , 
• • 1 . , , , , 

1 

COIIIHNTS Of' 
.. AD ItIG 

15 
, 
1 , , 
1 

1023 (T-OI I. 173 INCIIEASING TO 1021 1023 

SUJC LATCH.I .... t ... ___________ -i-___ --! 

ANe LATe" 

'0 ..... 1tO 
IIIOTI. 

cn ....... 
"""SIS 

'-.... ..;..-----
G> 

----------------~----~Qfi]----------------~~-------.. : , 
011 CYLINOIE II 
". UOI 

@-I1...·=--______________ ..... .;:--!FI.7SMS 

0, 
OIES£LECT H£AOS. 
1530 

1 

~~--------------------------~!~---------
OlEN 

NOTES: 

@ 
(2) 

83318200 0 

. _______________________________________ ~~2.S£C 
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DCS/SWO/SRI timing not shown. Command loaded at sample time • 

Decimal values shown. ~ indicates drive to controller 
controller to drive. 

.. indicates 

Difference counter is loaded with complement of seek length. Com
plement of 150 is 873 it increments with each gated cylinder pulse. 

Positioner moves forward under control of position converter. This 
signal is maximum until number of tracks to go is less than 128. 
At this point it is stepped down under control of the D/A converter. 
When approximately 1/2 track remains the Fine FF sets and the position 
is guided On Cylinder by the Fine Servo signal. 

lO~s cylinder pulse generated with each track crossing. 
cannot start sooner than .7 ms from seek start. 

On Cylinder drops when Fine FF is cleared. 

First pulse 

On Cylinder Delay starts when fine po~ition becomes less than O.3v 
(assuming that 4.75 ms delay has timed out). 

Figure 3-24. Direct Seek timing 
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c. Data is entered into the Cyl 256 FF 
and Cyl 512 ~when controller drops 
Serial Write OUt (Sample ttMe -
DC,l) • 

d. FF Kl200 is set. Refer to step 4 for 
this function. 

e. Drive drops Serial Read In two micro
seconds after fall of Serial Write 
Out. 

4. Controller places bits 27 through 20 of 
new address on bidirectional data lines. 
Since new address is decimal 160, this 
byte is 1010 0000. Controller also 
raises Cylinder Out Lower (Tag 07) and 
Serial Write Out. 

a. Drive decodes command. 

b. Drive raises Serial Read In. 

c. FP K1200 clears when controller drops 
SHO. If Cylinder Out Lower had pre
ceded Cylinder Out Upper or if Cyl
inder Out Upper were never issued, 
this FF would set Invalid Command 
Sequence (bit 24 of Detailed Status 
Byte ~ (Tag 29) and raise DLI Fault. 
Refer to Seek Status and Error Cond
ditions for additional information. 

d. At the same time (ce'l), contents of 
bidirectional data lines plus the 
Cyl 256 FF and Cyl 512 FF * are 
loaded into drive's Cylinder Address 
Register. This reqister is auto
matically reset to zero by an RTZS 
function (Recalibrate or Device 
Initialize) or First Seek. 

e. Drive drops Serial Read In two micro
seconds after fall of Serial Write 
Out. 

5. Controller raises Head Address In Upper 
(Tag 20) command. 

a. Drive decodes command. However, for 
HIU, the output of the command decoder 
has no outout. Therefore, no data is 
placed on bidirectional data lines 
except for parity. 

b. Drive raises Serial Read In. It drops 
in response to Serial Write Out. 

6. Controller raises Head Address In Lower 
(Tag 21) command. 

a. Drive decodes command. 

b. Bits 24 through 2° of Head Register 
are placed on bidirectional data 
lines. Bits 27 through 2 S are auto
matically zero. 

* Not applicable to BR3E4/3ES. 

3-56 

c. Drive raises Serial Read In. It 
drops in response to Serial Write 
Out. 

d. There are no restrictions on Head 
Address In Upper/Head Address In 
Lower: they may be in any sequence 
or omitted. 

7. Controller raises Head Address Out ~ 
(Tag 08) command and raises Serial Write 
Out. 

a. Drive decodes command. However, for 
Head Address Out Upper the output of 
the command decoder has no output. 
Therefore, no data is accepted from 
bidirectional data lines. 

b. Drive raises Serial Read In then 
drops it two microseconds after con
trOller drops Serial Write Out. 

8. Controller places new head address on 
bidirectional data lines and raises 
Head Address Out Lower and Serial Write 
Out. 

a. Drive decodes command. 

b. Drive raises Serial Read In. 

Co When contrOller drops Serial Write 
Out (Sample time), drive performs 
steps d and e. 

d. Bits 24 through 20 of bidirectional 
data lines are loaded into Head 
Register. High-order bits, if any, 
are ignored. Head Register is auto
matically reset to zero by either an 
RTZS or First Seek function. 

f. Drive drops Serial Read In two micro
seconds after fall of Serial Write 
Out. 

9. Controller computes difference between 
current address (obtained from Tag 22 
and 23) and new address. On a seek 
from cylinder 10 to 160, the difference 
(tracks-to-go) is 150. Controller also 
determines if seek should be forward 
or reverse. 

10. If difference is 256 or more cylinders 
controller turns on bit 20 of bidirec
tional data lines and will also turn 
on bit 21 if difference is 512~or more 
cylinders. In this case, the bit is 
zero. Controller also raises Seek 
Forward Upper (Tag 02) and Serial Write 
Out. 

a. Drive decodes command. 

b. Drive raises Serial Read In. 
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c. Data bit is entered into the Oiff 
256 FF and Oiff 512 FF*when con
troller drops Serial Write out. 
(Sample time). 

d. FF K1200 is set. It functions in 
this command as it did during steps 
3 and 4 to ensure correct command 
sequencing. 

e. Drive drops Serial Read In two micro
seconds after fall of Serial W~ite 
Out. 

11. Controller places difference byte on 
bidirectional data lines. Since the 
difference is 150, the byte is 1001 
0110. Controller also raises Seek 
Forward Lower (Tag 03) and Serial 
Write Out. 

a. Drive decodes command. 

b. Drive raises Serial Read In. 

c. Data from bidirectional data lines, 
Oiff 256 FF and Oiff 512 FF*is 
applied to inputs of Difference 
Counter. It is not gated in until 
step d. These inputs are comple
mented by inverting the inputs to 
t~e counter. Including bit 28 and 
2 , decimal 150 (1001 0110) becomes 
873 (11 0110 1001). The Difference 
Counter increments with each cylin
der pulse durinq the seek: seek 
length is zero (T=O) when counter 
is at its maximum count of 1023 or 
511 for BR3E4/3E5. 

d. When controller drops Serial Write 
Out Sample time (DC~l) is up for one 
microsecond. FF K1200 checks command 
sequencing and, at the same time, 
the Difference Counter common enab.le 
line gates 873 into the counter. 

e. When DC~l times out, DC~2 is up for 
one microsecond. This is Seek En
able time. The remaining events 
occur in sequence. 

f. Seek Initiate is generated. As long 
as there is not a Pack Unsafe condi
tion and Unit Ready is up, the For
ward FF sets. 

g. If the seek length is not zero, the 
Seek FF sets. On the other hand, 
with a zero-length seek, Seek FF 
does not set; positioner Busy is up 
for DC~2 time, followed by DEN. 

h. When DC~2 times out, drive drops 
Serial Read In. No further control
ler/drive communications are needed 
to complete the seek. 

*Not applicable to BR3E4/3E5. 
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12. The following drive events occur with 
the Seek FF set: 

a. The output of the position conver
ter is gated to the desired velocity 
function generator to generate the 
Position Error signal. This initi
ates voice coil amplifier current. 

b. A 1.2 microsecond Seek Start pulse 
is generated. 

13. Seek Start initiates the following 
events: 

a. A~OO millisecond delay is trigger
ed. If On Cylinder is not obtained 
before the delay times out, Seek 
Incomplete (bit 27 of OS3) , Device 
Fault, and FLT are generated. 

b. Bit 20 of Cylinder Address Register 
is gated to Slope FF. If this bit 
is up, seek is to an odd-numbered 
cylinder. The FF will then be set. 
The track servo signal is, there
fore, inverted before becoming the 
fine servo signal (position error 
signal when T < 1) during even ~. 

c. Fine FF is cleared. The position 
error signal is obtained via the 
coarse gate. 

14. The positioner starts its seek. Refer 
to Positioner Motion. 

15. As the positioner begins to move, the 
track servo signal increases. This 
signal functions as the fine position 
signal in the servo circuit. When it 
exceedS about 0.7 volt, On Cylinder 
Enable drops. The following events 
occur: 

a. If On Cylinder Enable is down for 
more than 800 microseconds, the On 
Cylinder FF clears. This causes 
steps band c. 

b. Positioner Busy status is raised. 

c. The heads are deselected. 

"d. The Schmitt triggers driving On 
Cylinder Enable have hysteresis. 
Fine position must exceed 0.7 volt 
to initiate Not On Cylinder while 
it must be less than 0.3 volt to 
enable,the On Cylinder delay. 

16. When the seek is completed and On 
Cylinder is generated, Positioner Busy 
status drops. This raises DEN to the 
controller. 
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Positioner Motion 

'rhe Forward Latch (I1S6 and I160) ANCed with 
the Seek Latch (I164, I166) gates the invert
ed output of the O/A converter (position 
error signal) into the desired velocity func
tion generator. (A Reverse FF enable would 
have gated an uninverted position error sig
nal. ) Since the seek length is greater than 
127 tracks. the D/A converter output is 
held at a fixed level by the ~>128 siqnal 
from the Difference counter. Receipt of the 
Seek Start signal also caused a Start Seek 
siqnal to occur. Start Seek clears the Fine 
!'P, so the output of the desired velocity 
function generator is gated through the 
coarse gate to the summing amplifier. Since 
the carriage is stationary, no velocity sig
nal exists to balance the position error, 
and forward motion of the positioner begins. 

With the position error signal clamped at 
maximum, the power amplifier output (and 
VOice coil positioner current) will be max
imum and the positioner will continue to 
accelerate. As the positioner moves forward, 
outputs .from the track servo head are pro
cessed to derive a cylinder pulse as each 
cylinder is crossed. Each pulse increases 
the content of the difference counter by one. 
As accelaration continues, the velocity sig
nal opposes the position error signal by an 
increasing amount. 'rhe input to the summing 
amplifier drops off, finally becoming zero 
when these opposing siqnals are equal. Wi th 
a nulled input to the summing amplifier, 
voice coil current is zero. During this 
phase, the positioner coasts along the 60 
ips plateau with the power amplifier provid
ing only enough output voltage to compensate 
for the back emf of the moving voice coil 
pasitioner. 

When the tracks rema~n~ng in the seek become 
less than 128 tracks to go, the O/A clamp 
is disabled for the remainder of the seek 
.(except the last track). As each track is 
crossed, the O/A converter output steps down 
by a precise and linear amount. So that the 
position error provided at the desired 
velocity function generator input is not 
also stepped, the integrator clamp gates the 
velocity integrator on between each cylinder 
pulse. The resulting integrator sawtooth 
output is added to the O/A converter output. 
This removes the step and provides a nearly 
smooth curve. As the position error de
creases, the summing amplifier control signal 
decelerates the positioner to keep the 
velocity signal/position error signal dif
ference to zero. 

When the counter indicates one track to go 
to the desired destination counter = 1023, 
the integrated velocity signal is reset by 
the regular cylinder pulse. The integrated 
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velocity, which indicates distance, brings 
up fine enable when about one-half track of 
travel remains. 'rhis sets the Fine FF which, 
in turn, clears the Coarse 1'1'. 

Desired veloc.ity no longer has an effect: 
the position error is supplied by the fine 
servo signal. 'rhis siemal is the track servo 
signal from the track servo circuit. 'l'he 
amplitude of the signal is proportional to 
the distance" between the present head posi
tion and the desired cylinder. 

Since the desiJ:a:i destination is track 160, 
bit 2 0 of the Cylinder Address register is 
·0·. 'rhis caused the Slope FF to be cleared 
at the start of the seek. As a result, the 
track servo signal is inverted to form the 
fine servo Signal. In all seeks, the fine 
servo signal is phased to be opposite to the 
velocity siqnal. Since, for forward seeks, 
the velocity signal'is positive-qoing from a 
negative value toward zero, fine servo must 
be negative-qoing toward zero so that these 
two signals can oppose each other. 

'rhe dibit pattern causes a track servo siq
nal to have a positive slope While approach
ing an even-numbered cylinder. Therefore, 
the track servo siqnal must be inverted to 
serve as a usable fine servo (position error) 
signal. If the seek had been to an odd cyl
inder, the Slope FF would have been set and 
the track servo signal would not have been 
inverted. As the positioner approaches track 
160, the fine servo signal approaches Ov. 
'rhe summing amplifier responds to this de
crease in amplitude by decelerating the posi
tioner so that the sum of the velocity and 
poSition error equal zero and all motion 
stops with the servo circuit at null. 

With the Fine FF set, the On Cylinder detec
tion circuit is enabled. It receives the 
analog Signal from the fine servo amplifier. 
When fine servo is less than about 0.3v, the 
read/write heads are about 0.0003-inch from 
nominal data track centerline and On Cylin
der Enable comes up. If the 4.75 ms delay 
initiated at the start of the seek has timed 
out, the 1.75 ms On Cylinder delay is trig
gered. When it times out, the On Cylinder 
FF sets and the heads are selected again to 
permit Read/Write operations. This causes 
Positioner Busy to drop, which in turn, for
ces a DEN to the controller. 

Since the positioner is not locked by a me
chanical mechanism, the servo circuit con
tinues to be enabled following the seek. If 
the positioner should drift slightly, the 
track servo signal decreases. This Signal 
(fine servo), becomes a pOSition error input 
to the summing amplifier. This drives the 
positioner back into place. 
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Reverse seeks function in an identical man
nner, except that all phases and polarities 
are reversed. Total seek times for forward 
and reverse seeks are identical for seeks of 
equivalent leng~~s. 

Return to Z.ro Seek (RTZS) 

The R'l'ZS function is a Seek where the heads 
are repositioned to cylinder 000. This 
function is commanded when the controller 
issues Recalibrate (Tag 12), Reset Diagnos
tic Mode (Tag 15), or a DIN. One of these 
commands is required to clear a Seek In
complete condition (DS3, bit 27 ). This bit 
is set if On Cylinder is not generated with
in 500 milliseconds from the start of the 
seek, or if On Cylinder is lost. It is also 
required to clear Positioner Overtravel 
(Oetailed Status Byte 3, bit 26 ). However, 
the error is cleared only by OIN if a Pack 
Unsafe (CHECK indicator lighted) condition 
exists. See Figures 3-25 and 3-26 for Re
calibrate (ReB) timing. 

The Recalibrate pulse sets the R'l'Z latch and 
clears the EOT Seek Error Latch. This en
ables the RTZ gate: this bias voltage forces 
an average 7 ips reverse motion of the posi
tioner. 

When the positioner passes cylinder 000, no 
more even dibits are detected. This is the 
Reverse EOT area. The lack of even dibits 
inhibits cylinder pulses, allowing the ~ 
ity integrator in the track servo circuit to 
reach a negative output in excess of 1.28 
volts. This sets the Reverse EOT FF. The 
integrator is reset, but reverse motion con
tinues unimpeded. 

After an additional reverse motion of about 
two to four tracks, the velocity integrator 
output again exceeds 1.28 volts. The RTZ 
latch is cleared while the Load latch sets. 
The logic now functions in a manner equiva
lent to the First Seek sequence. 

With the Load latch set, the Load gate sup
plies a voltage to command a 7 ips forward 
motion. The velocity integrator, this time 
indicating forward distance, clears the Load 
latch to permit continued motion under con
trol of the fine servo signal. The posi
tioner then servoes into cylinder 000. 

On Cylinder is available 1.75 milliseconds 
after the RTZS is completed. The sequence 
must be completed within 500 milliseconds 
after RTZS initiation, or else Seek Error is 
set. On Cylinder drops Positioner Busy. This 
raises DEN. 

The RTZS function is also used during normal 
power off sequencing. If the controller 
issues a Set Standby State (Tag 13) command, 
or if the START switch is pressed by the 
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operator, the control interlock opens. This 
raises the Unload Heads signal in the drive 
loqic. The RTZ latch sets to initiate a 7 
ips reverse seek. 

This time, however, the EOT Enable circuit is 
disabled so that the velocity integrator sig
nal has no effect. In turn, the Load latch 
is disabled. Reverse motion continues until 
the heads unload. 

The RTZS function occurs automatically to the 
heads unloaded condition if dibits are lost 
for more than 200 milliseconds. The Pack 
Unsafe FF is set to prevent another First 
Seek until the CHECK indicator hasbeen ~. 

END OF TRAVEL DETECTION 

The End of Travel (EOT) circuit determines 
when the heads are positioned outside of the 
normal data cylinders. This function is 
used during Load and RTZ sequences and to 
indicate an error condition during a seek. 

Forward EOT indicates that the heads are 
within the inner guard band. Assume that 
the controller has commanded a forward seek 
to an illegal cylinder past cylinder 822 or 
410 for BR3E4/3E5. Sequencing is a follows 
(See Figure 3-27). 

1. As the heads move forward, the velocity 
integrator output produces a signal 
proportional to velocity (the input to 
the integrator) and time (provided by 
the integrator capacitor). The output, 
which is a positive-going ramp during 
forward seeks, represents distance 
travelled. It is pulled back to groun~ 
by cylinder pulses. As long as cylindar 
pulses are generated, the output cannot 
reach an effective value. 

2. After track 822 or 410 for BR3E4/3ES i3 
passed, no more odd dibit tracks are 
detected, resulting in no more cylinder 
pulses to reset the velocity integrator. 
When the output exceeds approximately 
1.25 volts (4-8 tracks) Forward EOT 
Enable comes up. This signal, in con
junction with the even dibits picked 
off of the inner guard band, sets the 
Forward EOT FF. 

3. With the Forward £OT FF set: 

a. Seek FF (set the start of the seek) 
is cleared. This stops the seek 
function. The output of the posi
tion converter in the servo circuit 
is blocked to indicate a zero posi
tion error. 

b. The difference counter is set to 
1023 (T=O), or 511 for BR3E4/3E5. 
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Figure 3-26. ReB Timing Diagram 
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c. Fine Enable is raised within the 
servo circuit. 

d. Because of b and c, the Fine gate in 
the servo circuit is enabled. 

e. The Slope FF is cleared to indicate 
a seek to an even-numbered cylinder. 

f. Index counter is reset to zero and 
held there until the Forward EOT FF 
is cleared. 

g. EOT Seek Error FF sets. This re
sults in steps h through k. 

h. Read and Write Gates are disabled. 

i. DS3 bit 26 (Positioner Overtravel) 
is set. 

j. DLI Fault is generated. Note that 
Device Fault is not generated. 

k. FLT is returned to the controller. 

4. The track servo, functioning as the fine 
servo signal in the servo circuit, is 
gated to the servo summing amplifier via 
the Fine Gate. The signal is at a maxi
mum amplitude because only even dibits 
are being sensed. This error voltage 
causes the positioner to drift in re
verse until the servo signal drops to 
zero: the heads are then positioned at 
cylinder 822 or 410 for BR3E4/3Es. The 
EOT FF is cleared by the odd dibits. 

5. The positioner has 500 milliseconds to 
generate On Cylinder at cylinder 822 or 
410, for BR3E4/3Es, for the time that 
the Forward EOT FF set. If not, Seek 
Incomplete (DS3 bit 27) and Device Fault 
are also generated. 

6. When On Cylinder is generated, Positioner 
Busy status drops and DEN is returned to 
the controller. 

7. To clear the fault, the controller must 
issue a Recalibrate or Device Initializ~ 
Status clearing requires a DS3 command. 

Reverse EOT indicates that the heads are po
sitioned over the outer guard band. If this 
condition occurs during regular reverse seeks, 
the Reverse EOT FF sets. This initiates an 
automatic Load sequence to return the actua
tor to cylinder 000. The same error condi
tion exists, however, as if a forward EOT 
occurred. 

SEEK STATUS AND ERROR CONDITIONS 

General 

Many of the status bits available for the 
Summary Status Request (SSR) or Detailed 
Status (OS) commands are related to the seek 
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functions. These conditions are listed in 
the following paragraphs. For further in
formation on their effects, refer to Sense 
Operations. 

Normal Status Conditions 

The following status conditions are not, in 
themselves, considered as errop conditions. 
They may, however, shake up the system if 
there is an element of surprise in them. 

Positioner Busy (SSa bit 24) is up under any 
one or more of the following conditions: 

1. Unit is not Ready but Stop is down 
(generally a First Seek sequence). 

2. Stop up with heads still loaded 
(generally a shutdown sequence). 

3. Zero length seek in Seek Forward or 
Seek Reverse Lower. 

4. Not On Cylinder. 

5. Shift Positioner Out. Shift Positioner 
In or Return to Centerline command: 
status is up for 10 milliseconds. 
Device Event Notification is generated 
when Position Busy drops. 

Device in Standby (SSR, bit 25 ) means that 
Unit Ready is not up (First Seek completed 
to On Cylinder) and that stop (SSS or press 
START switch to turn it off) is up. Unit 
Ready is not affected by error conditions. 
This FF remains set until the heads unload. 

Forward FF Set (OS4, bit 21) is up following 
·and Seek Forward Lower. It remains up until 
an Seek Reverse Lower is issued. Note that 
the FF remains up and is not cleared by 
Recalibrate or other commands. Reverse FF 
Set (DS4, bit 20 ) is actually the output of 
the reset side of the Forward FF. 

Fine Servo Status (OS4, bit 27) indicates 
that the Fine FF is set. This indicates that 
the heads are within one-half track of On 
Cylinder (or already there) or that the unit 
is in a First Seek or RTZS sequence. Status 
drops at Start Seek. 

Positioner Offset (OS5, bit 22) indicates 
that the unit is still under the influence 
of Shift Positioner Out or Shift Positioner 
In. 

Device Level Interface Errors (OU) 

The following conditions are considered as 
oLI Faults (SSR, bit 23 ). FLT is also gen
erated. 

Invalid Command Sequence (051, bit 24) is the 
result of Seek Forward Lower preceding Seek 
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Forward Upper, Seek Reverse Lower precedinq 
Seek Reverse Upper or Cylinder Out Lower 
preceding Cylinder Out Upper. 

State Violation (OSl, bit 23 ) results from 
any of the followinq: 

1 G WRr or WRT 'rEST while not On Cylinder. 

2. Set Oiaqnostic Escape with Positioner 
Busy. 

3. Positioner Busy and anyone of several 
coJlllDaJ1ds (seeks, WRT, etc.) 

4. Standby mode (Not Unit Ready) and any 
one of several commands. 

So Positioner Overtravel (OS3, bit 2 6 ) 
occurs if the positioner moved into the 
forward or reverse End of Travel area. 
This may be considered as a OLI Fault 
since this most likely occurs if the 
Seek Forward Lower or Seek Reverse Low
er command called for an excessive 
seek length. 

Oevice Fault Conditions 

The followinq conditions are considered as 
Device Failures (SSR, bit 21). FLT is also 
qenerated. 

toss of Voltaqe (DS2, bit 2°) can occur if 
-16 volt emerqency retract voltage is in
sufficient with the heads loaded. This also 
causes retract relay KS to open, retractinq 
the positioner to unload the heads. The 
Pack Unsafe FF sets: the CHECK Indicator 
Liqhts. 

Spindle Speed toss (OS2, bit 22) indicates 
that speed dropped below 3000 rpm with the 
heads loaded. This opens speed relay K2 
which, in turn, opens retract relay KS to 
retract the heads. If speed recovers, the 
heads relead. InsuffiCient speed prior to 
heads loading prevents K2 from settinq: First 
Seek Interlock cycles are continuous and the 
heads never load. 

If no head is selected (Head Address Register 
contains head 19 or greater), Current Fault 
is generated. This causes the following: 

1. Pack Unsafe FF sets the light the CHECK 
indicator. Heads do not unload. 

2. No or Multiple Head Selection (OS2, bit 
24) is on. 

Read or Write Gate up while not On Cylinder 
sets the Pack Unsafe FF and lights the CHECK 
indicator. 
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Seek Incomplete (DS3, bit 2°) sets if On 
Cylinder is not obtained within SOO milli
seconds after the initiation of a seek or 
RrZ function. It also sets if On Cylinder 
1s lost without seek initiation. 

If dibits are not sensed within 200 milli
seconds after the toad latch sets, or if they 
are lost for 200 milliseconda after the heads 
are loaded, the No Servo Track 'tF sets. This 
causes the following: 

1. Pack Unsafe FF sets to liqht the CHECK 
indicator. 

2. R!Z latch sets to start an ~ZS. 

3. With the Pack Unsafe condition, the 
toad latch cannot set. (It normally 
sets during an ~Z in the reverse EOT 
area, causing a seek forward to cyl
inder 000). Therefore, the heads just 
keep going at 7 ips until they unload. 

With a Pack Unsafe condition, the drive will 
not initiate a First Seek condition (press
ing START). Nor will it accept a Seek For
ward tower, Seek Reverse tower, Recalibrate 
or Reset Oiaqnostic command. The unsafe must 
be cleared by pressinq the CHECR indicator 
or by a Device Initialize. Note that a Pack 
Unsafe unloads the heads only if dibits are 
lost or if -16 volt emerqency retract power 
becomes insufficient. All other CHECR con
ditions will effectively freeze the position
er and lock out any further reads or writes. 

TRACK SERVO CIRCUIT 

GENERAL 

The track servo circuit (Figure 3-27) pro
vides head positioning information. The 
siqnals generated by this circuit: 

1. Generate a track servo signal that 
indicates the displacement"of the heads 
from their nominal track centerline. 

2. Generate indications that the heads are 
positioned outside of the normal data 
cylinders. 

3. Generate cylinder pulses during seeks 
to indicate each cylinder crossing. 

4. Provides signals used as the basic 806 
kHz clock. 

Information for this circuit is derived from 
the track servo head (Figure 3-28). This 
head is physically similar to the read/write 
heads, except that it does not write. The 
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head reads information from the servo track 
surface af the disk pack. This information 
is known as dibits: dibit is a shortened 
term for dipole bit. Dibits are prerecorded 
on the servo surface durinq manufacture of 
the disk pack. Do not confuse the servo 
surface with the other 19 disk pack record
inq surfaces. 

Dibits are the result of the manner in which 
flux reversals are recorded on the servo 
tracks. One type of track, known as the 
EVen track, contains negative dibits. The 
other track, the Odd track, contains posi
tive dibits. 

At the outer edge of the servo surface is a 
band of' positive dibit tracks. This area 
is the Reverse End of Travel (EOT) or outer 
guard band 0 Then, there are servo tracks 
alternately recorded with neqative and posi
tive dibitso Finally, toward the inner edqe 
of the pack, there are tracks containinq only 
negative dibits. This is the Forward EOT or 
inner guard band. 

When the read/write heads are located at the 
centerline of a data track, the track servo 
head is actually centered between two of the 
prerecorded servo tracks and is readinq an 
edge of each. The detected Signal is a mix
ture of the two adjacent dibit siqnals. The 
amplitude of each dibit component is pro
portional to the read coil overlap of the 
recorded servo tracks. With the head center
ed, the amplitudes of the two types of dibits 
are equal. As the head moves away from its 
centered position, the amplitude of one dibit 
component increases while the other ~. 
This error voltaqe is the track servo signal. 

The basic elements of the track servo cir
cuit are illustrated in Figure 3-27. Table 
3-5 explains the track servo circuit func
tions. 

01811 GATING 

After being differentially amplified, the 
servo signal is applied to gates that sepa
rate the dibit signals by sensing the posi
tive and negative flux reversals (Figure 
3-29). A positive dibit consists of a posi
tive-going waveform immediately followed by 
a negative-going waveform. On the other 
hand, a negative dibit consists of a ~tive
going waveform followed immediately by a 
positive-going waveform. 

The dibits are analyzed by the positive and 
negative gates. Each gate output switches 
to the low state when it senses its respec
tive dibit. The negative-going pulses con
trol single-shots and JK FF's to generate 
the odd/even dibits. 
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The even/odd dibits are used to enable the 
EOT detection circuit and to generate the 
basic machine clock signal. 

TRACK SERVO SIGNAL GENERAnON 

The servo Signal is generated by peak de
tectors that monitor their respective dibits. 
The positive peak detector (Figure 3-29) 
provides an output proportional to the amp
litude of the positive dibits. It senses 
only the positive waveform of positive di
bits: Gate 1 low inhibits it from reacting 
to either the negative waveform of positive 
dibits or the entire negative dibito An RC 
network integrates the peak detector output 
to provide a smooth output. The resulting 
signal output is greatest, therefore, when 
the servo head is c:entered over an odd dibi t 
track. 

The neqative gate works in a similar manner. 

The.servo signal is provided by a Summing 
amplifier. It receives inputs from the peak 
detectors. (The positive peak detector out
put is first inverted.' Therefore, the out
put represents the difference between the 
two peak de~ector outputs. 

The track servo signal is at its maximum 
neqative value when the servo head is posi
tioned over the outer guard band or over one 
of the odd dibit tracks. It is at its maxi
mum positive value when the servo head is 
positioned over the inner guard band or over 
one of the even dibit tracks. 

The track servo signal is applied to the ser-' 
vo·circuit and to the cylinder detect circuit. 
In the servo circuit, it is used to generate 
the fine servo signal that controls movement 
during the last one-nalf track of a seek or 
durinq a Load sequence. The cylinder detect 
circuit generates cylinder pulses as the 
track servo Signal approaches a null. 

Circuit gain control is achieved by applying 
the outputs from the peak detector buffers 
to the AGe summing amplifier. Its output is 
negative in proportion to signal strength: 
the stronger the signal, the less negative 
the AGC voltage. This signal is fed back to 
the AGC amplifier to control the resistance 
of a FET within the amplifier. The FET is 
connected across the differential inputs to 
the amplifier. The less negative the AGC, 
the less tne resistance: therefore, more of 
the signal from the track servo head is 
shunted by the FET to reduce circuit gain. 

The Dibits Detect One Shots (A336 and A337) 
prevent the circuit from being turned on by 
random noise spikes while the heads are un
loaded or being loaded. When the preamp 
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TABLE 3-5. TRACK SERVO CIRCUIT FUNCTIONS 

Circuit Element Function 

Track Servo Head 

Track 'Servo 
Preamplifier 

Positive and 
Negative Gates 

Positive and 
Negative Delays 

Even Dibits and Odd 
Dibits Flips-Flops 

Dibits Peak 
Detectors 

AGe Circuit 

Track Servo 
Amplifier 

Cylinder Pulse 
Detection 

Velocity 
Integrator 
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Reads dibit information from the disk servo tracks. This head 
cannot write. 

Amplifies the signal read by the track servo head. 

Separate dibit waveforms into positive and negative components. 
Positive gate triggers during first half-cycle of positive 
dibits (read from odd dibit track) and second half-cycle of 
negative dibits (read from even dibit track). Negative gate 
triggers in the reverse condition. 

Function as synchronizing gates to control dibit pulses gener
ation. Positive delay fires at leading edge of positive gate. 
If negative gate output is available before positive delay 
times out, it indicates that positive dibit has been sensed. 
This triggers the Odd Dibit FF. The positive gate also serves 
as an inhibit to the positive peak detector during the negative 
portion of the positive dibit and the entire negative dibit. 
The negative delay functions in the reverse condition. 

Provides 600-nsec pulses indicating dibits. Frequency of each 
one-shot is 403 kHz. 

Provide peak detection of dibit signals. Outputs are propor
tional to dibits amplifiers: the greater the amplitude, the 
more negative the output. When head is centered between dibit 
tracks, outputs of + and - peak detector are equal. As head 
moves from center position, output from one peak detector in
creases negatively while output from the other peak detector 
becomes less negative. The difference between these two out
puts is proportional to servo head displacement from centered 
(on cylinder) position. 

AGe voltage is proportiol to sum of dibit signals. As signal 
strength increases, voltage goes less negative to reduce cir
cuit gain. 

Provides signal proportional to sum of + and - dibit peak de
tectors. Output is null when head is centered between dibit 
tracks (on cylinder); negative when over odd track or outer 
guard band: positive when over even track or inner guard band. 

Provides cylinder pulses to difference counter and other logic 
elements as track servo signal approaches null. One pulse is 
generated per track crossed (even/odd transition or odd/even 
transition). 

Provides ramp signal proportional to distance travelled (ve
locity integrated with time). Output is positive-going during 
forward seek; negative-going during reverse seek. Output is 
pulled back to zero to re-initiate integrator function by each 
cylinder pulse, or during certain conditions of RTZ or Load 
sequences. 
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TABLE 3-4. TRACK SERVO CIRCUIT FUNCTIONS (CONT'O) 

Circuit Element Function 

Oibits Detect 50 ~sec and 3 ms delays used to prevent the track servo circuit 
from being turned on by random noise spikes during a heads un
loaded condition or a load heads operation. 

End of Travel (EOT) Monitors integrated velocity to enable ECT circuit. When ve
locity inteqrator output exceeds about 1.2v, heads have moved 
a distance of approximately two tracks without sensing any cyl
inder pulses. 

Reverse EOT FF Indicates that heads are positioned over outer guard band. 
Refer to First Seek and RTZS discussions for further details. 

Forward EO'!' FF Indicates that heads are positioned over inner guard band. 
This is an error condition. 

output is zero, as in a heads unloaded con
dition, A33·6 is not triggered and its output 
is hiqh. This holds A3l7 at a loqic zero. 
The positive and neqative qates and cylinder 
detect circuits are now inhibited. 

When the heads are loaded and dibits are. out
puted from the preamp, A336 is triqqered and 
retriggered, keepinq its output at a logic 
zero. This releases the timinq components 
of A337 and after 3 ms its output goes to 
one turninq on the Track Servo circuit. If 
dibits are lost for more than 50 usee, A336 
times out and resets A337 to a loqic zero, 
disabling the Track Servo circuit (See Fiq
ure 3-30). 

CYUNOEa PULSE GENERA nON 

As the servo head crosses the interface of 
the even/odd dibit tracks (Figure 3-31), 
the servo siqnal decreases toward null. Two 
operational amplifiers connect.ed as Schmitt 
triggers switch state. The hysteresis de
signed into the circuit causes both triggers 
to be up only while the servo signal is be
tween Ov and 0.4v. These siqnals are applied 
to two level shifters (A364/A365). Their 
outputs are ANOed together to provide a 10 
microsecond cylinder pulse. Each cylinder 
pulse: 

1. Increments the difference counter. 

2. Switches the two velocity integrators 
(one each in the servo circuit and track 
servo circuit) to ground. 

It is possible that the last cylinder pulse 
may not be generated when the seek is com
pleted, causing the difference counter to 
hang u~ at 1022 or 510 for BR3E4/3E5. The 
On Cyl~nder signal provides a pulse to in
crease the difference counter to 1023 or 
511 ~or Br.3E4/3E5. With the dif!erence 
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counter at 1023 or 511 for BR3E4/3ES tracks 
to go equal. zero and On Cylinder is avail
able so Positioner Busy status drops. 

The track servo circuit remains active fol
lowinq completion of a seek. If the servo 
head drifts off of its centered position, 
the track servo signal will no longer be at 
null. The siqnal, functioning as the fine 
servo signal within the servo circuit, will 
act as a poSition error signal to drive the 
positioner back into position. 

MACHINE CLOCK CIRCUIT 
GENERAL 
The machine clock circuit uses dibits gener
ated by the track servo circuit to generate 
the basic 806 kHz clock signal. This signal 
is applied to the followinq circuits: 

1. Index detection· 

2. Write clock generator 

3. Sector counter 

CLOCK GENERATION 

The circuits (Figure 3-32) most important 
portion is a phase locked loop (PLL). The 
loop compares the frequency of input data 
(dibits) with feedback data. A comparator 
circuit generates a square wave input to a 
GJK circuit in the voltage controlled oscil
lator. (Refer to Section 6 for an explana
tion of the GJK circuit.) The GJK generates 
a voltage proportional to the difference in 
frequency between input data and feedback 
data. The output of the GJK is applied to 
the voltage controlled oscillator to control 
its frequency. The PLL is satisfied when 
the input and feedback frequencies are 
identical. Note that data and feedback are 
90 degrees out of phase. 
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Figure 3-32. Machine Clock Circuit 

There are three inputs to the comparator. 
One is the normal input from dibits delayed 
approximately 1/4 cell and shaped to 30 nsec 
(approximate) pulses. The second input is a 
dub-in input. This is a 30 nsec pulse com
ing up at the same time as the normal input 
but from the clock output. The third input 
is the reset pulse. It is the normal and 
the reset input which provide the basis for 
normal comparator operation. 

During normal operation, a look-ahead pulse 
blocks the dub-in input to the comparator. 
This insures that the comparator and there
fore the clock, tracks with the real input 
data from dibits. However, if dibits are 
missing, as they are during the index mark 
(for two cells) or during a seek (every 
other cell), there must be a pseudo-dibit or 
dub-in pulse to keep the clock in phase. 
Therefore, the circuit is self-ringing when 
data is not present at the input. 

A problem with the self-ringing feature of 
the circuit is that, if the first input to 
the comparator is not data but a dub-in 
pulse, the circuit may not be in synchron
ization with real daua when it is received. 
It would then take some time before synchron
ization could be attained. The 5 ms dub-in 
inhibit pulse fires to block dub-in pulses 
in three situations: 1) when the latch is 
cleared by reverse EOT at the end of a first 
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seek, or 2) and 3) when On Cylinder is re
ceived after a forward or reverse seek error. 

After the heads are loaded, even/odd dibits 
are available. Their nominal frequency is 
806 kHz. The actual frequency is a function 
of spindle motor speed. The PLL quickly 
synchronizes itself to the actual dibit rate. 
This permits the clock to react to variations 
in spindle speed between drives. Signals 
derived from this circuit, such as sectors, 
are a function of actual spindle speed 
rather than functions of an absolute time 
base. 

FF K35l is connected as a divide-by-two 
circuit. This circuit arrangement permits 
the PLL feedback to be a function of nega
tive-going edges of the PLL output. There
fore, PLL unsymetrical outputs are ignored 
and the basic frequency is the controlling 
factor. The PLL output frequency is nomi
nally 1.612 MHz. 

WRITE CLOCK 

Write Clock is derived directly from the 
basic 806 kHz clock. Three phase lock os
cillators and a divide by two flip-flop 
generate the basic 6.44 MHz clock signal 
to the write circuitry. The frequency is 
gradually increased to permit the generation 
of stable pulses. 
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INDEX DETECTION CIRCUIT 
The Index detection circuit (Figure 3-33) 
generates a 2-microsecond pulse at the start 
of each new loqical track. This signal is 
returned to the controller as Index Mark and 
also resets the sector counter to zero. 

Prior to reaching the Index area, both even 
and odd dibits are available. Dihits Pre
sent FP (K10S) is held in the preset state. 
Gate I701 is held at a continuous low state: 
this causes the counter to be continually 
loaded with zero with each clock pulse from 
A708. 

The Index pattern is the special pattern of 
missing dihits illustrated in Figure 3-33. 
Flip-flop K10S clears, allowing the counter 
to increment with each 806 kHz pulse via 
A708. The counter can continue to increment 
only if the precise pattern continues to be 
sensed. Any other combination of missing 
dibits (such as when tracks are crossed 
during seeks) will cause the counter to be 
reset to zero. 

When the counter reaches a decoded value of 
5, two of the three input gates to Index Set 
FF K706 are available. The next even dibit 
triggers A708 to set the FF. In turn, A707 
provides a 2-microsecond Index pulse. 

Note that Index is inhibited while the heads 
are over either a forward or reverse EOT 
area. 

SECTOR CIRCUIT 
The sector circuit (Figure 3-34) permits the 
controller to determine the current angular 
position (sector) of the read/write heads . 
wi th respect to Index. The number may be 
obtained by an Angular Position In (Taq 24) 
command. This command is one of the few 
commands that may be issued during either 
diagnostic or regular operations. Note that 
this command cannot be used to generate an 
interrupt when a select sector is reached; 
it can only determine the sector available 
at the time that Angular Position In is 
issued. The count transmitted on the DLI 
remains frozen until Angular Position In 
drops. 

Each track may be considered as subdivided 
into 128 segments of equal size. They are 
numbered from 000 to 127. Sector 000 is the 
first sector following Index. 

The 806 kHz clock Signal is used to generate 
the sector count. Each positive-going clock 
pulse increments a divide by 104 counter. 
When the counter reaches 104, the sector 
counter is incremented by one. The divide 
by 104 counter restarts from zero: the pro
cess continues so that every 104 odd/even 
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dibits increases the sector counter by one. 

When the sector counter equals 127, the di
vide by 104 counter can no longer increment 
the sector counter. Index should occur at 
this time to reset both counters. 

If Index occurs before the sector c.ounter 
reaches 127, the counter is malfunctioning. 
This sets Rotational Position SenSing CRPS) 
Error, which is bit 23 of DS3. 

The sector register is unaffected during 
sector counter operations. The contents of 
the sector counter are gated into the sector 
register when API is issued. Angular Posi
tion In (Tag 24). The register remains at 
the same value until the next Angular PCsitica 
In. The sector counter continues to operate 
normally. 

Durinq dia9DQstic operations (Set Diagnostic 
Escape Latch set), the sector counter con
tinues to operate but it cannot be gated 
into the sector register. The reqister is 
reset by Set Diaqnostic EScape (Tag IF) and 
incremented by an Incr Sector Counter com
mand (Tag 33). Its value may then be deter
mined by Angular Position In. 

READ/WRITE OPERAnONS 

GENERAL 

The drive processes the read/write data ~
ferred between the disk pack and controller. 

The controller and disk pack each handle 
differen~ types of data. The controller 
transmits and receives only 8 bit parallel 
bytes of NRZ data. The disk pack requires 
serial MFM data. Therefore the drive must 
convert the data to the proper format before 
transferring it between the two. 

During Write operations the drive receives 
parallel data from the controller, converts 
it to serial data (serialization) and writes 
it on the disk pack. During read operations 
it reads serial data from the disk pack, 
converts it to parallel (deserialization) 
and transmits it to the controller. 

The read/write circuits (Figure 3-35) per
form this conversion and the heart of these 
circuits is the serializer/deserializer 
(SERDES). It is used during both read and 
write operations to make the proper data 
conversions. The remainder of this section 
describes SERDES along with the other circuits 
involved in processinq read/write data. 

HEAD SELECTJON 

The head select circuit must select the de
sired head before a read or write operation 
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can be performed. See Figure 3-36 for the 
head 02 circuit. 

The Bead Address Register is set by a Bead 
Address Out tower (Tag 09) c:oDllllaDd from the 
controller. It is automatically reset to ~ 
zero by any RrZS functionG Bit 20 of the 
register is examined to determine if the 
head will have an odd or even number. Since 
(in this example) bit 20 is off, the even 
head decoder is enabled. The head is enabled 
by applying a qround to the read/write head 
center t_p. 

NOte that all heads are automatically de
selected while not On Cylinder or for 6 
microseconds following a Head Address Out 
Lower command. 

Two head select errors may occur at any time: 

1. NO Head Select is generated if the re
gister is set to 19 or greater. Since 
these head numbers are nonexistent, 
there has been ~ equipment malfunction. 

2. Multiple Bead Select is sensed by the 
SCE/SCD circuit. If only one qround 
(or no ground) is sensed, the SCD vol
tage comparator output is +5 volts (no 
error). Two or more grounds puts more 
resistors in parallel, causing the vol
tage comparator to indicate a Multiple 
Head Select error. . 

As Fiqure 3-36 illustrates, anyone of four 
head select or write errors can generate a 
current faultG With the Current Fault FF 
set: 

1. Pack Unsafe FF sets. 

a. CHECK indicator lights. 

b. Read and Write Gates are disabled. 

c. Seek Forward Lower, Seek Reverse 
Lower or Recalibrate commands are not 
executed. 

d. This error status can be cleared only 
by pressing the CHECK switch or by 
a DIN from the controller. 

2. Bits 24 through 27 of DS2 are enabled. 
Refer to Sense Operations. 

The Current Fault FF cannot set to indicate 
an error while Data Modifier Line is up. 
Since there are no flux transitions while 
writing the address mark, AC Wkite Fault will 
occur. This is not an error condition at 
this time. 
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BASIC READ/WRITE PRINCJPt.ES 

G. ..... caI 

Read/Wltite data is transferred between the 
controller and drive in bytes. Each byte 
consists of eight bits. The parity bit is 
Dot written on the pacJc. 

Information is recorded on, and read from, 
the disk by means of 19 read/write heads. 
Data is written by injecting a large current 
through a coil within the selected head. 
This generates a flux field that magnetizes 
the iron oxide particles bound to the disk 
pack surface. Each particle is then the 
equivalent of a miniature bar maqnet with a 
North and South pole. The writing process 
orients the poles to permanently store the 
direction of the flux field as the oxide 
passes under the head. In turn, the direc
tion of the flux field is a function of write 
current polarity while its amplitude depends 
on the: amount of current: the greater the 
current, the more oxide particles that are 
affected. 

Readinq is an equivalent process. As the 
oxide particles pass beneath the head, the 
stored flux field intersects the coil within 
the head. This induces a current Which, 
when amplified and analyzed, defines the 
written data. 

In order to define the binary digits stored 
on the pack, the frequency of the flux re
versale must be carefully controlled. Sever
al recording methods are available; each has 
its advantages and disadvantaqes. The drive 
uses the Modified Frequency Modulation (MFM) 
recording technique. Refer to Principles of 
MPH Recording. The main advantage of MFM 
is that it permits higher recording densities 
without increasing the number of recorded 
flux reversals per inch. 

The length of time required to define one bit 
of information is the cell. Each cell is 
nominally 155 nsec in width. Since-there are 
eiqht bits per ,byte, each byte requires 1.24 
~sec to write or read. Although data is 
transferred in parallel (by byte), it is 
written or read serially (by bit). 

Track Format 

Each track has Index as its starting point. 
Information is then recorded in groups of 
related data in the form of records. In 
turn, records may be subdivided into fields. 
A gap of zeros separates each field within 
each record and, in addition, another gap 
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separates records. These gaps are uaed to 
per.ait the read circuit to synchronize itself 
so that it can reliably define logical ones 
and zeros. Gap length is variable in accor
cance with the nature of the following field 
or record. 

Track format, gap lengths, and record format 
are a function of the operating system. Refer 
to the applicable controller manual for fur
ther information. Because of the drive lcgi.c 
operations, however, the following rules 
~p~. . 

• Each gap (field-to-field) or record-to
record) has variations in the number of 
zeros. The last two bytes of each qap 
contain hexadecimal 19. The first byte 
is called the Sync Byte~ the second, 
the ID Byte. Reacl data cannot be re
turned to the controller until these 
bytes are found. 

• Par al~ records following Record Sera 
(or ita equivalent), an adclre •• mark 

is written between the zeros gap aDd 
the hex 19 bytes. An address mark 
(All) contains bytes without any flux 
transi tiona (-0 - Or -1-) whatsoever. 
Although the address mark is typically 
three bytes of missing flux reversals, 
the actual AM length is determined by 
Data Modifier Line. As long as Data 
Mod~fier Line is ~p -- one byte or sixty 
bytes -- all writing is inhibited. 
Twelve bytes of zeros typically separ
ated the AM bytes from the Sync Byte. 

Principles of MFM Recording 

This unit uses the MPM recording technique. 
This system defines a -1- by a positive 
transition occurring at the half-cell time 
(Figure 3-37). A ·0· is defined by a posi
tive transition occurrinq at the start of 
the cell time, except when preceded by a ·I N

• 

Ia thia case, no transition occurs durinq 
the cell time for a ·0·. 

r.-- I -II 0 -II 0 -I • -I • 0 -I- -, . 1---1 w" 
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The rules for MFM recording may be summarized 
as follows: 

1. There is a flux transition for each "1" 
bit at the time of the "1". 

2. There is a flux transition between each 
pair of "0" bits. 

3. There is no flux transition between the 
bits of a "10" or "01" combination. 

Sorting data is accomplished by synchroniz
ing an oscillator with the read data during 
the first continuous gap of zeros after read 
is enabled. The analog data can be decoded 
to binary "l's" and "a's" once the oscillator 
is synchronized. 

A write function is similar to a read, except 
the incoming binary "l's" and DO'S" are 
changed to the prop~r write current levels 
and then written on the disks. 

The advantages and disadvantages of MFM re
cording are listed as· follOWS: 

1. Fewer flux reversals are needed to re
present a given binary number because 
there are no flux reversals at the cell 
boundaries. This achieves higher re
cording densities of data without in
creasing the number of flux reversals 
per inch. 

2. Signal-to-noise ratiO, amplitude re
solution, read chain operation, and 
operation of the heads are improved by 
the lower recording frequency achieved 
because of fewer flux reversals requir
ed for a given binary number. 

3. Pulse polarity has no relation to the 
value of a bit without defining the 
cell time along with cell polarity. 
This requires additional read/write 
logic and high quality recording media 
to be accomplished. 

Erase before writing 
using MFM recording. 
is recorded over any 
be on the disk (this 
to as a hard write). 

Disk Surface Recording 

is not required when 
The data being written 

data which may already 
technique is referred 

Surface recording involves the magnetization 
of minute areas on the surface of a highly 
retentive magnet material. In order to re
produce the recorded information, the mag
netic state of the material is read back by 
using the retained or residual flux to induce 
voltages in the Read circuits. 

83318200 A 

The relationship of a fixed recording head 
with a magnetic recording surface is shown 
in Figure 3-38. Also shown is one cycle of 
alternating current and the resulting current 
flow through the coil and the flux changes 
on the disk surface. The current flow~ 
the coil reverses with a change from a posi
tive to a negative direction, causing the 
polarity of the recorded flux to also reverse~ 
Data is written by this flux reversal that· 
is, it is the change in fl~ that will be 
re~d back as data. This reversal generates 
a readhack pulse. Constant current (no flux 
reversals) does not generate a pulse; there
fore, it does not represent meaningful data. 
This constant current state occurs while Data 
Modifier Line is up. 

Figure 3-39 shows the phase difference be
tween the induced magnetic force (flux) and 
the resulting current while reading data off 
the disk. 

WRITE OPERAnONS 

General 

The controller sends the Write data to the 
drive via the bidirectional data lines. The 
data passes through the receivers and is 
input to SERDES. SERDES converts the paral
lel data into the necessary serial format. 
Next the data goes to the Write Compensation 
circuits which adjusts for problems caused 
by variations in read data frequency. The 
Write Driver circuits then process the data 
and send it to the head for writing on the 
disk. Figure 3-40 shows the Write circuits 

Satic Write Sequence 

. The basic write operation sequencing is as 
follows: 

1. Controller places command on the Command 
Code Lines and raises Device Command 
Strobe and Serial Write Out. 

2. The drive decodes the command and veri
fies that it is safe to write (not pack 
Unsafe and heads are On Cylinder). If 
it is safe, the write logic is enabled. 

3. The drive raises Serial Read In. The 
controller drops Serial W~ite Out, but 
data must remain stable on the bidirec
tional data lines until the drive drops 
Serial Read In. 

4. Data is loaded from the bidirectional 
data lines into SERDES. 
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s. The track servo circuit is generating 
the 806 kHz machine clock. This clock 
is generated by dibits read from the 
servo track 7 therefore, variations in 
spindle motor speeds do not affect re
cording density. This basic clock is 
used to form the 6.44 MHz write clock. 

6. The write clock controls a counter wtW:h,. 
in turn, controls the shift register 
function of SERDES. Data is shifted 
out of SERDES (deserialized) with each 
wri te clock so that the information on 
Bidirectional Data Line 27 is written 
first and 20 written last. . 

7. Data· shifted from SERDES" which is NRZ 
(Non-Return to Zero), is converted. to 

MFM. Actual phasing to compensate for 
peak shifting during subsequent read 
operations is controlled by a write 
compensation circuit. 

8. If the controller has raised the Data 
Modifier Line, SERDES is ic;noredand 
all writing is inhibited. 

9. The MFM pulses are sent to the write . 
driver circuits which supply the ne
cessary current ~o the write coil. 

10. When a byte has been written, 8 Bits 
Processed comes up to load the next 
byte from the bidirectional data lines 
and to drop Serial Read In. 

The Serial Write Out/Serial Read In sequenc
ing continues for each byte written. Device 
Command Strobe and 1me command must remain 
up until the write operation is to be term
inated. 

S.,des Serialize, 

In order to understand the operation of tnis 
circuit, assume that the drive is in the 
process of writing byte "N". Serial Read In 
is up, Serial Write Out is down, and data 
for byte "N+l" is on the bidirectional data 
lines. See Fiqure 3-41. Sequencing is then 
as follows: 

• Data is shifted from SERDES to the write 
compensation circuit with the leading 
edge of each write clock. Refer to 
Write Compensation for information on 
the NRZ/MFM conversion process. 

• As data is shifted, the bit counter is 
also incrementing with write clock. It 
normally begins counting from a count 
of one: however, it starts from zp.ro 
when Write is first enabled (writing 
the zeros gap). 
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e '!'he bit counter contains a value of 8 as 
the last bit from byte "N" (originatinq 
from 017 of the bidirectional data lines) 
is being shifted out. 

e If SRI had already dropped, or if Serial 
Write OUt was still up, Transfer Timinq 
Error (bit 21 of DS1) raises FLT to the 
controller. 

• At the trailing edqe of the next write 
clock: 

a. Data for byte "N+l" is loaded into 
SERDES from the bidirectional data 
lines. 

b. The Write SRI-B FF toggles to the 
cleared state. Two flip-flops, Write 
SlU-A and Write SRI-B, are connected 
to an exclusive-oR qate. They raise 
Serial Read In whenever they are in 
opposite states. As each byte is 
processed, toggling SlU";A raise Serial 
Read In while toggling SlU-B drops 
Serial Read In. In this case, with 
Write SRI-A and W1:ite SRI-B both 
down, Serial Read In is 4ropped to 
the controller. This sic;nifies to 
the controller that it may remove 
data from the bidirectional data~. 

c. The bit counter is reset to one. 

• The data in SERDES is· shifted" out, one 
at a time, with each clock. 

• While byte "N+l" is being written, the 
controller places data for byte "N+2" 
on the bidirectional data lines. It 
then raises Serial Write Out. 

• With Serial W~ite Out up, Write SRI-A 
FF toggles to the set state. The re
quirements of the exclusive-OR gate are 
again met to raise Serial Read In. If 
Serial Write Out is late (8 Bits Pro
cessed generated before the controller 
gets around to raising Serial Write Out. 
Transfer Timing Error is generated. 

• The controller drops Serial Write Out 
in response to the rise of Serial Read 
In. Parity of the data on the bidirec
tional data lines is checked at this 
tLme. If parity is not odd, Data Parity 
Error (bit 20 of OSl) is generated to 
raise FLT to the controller. This error 
does not directly stop the writing pro
cess. The drive loqic will continue to 
write garbage until the controller drops 
Device Command Strobe. Parity bits, 
although checked by the I/O, are not 
written on the pack. 
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• The writing process continues uninter
rupted until the controller drops Device 
Command Strobe to terminate the opera
tion. This drops WX'ite Enable within 
the drive to pX'event the write driver 
chain fl:'OlD writing flux transitions on 
the pack e SERDES and the bit counteX' 
aX'e forcibly reset to zeX'o. 

Write Compensanon 

General 

The write compensation circuit converts the 
NRZ data from SERDES into MFM data while 
compensating for a read condition known as 
peak shift. 

Peak Shift 

Peak shift is an effect that degrades read 
accuracy by distorting the waveform. This 
condition exists because no electromechanical 
device can be perfect. 

In an ideal world, the flux reversal command 
by the write toggle would be instantaneous 
as shown in the Ideal Recording portion of 
Fiqure 3-42. Current would immediately 
switch frOID one polarity to the other. As 
a result, the distance required to complete 
the magnetic flux reversal on the disk would 
be so narrow as to be insignificant; the 
readback pulse would then also be extremely 
narrow. To carry the principle one step 
further, the heads would be an infinitesimal 
distance from the disk surface. Therefore, 
the head gap itself could be" made very small 
for two reasons: 

• The magnetic field strength increases 
as the head moves closer to the disk. 

• The head gap must be wide enough" to 
intersect sufficient lines of force 
from the magnetic flux field to gener
ate a Signal. The weaker the signal, 
the wider the gap must be. Wi th the 
substantial flux amplitude gained by 
having the head very close to the disk 
surface, a very small head gaF can 
generate a reliable readback voltage. 

But in the real world, it takes time for the 
current to reverse; the flux change is not 
instantaneous. Furthermore, heads must fly 
a finite distance from the disk. The great
er the distance between the head and the 
oxide, the wider the head gap must be. The 
resulting readback voltage is more or less 
sinusoidal with peaks less easily defined 
in time or amplitude. 

With modern high frequency recording tech
niques, adjacent clock/data pulses are close 
enough to interact with each other. This is 

3-84 

shown in Fiqure 3-43. Peak shift is the 
result of the interaction of the pulses. 
Because two pulses tend to have a portion 
of their individual Signals superimpose 
themselves on each other, the actual read
back voltage is the algebraic summation of 
the pulses. 

When all ·l's· or all ·O's· are being re
corded, the data frequency is constant: 
pulses are spaced apart by one cell (155 
nanoseconds). As a result, the pulse spac
ing causes the overlap errors to be equal 
and opposite. The negative-qoing and posi
tive-qoing erl:'Ors cancel each other. This 
is the ·zero peak shift· condition of the 
• ••• 111 ••• • pattern in Figure 3-43. 

Peak shift occurs when there is a change in 
frequency. A -011- pattern represents a 
frequency increase since there is a delay 
of about 1.5 cell between the ·01" and only 
1. 0 cell between the ·11-. As a result, the 
squeezing of the cells causes the mathema
tical average (the actual readback voltage) 
to shift the apparent peak to the left. 
This is early peak shift. 

On the other hand, a -10- pattern represents 
a frequency decrease since a pulse is not 
written at all in the second cell. In ad
dition, a ·001- pattern is also a frequency 
decrease since there is a 100 cell interval 
between the first two bits and 1.5 cell 
between the last ~.ro bits 0 

The examples listed above examined only two 
or three bits without regard to the preced
ing or subsequent data pattern. The actual 
combinations are somewhat more complex. The 
drive logic examines and defines the follow
ing patterns: 

Pattern 

011 

1000 

10 

001 

Freguency Change 

Increasing 

Increasing 

Decreasing 

Decreasing 

Any data pattern will have considerable ~
lapping of the data pattern frequency ~ges. 
Consider the overlap of these eight bits: 

r=Increasing Frequency 

i 

~Il 10 

L Decreasing 3 
Frequency 
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Any of these peak shift conditions can cause 
errors during subsequent ~ead operations. 
The drive compensates for these known errors 
by intentionally writing a pulse earlier or 
later than nominal. This function is accom
plished by the write compensation circuit. 

Write Compensation Circuit 

The write compensation circuit (Pigure 3-44) 
converts NRZ data into MPH data while in
tentionally shifting the pulses in the data 
cell to compensate for peak shift. 

Data from SERDES enters a decode shift re
gister (K756 through K750) in NRZ format. 
It is shifted through the register by a 
two-phase clock siqnal consisting of Write 
Clock and its inversion, Not Write Clock. 
As the data shifts through the register, the 
register contents are examined by a series 
of gates to analyze the bit pattern. These 
gates determine if the incoming data fre
quency is constant (00000 or 11111), in
creasing (011 or 1000), or decreasing 
(10 or 001). The timing of the write data 
pulses applied to the write Driver Circuits 
(Pigure 3-40) are adjusted to compensate for 
the frequency shift: 

o 
WRITE -, TOGGLE ~. ______________ ~ 

t 
I 
I 
I 
I 
I 

Z£RO , 
PEAK ........ 
SHIFT I 

NOTE: 

o ICE~IZED INOIVIDUAL 
READ8ACK'v'Ol.TAG£S 

I 
I EARLY 
~PEAK 

SHIFT 

• If frequency is constant, there will be 
no peak shift. An MPH Clock pulse (pulse 
at beginning of a cell) is generated 
while Write Clock is down: MPH Data~ 
(pulse at middle of a cell) is generated 
while Write Clock is up. The pulse, 
clock or data, is intentionally delayed 
by 10 nanoseconds and is applied to the 
On Time Gate. This pulse is the write 
data pulse applied to the write toggle. 

• If frequency is decreasing, the apparent 
readback peak (Pigure 3-43) would occur 
later than normal. To compensate for 
this, the data is written earlier than 
nominal. Early Gate is enabled. This 
causes clock/data to be written con
currently with Write Clock or Not Write 
Clock: the 10 nanosecond delay is by
passed. 

• If frequency is increasing, apparent 
readback peak would occur earlier than 
normal. Therefore, data is intentional
ly written later than nominal. Late 
Gate is enabled. This causes the write 
data to be written 20 nanoseconds after 
the beginning of the cell. 

• I 
I 
~ 

I 
I 
I 
I LATE 
~PEAK 

SHIFT 

o 
L 
I 

7M36 .. 

Figure 3-43. Peak Shift 
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As Figure 3-44 indicates, MFM Clock is writ
ten whenever there is a decode of 00 along 
wi th Not WZite Clock.. The clock is advanced 
or retarded if there is. a simultaneous early 
or late decode (1000, etc.). The MPH Data 
signal is written whenever there is a decode 
of -1- along with write Clock being trwr. 
Data may also be on time, advanced, or re 
tarded. 

Write Driver Circuits 

The compensated Write data is sent to the 
Write Drive Circuits where it is applied to 
a differential receiver. The receiver is 
enabled by the write Enable signal which is 
true only when the drive logic indicates a 
safe write condition. If this signal is 
true the data passes through the receiver 
to the Write Toggle Pr. 

The output of the Write T09gle FF is pro
cessed by a symetry restore circuit. This 
discrete circuit (OEL) restores symetry 
that may have been lost when the data was 
transmitted from the Write Compensation 
circuits (located in the logic chassis) to 
the driver circuits (located on the check). 
Refer to section 5 of this manual (Discrete 
Circuits) for a description of this circuit. 

The magnitude of the Write current flowing 
in the heads is controlled as a function 
of cylinder address (this is referred to as 
Write Current Zoning). These zones are as 
follows: 

• 0-127 
• 128-255 
• 256-511 
• 512-1022 

Write current amplitude is reduced at each 
zone boundary from outer to inner tracks. 

Figure 3-45 shows the Write Driver circuits 
and its associated timing. 

Writing Address Marks 

The drive writes an address mark (AM) while 
Data Modifier Line is up. This prevents the 
output of the write compensation circuit 
(Figure 3-44) from being applied to the write 
driver chain {Fiqure 3-40}. Current ~ 
to flow through the write coil but, since 
there is no current reversal, no flux trans
itions occur. Therefore, the read circuit. 
cannot recognize the constant flux as usable 
information. 

The controller raises Data Modifier Line 
while the drive is writing the zeros gap. At 
the next 8 Bits Processed (a byte has just 
been written) : 
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1. Not Address Mark Enable FF clears (Fig
ure 3-44). All MFM clock/data pulses 
are unconditionally inhibited. 

2. Fault Enable A FF sets, inhibiting 
Enable Fault (Figure 3-36). During 
normal write operations, a lack of 
write driver transitions will set CUr
rent Fault. This condition is occur
ring during Data ""'1 tier L.i.ne but it is 
normal. The fault detection must, 
therefore, be disabled. 

Data continues to be inhibited as long as 
Data Modifier Line remains up. The Serial 
Read In/Serial Write Out dialog continues, 
data is -accepted- into SERDES, but it is 
not gated to the write driver. 

After the first AM byte is written, 8 Bits 
Processed sets Fault Inhibit 8 FF. Then, 
Fault Inhibit A FP clears at the next 8 Bits 
Processed: Not Address Mark Enable FF sets 
to aq.ain permit data to be written. Fault 
Inhibit B PP waits for one more byte: there
fore, a current Fault cannot be generated 
during the first byte (zeros) following the 
AM bytes. Current Fault is generated it 
Data Modifier Line is up for more than three 
bytes. 

Write Fault Detection 

Extensive monitoring circuits warn the con
troller of data transfer errors or hardware 
failures. Either condition will raise FLT 
to the controller. Hardware failures will 
set the Pack Unsafe FF: the CHECK indicator 
lights and writinq is terminated. 

Refer to Table 3-3 (Commands) for an explan
ation of these error conditions. Events 
that can be considered as related to write 
errors are: 

Byte ill !!!!!. 
OS1 20 Data Parity Error 

DSl 21 Transfer Timinq Error 

DSl 22 Protect Violation 

OSl 24 State Violation 

OSl 27 Command Parity Error 

DS2 24 NO or Multiple Head 
Selection 

OS2 25 Loss of AC Write Current 

OS2 26 Write Current Without 
Write Command 

DS2 27 Write Command Without 
Write Current 

DSS 2° write and Read 
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RI!AD OPBAnONS 

General 

The read mode of operation is initiated when 
the drive receives a read command and the 
desired head is selected. The head then 
detects any flux transitions on the pack 
and converts them into an analoq voltaqe. 
!his analoq siqnal (representinq written 
data on the pack) is amplified and applied 
to the AGe amplifier. This output is ap
plied to the Data Latch where it is con
verted to MPM data. It is then sent to the 
Phase Lock Oscillator which syncronizes 
itself to the data frequency and provides 
sync information to the Data Seperator. 
The Data seperator converts the data pulses 
from the Data latch into clock and data 
siqnals. The Serdes assembles the serial 
(bit) information into. parallel (byte) in
formation for transfer to the controller. 
A maximum of 30 DIS ia required from the 
application of read data for the read cir
cuits (Fiqure 3-46) to stabilize to a steady 
state condition. 

Bosic Read Sequence 

The basic read operation for a ~ad command 
is as follows: 

10 Controller places command on the Com
mand Code Lines and raises Device 
Command Strobe. 

2. The drive decodes the command and ver
ifies that it is safe to read (not Pack 
Unsafe and heads are On Cylinder). If 
it is safe, the read logic is enabled. 

3. Analog data read by the head is ampli
fied and shaped. The signal is then 
analyzed by the read detection data 
latch to find flux transitions. Each 
transition generates a data pulse. In 
this context, however, data pulse means 
only that there was a transition: 
whether it is a data ("1") or clock 
pulse is not yet defined. 

4. A phase lock oscillator synchronizes 
itself with the data pulses frequency 
and phase. During the first 5 micro
seconds following the rise of Read Gate, 
a signal called Fast Start acts as a 
booster pulse to help the oscillator to 
quickly attain synchronization. 

5. The data separator receives inputs from 
the phase lock oscillator and the data 
pulses. It separates the clock "data" 
pulses from the true data "data" pulses. 
The clock pulses are used as the inter
nal read clock. The data pulses are 
applied to SERDES. 
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6. Data is loaded into SERDES and shifted 
throuqh SERDES by the read clock. ·The 
bit counter is disabled and no data is 
transferred to the controller. When 
SERDES contains hex 19 (0001 1001) of 
the Sync Byte, Data Good is generated. 
This means that a valid field is ap
proaching. The bit counter starts count
ing. Data Good cannot come up durinq 
Fast Start. 

7. With Data Good up, the bit counter starts 
countingc 

8. When the bit counter equals 8, SEROES 
contains the hex 19 of the ID Byte. 
This byte is loaded into the Byte Re
gister and the drive raises Serial Read In. 
The Byte Reqister: acts as a buffer to hold 
the assembled byte ~or the controller 
since the first bits of the next byte 
are already entering SERDES. The output 
of the Byte Register is applied to the 
multiplexer for transmission to the con
troller via the bidirectional data lines. 

9. Serial Read In drops when the controller 
raises Serial Write Out. 

The Serial Read In/Serial W:ite Out sequenc
ing continues for each byte read. Device 
Command Strobe and the command must remain 
up until the read operation is. terminated. 

The Read Header functions identically to Read 
except that hex 19 cannot set Data Good prior 
to the sensing of an address mark. Moststeps 
of the basic Read function apply: however, 
Fast Start does not rise with Read Gate (step 
4). In addition, replace step 6 with the 
following: 

1. Data is loaded into SERDES and shifted 
through SEROES by the read clock. The 
bit counter is disabled and no data is 
transferred to the controller. 

2. When at least 2.5 microseconds of miss
ing flux transitions have passed (this 
will occur only during the AM bytes of 
missing clock/data), and when the first 
pulse of the "0" bit is sensed (this is 
the first bit of the 12 bytes of zeros 
separating the AM bytes from the Sync 
Byte), a S-usec Fast Start timeout is 
initiated. Data Good cannot come up 
during Fast Start. 

l. After Fast Start times out, the read 
logic begins looking for hex 19 in 
SERDES. When the Sync Byte is detected, 
Data Good comes up. 

4. The remaining Read steps apply without 
change. 
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Read Circuits 

General. 

The read circuits (Figure 3-46) process the 
read data and are described in the foll.owing 
discussion. 

Preampl.ifier 

A read preamplifier provides prel.iminary 
ampl.ification of the vol.taqe induced in the 
read coil.. This voltage is induced in the 
read head by the magnetic fiel.d stored in the 
disk oxide. The frequency of the analog 
voltage is proportional to the maqnetic field 
fl.ux transitions qenerated while writing. 
The.preampl.ifier is enabled whenever the 
positioner is On Cylinder (applicable head 
is selected) and the unit is not writing. 
Note that a Read or Read Header command is 
not needed at this point. 

AGe Amplitude Stage 

The analoq read data is applied to a low 
pass filter in the AGe amplifier state (Piq-

.~ A 
ANAL 

REA 
OAT 

LOW 
PASS 

FILTER 

TTME 

~" -

CONS TAN T--... 
CONTROL 

AGe 
AMPLI-

FIER 

i 
AGe: 

GATN ~ 
CONTlmL 

ure 3-47). This filter attenuates the high 
unwanted frequencies (noise) in the read 
data signal and provides a linear phase re
sponse over the read data. frequencies. 

The output of the fil.ter is applied to the 
AGe amplifier (A8Sl). The AGe amplifier pro
vides a relativel.y constant output from a 
wide amplifier range on the input. This is 
ac:compl.ished by the AGe Control circuit 
which varies the gain of the AGe amplifier 
as the output varies. 

The output of the AGe amplifier is amplified 
and differentiated and then applied to the 
Data Latch and Level Detection circuits. 

Level. Detector and Time Constant Control 

The Level Detector and Time Constant Control 
circuit contains an Amplitude Enable pul.se 
generator, a data detector to detect the 
address mark gap, and a c:irc:ui t to control 
the ~ima constants of the AGe ampl.ifier and 
level. detector. 

BUFFER 
AMPLI-
FIER 

TO COliTIIOL ... 1I 

DIFFER-
ENTIATOR 

TO 
DATA 

LATCH 
AND 

LEVEL 
DETECT 

~ 
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Figure 3-47. AGC Amplified Storage (Simplified Logic) 
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The output of the differentia tor (Figure 
3-48), is applied to a filter (A878) which 
attenuates the third harmOnic of the low 
frequency Read signal. This effectively 
lowers the resolution of the signal. 

The output of the filter is amplified and 
then rectified. A capacitor is charged to 
the average dc level of the rectified sig
nal. This voltage is then applied to the 
reference input of a comparator (A886) and 
the rectified signal to the other input. 
When the rectified signal becomes more posi
tive than the reference signal, the compar
ator switches. This produces a squarewave 
output that is used as an Amplitude Enable 
signal to reject noise and spurious pulses 
in the address gap area. The only time this 
output is used is during a Search Address 
Mark operation. 

The Data Detector consists of a comparator 
(A883) and a retriggerable single shot delay 
(X884). The reference voltage on the com
parator is a fixed dc voltage of about -0.46v. 
Each time the single voltage crosses the 
reference, the single shot is retriggered. 
The single shot will not time out as long as 
data above the fixed reference is being read. 
When a gap is reached, the single shot is 
retriggered by the last bit preceding the 
gap, times out for 670 nsec, then changes 
state to indicate an absence of data (Figure 
3-48). The single shot is retriggered by 
the first data bit following the gap and by 
each succeeding bit, indicating that data is 
again present. 

The Time Constant Control circuit switches 
the time constants of the AGC Amplifier and 
Level Detection circuits. Switching from a 
short time constant to a long time constant 
avoids responding to the loss of amplitude 
in the address mark gap area. Figure 3-49 
shows block and timing diagrams of the Time 
Constant Control circuit with the address 
mark gap in three different positions. 

The Level Detector circuit is normally in a 
short time constant of 5 usec in order to 
rapidly respond to changes in signal ampli
tude to maintain adequate margin in the 
amplitude enable function. The 5 usec time 
is long enough so that the level detector 
does not respond to drop outs caused by disk 
surface bad spots. During the address mark 
gap, the level detector is switched to a 
time constant of 100 usec. This prevents a 
shift in the comparator reference level so 
noise in the gap area does not produce false 
enable pulses. 

The AGC amplifier is allowed 25 usec to 
stabilize from the Head Select and Read Gate 
transients. A head may be selected and Read 
Gate can come up any time during a revolu
tion of the disk, so it is possible that the 
address mark gap could occur during the 25 
usec stabilizing period. The AGC time con-
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stant is held in the short condition for the 
first 10 psec following Read Gate. If a gap 
occurs between 10 and 25 ~sec, the AGC ampli
fier is switched to a long time constant of 
200 usec to maintain a relatively constant 
gain level through the gap area. 

Data Latch Circuit 

The Data Latch circuit (Figure 3-50) consists 
of a low pass filter for the low resolution 
channel and zero-cross detectors and pulse 
generators for both the high and low resolu
tion channels. 

The Read Data from the differentia tor is 
applied directly to the zero-cross detector 
in the high resolution channel and through 
the low pass filter to the zero-cross de
tector in the low resolution channel. As 
mentioned before, the filter lowers the 
resolution of the Read signal by attenuating 
the third harmonic of the signal. 

The pulse generators (N882 and N877) produce 
pulses for each zero-crossing of the data. 
By appropriate delays, the low channel pulse 
(IN882) enables the K input to the output FF 
(K873) in time for the high channel pulse 
(N877) to clear it. A 50 nsec output pulse 
is formed when the delayed feedback resets 
the FF. The leading edge of the output pulse 
retains the timing of the high resolution 
channel. Note that the propagation time of 
the various gates must be considered to en
able the K input at the proper time. When
ever the frequency of the read back data is 
decreasing, there is a camels hump in the 
differentiated output. (See Figure 3-48). 
With sufficient frequency change and high 
resolution heads, the differentiated signal 
may actually pass through zero. The high 
resolution channel can react to these extran
eous zero-crossing pulses: the low cannot 
because of the low pass filter. Therefore, 
they are ignored by the output FF because 
it cannot be cleared unless the low channel 
K enable is present. 

The rejection of spurious pulses in the ad
dress mark gap is accomplished by ANDing the 
high channel pulses with an enable pulse. 
During the search mode, the Amplitude Enable 
pulses are passed through and ANDed with the 
high channel zero crossover pulses. When a 
zero crossover pulse corresponds to an enable 
pulse, it is passed through to reset the Out
put FF. There are noise created zero-cross
over pulses in the address mark gap area. 
However, there are no enable pulses, so the 
reset input to the Output FF is disabled. 
Noise pulses in the low resolution channel 
are present at the set input of the FF, but 
are ignored because the FF is not resetdaring 
the gap period. 
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The Search Address Mark signal drops at the 
end of the gap. This applies a constant 
enable to the high resolution channel and 
all zero-cross pulses get through to the FF. 
This terminates the Amplitude Enable func
tion and removes the Level Detector as a 
possible source of error during the actual 
reading of data. 

Phase Lock Oscillator Circuit 

The phase lock oscillator (PLO) circuit 
(Figure 3-51) provides a clock signal to the 
data separator so that it may determine if 
the data pulses from the data latch are MFM 
Clock or MFM Data. To do this, the PLO must 
synchronize its frequency to the frequency 
of the data coming from the disk. 

PLO frequency is controlled by the Comparator 
FF. Basically, the FF is set by data and 
cleared by the oscillator pulses. Therefore, 
if the oscillator is too slow, the FF will 
be set more than it is cleared because data 
frequency exceeds oscillator frequency. Fre
quency synchronization is attained when data 
and oscillator frequencies are identical. 
The FF is then set 50% of the time. The 
nominal data frequency is 6.44 MHz with the 
oscillator running at twice the data fre
quency (12.88 MHz). 

The FF is set by one of three signals: 

1. OS, which is Early Data. 

2. X, which is delayed OS. 

3. Y Enable, which is used when data will 
not be available in time to set the 
Comparator FF. 

The osc~llator output is divided into four 
1/4-cell phases: Pl, P2, P3, and P4. The X 
or Os pulses can set the FF only if they 
occur in the Pl, P2, or P3 periods. Except 
in cases of abnormal peak shift, the Compara
tor FF is set during Pl or P2. The FF is 
unconditionally cleared at P4 time. 

In a pattern of all "l's·, OS sets the FF. 
An all nO's· pattern causes it to be set by 
X pulses. Synchronization shifts between 
OS and X pulses depending upon the data pat
tern being read. During a data pattern in 
which OS or X will not occur during Pl or P2 
time (for example, in a "10" pattern) Y 
Enable acts as a fake data pulse to set the 
FF to maintain reasonable,frequency control. 

The Comparator FF output is integrated and 
used as a control voltage to the voltage
controlled oscillator in the PLO. With the 
FF set, the oscillator tends to speed up; 
with the FF cleared, it slows down. The 
multivibrator output is, therefore, not 
completely symmetrical. A ~ivide-by-two 
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flip-flop (9/2) provides the required sym
metrical output by triggering off of the neg
ative-going edge of the PLO output. 

Note that the PLO functions as long as the 
data latch is operational. Only the Read 
Enable signal need be up. 

Fast Start 

Fast start increases loop gain to assist in 
rapid frequency synchronization. This func
tion is enabled by a Read command. Note that 
Read Header does not directly provide Fast 
Start. With delay Y806 timing out for 5 
microseconds, the following events occur: 

1. Greater current is provided to a circuit 
internal to the control voltage genera
tor. The control voltage to the multi
vibrator, which is normally 0.65v peak
to-peak, is doubled. 

2. DS and Y Enable pulses are inhibited. 
Only X pulses are presented to the Com
parator FF. This ensures correct phase 
synchronization. Fast Start must be 
enabled only during a sync pattern of 
zeros. 

3. P4 pulses are narrowed to about 1/8-cell 
time to permit incoming data ta dominate 
the Comparator FF. 

4. Fast Start is applied to SERDES control 
to control Data Good. 

Delay Y808 is used for address mark ~tkms. 
With Read Enable up, this single-shot re
mains in the continuously-triggered condition. 
A Read command cannot generate a Resync Pulse 
to initiate Fast Start. As explained in the 
SERDES discussion, data cannot be recognized 
until the trailing edge of Fast Start. How
'ever, no flux transitions occur during the 
address mark gap: therefore, there are no X 
or OS pulses. Y808 times out if about two 
bytes (each byte equals about 1.24 micro
seconds) occur without X or OS pulses. The 
first ·0" of the first zeros byte retriggers 
Y80S; Y806 fires to initiate Fast Start. 

Data Separator Circuit 

The Data Separator circuit {Figure 3-52} 
separates the data "l's" from the clock. The 
circuit-consists of the Data Window FF, Data 
Sense FF, Data and Clock register FFs, the 
Data Strobe circuit, and various delays and 
gates. 

The data windOW, Shift pulses, and Reset 
pulses are derived from the 9/2 output of 
the Phase Lock Oscillator circuit. The data 
window width is adjustable for maximum data 
discrimination by means of a tapped delay 
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line. The Data Strobe pulses are used to 
toggle the Data Sense FP. The nominal strobe 
is a delayed data pulse. The strobels re
lative position with respect to the data 
window is adjusted for maximwD data recovery. 
A -1- is reoc;tcJDizecl-if strbbe occurs while 
the Data Window FP is set. Early or late 
strobes may be varied from the naminal. strobe 
time by a collllllADd from the controller (Ad
vance or Retard Read Check) or the setting 
of a switch on the loqic chassis maintenance 
panel. This feature allows recovery of data 
which may be out of position on the disk 
relative to the average data position. 

The shift pulses are narrow pulses which 
occur once each cell time. 'rhese pulses 
initialize the Data Sense FF and shift the 
contents of the Data Sense FF into the Data 
Register PF. The Shift pulses also initial
ize the Clock register FP. 

The Reset pulses also occur once per cell 
period. 'rhey initialize the Data Regiscer 
FP and toggle the Clock Register PT. As 
shown in Fiqure 3-52), the Sh1ft and Reset 
pulses control the timing of the output wave
forms of the data sepaJ:'ator circuit. Note 
that the window is delayed beyond the Shift 
pulse so that the Data Sense FF is always 
ready to accept a Data Strobe pulse. 

The Data Sense FF is toggled whenever a Data 
Strobe occurs durinq the data window time 
(Data Window FF set) of a cell period. The 
next Shift pulse would then transfer the 
data "1- from the Data Sense FF to the Data 
reqister FF. Note in Fiqure 3-52 that the 
data "1" is actually transmitted to SERDES 
almost one cell time after it is detected. 

SERDES Oeserializer 

SERDES (figure 3-53) is used during Read 
operations to convert serial information 
read from the disk into parallel (byte) 
information for transmission to the con
troller. 

Serdes During Read (RDX) 

In order to understand the operation of this 
circuit, assume that Read Enable is up (On 
Cylinder and Not Write) and that the drivel 
controller interface is not yet communicat
ing. The earlier stages of the read circuit 
are operational: data pulses are available 
from the data latch circuit and the PLQ is 
providing read clock. SERDES itself is in
hibited because Read Gate is down. The bit 
counter contains a count of zero. 

The heads are senSing the bytes of zeros in 
the inter-record gap and the controller 
raises Read and Device Command Strobe Se
quencing is then as follows: 
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1. Read Gate is qenerated. 

2. The rise of Device Command Strobe drops 
the bit counter reset. The bit counter 
counts to one. Then, because of Count 
Inhibit, it is f:ozen. 

3. Data from the data separator circuit 
triggers single shot A625. Data is 
loaded into SERDES at the trailing edge 
of each read clock from the data separa
tor circuit. 

The remaining steps cannot occur 
for at least 5 microseconds follow
ing the rise of Read. This is the 
Fast Start timeout to allow full 
frequency/phase synchronization. 

4. After 5 microseconds, Fast Start drops 
aDd the Data Good Enable FP sets. Note 
that S.-arch Address Mark is NO'r enabled. 

5. The zeros pattern continues to be loaded 
into SERDES. 

6. Eventually, the sync byte of hexadecimal 
19 (0001 1001) beqins to enter SERDES. 
See Fiqure 3-54 for timing. 

7. When the sync byte is fully loaded, the 
Hex 19 Detect FF sets. 

8. The Data Good FF sets. Count Inhibit 
drops. 

9. The bit counter starts counting ~rom one 
as the sync byte is shifted out of SEaCES. 
This byte cannot enter the byte reqister. 
The ID byte (also hex 19) begins to 
enter ~ERDES. 

10. When the counter reaches a count of 
eight, and at the trailing edge of read 
clock: 

a. The 10 byte is transferred from SERCES 
to the byte register. 

b. The first bit of the first data byte 
is loaded into SERDES. (This does 
not affect the byte transferred to 
the byte register because SEReES 
contains edge-triggered devices. The 
10 byte is transferred out before 
the next incoming data biS can be 
reflected in the SEROES 2 output.) 

c. The bit counter is reset to one. 

d. The output of the byte register is 
applied to the bidirectional data 
lines via the multiplexer as long as 
Read Gate is up. The data on these 
lines has no validity with Serial 
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Read. In down. Whenever the byte 
register contains an even number of 
"I" data bits, a parity generator 
automatically turns on DIP. Odd 
parity is, therefore, checked. Par
ity is not checked at" the drive to 
ensure that there is not a Data 
Parity Error. 

e. The 8 Bits Processed FF sets •. This 
sets the Read SRI FF. 

f. Serial Read In is raised to the con
troller to indicate that data (10 
byte) on the bidirectional data lines 
is valid. 

11. When the controller accepts the infor· 
mation, it raises Serial Write Out. 

12. The drive drops Serial Read In until 
the next 8 Bits Processed. 

13. The Serial Read In/Serial Write Out 
dialog continues without interruption 
until the controller drops DeS. 

Note that the first byte, the sync byte, is 
recognized by SEROES but does not generate 
SRI. Only the ID byte and all subsequent 
data bytes are transferred. 

If the controller is late in raising Serial 
Write Out another data byte could be loaded 
into the byte register before the resident 
byte is accepted. If this happens, Transfer 
Timing Error (bit 21 of OSl) is generated to 
raise FLT. This FLT does not, in itself, 
terminate the read operation. 

Serdes During A Read Header (ROH) 

A Read Header (ROH) command is identical to 
Read, except that data cannot be returned 
to the controller until an address mark is 
detected prior to the sync byte. 

Except as specified herein, SEROES works in 
the identical manner for both Read and Read 
Header. 

Assume that the read head is reading the in-. 
ter-record gap of zeros. The controller 
raises Read Header and Device Command Strobe. 
Sequencing is as follows: 

1. Because Read Header does not generate 
the Resync Pulse used to initiate Fast 
Start (Figure 3-51) that signal is not 
available. (It timed out following 
the last Read Enable). 

2. The Data Good Enable FF remains reset 
since there is no Not Fast Start edge 
to toggle the FF. Data Good cannot set 
if the controller inadvertently raised 
RDH preceding a record field without 
an address mark. 

8331S200 A 

3. With both the Data Good FF and Data Good 
Enable FF cleared. Search Address Mark 
is- raised to the level Time Constant 
Co~trol circuit (Figure 3-49). 

4. Nothing of further consequence happens 
until the address mark gap (transition
less area) is sensed. Delay YS08 (Fig
ure 3-51) can then time out. 

s. When the first MFM Clock of the sync 
field is sensed, the resulting X pulse 
retriggers Y808 which, in turn, triggers 
Fast Start single shot Y806. Fast Start 
is up for 5 microseconds. 

6. With Fast Start up, Search Address Mark 
is disabled. 

7. After about 4 bytes of the 12 byte sync 
field (all zeros), Fast Start drops. 

S. The Data Good Enable FF sets to permit 
the Data Good FF to set when the hex 19 
of the sync byte is loaded into SEROES. 

The remaining operation of Read Header is 
identical to the Read operation already 
explained. 

SENSE OPERATIONS 
GENERAL-

Sense operations permit the controller to 
determine drive status. 

SUMMING STATUS REQUEST (SSRJ 

The SSR command causes the transfer of one 
byte of data from the drive to the controller. 
This command does not require a previous 
Seize command. It is decoded directly off 
of the command lines without passing through 
the normal command decode logic. The only 
requirement is that the drive be online. The 
meanings of each bit in the SSR dialog are 
explained in Table 3-4 (Commands). 

Two separate Summary Status Registers are 
provided within the drive: one for each con
troller. Current status is loaded from the 
logic into the applicable register when the 
SSR command is decoded. The register is 
gated to the DLI transmitters followed by a 
Serial Read In to indicate that the data is 
valid. 

SSR status may also be determined during 
maintenance by setting the DISPLAY SELECT 
switch on the maintenance panel to SSR. This 
gates the status information (while bypass
ing the Summary Status Register) to the dis
play indicators. Bit 28 (not used), bit 27 
(Device Reserved), and bit 26 (Device Seized) 
indicators are a.lways off. Data placed on 
the bidirectional data lines is applied to 
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the maintenance panel indicators and is 
theoretically available. However, except 
during maintenance, the signals are not up 
long enough for the LED indicators to react. 

fAULT DETECTION 

The drive contains extensive logic to monitor 
iu internal operations and the OLI dialog. 
If any critical component or functions oper
ate outside of their required parameters, ~ -
the malfunction is defined as a fault. This 
raises the FLT line to the controller. 

There are two types of fault. Device Paul t 
(SSR bit 21) indicates an internal hardware 
failure. A simplified illustration of cir
cuits used to generate this fault is provid
ed by Pigure 3-55. Refer to the applicable 
detailed operation theory (seeks, etc.) -for 
further information. DLI Error (SSIt hit 
23) indicates that the normal controller/ 
drive data transfer is erroneous. See 
Figure 3-56 for the simplified logic: refer 
to Command Operations for additional infor
mation. 

Detailed Status Bytes (OSB) 

Up to five bytes of additional status infor
mation may be obtained by means of the OSl 
through DSS commands (tags 29 through 20). 
These bytes further define status to indicate 
the cause of a fault or other status data. 
These commands require a successful Seize 
sequence. Status bytes and their bit mean
ings are defined in Table 3-4. 

When an error occurs, the corresponding DSB 
flip-flop is set to raise PLT and to store 
the information. Even through the cause of 
the fault may be removed, the status will 
continue to be stored until it is cleared 
by either the specific OS- command or by 
a Device Initialize signal. . 

Certain errors require that the aa.e of the 
error be removed. For example, Seek Incom
plete (DS3 bit 2 ) requires a OS3 command to 
drop the status. However, the internal mal
function must be cleared by prior Recalibrate 
command. In this ease, OS3 will not fully 
reset the OS3 status bit: it is immediately 
set again by Seek Incomplete if there has 
not been a Recalibrate or its equivalent 
command. 

DSB bits specified as status, (Heads Retract
ed, etc.), do not set DSB flip-flops. -Cur
rent status is examined only while the com
mand is being executed. The status itself 
remains unaffected. 
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DIAGNOSTIC OPERATIONS 
GENERAL-

Dia~os~~ ~~rati~ns permit the controller 
to check certain elements of the seek, ang
ular position, and write cireui ts • See 
Figure 3-57. 

DIAGNOsnC COMMANDS 

The drive enters the diaqnostic mode when it 
is Online, seized, and has received a Set 
DiagnostiC Mode (SDK) or Set Diagnostic Es
cape (SOE) command. Either command sets bit 
20 of the Summary Status Register. SDK itself 
has no further effect on drive operations. 
~he SDE command conditions the drive so that 
it can accept an additional command set not 
available durinq normal operations. SDM 
need not precede SOB. Por further informa
tion on diagnostic operations, refer to the 
following discussions earlier in this sect::i.on.-

• Command functions are listed in Table 
3-3. 

• A list of Test and Diagnostic Commands 
is provided in the Device Level Inter
face portion. 

• Angular Position In and Increment Sector 
Counter commands are in the Sector Cir
cuit explanation. 

• Fault conditions generated by invalid 
commands are explained in Sense Oper
ations. 

• Write Operations portion provides theory 
on the write driver loqic. 

The drive is released from the diagnostic 
mode if the controller issues a Reset Diag
nostic Mode (ROM) or Device Initialize (DIN). 
Bither command also initiates an automatic 
RTZS sequence. 

WRITE rEST DIAGNOSTICS 

The write test diagnostics (Write Test and 
Write Test Check) check the write portion of 
SERDES and the write toggle. A typical se
quence of operations would be as follows: 

NOTE 

Sequeneinq is for reference only. 
Actual sequencing or data patterns 
may differ from this explanation. 

83318200 0 



1. Controller issues Set Diagnostic Escape. 

2. Controller issues Write Test command. 
This enables the normal write circuitry. 
The normal Serial Read In/Serial Write 
Out dialog explained in Write Operations 
begins. 

3. Controller writes a selected number of 
bytes with a 10101~10 pattern. 

a. Data is processed by SERDES as it 
does during a normal Write command. 
As the NRZ data leaves SERDES, the 
bit toggling is checked by one-shot 
A676. It must receive a "1" at least 
once each 800 nanoseconds. Since 
the data pattern (10101010) normally 
creates toggles, SERDES is malfunc
tioning if the one-shot times out. 
This sets Not NRZ Toggle FF which, 
in turn, sets the NRZ Fault FF. 
See step 5. 

83318200 A 

4. Controller raises Data Modifier Line to 
inhibit MPH clock/data writing. 

a. Fault Inhibit A and Fault Inhibit B 
flip-flops set. They inhibit Current 
Fault FF (DS2 bit 25) as they do dur
ing regular address mark operations. 

b. Lack of write driver transitions 
generates a Current Fault. Although 
the CUrrent Fault FF is inhibited, 
the fault is still indicated inter
nally. If the fault is not generated 
(hardware error), Write TeSt Current 
Fault FF sets. 

5. Controller drops Write Test and raises 
Write Test Check. 

a. If NRZ Fault (error condition) occur~ 
red in step 5, bit 20 of the bidirec
tional data lines is true. 

b. If a Current Fault did not occur in 
step 4, bit 21 of the bidirectional 
data lines is true. 
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PREFACE 

This manual contains illustrations and part 
number information. It has been prepared 
for customer enqineers and other technical 
personnel directly involved with maintaininq 
the disk storaqe unit (drive). 

Information in this manual is applicable to 
all BR3C9 and BR3E4/5 disk storage units. 
For further information concerninq the above 
units refer to the followinq manuals: 

Publication No. '.ri~e 

83318100 Hardware Maintenance manual, 
Volume 1: ZIlstallation and 
Checkout, Preventive Mainte-

83318300 L 

Publication No. ~ 

nance, Correcti va Mainte
nance, Diaqrams, Wire Lists. 

83318200 Hardware Reference Manual -
General Description, Opera
tion, Theoxy of Operation. 

83318600 Loqic cards Manual: Key to 
Loqic, bteqrated Circuits, 
Discrete Circuits, unique 
Card Schematics, card Com
ponent Layout Diagrams. 
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INTRODUCTION 

'l'his manual provides the information needed 
to order field replaceable parts for BR3C9, 
BR3E4, BR3ES Disk Storaqe Um t (DSU). 

Information within this manual is provided by 
representative filUBtratioDs and their companion 
parts lists. The parts shown on the mustratioDS 
are assigned index numbers. These numbers cross 
reference the filUBtrations to the associated parts 
lists. The first m.ustrati0D in the manual shows 
the complete DSU. Subsequent filustrations pro
gressively break the unit down into its component 
parts and assemblies. 

The parts lists associated with each nlustration 
are organized in four columns: 

• The Index Number column cross references 
the applicable entry to the associated filustration. 
When more than one entry is given for a particular 
index number. the use of the particular part is 
defined in the Notes co1wan. 

• The Part Number column provides the eight 
digit number by which a part may be ordered. In 
some cases the last two ~ts (referred to as Tab 
numbers) may be shown as "xx". This situation 
exists when an assembly (which is not normally 

83318300 D 

considered field replaceable) changes tab numbers 
rapidly in the course of DOrmal factory buUd. If 
it is necessary to order an assembly which is cata-
10gued In this manner. the actual part number can 
usually be f01.U1d on the part number label attached 
to the assembly. If the actual part number cannot 
be determined. be sure to include on the order the 
series code of the machine. and a listing of all the 
change orders installed. 

• The Description column provides the part 
nomenclature. This column also provides informa
tion on the relationship of parts and assemblies. 
This is accomplished by means of indentation within 
the column. An indented item is part of a previoUS 
assembly wb1ch is indented to a lesser degree. 

• The Notes column is used to show differ
ences in cODflguration when more than one configu
ratioD of a machine is covered in the manual. This 
is shown by ideDtUying a Model Level (Mod A), 
"by identifyinq a machine series code and 
chanqe order number (SIC 10 with PE3SS37), 
or by identifying the last two digits of the 
eight diqit assembly part number to which 
the particu~ar part applies (Tab 17). 

1 
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INDEX 
NO. 

I
I 
2 
3 
4 
5 
6 
7 
8 
8 

9 

PART 
NUMBER 

752100xx 

10125607 
10126403 
10125108 
10127144 
10127141 

736710xx 
472672xx 
75029946 
75029929 
75029927 
75029990 
75029992 
75029986 
75029957 
75029988 
75029987 
75029946 
75029966 
75029968 
92628323 
75045200 
93592458 

93573006 
93573014 
93572001 
93571003 
75031901 
94276602 
94281432 
10126403 
09040204 
750036xx 
75007528 
75007570 

-75007599 
15007569 
75007568 
75007545 
75040409 
40029800 
94303500 
93592-428 
75194501 
75194500 
75040408 
10127120 
10126403 
76429347 
76429348 
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PART DESCRIPTION 

FINAL ASSEMBLY (SHEET 1 OF 2) 
TOP COVER ASSEMBLY - (SEE F:IGURE 5 ) 
WASHER, FLAT, 10 
WASHER, LOCK, EXTERNAL TOOTH, 10 
NOT, HEX, 10-32 
SCREW, MACHINE, PAN HEAD, PBIIl.IPS,lo-32 x 5/8 
SCBEW, MACHINE, PAN BEAD, PBIIl.IPS,IO-32x5/16 
PACK ACCESS COVER ASSEMBLY (SEE FIGURE 8 ) 
FRONT PANEL ASSEMBLY 
FRONT PANEL ASSEMBLY 

PANEL, . FBONT, REBEL RED 
PANEL, FRONT, WHITE 
PANEL, FRONT, BLOB 
PANEL., FRON'!', HUNTER BED 
PANEL, FRONT, AZTEC lELLOW 
PANEL, FRON'!, MARITIME 
PANEL, FRONT, MAR:INB 
PANEL, !'RON'!, LOBSTER 
PANEL, FRON'!', SCARAB 
PANEL, FRONT, HOnZON 
PANEL, PRON'l', BERMUDA TAN 
PANEL, FRONT, MIST 
TAPE, FOAM 
HOOK, PANEL 
SCREW, MACHINE, HEX BBAD, S'l'P, .10-24 x 3/8 

STUD ASSEMBLY ------ -= STOD ASSEMBLY I 

RING • 
GROMMET 
PANEL, ACOUSTICAL 
TAPE, FOAM 
CABLE ,GROUND 
WASHER, LOCK, EXTEBNAL TOOTH, 10 
WASHER, LOCK, DISHED TYPE 

SIDE PANEL ASSEMBLY 
PANEL, S:IDE, BLACK 
PANEL, S:IDE, INDIGO 
PANEL, S:IDE, BRIAR 
PANEL, SIDE, MINT 
PANEL, SIDE, M:IST 
PANEL, SIDE, DARK GOLD 
PANEL, FOAM, ACOUST:ICAL 
BRACKET, RECEPTACLE 
RECEPTACLE, CL:IP-IN 
SCREW, TPG, 10-32 x 3/8 
BRACKET, SUPPORT 
BRACKE'l' , SUPPORT 
PANEL, FOAM, ACOUST:ICAL 
SCREW, MACHINE, PAN 1IDD,PBIIl.IPS,S,,:,,32. X 1/4 
WASHER, LOCK, EX'l'EBNAL 'rOO'l'B, 10 
SEAL, ACOOSTICAL (TOP AND BOTTOM) 
SEAL, ACOUSTICAL (S:IDES) 

NOTES 

SIC 25 & BELOW 

SIC 26 & ABOVE 

SIC 25 & BELOW 
SIC 26 , ABOVE 

3/4 





INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

1- 752100XX FINAL ASSEMBLY (SHEET 2) (Contd) 

10 72818101 PLATE, NUT 
11 10126500 SCBEW, lO.CHINE, HEX BEAD, PIAIN, 1/4-20 x 1/2 
12 10126404 WASHER, LOCK, EXTERNAL 'l'OOTH, 1/4 
13 10125301 NOT, HEXAGON, 1/4-20 
14 ~ON'l'RQL PANEL ASSEMBLY (SEE FIGURE 6) 
15 NO'!' USED 
16 72959300 LABEL, FIELD CHANGE ORDER 
17 73229609 LABBL, COMMON TEST POINT 
18 24547508 PLATE, WARNING 
19 94060004 CHANNEL, "ROBBER 
20 75040411 PANEL, FOAM, ACOUSTICAL 
21 77549300 LOGIC PLUG KIT 
22 75029401 HANDLE, COVER 
23 10127142 SCREW, MACHINE. PANBEAD, 10-32 x 3/8 
24 09040204 WASHER, LOCK, DISHED TYPE 

76533906 STRIP, DECORATIVE, B~ 

-

.. 
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INDEX PART 
NO. NUMBER 

I
I 
2 
2 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
15 
15 
16 
17 
18 
19 
20 
20 
21 
22 
23 
23 
24 
25 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

75003509 
47259609 
75026228 
47257928 
10127120 
10126402 
94281432 
10125108 
75032803 
75028300 
00855701 
94281473 
10125804 
10125106 
10127121 
93783102 
94276600 
93590164 
75030000 
92649009 
92953329 
75029500 
93~~ 
~90I) 

ill33221 
73229002 
76374201 
76374201 
82379200 
93592238 
94217702 
10125609 
93592240 
40016108 
40016126· 

94193401 
78816905 
78816906 

75214607 
75214608 

10126500 
10126404 
10125608 
94311619 
94279412 
76381700 
76538300 
75085100 
72873000 
94281477 
73485034 
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PART DESCRIPTION 

FINAL ASSEMBLY (SHEET 2) 
LOGIC CHASSIS ASSEMBLY (SEE FIGURE 15) 
LOGIC CHASSIS REAR COVER ASSEMBLY 
LOGIC CHASSIS REAR COVER ASSEMBLY 

COVER, REAR, LOGIC CHASSIS 
COVER, REAR, LOGIC CHASSIS 
SCREW, MACHINE, PAN BEAD, PBIU.IPS,8-32 x 1/4 
WASBBR, LOCK, EXTERNAL TOOTH, 8 
CABLE, GROUND (U)GIC RI:'AR CXM:R it) UGIC amssIS) 

NOT, BEXAGON, 10-32 
CARD COVER ASSEMBLY 

COVER, CARD 
GROMMET, PUSH-PULL 
CABLE, GROUND (FROM CARD COVER) 
WASHER, SPRING LOCK, 8 
NtJ'r, HEXAGON, 8-32 
SCREW, MACHINE, PAN B!'AD, PBIU.IPS,8-32x5/16 
FASTENER, PUSH-PULL, BLACK 

TAPE, FOAM 
SCREW, PAN BJ!'AD, PBIU.IPS, TPG, 6-32 x 1/2 
ROD, SUPPORT, TOP COVER 
PIN, COTTER, 1/16 x 1/2 x 6 
SCREW, MACHINE, FIAT BEAD,PBIU.IPS,l/4-20 x 5/8 
PLATE, NUT, CONTROL PANEL 
SCREW, HEX READ, STP, 10-24 x 3/8 
SPRING, GAS' 
RING, RETAINING 
STUD 
BRACRE'!, SPR1.NG, BOTTOM, LEF'r & RIGHT 
BRACKE'l', SPRING, BOTTOM, LEF'r ONLY 
BRACI<ET, SPRING, BOT'l'OM, RIGHT 
·SCREW,SELF-TAPPING, 10-24 x 3/8 
NOT, SELF-LOCltING 
WASHER, PLAT, 5/16 
SCREW, MACBINE, WASHER READ, 10-24 x 1/2 
CABLE ASSEMBLY, Wl 
CABLE ASSEMBLY, W1 
READ ARM COMPLIMENT (SEE FIG. 7, SHEET 1) 
BUMPER, ROBBER 
DECX, FRAME, AND POWER SUPPLY ASSEMBLY 
DECK, FRAME, AND POWER SUPPLY ASSEMBLY 

OECX ASSEMBLY (SEE FIG. 7) 
FRAME AND POWER SUPPLY ASSEMBLY 
FRAME AND POWER SUPPLY ASSEMBLY 

POWER SUPPLY ASSEMBLY (SEE FIG. 14) 
FRAME ASSEMBLY (SEE FIG. 2) 
SCREW, MACHINE, HEX HFAD, PlAIN, 1/4-20 x 1/2 
WASHER, LOCK, EXTERNAL TOOTH, 1/4' 
WASHER, FLAT, 1/4 
HOSE, FLEXIBLE 
BtJ'l'TON, PLUG 

BRACKET, CONTROL PANEL, LEFT HAND 
BRACKET, CONTROL PANEL, RIGHT HAND 
PANEL, DECX, SEAL, REAR 
BLOCK, HINGE 
CABLE, GROUND (CONTROL PANEL TO BLOCK HINGE) 
COMPONENT ASSEMBLY, TYPE 3ZQN (SEE FIG. 16) 

NOTES 

SIC 25 & BELOW 
SIC 26 & ABOVE 
SIc 25 & BELOW 
SIc 26 & ABOVE 

SIc 29 & BELOW 
SIC 30 & ABOVE 
SIC 30 & ABOVE ONLY 

BR3C9 MOD A,B BR3E4/5 MOD A 
BR3C9 MOD C,O BRJE4/5 MOD B 

BR3C9 MOD A,B BR3E4/5 MOD A 
BR3C9 MOD C,O BR3E4/5 MOD B 

BR3C9 MOD A,B BR3E4/5 MOD A 
BR3C9 MOD C,O BR3E4/5 MOD B 

7/8 
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INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

1- FINAL ASSEMBLY (SHEET 2 CONT) 
37 75080100 CATCH, COVER PACK 
38 82376500 CLAMP, SWITCH SIC 30 & ABOVE ONLY 
39 93187314 . SCREW , MACHINE, BEl s::x:l<El',lIJ'rl'CB BEAD,IO-32 x 3/8 

I 
40 94001102 TAPE, l!'CN( (~ 0B:lC REAR SEAL AND OB:K ASSlM3U) 
41 76470701 PANEL, SHROUD, SIDE, RIGHT SIC 29 & BELOW 
41 47341901 PANEL, SHROUD, SIDE, RIGHT SIC 30 & ABOVE 
42 76470700 PANEL, SHBOUD, SIDE, LEFT SIC 29 & BELOW 
42 47341900 PANEL, SHROUD, SIDE, LEFT SIC 30 & ABOVE 

43 73627702 DECK COVER ASSEMBLY 
77418000 COVER, DECK 
94356900 LATCH, SPlUNG 
95037600 GASRE'l' , RUBBER 

44 76405700 PACK SHROUD ASSEMBLY SIC 12 W/O 35856C & BLW 
44 77541400 PACK SHROUD ASSEMBLY SIC 12 W/35856 & ABV 
45 SERVO PREAMP ASSEMBLY (SEE CARD COMPLEMENT) 
46 734.79900 COVER, PREAMPLIFIER 
47 73479800 HOUSING, PREAMPLIFIER 
48 93115247 SCREW, MP.CBINB, HEX s:::x::l<:ElT, CAP BE'AD, 6-32 x 5/8 
49 93592084 SCREW, HEXAGON, WASHER BEAD, 4-40 x 5/16 
50 93342098 SCREW, NYLON, 4-40 X 3/8 
51 10125605 WASHER, PLAIN, 6 
52 93590162 SCREW, MACHINE, 6-32 X 3/8 
53 10126401 WASBBR, LOCK, EXTERNAL TOOTH, 6 
54 10127112 SCREW, MACHINE, PAN BEAD, 6-32 X 5/16 
55 10127114 SCREW, MACHINE, PAN BFAD, PHILLIPS, 6-32 X 1/2 
56 10127113 SCREW, MACHINE, PAN BEAD, 6-32 x 1/4 
57 92723196 SCREW, BOTTON HEAD, 6-32 x 1/4 
58 10126103 INTERNAL LOCK WASHER, 6 
59 93560001 SWITCH, INTERLOCK LOCATED ON ARM OF SHROUD FOR 

SIc 29 & BELOW 
LOCATED AS SHOWN IN DETAIL 
A FOR SIC 30 & ABOVE 

60 93154109 TUBING, HEAT SBIaNKABLE SIC 29 & BELOW 
61 93749162 SCREN, PHILLIPS, 6-32 X 3/8 
62 94369514 CABLE, GROUND (DECK 'rO SHROUD AND FRONT PANEL) 
63 10127153 SCREW, MACHINE, PAN BEAD, 1/4-20 X 1/2 
64 10127363 SCREW, MACHINE, PAN BEAD, 10-32 x 3/8 
65 10126403 WASBER, LOCK, EXTERNAL TOOTH, 10 
66 09040204 WABIlER, LOCK, DISH TYPE 
67 94274140 TERMINAL, QUICK CO~CT 
68 76371000 COVER, SHROUD 
69 93343158 SCREW, NYLON, 6-32 x 1/4 
70 10127141 SCREW, Phillips, 10-32 X 5/16 
71 10125i05 NUT, MACHINE, HEXAGON, 6-32 SIC 30 & ABOVE ONLY 72 94237703 TRIH, SAFETY 

I 
; 
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INDEX PART 
NO. NUMBER 

I-
I 
2 
2 
2 
3 
4 
5 
6 
7 
7 
8 
9 
9 
10 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 
22 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

46 

10126403 
93697020 
94402800 
94402801 
82390401 
93592428 
94204269 
73559903 
'6506200 
82390601 

76522100 
47402700 
93994003 
93994002 
10125607 

10126502 
10127141 
10125031 
94277406 
75081611 
53714400 
10126403 
94297000 
94297011 
93592202 
94275213 
76373000 
47278201 
72822800 
10127131 
10126105 
75084600 
10126245 
76398400 
76398300 
82353100 
75027500 
75024900 
75024800 
10126500 
94311607 
92033316 
76535100 
94277503 
10125301 
10125605 
10126401 
10127114 
10125062 
10127142 
10126501 
10125806 
47431200 
70738306 
72875100 
94277418 
73068801 
93006035 
72920801 

72875101 
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PART DESCRIPTION 

FINAL ASSEMBLY (SHEET 3) 
WASHER, LOCK, EXTERNAL TOOTH, 10 
LEVELER 
LEVELER 
LEVELER 
BELTLINE, SIDE, LEFT 
SCREW, MACHINE, HEX HEAD, PLAIN, 10-32 x 3/8 
SPRING, EXTENSION 
CABLE, BRAKE ACTUATOR 
BELTLINE, SJ:DE, RIGB'l' 
BELTLINB, smE, RIGHT· 
1.0. PAUL ASSEMBLY (SEE FIGURE 3) 
CATCH, TOP COVER 
CATCH, TOP COVER 
RIVE'r, OPEN END, POP TYPE 
RIVE'r, OPEN END, POP TYPE 
WASHER, PLAIN, 10 
CIRCUIT BREAKER BOX (SEE FIGURE 4) 
SCREW, MACHJ:NB, HEX BEAD, 1/4-20 x 3/4 
SCREW, MACBJ:O, PAN BFAD, PHILLIPS, 10-32 x 5/16 
SCREW, MACHINE, HEX HEAD, 8-32 x 5/8 
STRAP, CABLE 'lIB 
FINAL GROUNDING ·ASSEMBLY 

'mRIIINAL BLOCI<, GROtlNDING 
WASHER, LOClt, EXTERNAL 'l'OO'rB, 10 
CABLE, GROOND (GROUND BLOCK TO FRAME) 
CABLE, GROOND (GlUH) BWCK m !'INAL GlIXRm«;) 
SCREW, MACHINE, HEX HBAD, 8-32 x 1/2 

CLAMP, BOSE 
BAR, MOUNTING, CONTROL PANEL 
LOGIC SUPPORT ASSEMBLY 

BLOCK, . SUPPORT 
SCREW, PAN BEAD, MACHIO, 10-24 x 3/8 
WASHER, LOCK, INTERNAL TOOTH, 10 
.SOPPORr, LOGIC PRAMP! 

SCREW, SOCKET BEAD, 10-32 x 5/8 
PLATE, NtJ'f, KEEPER 
CM.'CB, KEEPER 
CATCH, KEEPER 
KEEPER, BRACKET, MOUNTING 
HIHGB, PIVO'r, UPPBR 
HINGE, PIVOT, LOWER 
SCREW, HEXAGON HEAD, 1/4-20 x 1/2 
BOSE, PLEXIBLE 
lUNG, RETAINING 
BINGE, BOSE SUPPOR'!' 
BASE, MOtJNTING 
NUT, HEXAGON, 1/4-20 
WASHER, FLAT, 6 
WASHER, LOCJC, EXTERNAL TOOTH, 6 
SCREW, MACHINE, PAN HI!'AD, PHILLIPS, 6-32 X 1/2 
SCREW, MACHINE, HEX HEAD, 10-32 X 1/2 
SCREW, PHILLIPS, 10-32 x 3/8 
SCREW, MACHINE, HEX BFAD, PIAIN, 1/4-20 x 5/8 
WASHER, LOCK, SPRING, 1/4 
SHROUD, CABLE GUIDE 
INSULATOR, MOTOR MOUNT 
CHANNEL, RUBBER 
STRAP, CABLE TIE 
LEVER, EXTENSION 
NOT 
CABLE, EPO (PACKAGED W/44 , 45) 

CHANNEL, RUBBER 

NOTES 

SIC 39 W/047857 , BLW 
SIC 39-40 W/ 47857 
SIC 40 W/47956 , ABV 

SIC 25 , BLW 
SIC 26 , ABV 

SIc 26 thru 35 
SIC 36 , ABV 
SIC 26 thru 35 
SIC 36 , ABV 

SIC 25 , BLW 
SIC 26 , ABV 

SIC 39 W/ 47857 ,'ABV 
SIC 39 WI 47857 , ABV 
SIC 41 W/ 47985 'ABV. Used 
in BR3C9-J, Kt BR3E4/5-E 
only 
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INDEX PART 
NO. NUMBER 

2-
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

750968xx 
75029300 
10125062 
10126403 
10127142 
10125607 
40029500 
93571002 
93572001 
75031800 
93592240 
75030200 
76507400 
10126501 
10125608 
10125806 
75007300 
75029301 
94303500 
75007400 
93573017 
94245302 
10127143 
10126105 
75040600 
94274140 
47181700 
94359401 
94275213 
93573018 

10126513 
10125609 
10126405 
93602322 
75007000 
101271.23 
10125106 
~012.~~~~ 
760258xx 
09040204 
9431.2902 
10125108 
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PART DESCRIPTION 

MAIN FRAME ASSEMBLY 
BRACKET, FRON'!' PANEL 
SCREW, MACHINE, HEX HEAD, 10-32 x 1/2 
WASHER, LOCK, EXTEBNAL 'rOOTH, 10 
SCREW, MACHINE, PAN BEAD, PBII.UPS, 10-32 x 3/8 
WASBBa, FLA1', 10 
BRACD'r, S'rUD 
GROMME'r 
RING, SNAP 
PLA'.rB, NU'r, SIDE PANEL 
SCREW, HEX BEAD, PNL, 10-24 x 1/2 
PLA'.rB, NU'r, FRON'r PANEL 
PLA'rE, FRON'!' PANEL 
SCREW, MACHINE, HEX BEAD, PIAIN, 1/4-20 X 5/8 
WASHER, FLAT, 1/4 
WASHER, LOCK, SPRING, 1/4 
BRACKET, REAR PANEL 
BRACKET, FRONT PANEL 
RECBP'rACLE, CLIP-IN 
BRACKET, SIDE PANEL 
S'rUD ASSEMBLY 
ISOLA'lOR, VIBRATION 
SCREW, MACHINE, PAN BFAD, PHIUJPS, 10-32 X 1/2 
WASBBR, LOCK, INTERNAL 'l'OO'rII, 10 
BRACKET, J«>tJNTING, SPRING 
TERMINAL, QUIa COHHBcr 
ANGLE, CABLE CLAMP 
BOSE, AIR, FLEXIBLE 
CLAMP, HOSE 
S'rUD ASSEMBLY 
AIR SUPPLY ASSEMBLY (SEE FIGURE 13) 
SCREW, MACHINE, HEX BEAD, PLAIN, 5/16-18 X 1/2 
WASBBR, PLAIN, 5/16 , 
WASHER, LOCK, EXTERNAL TOOTH, 5/16 
NOT, HEX, 1/4-20 
SUPPORT, AIR HOSE 
SCREW, MACHINE, PAN BEAD, PHIUJPS, tt-32 x 1/2 
Ntl'r, HEX, 8-32 
WASlIER, LOClt, EXTERNAL TOOTH, 8 
FBAJIB, MAIN 
WASBBR, LOCK, DISH 'l'YPE 
CLIP, CA8LB 
ND'r, HEXAGON, 10-32 

NOTES 

WI CABLE GROUND - SIC 44 
W/ 63134 , ABOVE . 
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INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

3- 77538500 I/O PANEL ASSEMBLY SIC 13 W/O 39412 & BLW 
3- 77479.00 I/O PANEL ASSEMBLY SIc 13 W/ 39412 & ABV, ALL 

1 75080000 STRAIN RELIEF AND CLAMP 
EXCEPT BR3C9J/K & BR3E4/5E 

2 10127106 SClU.W, PAN BEAD, MACHINE, 4-40 x 5/8 
3 94168016 SLBEVING, INSULATION 
4 75080001 STRAIN RELIEF AND CLAMP 
5 77538200 PANEL, I/O SIC 13 W/O 39412 & B~ 
5 77473400 'PANEL, I/O - SIC 13 W/39412 , ABV 
6 94352508 CONNECTOR, RECEPTACLE 
7 94208501 LABEL 

75008901 CABLE ASSEMBLY 

-

83318300 L 15 
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FIGURE 3. I/O PANEL ASSEMBLY (SHEET 2) 
BRlC9J/K AND BRlE4/SE 

s 

• 
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INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

3- 82385300 I/O PANEL ASSEMBLY BRlC9J/K, BRlE4/5E 
1 75080000 STRAIN RELIEF AND CLAMP 
2 10127106 SCREW, PAN HEAD, MACHINE, 4-40 x 5/8 
3 94168016 SLEEVING, INSULATION 
4 75080001 STRAJ:N RELIEF AND CLAMP 
5 77473400 PANEL, I/O 
6 94352508 CONNECTOR, RECEPTACLE 
7 94208501 LABEL -
8 94254700 ROUSING, RECEPTACLE 
9 10127113 SCREW, PAR BEAD, MACHINE, 6-32 x 3/8 
10 10127114 SCRBIf, PAN BEAD, MACHINE, 6-32 x 1/2 
11 10126401 WASHERS, EXTERNAL TOOTH, LOCK, 6 
12 10125105 NOT, BEXAGON, MACHINE, 6-32 
13 94274107 TElUttNAL, QUICK CONNECT 

75008901 CABLE ASSEMBLY 

8J318300 L 17 
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4-404A 

FIGURE 4. CIRCUIT BREAKER BOX ASSEMBLY 
18 83318300 L 



INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

4- 75032904 CIRCUIT BREAKER BOX ASSEMBLY, 60HZ SC 38 WIO 47897 " BLW 
4- 75032933 CIRCUIT BREAKER BOX ASSEMBLY. 60HZ SC 38 W/47897 " ABV 
4- 75032931 CIRCUIT BREAKER BOX ASSEMBLY. 50HZ SC 38 WIO 47897 " BLW 
4- 75032934 CIRCUIT BREAKER BOX ASSEMBLY. 50HZ SC 38 W/47897 " ABV 
1 73594801 BOX. CIRCUIT BREAKER 
2 73594903 COVER, BOX. CIRCUIT BREAKER 
3 94245217 CIRCUIT BREA1<ER, LONG DELAY 
4 10127111 SCREW, MACHINE, PAR BI!'AD, PBIU.IPS, 6-32 x 1/4 
5 93592196 SCREW, MACHINE, HEX BEAD, S'rP, 8-32 x 1/4 
6 18946007 TERMINAL BLOCK 
7 75032100 PLATE, TElUUNAL MA1UaNG 
8 94208666 SCREW. MACHINE, PAN BDD, PBIU.IPS,8-32 x 1-1/4 
9 92801001 CLAMP, CApLE 
10 92801002 CLAMP, CABLE 
11 46068603 PLATE. WABNING 
12 10126103 WASHER, LOCK, INTERNAL TOOTH, 6 

75043900 CIRCUIT BBEAKER BOX BARHESS ASSEMBLY 

83318300 M 19 



-,. 

PIGURE s. TOP COVER ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

s~ 750032xx TOP COVER ASSEMBLY SIC 25 & BELOW 
s.- 472645xx TOP CoVER ASSEMBLY SIC 26 & ABOVE 
1 76533100 BASE, BINGE, TOP' COVER 
2 76372900 SHAFT, BINGE BEARING 
3 76533401 BINGE, TOP 0 COVER, LEFT 

76533400 BINGE, TOP COVER, RIGHT 
4 93564028 WASHER, NYLON 
5 73628300 PLAH, SUPPORT ROD 
6 93994011 lUVftS, POP TYPE 
7 75026900 GUIDE, TOP COVER 
8 93187314 SCREW, Bo-.rmN BEAD, SOeKE': DRIVE, HYLOCl( 
9 10125108 ~, HEXAGON, 10-32 
10 10125607 WASHER, PIA'l, 10 
11 10126403 WASHER, LOCI( I EXTERNAL TOOTH, 10 
12 76533300 PLATE, NEAR 
13 75040425 PANEL, ACOOSTlCAL 
14 75040413 PANEL I ACOOSTlCAL 
15 75008744 COVER, TOP, CHAMOIS SIC 25 & BELOW 

75008729 COVER, TOP, WBI'l'E SIC 25 & BELOW 
75008771 COVER, TOP, BORIZON SIC 25 & BELOW 
75008766 COVER, 'raP, BERMUDA·'!'AN SIC 25 & BELOW 
75008768 COVER, TOP, MIST SiC 25 & BELOW 
75008769 COVER, . TOP, MIN'l' SIC 25 & BELOW 

15 47263544 COVER, TOP,o CHAMOIS SiC 26 & ABOVE 
47263529 COVER, TOP, WHITE SIC 26 & ABOVE 
47263571 COVER, TOP, BORIZON SIC 26 & ABOVE 
47263566 COVER, TOP, BERMUDA TAN SIC 26 & ABOVE 
47263568 COVER, TOP, MIST SIC 26 & ABOVE 
47263569 COVER, 1.'OP, MIN'!' SIC 26 & ABOVE 

16 10125711 SCREW, PLAT BEAD, PHILLIPS, 6-32 x 3/16 ~ 
17 94281431 CABLE, GROUND 
18 10127142 Scm:W, MACHINE, PAN B!'AD, PHILLIPS, 10-32 x 3/8 
19 94389800 FOAM, STRIP . 
20 94389801 FOAM, STRIP 
21 82379500 

~ 

LATCH BRACItET ASSEMBLY SIC 26 & ABOVE O~1LY 
22 94376715 NO'r, . PLATE SIC 26 & ABOVE ONLY 
23 17901509 SCREW, MACHINE, PAN HEAD, PHILLlPS, 6-32 x 3/8 SiC 26 & ABOVE O"lLY 
24 10126401 WASHER, LOCK, EXTERNAL TOO'rH, 6 SIC 26 & ABOVE ONLY 
25 10125605 WASHER, FLAT, 6 SIC 26 & ABOVE ONLY 
26 09040204 WASHER, LOCK, DISHED TYPE 

. 

. 

83318300 L 2.1 
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4-60SA 

FIGURE 6. CONTROL PANEL ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

6- 77431902 CONTROL PANEL ASSEMBLY SIC 36 W/39955, SIC 35 &BLW 

6- 77431903 CONTROL PANEL ASSEMBLY SIC 36 W/39955, SIC 37 & ABV 
1 77544728 PANEL, CONTROL 
2 94277503 BASE, MOUNTING 
3 94277400 STRAP, CABLE 'rIE 
4 94380402 LAMP, INCANDESCENT 
5 94380078 SNXTCB, P.B. PANEL 
6 94380838 LENS, YELLOW, PROTECT 
7 94380202 IHDlCATOR, ILLUMINATE PANEL' 
8 94380839 LENS, DlTE, OFF-LINE 
9 94380076 sw.t'l'CB, P .B. PANEL ~ 

10 94380840 LENS, RED, CHECK 
11 94380841 LENS, READY 
12 94380842 LENS, STAR'r/S'l'OP 
13 94208501 LABEL 
14 10125103 NtJ'r, HEX, MACHINE, SCBmf, 4-40 
15 10126400 WASHERS, EXTERNAL 'l'OO'l'B, LOCK, 4 
16 73228700 BRACKET, SWITCH MOUNTING 
17 93984000 SWITCB, MINIA'l'ORE 
18 92834116 SCREW, ROUND BEAD, MACHINE, 4-40 x 3/4 
19 10127101 SCREW, PAR BEAD, MACHINE, 4-40 x 3/16 
20 10125108 HU'!', REX, 10-32 
21 10126105 WASHER, LOCK, INTERNAL 'l'OOm, 10 
22 10125607 WASHER, PLAIN, 10 
23 76398500 ROLLER, DETENT 
24 73228300 SPRING, DETENT 
25 75212700 S~, LOGIC 

76465202 we HARNESS ASSEMBLY . TAB 02 

76465203 W8 HARNESS ASSEMBLY TAB 03 

83318300 M 23 
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I SIC 43 .. BELOW I 4-710(Z)H 

F:tGtmE 7. HA:tN DBa ASSEMBLY (SHEET 1 OF 2) 
24 83318300 P 
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INDEX PART 
NO. NUMBER 

7-
1 76405000 
2 93707005 
3 94205793 
4 943471~1-

5 76038300 
6 75006600 
7 73586003 

76538500 
92033301 

8 10126533 
9 10125808 
10 10125610 
11 93073250 
12 94001104 
13 73485304 
14 94277406 
15 10125607 
16 10126245 
17 10126244 
18 47181300 
19 72837700 
20 93592202 
21 72823900 
22 93592196 
23 94206431 
24 70726001 
25 10126104 
26 10127353 
27 76472701 
28 10126262 
29 10125608 
30 46484000 
31 95027403 
32 93532207 
33 72826001 
34 72825900 
35 93592160 
36 10127142 
37 72823902 
38 94001102 
39 10126253 
40 93530081 
41 47278500 

73632100 
73566400 
10125801 
10126213 

42 10127142 

83318300 N 

PART DESCRIPTION 

MAIN DECK ASSEMBLY (SHEET 1 OF 2) 
PLATE, BRAD 
SCREW, MACHINE, HEX SOCKET, 1/4 x 1 
SPRING, COMPRESSION 
WASHER, SHOULDER 
DEC!( 
Btl'l'TON, BRAKE 
SPINDLE AND LOCKSHAFT ASSEMBLY 

LOCKSHAF'l' SPINDLE 
RING, RETAINING 

SCREW, MACHINE, PLAIN, BE'J[ Bl!'AD, 3/8-16 x 1-3/4 
MASHER, LOCK, SPRING, 3/8 
WASHER, FLAT, 3/8 
SCREW, SET, SOCKE'l' HEAD, 6-32 x 1/2 
TAPE-, FOAM 
COMPONEN'l' ASSEMBLY, 3 ZQN 
STRAP, CABLE 'rIE 
MASHER, FLA'r, 10 
SCREW, MACHINE, BE'J[ SCXl(E'l', CAP HEAD, 10-32 x 5/8 
SCDW, MACHINE, HEX &:lC::IET, CAP HEAD, 10-32 x 1/2 
BRACDT, BRAD ADJUSTMEN'l' 
BUSHING, INSULATOR 

-SCREW, MACHINE, PLAIR, BE'J[ HE'AD, SIP, 8-32 x 1/2 
BRACKET, CONNECTOR, 3 PIN 
SCREW, MACHINE, PIAIN,BE'J[ HE'AD, SIP, 8-32 x 1/4 
SPRING, COMPRESSION 
CAP, END, 'l'RANSDUCER 
WASHER, LOCK, INTERNAL 'l'OOTB, 8 
Scm:W, MACHINE, PAN HFAD, PHIUaIPS, 8-32 x 1-1/4 
MAGNET ASSEMBLY 
Scm:W, MACHINE, HEX &:lC::IET, CAP HEAD, 2-20 x 1/4 
WASHER,- FLAT, 1/4 
COVER, MAGNET 
TAPB, FOAM 
PIN, ROLL 
BLOClC, CLAMP, HARNESS, RIGHT 
BLOClC, CLAMP, HARNESS, LEFT 
SCREW, SELF-TAPPING, 6-32 x 5/16 
SCREW, PHILLIPS, 10-32 x 3/8 
BRACD'r, CONNECTOR. 3 PIN 
TAPE, FOAM,· 1/8 x 1/2 
SCREW, MACHINE, HEX SOCl(El', CAP HPAD, 1/4-20 x 3/8 
PIN, ROLL 
HEAD CLAMP ASSEMBLY 

BRACIa!'r, MOUNTING, HEAD CLAMP 
CLAMP, CABLE, HEAD 
WASHER, SPRING LOCK, 4 
SCREW, !W:BINE, HEK s::x::1(E'1', CAP BEAD, 4-40 x 3/8 

SCREW, MACHINE, PAN HEAD, PHIUaIPS, lD-32 x 3/8 

NOTE: 

1.. SIC 13 & BELOW, ORDER PARI<ING BRAKE 
BRACKET KIT #95046400. 

NOTES 

SIC 14 & - ABOVE .. NOTE 1 

I 

I 

SIC 14 & ABOVE .. NOTE 1 

SIC 13 W/ 35856C & ABOVE I 

25/26 





INDEX PART 
NO. NUMBER 

7-
43 
44 
45 
46 

47 
48 
49 

49 

50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
71 
72 
72 
73 
73 
74 
75 

10126105 

10127113 
47280100 
73489400 
93786005 
10127106 
10125603 
10125801 
94001126 
94001149 
76043100 

76043101 

73488504 

73488505 

36159808 
93592200 
10126103 

94047033 
10126256 
10125806 
10126260 
77382900 
73618900 
76501000 
70729304 
72835800 
94047048 

10125605 
10126505 
10125806 
10126401 
94356902 
93660045 
10125105 
47266100 
83640800 
75023500 
94311604 
94275221 
94275216 
76579106 
75211300 
70590600 

70590601 

70590602 
70590603 
76466200 

83318300 P 

PART DESCRIPTION 

MAIN DECK ASSEMBLY (SHEET 1 OF 2 CON'l'D) 
WASHER, LOCK, INTERNAL 'l'OO'l'B, 10 
R/W PIN AND GUIDE· ASSEMBLY (SEE FIGURE 10) 
sCBEif, MACHINE, PAN BEAD, PBILLIPS, 6-22 x 3/8 
SWI'l'CB ASSEMBLY 

BBACXE'l', MOUNTING, SWITCH 
SWI'l'CB, MINI 
SCREW, MACHINE, PAN BEAD, 4-40 
WASIIEBS, PLAIN, 4 
WASHERS, SPRING LOCK, 4 

~E, POAM, GRAY BLACK, 3/8 x 1/2 
'rAPE, FOAM, GRAY BLACK, 1 x 1 
TIMING MOTOR ASSEMBLY 

'lIKING MOTOR ASSEMBLY 

BRUSH MOTOR ASSEMBLY 

BROSH MOTOR ASSEMBLY 

SWI'l'CR, PIVO'1' LEVER, Dn'EGRAL 
SCREN, REX BEAD, 8-32 x 3/8 
WASHER, LOCK, INTEBNAL TOO'l'R, 6 
AC'l'UATOR ASSEMBLY (SEE FIGUBE 11) 
WASHER, SPECIAL 
SCREN, JIIJCBINB, HEX s:x::l<Er, CAP BEAD, 1/4-20 x 3/4 
WASHER, LOCK, INTERNAL TOOTH, 1/4 
SCBEW, HICBINE, HEX sc::x:::lmr, CAP BE'AD, 5/16-18 x 5/8 
DECK HARNESS ASSEMBLY 
TRANSDUCER AND CONNECTOR ASSEMBLY 

TRANSDUCER, ROD- ASSEMBLY 
ROD, EX'l'ENSION 
SO:OP, SHIM 
WASSER, SPECIAL 
NOT USED 
NOT USED 
WASHER, PLAT, 6 
SCREW, MACHINE, HEX BEAD, 1/4-20 x 1-1/4 
WASHER, LOCK SPRING, 1/4 
WASSER, LOC1(, EXTERNAL TOO'l'H, 6 
CA'l'CB, SPRING 
SCREW, PHXLLIPS, 6-32 x 1/2 
HtJ'f, HEX, MACHINE, 6-32 
BOOT, AIR INLE'l' 
ADAPTER, HOSE 
PLATE, BOO'1' SUPPORT 
BOSE, PLEXIBLE 
CLAMP, HOSE 
CLAMP, HOSE 
GASKE'l', SEAL 
BEAD ARK COMPLEMENT (IN-LINE) 

HEAD ARM ASSEMBLY 

BEAD ARK ASSEMBLY 

HEAD ARK ASSEMBLY 
HEAD ARM ASSEMBLY 
PLATE, CLAMP, CABLE 

NOTES 

BRlC9 MOD A,B: 
MOD A: SIC 32 , 
BR3C9 MOD C,D: 
MOD B: SIC 32 , 
BRlC9 MOD A, B: 
MOD A 
BRlC9 MOD C,D: 
MODB 

SIC 43 , BELOW 
SIC 44 , ABOVE 
SIC 43 , BELOW 
SIC 44 , ABOVE 
SIC 43 , BELOW 
SIC 44 , ABOVE 
SIC 44 , ABOVE 

BRlE4/5 
BLW ONLY 
BR3E4/5 
BLW ONLY 
BRlE4/S 

BRlE4/S 

HEAD NOS: 2,3,6,7,9,13,14, 
17,18 
HEAD NOS: 0,1,4,5,8,11,12, 
15,16 
SERVO HEAD 
HEAD NO: 10 

27 
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SIC 22 AND BELOW 

~ 
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FIGURE 7. MAIN DECX ASSEMBLY (SHEET 2) 
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INDEX PART 
NO. NUMBER 

7-
1 
2 
3 
4 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

17 

17 

18 
19 

20 

21 

94281419 
93592200 
10126104 
92314087 
92314093 

10126403 
71448001 
10125608 

10125805 
10127380 

10126402 
47216900 

10121348 

10125106 
10126402 
94243003 
16316200 
73611300 

70738305 

10125066 
75114300 

72806501 

21 72806500 

22 10121142 
23 71530000 
~4 47217200 
24 41211201 

75093400 
92011004 
72806502 
10127158 

25 10126500 
26 
21 i0125806 
28 76395500 

29 75114200 
30 10125606 
31 10126229 
32 10126258 
33 10125607 
34 10127386 

34 10125067 

35 10125108 
36 93592198 
37 94369513 
38 

94224674 

83318300 M 

PART DESCRIPTION 

MAIN DECK ASSEMBLY (SHEET 2) 
CABLE, GROtJND 
SCREW, HEX HEAD, PLAIN, TPG, 8-32 X 3/8 
WASHER, LOCK, INTERNAL 'l'OOTH, 8 
BELT, DRIVE, FLAT 
BELT, DRIVE, FLAT 
PACK SENSOR ASSEMBLY (SEE FIGURE 12) , 
WASHER, LOCX ErrEBNAL TOOTH, 10 
SPACER, MOTOR MOUNT 
WASHER, FLAT, 1/4 
NOT USED 
WASHER, LOCK, SPRING, 10 
SCREW, MACHINE, PAN B!'A1), llBILLIPS, 10-32 x 1/2 
NOT USED 
NOT USED 
NOT OSED 
WASHER, LOCK, EX'TEBNAL TOOTH, 8 
~OCK MOtnrr ASSEMBLY 

SCREW, MACHINE, PAN HEAD, SLOTTED, , 
8-32 X 1/2 

NU'l', HEXAGON, 8-32 
WASHER, LOCK, EXTERNAL TOOTH, 8 
J«)UNT, SBOClt 
BRACKE'r, SHOClt MOUNT 

BUSHING, SLIDE 

INSULA'l'OR, MOTOR MOONTING 

SCREW, MACHINE, HEX HEAD, 10-32 x 1 
WASHER, BACXING 

DRIVE MOTOR AND BRAKE ASSEMBLY (SEE FIGURE 9 

SPRING, STANDOFF 

NOTES 

BRlC9 MOD A,B BR3E4/5 MOD A 
BRlC9 KlD C,D BR3E4/5 MOD B 

SIC 37 W/39957 & ABV ONLY 

SIC 22 & BELOW 

SIC 37 W/O 39957 & BLW 

S/C 37 W/39957 , ABV 

SIC 37 W/O 39957 , SLW ONLY 

SIc 37 W/O 39957 , BLW ONLY 

SIC 37 W/O 39957 , SLW 

SP~JfG, STANDOFP SIC 37 W/O 39957 ,. ARV 

SCREW, MACHINE, PAN HEAD, PHILLIPS, lO-32x3;l! 
SPRING, EXTENSION 
SPRING BRACKET ASSEMBLY, LEFT 
SPRING BRACKET ASSEMBLY, RIGHT 

BRACKET, MOUNTING, SPRING 
NUT, HEXAGON, 1/4-20 
SPRING, STANDOFF 
SCREW, MACHINE, PAN BEAD, llBILLIPS, 1/4-20 X 1/2 

SCREW, MACHINE, HEX 8EM), PLAIN, 1/ 4~20 X 1/2 
NOTOSED 
WASHER, LOCK, SPRING, 1/4 
SPEED SENSOR ASSEMBLY 

WASHER, SLIDE 
WASHER, PLAIN, 8 
SCREW, HEXAGON, SOCKET HEAD, CAP, 8-32 x 7/8 
SCREW, MACHINE, SOCKET HEAD I 1/4-20 X 1 
WASHER, FLAT, 10 
SCREW, MACHINE, PAN HEAD, 10-32 x 1-1/2 

SCREW, MACHINE, HEXAGON, 10-3 2 x 1-1/4 
NUT, HEX, 10-32 
SCREW, TPG, HEX, 8-32 x 5/16 
CABLE, GROUND 
NOT USED 
LABEL, INFORMATION 

I 

SIC 22 & BELOW ONLY 
SIC 22 , BELOW ONLY 
SIC 22 & BELOW ONLY 

SIC 31 W/O 39957 & BLW 

SIC 37 W/39957 & ABV 

29 
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FIGURE 8.. PACX ACCESS COVER ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

8- 77384408 PACK ACCESS COVER ASSEMBLY 
.1. 76536000 HINGE, PACK COVER 

2 75030100 PLATE, NtJ'l', LOCKING 
3 73229004 STUD 
4 10127143 SCREW, MACHINE, PAN BEAD, PHILLIPS, 

10-32 x 1/2 
5 76400200 BRACIa:.r, GAS SPRING 
6 92071005 NU'r, SEU LOCltING 
7 10126023 SCREIf, MACHZn, HEX HEAD, SOClCft, 

10-32 x 1/2 
8 75023200 PLATE, mrr, PAClC ACCESS 

9 75052300 PLATE, NU'l', PACX .ACCESS 
10 '82386401 GASIm'l' , EXTROS ION 
11 10127113 SCRF.W, MP.CBlNE, PAN HE'AD, PBIU.IPS, 6-32 x 3/8 
12 10126401 WASLER, LOCK, EXTERNAL TOOTH, 6 
13 10125605 WASHER, FLAT, 6 
14 46948200 PLATE, LATCH 
15 77541700 LATCH ASSEMBLY 
16 75030700 GASICET, EXTRUSION 
17 82386400 GASICET, EXTRUSION 
18 82386403 GASKET, EXTRUSION 
19 76472328 COVER, PACK ACCESS 
20 47182100 GLASS, WINDOW, CLEAR 
21 94217828 NtJ'r, HEX, 8-32 
22 93210009. WASHER, FLAT, 10 
23 10125805 WASHER, SPRING LOCK, 10 
24 75215700 DEFLECTOR, AIR PACK 
25 10125606 WASHER, PLAIN, 8 
26 82386402 GASKET, EXTRUSION 

83318300 M 31 
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FIGURE 9. DRIVE MOTOR AND BRAKE ASSEMBLY 
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INDEX PART 
NO~ NUMBER PART DESCRIPTION 

9- 77431600 DRIVE MOTOR & BRAKE ASSEMBLY, 60HZ 

9- 77431602 DRIVE MOTOR & BRAKE ASSEMBLY, 60HZ 

9- 77431604 DRIVE MOTOR & BRAKE ASSEMBLY, 60HZ 

9- 77431601 DRIVE MOTOR & BRAKE ASSEMBLY, 50HZ 
9- 77431603 DRIVE MOTOR & BRAKE ASSEMBLY, 50HZ 

9- 77431605 DRIVE MOTOR & BRAKE ASSEMBLY, 50HZ 
1 10126502 SCREW, HEXAGON SOCKET, 3/8 - 16 x 1 
2 76404500 BRACKET, MOTOR MOUNTING 
2 47424801 PLATE, MO'fOR MOUNTING 
3 94363660 SCREN, SET-SKIRrED HEAD, 1/4 - 20 x 3/8 

4 72806905 POLLEY, DRIVE MOTOR, 60HZ 
4 72806907 PULLEY, DRIVE MOTOR, 60HZ 
4 72806906 PULLEY, DRIVE MOTOR, 50HZ 
4 
5 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 
14. 
15 
16 
17 
18 
19 

72806908 
77431504 
77431505 
77430701 
77430801 
94307400 
94307404 
93942006 
10125808 
10126530 
75094800 
94259401 
93948004 
93942009 
94277409 
77420000 
10125805 
10127144 
94363646 
77424102 
10126053 
10126528 
94365802 
75039701 
77424101 
77424103 
77424102 

83318300 P 

PULLEY, DRIVE MO'1'OR, 50HZ 
DRnE IIJ'l'OR ASSEMBLY 
DRIVE MOTOR ASSEMBLY 

MOTOR, DOUBLE END 
MOTOR, DOUBLE END 
KEY (MOTOR PULLEY END) 
KEY (MOTOR BRAKE END) 
CONTACT PIN 

WASHER, SPRING LOCK, 3/8 
SCREW, PLAIN, HEX HEAD, 3/8-16 x 1 
BRAD ASSEMBLY 

BRAKE, BYS'l'ERESIS 
CONNECTOR, PIN HOUSING 
CONTACT, PIN 
STRAP, CABLE TIE 

MOtnrr, MOTOR BRAKE 
WASHER, SPRING LOCK, 10 
SCREW, PAN BEAD, MACHINE, 10-32 x 5/8 
SCREW, SET-SKIRTED HEAD, 10-24 x 3/8 
COUPLING, FLEXIBLE 
SCREW, HEXAGON SOCKET, 3/8-16 x 1-1/4 
SCREW, HEXAGON BEAD, 3/8-16 x 3/4 
CAPACITOR, MOTOR RON 
CAPACITOR, MOTOR START 
FLANGE, COUPLING 
SLEEVE, RUBBER 
FLANGE, COUPLING 

NOTES 

SIC 37 W/O 39957 & BLW . 

SIC 37 W/O 39957, SIC 39 
W/O 47898 

SIC 39 W/47898 & ABV 

SIC 37 W/O 39957 & BLW 

SIC 37 W/O 39957, SIC 39 
W/O 47898 

SIC 39 W/47898 & ABV 
SIC 37 W/O 39957 & BLW ONLY 

SIC 37 W/O 39957 & BLW 
SIC 37 W/39957 & ABV 

SIC 39 W/O 47898 & BLW 

SIC 39 W/47898 & ABV 
SIC 39 W/O 47898 & BLW 
SIC 39 W/47898 & ABV 

BR3C9 MOO A,B BR3E4/5 MOO A 
BR3C9 MOO C,O BR3E4/S MOO B 
BR3C9 MOD A,B BR3E4/5 MOD A 
BR3C9 MOD C,D BR3E4/5 MOD B 

SIC 37 W/O 39957 & BLW 
SIC 37 W/ 39957 & ABV 
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FIGURE 10. R/W PIN AND GUIDE ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

10- 76028303 READ/WRITE PIN A.lIfD GUIDE ASSEMBLY SIC 29 & BELOW 
10- 76028307 READ/WRITE PIN AND GUIDE ASSEMBLY SIC 30 & ABOVE 

1 17901508 SCREW, MACHINE, PAN 8EM), l?BIIUPs', '6-32 x 1/4 
2 72807403 GUIDE, CARO 
3 10127112 SCREW, MACHINE, PAN 8EM), PHILLIPS, 6-32 x 5/16 
4 10126401 WASHER, LOCX, EXTERN~ TOOTH, 6 
5 10125105 NUT, HEXAGON, 6-32 
6 72807703 RAIL, GUIDE 
7 72807702 RAIL, GUIDE 
8 76028100 BRACKE'l', CARD GUIDE, LEFT . 
9 76028200 BRACD'l', CARD GUIDE, RIGHT 
10 17901516 SCREW, SELF 'l'APPING, 8-32 x 3/8 
11 NO'!' USED 
12 76509600 PANEL, WIRE WRAP ASSEMBLY SIC 29 & BELOW 
12 76509601 PANEL, WIRE WRAP ASSEMBLY SIC 30 & ABOVE 
13 10126104 WASHER, LOCK, INTERNAL TOO'l'H, 8 
14. 94348203 CAPACITOR, FEEO-'l'BRU 
15 94348300 FIL'l'ER, R.F. 
16 94060003 CHANNEL, RUBBER 
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FIGURE 11. AC'rUA'l'OR ASSEMBLY (SHEE'l' 1 OF 2) 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

11- 76034200 ACTUATOR ASSEMBLY (SHEET 1 OF 2) SEE NOTE BELOW 
1 10126218 SCREW, MACHINE, CAP BEAD, HEX, SOCK:El'r, 6-32 X 3/8 
2 10125803 WASHER, LOCK, SPRING, 6 
3 73240901 SHIELD, HEAD 
4 94350504 SCREW, INSULATED 
5 93564032 WASHER, NYLON 
6 10127332 SCREW, MACHINE, PAN BEAD, SIDl"JE), 6-32 X 1/4 
7 10126103 WASHER, LOCK, INTERNAL TOOTH, 6 
8 10125105 NtJ'1', HEX, 6-32 
9 75212300 CAM, HEAD 

10 9422467i LABEL, INFORMATION, HEAD CLEANING 
11 94224672 LABEL, INFORMATION, HEAD LOCATION 
12 94277503 BASE, MOUNTING 
13 94350503 SCREW, INSULATED 
14 76046400 BRACKET, COIL LEADS 
15 77444600 CONDUCTOR, FLEXIBLE 
16 10126224 SCREW,MACHINE,CAP HEAD,BEX,SOCKET,6-32 X 1/4 

: -

NOTE ".: 

ONLY THOSE PARTS LISTED ARE FIELD 
REPLACEABLE • IF IT BECOMES NECESSARY 
TO REPLACE PAR'rS OTHER THAN THOSE 
LISTED, REPLACEMENT OF THE EN'fiRE 
ACTUATOR ASSEMBLY IS REQUIRED. WHEN 
ORDERING AN ACTUATOR ASSEMBLY FOR 
REPLACEMENT, ALSO ORDER ONE SHIM 
ASSORTMENT (PIN 75039400) FOR EACH 
ACTUATOR ASSEMBLY BEING REPLACED. 
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FIGURE 11. AC'l'tlATOR 
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ASSEMBLY (S~ ~.L 2) 
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INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

11- ACTUATOR ASSEMBLY (SBEE'l' 2) 
1 72825100 SHIM, STOP, CARRIAGE 
2 10126006 SCBEW, MACHINE,!'.LM'BFAD, HEX: scx:1<Er, 6-32 x 3/8 
3 70725900 PLATE, STOP 
4 72815100 SPACER, STOP, CARRIJ\GE 
5 72835400 STOP, CARRIAGE 
6 70728903 ROD, STOP 
7 73228200 PLATE, ARM CLAMP 
8 92817096 SCREW, CAP BEAD, HEX SOCRET, 4-40 x 1/4 
9 73584402 BASE, ARM CLAMP SEE NOTE BELOW 

10 73584403 BASE, ARM CLAMP SEE NOTE BELOW 

NOTE: 

REFER TO MAINTENANCE SECTION POR 
REMOVAL AND REPLACEMENT OF ARM 
CLAMP BASE. 

83318300 L 3.9 
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FIGURE 12. PACX SENSOR ASSEMBLY (SHEE1' 1 OF 2) 
SIC 22 AND BELOW 

17 

4-1404A 
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INDEX PART 
NO. NUMBER 

12-
1 73586600 
2 10125606 
3 10126402 
4 10127122 
5 93786012 
6 10127124 
7 10126104 
8 10127336 
9 10126401 
10 10125105 
11 94274107 
12 40054700 
13 73478500 
14 93707002 
15 10126403 
16 10125107 
17 73587200 
18 73225300 
19 73587300 
20 10127106 
21 10125603 
22 10126400 
23 10125103 

83318300 L 

PART DESCRIPTION 

PACK SENSOR ASSEMBLY (SHEET 1 OF 2) 
MOUNT-SWITCH 
WASHER, PLAIN, 8 . 
WASHER, LOCK, EXTERNAL TOOTH, 8 
'SCREW, MACHINE, PAN HEAD, 8-32 x 3/8 
SWITCH, MINI-INTEGRAL ACTUATOR 
SCREW, MACHINE, PAN HEAD, 8-32 x 5/8 
WASHER, LOCK, INTERNAL TOOTH, 8 
SCREW, MACHINE, PAN HEAD, 6-32 x 5/8 
WASHER, LOCK, EXTERNAL TOOTH, 6 
NUT, MACHINE, HEXAGON, 6- 32 
TERMINAL, QUICK CONNECT 
SPRING, STATIC GROUND 
BRACKET, MOUNTING, CONTACT 
SCREW, SOC~ BEAD, 1/4-20 x 1/2 
WASHER, LOCK, EXTERNAL TOOTH, 10 
NtJ'l', MACHINE, HEXAGON, 10-24 
ARH-ACTOATOR 
SPRING-EXTENSION 
PLATE, !IlON'rING 
SCREW, MACHINE, PAN HEAD, 4-40 x 5/8 
WASHER, PLAm, 4 
WASHER, LOCK, EXTERNAL TOOTH, 4 
Ntl'1', MACIUNE, HEXAGON. 4-40 

NOTES 

THIS PACK SENSOR ASSEMBLY <E 
UNITS SIC 22 & BELOW. NEW 
PACK SENSOR ASSEMBLY 
SUPPLIED WHEN REORDERING 

41 
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FIGURE. 12 • 
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(SHEET 2) ASSEMBLY PACK SENSOR ABOVE 
SIC 23 AND 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

12- 73586100 PACK SENSOR ASSEMBLY (SHEET 2) SIC 23 & ABOVE 
1 83282900 BASE, SPINDLE END PACK ON SW 
2 83282800 ACTUATOR, PACK ON SWITCH 
3 93786012 SWITCH,. MINI INTEGRAL ACTUATOR 
4 83283900 SPRING, EXTENSION 
5 93590162 SCREW, PA.~, PHILLIPS, 6-32 x 3/8 
6 94241401 FASTENER, BOLT RETAINER 
7 40054700 SPRING, STATIC GROUND 
8 10126400 WASHER, LOCK, EXTERNAL 'rOO'l'B, 4 
9 10126401 WASHER, LOCK, EXTERNAL 'rOO'l'B, 6 
10 10127108 SCREW, MACHINE, PAN 4-40 x 7/8 
11 94274107 TERMINAL, QUICK CONNECT 
12 10125603 WASHER, PLAIN, 4 
13 10125103 NUT, HEX, MACHINE, 4-40 
14 93590090 SCREW, SELF THREAD, 4-40 x 5/8 
15 93061288 SCREW, SET, SOCKET HEAD, 8-32 x 3-8 

. 
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FIGURE l3. AIR SUPPLY ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES NOp NUMBER 

13- 76461300 AIR SUPPLY ASSEMBLY SIC 43 & BELOW 
13- 76461301 .AIR SUPPLY ASSEMBLY SIC 44 & ABOVE 

1 76380900 PLENUM, BLOWER SIC 43 & BELOW 
1 76380901 PLENUM, BLOWER SIC 44 & ABOVE 
2 76381000 BASE, BLOWER 

I 
3 76381100 PLENUM, OtJ'l'PO'! , DEC!( SIC 43 & BELOW 
3 83640900 PLENUM, OOTPO'! , DECK SIC 44 & ABOVE 
4 76462400 CLIP, SPRING I 
5 76462000 BRACI<Et.r, PLEN1lM 
6 75025200 BLOWER MOTOR ASSEMBLY 

94357900 BLOWER, CENTlUP'UGAL 
51837253 CONNEC'l'OR, PLUG 
94320402 CON'l'AC'l' , PIN, TERKINAL (MALE). 

7 94358001 FILTER, AIR 
8 92002700 FILTER, ALUMINUM 
9 73224400 TURNBUCKLE 
10 94323307 CABLE, WIRE ROPE 
11 94276600 '!'APE, FOAM 
12 94359600 MOUNT, SHOCK-BUSHING, RUBBER, STANDOFF 
13 94359601 MOUNT, SHOCK-BUSHING, RUBBER, FLAT 
14 93707026 SCREW, SHOULDER 
15 10125609 WASHER, FLAT, 5/16 
16 92071007 NUT, HEXAGON, STP, 10-24 
17 10125607 WASHER, FLAT, 10 
18 10126403 WASHER, LOCK, EXTERNAL TOOTH, 10 
19 10127132 SCREW, MACHINE, PAN HEAD, PBIIZ.IPS, 10-24 x l/2 
20 77826900 KEEPER, CABLE 
21 94353207 ROLE, PLUG I 
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FIGURE 14. POWER SUPPLY ASSEMBLY 
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INDEX PART 
NO. NUMBER PART DESCRIPTION 

14- 773850xx POWER SUPPLY ASSEMBLY 

77385200 A.C. HARNESS ASSEMBLY (NOT ILLUSTRATED) 
1 

2 
2 

2 
-3-

3 
4 
4 
5 
6 
7 
8 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

76034500 
94246002" 
94355401 

94355403 
47376400 
47376500 
47396100 
47396200 
47317900 
95599101 
95686701 
94313808 
94313809 
94310102 
75092500 
94245215 
73628200 
95582001 
95583504 
95583505 
95654205 
95642602 
95655200 
76026500 
94371301 
94371302 
75026600 
73632900 
10125608 

10125105 
94305530 
10127130 
10126403 
10127155 
10125806 
10127127 
10127105 
10126101 
10125103 
17901516 
10125606 
10127112 
10126401 
95655530 
17901512 
93592158 
10127124 
95582501 
93419314 
94376500 
10126402 
92801001 
75032200 

83318300 M 

BASE, POWER SUPPLY 
FILTER, RFI 
FILTER, RPI 

FILTER, RPI 
TRANSFORMER 
TRANSFORMER 
TRANSFORMER 
TRANSFORMER 
TRANSFORMER ASSEMBLY 
CAPACITOR, 660 VAC 
CLAMP, CAPACITOR 
METER, HOOR 
METER, HOUR 
EXTRACTOR, FUSE 
COVER, COMPONENT MOUN'l'ING 
CIRCUIT BBEAKER, LONG DELAY 
BRACKET, RECTIFIER 
BLOCK, RECTIFIER 
BLOCK, RECTIFIER 
BLOCK, RECTIFIER 
RECTIFIER, SILICON, 40 AMP 
RECTIFIER, SILICON, 12 AMP 
NUT, POSH ON 
PANEL, SIDE, POWER SUPPLY 
SWITCH, SOLID STATE, 15 AMPS 
SWITCH, SOLID STATE, 30 AMPS 
COVER, POWER SUPPLY 
COVER, FILTER BOX 
WASHER, FLAT", 1/4 
NOT USED 
NOT, HEXAGON, 6-32 
BUSHING, SNAP 
SCREW, MACHINE,PAN HEAD, PHILLIPS, 10-24 x 5/16 
WASHER, LOCK, EXTERNAL TOOTH, 10 
SCREW, MACHINE, PAN HEAD, PHILLIPS, 1/4-20 x 3/4 
WASHER, LOCK, SPRING, 1/4 
SCREW, MACHINE, PAN HEAD, l'BIILIPS, 8-32 x 1 
SCREW, MACHINE, PAN HFAD, PHILLIPS, 4-40 x 1/2 
WASHER, LOCK, INTERNAL TOOTH, 4 
NUT, HEXAGON, 4-40 
SCREW, MACHINE, PAN HFAD, PHILLIPS, S'lP, 8-32 x 3t1l 
WASHER, FLAT, 8 
SCREW, MACHINE, PAN HFAD, PHILLIPS, 6-32 x 5/16 
WASHER, LOCK, EXTERNAL TOOTH, 6 
SCREW, SHEET METAL, 8-18 x 1/2 
SCREW, SELF 'l'PG, 6-32 x 3/4 
SCREW, MACHINE, HEX HEAD, PLAIN, 6-32 x 1/4 
SCREW, MACHINE, PAN HElm, PHILLIPS, 8-32 x 5/8 
BOOT, DOUBLE ENTRANCE 
FUSE, SLOW-BLOW, 3/8 AMP, 250 VOLT 
SWITCH, SOLID STATE 
WASHER, LOCK, EXTERNAL TOOTH, 8 
CLAMP, CABLE 
COVER, ~LE 

NOTES 

SIC 29 & BELOW 

SIC 30 thru 40 

SIC 40 W/47859 & ABV 
BalC' MOD A,B BRlE4/5 MOD A 
BRlC' MOD C,D BR3E4/5 MOD B 
BRlC9 MOD A,B BRlE4/5 MOD A 
BR3C9 MOD C,D BR3E4/5 MO~ B 

BRlC9 MOD A,B BRlE4/5 MOO A 
BalC' J(OD C ,0 BRlE4/5 MOD B 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

14- POWER SUPPLY ASSEMBLY (Contd) 
50 94277406 STRAP, CABLE 'l'IE 
51 17901524 SCREW, MACHINE, PAN BEAD, PHILLIPS, S'l'P, 

10-32 x 1/2 
52 94208500 LABEL 
53 93592196 SCREW, 'l'PG, HEX, PNL, 8-32 x 1/4 
54 93602321 NU'l', SELF-MOON'l'ING, 1/4-20 
55 10125106 ~, HEXAGON, 8-32 
56 10126105 WASHER, LOCl(, INTERNAL 'l'OO'l'H, 10 
57 NO'l' OSED 
58 10125605 WASHER, FLA'l', 6 
59 10127132 SCREW, MACHINE, PAN BEAD, 10-24 x 1/2 
60 17901509 SCREW, SELF 'l'PG, 6-32 x 3/-
61 94208301 CAP, 'rOBE 
62 10.127123 SCREW, MACHINE, PAN HEAD, 8-32 x 1/2 
63 10127122 SCREW, MACHINE, PAN HEAD, PHILLIPS, 

8-32 x 3/8 
64 NO'!' USED '" 

65 94208303 CAP, 'l'OBE 
66 94391510 LABEL, INFORMA'l'ION 
67 92006905 PLA'l'B, WARNING 

.' 
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PIGURE 15. LOGICCBASSIS ASSEMBLY (S~ 1 OF 2) 
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INDEX 
NO. 

IS
IS
IS
IS-

1 
2 
2 
3 

3 

4 
5 
6 
7 
8 
9 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
29 

# 

PART 
NUMBER 

778117XX 
472S59XX 
472895XX 
473477XX 
77383000 
75024600 
82379000 
752147XX 

471674XX 

75028901 
75028900 
76465100 

94277404 
75024700 
82378900 
75025900 
94274440 
94272341 
94274446 
75032700 
75027800 
76411800 
93994003 
75027400 
75027600 
94355603 
94355602 
75026100 
75026000 
94274116 
94274110 
94274113 
93047002 . 
94272335 
94237703 
17901517 
93592196 
10125746 

94375833 
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PART DESCRIPTION 

LOGIC CRASS IS ASSEMBLY (SREET 1 OF 2) 
LOGIC CHASSIS ASSEMBLY 
LOGIC CHASSIS ASSEMBLY 
LOGIC CHASSIS ASSEMBLY 

FRAME, LOGIC CHASSIS 
HINGE, LOGIC CHASSIS, UPPER 
HINGE, LOGIC CHASSIS, UPPER 
LOGIC WIRE " BOARD ASSEMBLY 
(WIRE.WRAP PANEL) 

LOGIC WIRE " BOARD ASSEMBLY 
(WIRE WRAP PANEL) 
INSULATOR, BACK PANEL 
INSULATOR, BACK PANEL 
-PANEL, D. C • BACK 
COMPONENT ASSEMBLY, TYPE 3ZCN (SEE FIGURE 17 
STRAP, CABLE TIE 
HINGE, LOGIC CHASSIS, LOWER 
HINGE, LOGIC CHASSIS, LOWER 

CATCH, BOTTOM 
MARKER STRIP 
BLOCK, TERMINAL, SINGLE SCREW 
MARKER STRIP 
LATCH AND SPRING ASSEMBLY 

CATCH, LATCH 
SPRING, LATCH, FLAT 
RIVET, POP 

BLOCK, PIVOT, LATCH 
PLATE, BACICtJP 
FASTENER, QUARTER '1't1RN 
FASTENER, QUARTER TORN 
PLATE, NOT 
BRACKET, FASTENER MOUNTING 
TERMINAL, QUICK CONNECT 
TERMINAL, QUICK CONNECT 
TERMINAL, QUICIC CONNECT 
JUMPER, BARRIER S-rRIP 
BLOCK, TERMINAL, SINGLE SCREW 
TRIM, SAFE'lY, aLACK 
SCREW, MACHINE, PANBFAD, PHIU.lPS, S'rP, 8-32 x 1/2 
SCREW, MACHINE, HEX HEAD, STP, 8-3 2 x 1/4 
SCREW, MACHINE, FIAT BFAD, PHIU.lPS, 10-32 x 3/8 

SCREW I PAN HEAD, THREAD FORMING, 10-14 x 1/2 

NOTES 

SIC 25 " BELOW 
SIC· 26-29 
SIC 30-32 
SIC 33 " ABOVE 

SIC 32 " BELOW 
SIC 33 " ABOVE 

SIC 17 " BELOW 

SIC 18 " ABOVE 

SIC 32 & BELmi 
SIC 33 & ABOVE 

SIC 25 " BELOW ONLY 

SIC 25 & BELOW ONLY 
SIC 25 & BELOW ONLY 
SIC 25 & BELOW ONLY 
SIC 25 & BELOW ONLY 

SIC 25 & BELOW ONLY 

SIC 32 & BELOW 

SIC 33 & ABOVE 
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INDEX PART 
NO. NUMBER 

15-
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4.0 
41: 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

93592158 
94274105 
10127111 
10126402 
10126103 
10126403 
10125605 
10127143 
10125903 
93564002 
10126400 
10127142 
10125103 
94272336 
94274441 
10125603 
10125607 
10127123 
10125106 
10126105 
4-6068600 
94060003 
94369504 
93592234 
94369517 

92008600 
82354200 
10125107 
94364309 
10127113 
10125105 
10126401 
82354000 
94303500 
10128357 
46491100 
46490200 
46490201 
46490202 
94309003 
17901515 

65 10127134 
66 10125108 
67 94323306 
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PART DESCRIPTION 

LOG:tC CHASSIS ASSEMBLY (SHEET 1 of 2) (CONTli) 
SCREW~ MACH:tNE, HEX HEAD, STP, 6-32 x 1/4 
'l'EaMINAL, QUICK CONNECT 
SCREW, MACH:tNE, PAN BFAD, PHILLIPS, 6-32 x 1/4 
WASHER, LOCK, EXTERNAL TOarH, 8 
WASHER, LOCK, IN'l'ERNAL 'l'OOTH, 6 
WASHER, LOCK, EXTERNAL 'l'OOTH, 10 
WASHER, FLAT, 6 
SCREW, MACHINE, PANHE'AD, PHILLIPS', 10-32 x 1/2 
SCREW, MACHINE, FIM'BFAD, PHILLIPS, 4-40 x 3/4 . 
WASHER, NYLON 
WASHER, LOCK, EXTERNAL TOO'rH, 4 
SCREW, MACHINE, PAN HEAD, 10-32 x 3/8 
NUT, HEXAGON, 4-40 
BLOCK, TERMINAL, SINGLE SCREW 
MARKET STRIP 
WASHER, FLAT, 4 
WASHER, FLAT, 10 
SCREW, MACH:tNE, PAN BFAD, PHILLIPS, 8-32 x 1/2 
NUT, HEX, 8-32 
WASHER, INTERNAL LOCK, 10 
PLATE, WARNING 
CHANNEL, RUBBER 
CABLE, GROUND 
SCREW, HEX WASHER HEAD, STP, 10-24· x 1/4 
CABLE, GROUND . ._ 

LATCH, SLIDE BOLT 
SPACER, LATCH 
NUT, HEX, MACHINE 10-24 
NUT, HEX, METRIC 
SCREW, MACHJ:NE, PAN HEAD, 6-32 x 3/8 
NUT,o HEX, MACHINE, 6-32 
WASHER, LOCI(, EXTERNAL TOOTH, 6 
BRACKET, FASTENER, !«>UN'1'ING 
RECEPTACLE, CLIP-ON 
SCREW, CAP, SOCKET HEAD, HEXAGON 
PANEL, PERPENDICULAR 
RAIL, GUIDE, 1 SECTION 
RAIL, GUIDE, 2 SECTION 
RAIL, -GUIDE, 3 SECTION 
CLIP, 0 
SCREW, MH:HINE, PAN BFAD, PHILLIPS, S'l'P, 8-32 x 1/4 
SCREW, PHILLIPS, 10-24 x 3/4 
NUT, HEXAGON, 10-24 
CABLE, GROUND 

NOTES 

SIC 25 & BELOW ONLY 

SIC 25 & BELOW ONLY 

SIC 25 & BELOW ONLY 

SIC 25 & BELOW ONLY 

SIC 25 & BELOW ONLY 

SIC 26 & ABOVE ONLY 
SiC 26 & ABOVE ONLY 
SiC 26 & ABOVE ONLY 
SIC 26 & ABOVE ONLY 
SiC 26 & ABOVE ONLY 
SIC 26 & ABOVE ONLY 
SIC 26 & ABOVE ONLY 
SIC 26 & ABOVE ONLY 
SIC 26 & ABOVE ONLY 

I 
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SIC 29 AND BELOW 

NOTE~ 

&. SOME: UNITS USE ONLY Z RELAYS 

FIGURE ~S. 
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LOGIC CHASSIS ASSEMBLY (SHEET 2) 
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• 
• 
• 

• • 

4-1720(l)B 
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INDEX PART 
NO. NUMBER 

15-
95653100 
34547501 

1 10125713 
2 10126402 
3 10126401 
4 10126103 
5 10125108 
6 10125607 
7 10125603 
8 10125106 
9 10125105 
10 10125103 
11 10127122 
12 10126400 
13 95662216 
14 10127121 
15 10127125 
16 10127113 
17 10125713 
18 10125703 
19 10127112 
20 75029200 
21 73646800 
22 76506101 
23 93152001 
24 94259300 
25 93126310 
26 94372500 
27 94264101 
28 94264100 
29 94264103 
30 94259301 

76383200 
92007029 

92512154 
92512160 
72804407 

31 94001000 
32 83220500 
33 75089500 
33 77470700 

33 77470701 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
48 
49 
50 
51 
52 
53 
54 
55 
55 

75025100 
95667412 
95667415 
95667417 
94248608 
47120500 
95661312 
92691011 
95642415 
95578105 
93592196 
10127111 
82346800 
47278600 
94387400 
94260900 
92696041 
92696047 
92696021 
94268303 
93522006 1 
925010471 
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PART DESCRIPTION 

LOGIC CHASSIS ASSEMBLY (SHEET 2) 
LABEL (HIGH VOLTAGE) 
PLATE (WARNING) 
SCBEW, MACHINE,FLM' BENl, m:ILt.JPS, 6-32 x 5/16 
WASHER, LOCK, EXTERNAL TOOTH, 8 
WASHER, LOCK, EXTERNAL TOOTH, 6 
WASHER, LOCK, INTERNAL 'rOOTH, 6 
NOT, HEXAGOH, 10-32 
WASHER, PLAT, 10 
WASHER, !'LAT, 4 
NOT, HEXAGON, 8-32 
NUT, HEXAGON, 6-3 2 
NOT, HEXAGON, 4-40 
SCREW, MACHINE,PAN HEAD, m:ILt.JPS,.8-32 x 3/8 
WASHER, LOCK,- EXTERNAL TOOTH, 4 
SCREW, MACHINE, lOH) BE'AD, SIOr.rlm, 10-32 x 2-1/4 
SCREW, MACHINE, PAN HEAD, 8-32 x 5/16 
SCREW, MACHINE, PAN HEAD, 8-32 x 3/4 
SCREW, MACHINE, PAN HEAD, 6-32 x 3/8 
SCREW, MACHINE, FLAT HEAD, 6-32 x 5/16 
SCREW, MACHINE, FLAT HEAD, 4-40 x 5/16 
SCREW, MACHINE, PAN HEAD, 6-32 x 5/16 
BRACKET, PANEL 
MAINTENANCE PANEL ASSEMBLY 

PANEL, MAIN'rENANCE 
KNOB, SKIRTED 
SWl:TCH, ROTARY 
SWl:TCH, BOTTON, BLACK 
DIODE, LIGHT EMITTING 
JACK, INSOLATED 
JACK, INSOLATED 
JACK, INSOLATED 
SWl:TCH, ROTARY 
PIN AND BOARD ASSEMBLY 
NUT, HEXAGON 

RESISTOR, 1/4 W, 140 OHM 
RESISTOR, 1/4 W, 2.2K OHM 

MAINTENANCE PANEL CABLE ASSEMBLY 
TAPE, FOAM 
PLENUM, AIR, LOGIC 
PANEL, DC 
PANEL, DC 

PANEL, DC 
PIDS a:K'QENl' ASS!, VOI:mGI3 REGD:.MOR (SEE FIG. 17) 
MINDS a:K'QENl' ASSY, VOLT1G:: RB.DLMOR (SEE: FIG. 18) 
BRACKET, RECEPTACLE MOUNTING 
RESISTOR, POWER, 30 W, 50 OHM 
RESISTOR, POWER, 30 w, 150 OHM 
RESISTOR, POWER, 30 w, 250 OHM 
SWITCH, AIR FLOW . 
INDUCTOR, 1 AMP, 6 M.H. 
CAPACITOR, 15 VOLT 
CLAMP, CAPACITOR MOUNTING 
CAPACITOR, 25 VOLT 
CAPACITOR, 50 VOLT 
SCREW, MACHINE, HEX HEAD, STP, 8-32 x 1/4 
SCREW, MACHINE, PAN BFAD, m:ILt.JPS, 6-32 x 1/4 
CLAMP, CAPACITOR 
CLAMP, CAPACITOR 
RELAY, POWER 
RELAY, POWER 
CIRCUIT BREAKER, 2 AMP, 50 VOLT 
CIRCUIT BREAKER, 7 AMP, 50 VOLT 
CIRCUIT BREAKER, 15 AMP, 50 VOLT 
CIRCUIT BREAKER, 2 AMP, 50 VOLT 
PLUG, SNAP BUTTON, 1/2 
SWITCH TOGGLE 

NOTES 

SIC 11 " BLW 
SIC 12 " ABV, ALL EXCEPT 
BR3C9J/K, BR3E4/5E 
BR3C9J/K, BR3E4/5E 

SIC 29 " BLW 
SIC 30 & ABV 

All EXCEPT BR3C9J/K,BR3E4/5E 
BR3C9J/K BR3E4/SE 
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INDEX PART 
NO. NUMBER 

.15-
56 
57 
58 
59 
60 
61 
62 
63 
64 

94039102 

95583503 
.93590162 
94317708 
94317900 
94294106 
94294104 
73483200 
73645103 
93114214 
94245801 
93935000 
92512150 
92496239 
10127333 

65 94309900 
66 75025000 
67 75025300 
68 95645600 
69 95661308 
70 95642401 
71 94317800 
72 94281474 
73 94208500 
74 94281435 
75 10126105 
76 47316301 
77 47316501 
78 75041700 
79 774733XX 
80 10125804 
81 93592196 
82 10127122 
83 10127141 

84 10127142 

85 10127144 

86 93109238 
87 10127146 

88 
89 
90 
91 
91A 
92 
93 
93 
94 
95 
96 
97 

98 
99 

100 
101 
102 
103 
104 

93109240 
10126403 
92318027 
77531500 
77539300 
94375865 
77409013 
77409014 
10125704 
10127105 
10126101 
93749158 

82366200 
00861303 
75130600 
1n127126 
94393702 
94393705 
93749158 
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PART DESCRIPTION 

LOGIC CHASSIS ASSEMBLY (SBEE"l' 2 CONT' D) 
LIGHT, INDICATOR, 24 VOLT 
SENSING BOARD ASSEMBLY (SEE FIGURE 19) 
BLOCK, RECTIFIER, 15 AMP 
SCREW, PAN BEAD, PHILLIPS, TPG, 6-32 x 3/8 
FASTENER, OVAL, FLUSH STUD 
RETAINER, SPLIT RING 
RELAY, TELEPHONE, 4 PDT 
RELAY, COVER, TELEPHONE, 16 PIN 
COMPONENT ASSEMBLY ~ RELAY 
COMPONENT ASSEMBLY, RELAY 

STANDOFF, TAPPED POST 
SOCXET, RELAY, TELEPHONE 
RECTIFIER, SILICON 
RESISTOR, FIXED, 1/4 W, 47 OHM 
CAPACITOR, 100 VOL'l', 0.01 OF 
SCREW, MACHINE, PAN BEAD, SLO'l"l'ED, 

6-32 x 5/16 
SUPPORT, FALL 
BRACKET, FALL STOP MOUN'l'ING 
CLAMP, CAPACITOR 
CAPACITOR, 40 VOLT, 55 UP 
CAPACITOR, 15 VOLT 
CAPACITOR, 25 VOLT 
RECEPTACLE, CLIP-ON 
CABLE, GROUND 
LABEL 
CABLE, GROUND 
WASHER, LOCR, INTERNAL 'l'OO'rB, 10 
BAR, BUS, 3 TERM 
BAR, BOS, 3 TEaM 
BAR, BUS, 2 TERM 
LOGIC HARNESS ASSEMBLY 
WASHER, SPRING LOCX, 8 
SCREW, MACHINE, HEX BEAD, STP, 8-32 x 1/4 
SCRBW, PAN BEAD, MACBXNE, 8-32 x 3/8 
SCREW, MACHINE, PAN BEAD, PHILLIPS, 

10-32 x 5/16 
SCREW, MACHINE, PAN BEAD, PHILLIPS, 

10-32 x 3/8 
SCREW, MACHINE, PAN BEAD, PHILLIPS, 

10-32 x 5/8 
SPACER, STANDOFF 
SCREW, MACHINE, PAN HEAD, SLOTTED 

10-32 x 7/8 
SPACER, STANDOFF 
WASHER, LOCK, EXTERNAL TOOTH, 10 
INSULATOR, FISH PAPER 
ARC SUPPRESSION ASSEMBLY 
ARC SUPPRESSION ASSEMBLY 
SCREW, THD ROLL, PAN HEAD, 8-18 x 1/2 
FOAM, PANEL 
FOAM, PANEL 
SCREW, MACHINE, FLAT HEAD, ""'PBILLIPS, 4-40 x 3/8 
SCREW, MACHINE, FLAT HEAD, PHILLIPS, 4-40 x 1/2 
WASHER, LOCK, INTERNAL TOOTH, 4 
SCREW, MACHnm, FLAT HEAD, PHILLIPS, (SEM), 

6-32 x 1/4 
CLAMP, BASE , CAPACITOR 
NO'l', SELF-LOCKING, CAP 
COVER, RELAY 
SCREN, !lACHINE, !'AN HEAD, e-32 X 7/S 
RELAY 
RELAY, SPRING 
SCREW, MACHI~"E, PAN HEAD, 6-32 X 1/4 

NOTES 

ALL EXCEPT BR3C9J/K~ BRlE4/5E 
BRlC9J/K, BR3E4/5E 

SIC 11 & BLW 
SIC 12 & ABV 

SIC 29 & BLW 
SIC 30 & ABV 

SIC 30 & ABV 

BR3C9J/K, BR3E4/SE ONLY 
BR3C9J/K, BR3E4/SE ONLY 
BR3C9J/K, SR3E4/SE ONLY 
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FIGURE 16. 3ZCN COMPONEN'.r ASSEMBLY 
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INDEX PART 
NO. NUMBER 

16- 75183600 
1 75183500 
2 95591206 
3 50221601 
4 50221701 
5 94261002 
6 
7 95594100 
8 94237013 
9 94237019 
10 94237011 
11 92512867 
12 92512879 
13 92115037 
14 95643227 
15 93542001 
16 95510026 
17 95643226 
18 95683510 
19 10126103 
20 10127358 
21 10127350 
22 10125106 
23 10126104 
24 95643212 

83318300L 

PART DESCRIPTION 

COMPONENT ASSEMBLY, TYPE 3ZCN 
BOARD, POST WIRE WRAP 
TERMINAL STRIP, QUIa CONNECT 
TRANSISTOR, POWER 
TRANSISTOR, POWER 
HEAT SINK, TRANSISTOR 
NOT USED 
RESiS'l'OR, FIXED, 10 W, 1 OHM 
RES IS 'l'OR, POWER, 30 W, 5 OHM 
RES IS'rOR, POWER, 30 W, 250 OHM 
RESIS'l'OR, POWER, 30 W,' 0.5 OHM 
RESISTOR, FIXED, 1 W, 100 OHM 
RES IS'l'OR, FIXED, 1 W, 470 OHM 
DIODE, ZENER, SILICON 
CONNEC'l'OR, QUIa CONNECT 
RECTIFIER, GERMANIUM 
NO'!, HEXAGON, MACHINE, SCREW 
CONNECTOR, QUIa CONNECT 
STUD, PRESS 
WASHER, LOClt, INTERNAL '1'OQTH, 6 
scm:w, MHlIINB, PM BEAD, SIDl'rED, 8-32 x 2-3/4 
SCREW, MP£BDm, PAN IIEM), SIOl'1'ED, 8-32 x 3/4 
NUT, HEXAGON, 8-32 
WASHER, LOCK, INTERNAL TOOTH, 8 
CONNECTOR, QUICK CONNECT 

NOTES 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

17- 75179802 PLUS VOL~AGB REGULATOR ASSEMBLY 
1 75179701 BOARD, BLANK 
2 95683509 - S'l'OD, PltESS-
3 94261002 ~ SDK, -TRANSISTOR 
4 95683510 S'.rOD~ PRESS 
5 94262016 TRUe, BI-DlREC'rIONAL 
6 50221301 TRABSIS'1'OR, SILICON 
7 50221401 TRARSISTOR, SILICON 
8 95596100 VOLTAGE REGULATOR, IHTEGRAftD CIRCUIT 
9 50240107 D1:008, SILICON, 5.6- VOLT, 11 OHM -
10 92825001 RBSIS'l'OR, FIXED, 7 w, .1 OHM 
11 92512913 RESISTOR, FIXED, 2 W, 33 ORM 
12 94360143 RESl:STOR, FIXED, 1/4 W-, "28.0 0l1li 
13 92512248 RBSlfrl'OR, PlXED, 1/4 W,- 68 OHM 
14 94360211 RESIS'J.'OR, PlXED, 1/4 W, 130 OD 
15 92512160 RESlfrl'OR, PlXED, 1/4 W, 2.3 OHM 
16 92512256 RBSIfrl'OR, PlXED, 1/4 W, 1.8K OHM 
17 92512259 RESIfrl'OR, PlXED, 1/4 W, 5.6K OHM 
18 92617031 PO'lEII'.rIOME'l'ER, 2K OHM 
19 92496143 CAPACl'fOR, 560 "p. 200 VOLT 
20 92496147 CAPACrJ.'OR, 1200 "P, 200 VOLT 
21 92427039 CAPACI'1'OR, 6.8 "P, 35 VOLT 
22 92427133 CAPACn.-OR, 100 "P, 15 VOLT 
23 93114269 STAHDOPP, TAPPED POST 
24 93903018 EDLft, ROLLED FLANGE 
25 92474143 'rERMIRAL, QUICK CONNECT 
26 95510026 Ntl"r, HEX, MACHINE, SCREW 
27 10125605 WASHER, PLAIN, FLAT, 6 
28 10126103 WASHER, DrrERNAL TOO'l'B, LOCX, 6 
29 10127332 SCREW, MACHINE, PAN BDD, SID1'D!D, 6-32 x 1/4 
30 94261700 EYELET, P-W BOARD 
31 93640012 S'rtJD, SELF CLINatING 
32 92583002 Htrf, LOCK 
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FIGURE 18. MINOS VOLTAGE REGULATOR ASSEMBLY 
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INDEX PART PART DESCRIPTION NOTES NO. NUMBER 

18- 75184101 Ml;NUS VQLTAGE REGULATOR ASSm.mLY 
1 75184000 SOABD-, BLANK 
2 95683510 - S'l'tJD, PRESS 
3 94261002 BEAT SINK, TRANSISTOR 
4 92583002 NUT, LOCX 
5 94262016 TlUAC, BI-DIRECTIONAL 
6 50221301 TRANSISTOR, SILICON 
7 50210610 TRANSISTOR, SILICON 
8 50221001 TRANSISTOR, SILICON 
9 95592500 VOLTAGE REGULATOR, INTEGRATED CIRCUIT 
10 50240107 DIODE, SILICON, 5.6 VOLTS, 110RM 
11 95334002 RESISTOR, FIXED, 7W 
12 92512248 RESISTOR, PIXED, 1/4W , 68 OHM 
13 92512160 RESISTOR, FIXED, 1/ 4W , 2.2K OHM 
14 92512258 RESISTOR, FIXED, 1/4W, 1.0K OHM 
15 92512259 RESISTOR, FIXED, 1/4W, 5.6K OHM 
16 92617031 POTENTIOMETER, 2K OHM 
17 92427039 CAPACITOR, 6.8 UP, 35 VOLT 
18 92512245 RESISTOR, FIXED ,1/ 4W, 27 OHM 
19 92427087 CAPACITOR, 4.7 UP, 50 VOLT 
20 92427089 CAPACITOR, 22 OF, 15 VOLT 
21 24505225 CAPACITOR 
22 93114269. STANDOFF, TAPPED POST 
23 93903018 EYELft, ROLLED FLANGE 
24 94274143 TERMINAL, QUICK CONNECT 
25 92512255 RESISTOR, FIXED, 1/ 4W, 1. 5K OHM 
26 10127332 SCREW, MACHINE, PAN BPAD, SIOJ.".lU), 6-32 x 1/4 

27 93640012 S'l'tJD, CLINCHING 
28 10126103 WASHER, INTERNAL TOC)'l'H, LOc!(, 6 
29 95510026 NuT, HEX, MACHINE, SCREW 
30 10125603 WASHER, PLAIN, 4 
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FIGOR!: 19. SENSING BOARD ASSEMBLY 

4-2100A 

83318300 L 



INDEX PART PART DESCRIPTION NOTES 
NO. NUMBER 

19- 73515600 SENSING BOARD ASSEMBLY 
1 73489600 BOARD, WIRE WRAP 
2 50221001 TRANSISTOR, 60V 
3 50210811 TRANSISTOR, 40V 
4 50210610 TRANSISTOR; 25V 
5 92512156 RESISTOR, FIXED, 270 OHM, 1/4W 
6 92512249 RESISTOR, FIXED, 180 OHM, 1/4W 
7 92512165 RESISTOR, FIXED, 22K OHM, 1/4W 
8 92512831 RESIsroR, FIXED, 1.8K OHM, 1/4W 
9 92512253 RESISTOR, FIXED, 680 OHM, 1/4W 
10 92512160 RESISTOR, FIXED, 2.2K OHM, 1/4W 
11 92512261 RESISTOR, FIXED, 15K OHM, 1/4W 
12 50240117 DIODE, SILICON, 16 OHM, 15 VOLT 
13 92115021 DIODE, SILICON, 10 OHM, 30 VOLT 
14 93935000 RECTIFIER, SILICON 
15 50240110 DIODE, SILICON, ZENER 
16 50240102 DIODE, SILICON, 24 OHM, 3.6 VOLT 
17 92512829 RESISTOR, FIXED, 1.5K OHM, 1/2W 
18 93114214 STANDOFF, TAPPED POST 
19 10127332 SCREW, MACHnm, PANBEAD, SLO'l"l'ED, 6-32 x 1/4 
20 92583002 NUT, LOCK 
21 93640011 STUD, SELF CLINCHING 
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CARD COMPLEMENT 

LOCA- LOGIC PART LOCA- LOGIC PART 
liON CARD NUMBER NOTES liON CARD .NUMBER NOTES 

TYPE· lYPE 

A1 CSAV 54150104 . SIC 32 " BLW 
C7 .lAJV 54093300 

Al JSAV 54150110 SIC 33 " ABV 
C8 lAJV 54093300 

A2 CSAV 54150104 C9 OWAV 54190100 
A3 3PBV 54120501 C10 OWAV 54190100 

Cll 2HXV 54248501 
A4 AWMV 54194501 C12 AHSV 54246501 
AS 3PBV 54120501 C13 4BTV 54246901 

C14 lBRV 54246100 
A6 3PBV 54120501 C15 4H'J.'V 54246901 IXlAL aJANNBL,c:HX 

C16 1HRV 54246100 IXlAL amNNEL,aG:.Y 
A7 . C17 ABYV 54248901 
A8 40CV 54170901 C18 1HZV 54249300 
A9 BOLV 54174101 BR3C9J/lt,BRlPA/SE C19 lBZV 54249300 IXlAL CBARm.,CHH 
A10 ANMV 54194501 ~ C20 2BVV 54247702 
All 2WEV 54191709 C21 CBOV 54247304 
A12 1WMV 54194500 C22 2BPV 54105300 SIC 48 &.·BLW 
A13 5RQV 54145700 C22 

.. 

SIC 49 " ABV EBPV 54105307 A14 AHEV 54241701 
A15 ABPV 54242101 C23 ·aPMV 54224504 
A16 OWAV 54190100 C24 AHNV/AHPV 73482300 MA'.oc:Bm SET 
A17 AABV 54092901 C25 ABNV/ABPV 73482300 MA1Of!I) SET 

I 

A18 4DV 54261700 BRlC9, ONLY C26 
A19 8WMV 54194502 C27 
A20 OWAV 54190100 C28 4PJV 54223305 
A21 C29 
A22 U'WV 54228100 C30 BMRV 54296103 
A23 GWZV 54199311 C30 

I A24 AQZV 54139301 01 
02 1BAV 54240100 

A2.5 4FVV 54227702 03 lBAV 54240100 
A26 IHOV 54245700 04 lWBV 54190501 
A27 AMSV 54296502 05 1WBV 54190501 
A28 4MZV 54299301 06 lWBV 54190501 
A29 07 lAJV 54093300 
A30 4FRV 54226110 08 OWAV 54190100 
81 OWDV 54191300 09 OWAV 54190100 
82 OWDV 54191300 010 OWAV 54190100 
83 OWDV 54191300 011 
84 1H8V 54240500 012 
85 IHCV 54240900 013 
86 IHDV 54241300 014 
87 IHHV 54242900 015 
88 AHKV 54243701 01.6 
89 lWMV 54194500 017 
810 OWAV 54190100 018 
811 lALV 54094100 019 
812 InLV 54244100 020 
813 IHJV 54243300 ! EO 8ZPN 72829610 

- 814 lWGV 54192501 El 4FPV 54225311 
815 lWBV 54190501 E2 lATV 54096900 
816 lWBV 54190501 E3 DFLV 54224105 
817 lWBV 54190501 E4 5FNV 54224904 
B18 AHGV 54242501 E5 

I 
819 E6 
820 AEJV 54213302 SIC 48 , BLW SERVO· 
C1 lAJV 54093300 PRElUa' 
C2 lAJV 54093300 ASSEMBLY 73485304 
C3 lAJV 54093300 
C4 lAJV 54093300 
C5 lAJV 54093300 
C6 lAJV 54093300 

83318300 P 67 








