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PREFACE
b =,

This manual provides the information needed to install, operate and maintain the
Cartridge Disk Drive (Model 9427H) and is intended to be used as a guide hy
customer engineers and operators who require detailed information about the Cart-
ridge Disk Drive's operations.

It is written to reflect the recommended service-replacement level of subassemblies
and printed-circuit-board level by trained qualified customer engincers.

Certain adjustments must he made under dynamic conditions. If the Field Test
Exerciser is not utilized for the adjustments appropriate provisions must be made
in the computer system for such dynamic alignments.

Oscilloscope trace representations are typical waveforms. Some minor variations
may be observed on individual units in actual practice.

The total content of the Manual is comprised of nine sections cach having a unique
publication number, and is contained in one volume. The manual's publication nuniber

is that of the Table of Contents and front matter (77653495). This number, along with the
unit HPC number, should be used when making reference to the Cartridge Disk Drive
Product Manual.

The following table identifies the content of each volume:

SECTION NUMBER/TITLE PUBLICATION NUMBER
1 Genceral Description 77614951
2 Operation 77614952
3 Installation & Checkout 77614953
4 Theory of Operation 77614954
5 Diagrams* 77653381
6 Maintenance 77641952
7 Maintenance Aids 77614957
8 Parts Manual 77653386
9 Wire Lists 77614959

*The /0 board documentation, device specifications an d option switch settings are
contained in the Hardware Product Configuration (HPC) documentation package.
The package is located in front of the product manual.
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OPERATOR SAFETY INSTRUCTIONS

1. The power cord must be plugged into a power outlet. This outlel must be
readily accessible to the operator in case of emergency.

8]

To operate this unit, the operator must depress the start/stop pushbutton
switch located at the front of the disk unit.

3. This unit must be serviced only by qualified technical personnel after remov-
ing power cord from outlet.

4. In case of emergency, operator must remove power cord from outlet and con-
tact the proper technical service office.

SICHERHEITS - GEBRAUCHSANWEISUNG

1. Das Anschlusskabel ist in die Steckdose, die in der naehe des Geraetes
montiert ist, einzustecken. Der Netzstecker muss leicht und gefahrlos
zugaenglish sein.

2. Zur Inbetriebnahme, sowie zum Ausschalten des Geraetes, wird der Start-
Stop Druck Schalter an der Vorderseite betaetigt.

3. Das Geraet darf nur von Fachpersonal nachdem Ziehen des Netzsteckers
geoefnet werden.

4. Im Falle eines technischen Defektes, ist der Netzstecker zu ziehen und der
Technische Dienst zu verstaendigen.

EMI NOTICE, CABINET VERSION (9427H-C)

WARNING: This equipment generates, uses and can radiate radio frequency
energy and if not installed and used in accordance with the instructions manual,
may cause interference to radio communications. It has been tested and found
to comply with the limits for a Class A peripheral computing device pursuant to
Subpart J of Part 15 of the FCC Rules which are designed to provide reasonable
protection against such interference when operated in a commercial environment.
Operation of this equipment in a residential area is likely to cause interference
in which case the user, at his own expenses, will be likely to cause interference
in which case the user, at his own expenses, will be required to take whatever
measures may be required to correct the interference.

EMI NOTICE, RACK-MOUNT VERSION (9427H-R)

NOTICE: This equipment has been designed as a component to high standards of
design and construction. The product, however, must depend on receiving
adequate power and environment from its host equipment in order to obtain opti-
mum operation and to comply with applicable industry and governmental regula-
tions. Special attention must be given by the host manufacturers in the areas of
safety, power distribution, grounding, shielding, audible noise control, and
temperature regulation of the device to insure specified performance and compli-
ance with all applicable regulations. This equipment is a component supplied
without its final enclosure and therefore is not subject to standards imposed by
FCC Rules for Electro-Magnetic Interference (EMI). Federal Docket 20780/FCC
80-148 Part 15.
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GENERAL : 1

1.1 INTRODUCTION
This manual applies to the CONTROL DATA MODEL 9427H Cartridge Disk Drive.

The 9427H Cartridge Disk Drive is designed to interface with and provide periph-
eral storage capabilities for data processing systems.

1.2 PURPOSE AND USE OF EQUIPMENT

The baseline 9427H is a voice coil actuated cartridge disk drive unit that directs
the read/write heads to a desired location on a spinning disk surface, data is writ-
ten or retricved by selection of an appropriate head and activating the read/write
control circuitry. 9427H uses a single removable disk cartridge, CDC 848 type,
and a fixed disk which doubles the data storage capacity.

The 9427H is suitable for mounting in a standard 19-inch (482.6 mm) rack with
10-1/2-inch (266.7 mm) panel space and is also available in a cabinet. The deck
contains the voice coil, analog and digital circuit boards in the interface card cage.
the power supply power amplificr. the cartridge receiver, the spindle and drive
motor, filter. air blower and cooling system.

The 9427H can be configured to utilize single sectored or multisectored cartridges.
The read recovery circuitry will allow operation with or without missing clock pat-
terns, frequently found in variable sector formats.

1.3 EQUIPMENT CONFIGURATION

The equipment consists of the Baseline unit and its options.

1.3.1 BASELLINE CONFIGURATION

The baseline 9427H includes the following features:

e Power supply, 60/50 Hz 100-250 VAC

e Multiple (hard) sectors or soft sector (missing Clock electronic
sectoring) capability

Sector addressing

200 tracks per inch

Write protection

Daisy chain interface

Variable interface

2400 r/min spindle speed

Straddle-erase heads

Elco 1/0 cable connector :

1.3.2 OPTIONS

The options available for the 9427H are as follows:

Rack mounting

Cabinet mounting

100 tracks per inch

Fixed disk

1500 r/min spindle speed

Fault (maintenance) board

Pre-erase heads

Elco, 3M, Winchester, and Amp I1/O cable connector
Brake Option

77614951-C 1-1




1.3.3 DISK FEATURES

e Cartridge Configuration

9427H uses a CDC 848 cartridge or any equivalent cartridge certified
for 200 tpi operation or a CDC 847 or any approved equivalent 1BM
9440 cartridge for 100 tpi heads.

e Disk Configuration

In addition to the removable cartridge, the standard 9427H also cmploys
a fixed disk; thereby providing for storage of up to 12 million bytes
unformatted and providing a total of 4 recording surfaces.

1.3.4 OPERATIONAL CHARACTERISTICS

Operational characteristics of the 9427H are listed in Table 1-1.

TABLE 1-1, OPERATIONAL CHARACTERISTICS

Char:ucteristics

Values

TRACK DENSITY
ACCESSING TIME

Maximum access time
Track-to-track access time
Average access time

SPINDLE SPEED

LATENCY TIME

RECORDING

Mode
Density (nominal)

Bit rate (nominal)

Tracks per cylinder
Cyiinders per unit (200 TPI)
Cylinder per unit (100 TPI)

Sectors

Units per controller 1/0 channel

2

100 tpi or 200 tpi

60 ms
7.5 ms
35 ms

2400 r/min or 1500 r/min (+48 -67 r/min
or +30 -42 r/min with input frequency
+0.5 -1.0 Hz and input voltage +10%
-15%)

12.5 ms (at 2400 r/min) (20 ms at 1500
r/min)

Double Frequency

1530 bpi (outer track)

2200 bpi (inner track)

2.50 MHz (1.56 MHz at 1500 r/min)

2 (4 with fixed-disk option)

406 (numbered 0 through 405)

408 (numbered 0 through 407, optional)
203 (numbered 0 through 202)

204 (numbered 0 through 203, optional)
1,2,3,4,5,6,8,10,12,15,16,20, 24,25, 29,
30,32,40,48,50,60,64 hard or missing-
clock soft sectoring

*4 maximum, in daisy-chain configuration

1-2
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TABLE 1-1,

OPERATIONAL CHARACTERISTICS (CONTINUED)

Characteristics

Values

DATA CAPACITY
Bits per track
Bits per cylinder

Bits per unit

CARTRIDGE DISK
Disk per cartridge .
Usable recording surfaces pe
disk cartridge
Disk surface diameter
Recording diameters

Disk surface coating
READ/WRITE HEADS

PHYSICAL (RACK-MOUNTED UNIT)
Panel height
Panel width
Depth
Weight
Shipping Weight
PHYSICAL (CABINET MOUNTED UNIT)

Height

Width

Depth

Weight

Shipping Weight

AIR FILTER
ELECTRICAL
Input power source

60-Hz units

50-Hz units

62,500 nominal

125,000 nominal (250,000 with fixed-
disk option)

30,000,000 nominal (1,000,000,000 with
fixed-disk option)

1
2

14 inches

Track 407 (inner), 9.067 in (230.3 mm)
Track 0 (outer), 13.137 in (333.7 mm)
nominal

Magnetic oxide

(Standard CDC ramp-loading straddle
erase and pre-ecrase available)

10.31 in (261.9 mm) (mounts on 10.5 in
(266.7 mm) centers in relay rack)

18.94 in (481.1 mm) (for 19-inch (482.6
mm) rack)

30.63 in (778 mm) (sec section 3 for re-
quired rack depth)

140-175 1bs (63.5-79.4 kg)

190-225 lbs (86.2-102.1 kg)

34 in (863.6 mm)

18.5 in (469.9 mm)

29.75 in (755.7 mm)

220-255 1bs (99.8-115.7 kg)
250-285 1bs (113.4-129.3 kg)

0.3 Micron 99%

100-250 Volts rms in 10-Volt increments
(+10%, -15%, 59-60.6 Hz, single phase

100-250 Volts rms in 10-Volt increments
(+10%, -15%), 49-50.5 Hz, single phase

77614951-C
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TABLE 1-1. OPERATIONAL CHARACTERISTICS (CONTINUED)

Characteristics Values
ELECTRICAL (cont'd)
Input Current The following current readings are

made at 50 Hz and nominal line voltage
with accessor performing worst-case
(maximum power) repeat secks.

Volts Amps
100 5.6
110 5.0
120 4.6
130 4.3
140 4.0
150 3.8
160 3.6
170 3.3
180 3.2
190 3.0
200 2.9
210 2.7
220 2.6
230 2.5
240 2.4
250 2.3

Surge current during spindle start is
2.6 times the above vaiue and lasts 5
scconds.

Power Factor 0.8
Power (Nominal) 310 Watts, 1050 BTU /hr.
Power (Maximum) 465 Watts, 1590 BTU /hr.
INPUT /OUTPUT CONNECTIONS Two connectors on the 1/0 panel at the

rear of the unit. Refer to applicable
1/0 board schematic in HPC Configura-
| tion for the pin assignments. A ter-
minator is required if the unit is the
last (cv only) unit connected to the
controller. The terminator consists of
DIP-packaged register networks which
plug into the I/0 board or an optional

| plug-in terminator.

ENVIRONMENTAL Temperature: 60 to 90°F (15.6 to 32.2°
| C) with 12°F/hr maximum rate of change
| (Operating) Humidity: 10 to 80% (no condensation)

Altitude: Zero to 10,000 feet (3048 m)
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OPERATION 2

2,1 INTRODUCTION

This section provides the instructions and information required to operate the
Model 9427H unit.

2.2 CONTROLS AND INDICATORS

Figure 2-1 depicts the locations of the controls and indicators. All switches and
indicators are preassembled on a printed circuit board and mounted behind the
control panel assembly. The control panel contains separate write protect switches
and indicators for fixed and removable disks. ACTIVE (seeking, reading or writ-
ing) and READY indicators are also mounted on this panel. A functional descrip-
tion of the controls and indicators is given in Table 2-1.

2.3 OPERATING PRECAUTIONS

The following precautions and practices should be observed while operating unit
to obtain best performance and reliakility of the equipment:

1. Keep the access door closed to prevent unnecessary entry of atmospheric dust.

2. If a pinging or scratching sound (caused by head-to-disk contact) is heard
and persists, stop the unit by using the Stop and Power Down procedure of
this section and then call the customer service engineer,

Appropriate steps should be taken to safeguard valuable data until the head-

NOTE: to-disk contact can be remedied. Such steps may include leaving the unit
powered down, replacing the data cartridge with a scratch cartridge, and/or
immediate transfer of the data thatl is on the fixed disk.

~ 3. To prevent damage and/or data loss, follow the Disk Cartridge Installation pro-
cedure of this section.

4, The operator should not attempt to override any interlocks in the system.

2.3,1 POWER UP FOR ON-LINE OPERATION

NOTE: Steps 1,2, 3, & 5to be performed by maintenance personnel only.

1. Using a 5/32 Allen driver, place tool into holes of front and rear end panels
and remove panels by loosening hardware. '

2. Verify connection of all power and I/O cables.

3. Verity installation of properly jumpered voltage adjust plug, P12 (see Section
II1 for jumper information).

4. Verify that START /STOP switc.i is in STOP vosition (out).

5. Using Tigure 6-11, actuate DC circuit breakers CB2 and CB3. Actuate circuit
breaker CB1 and verify operation of blower motor,

6. Depress START/STOP switch and verify START /STOP indicator illuminates.

7. Verify that FAULT indicator remains off.

NOTE: If FAULT indicator illuminates perform step 1 through 3 of Fault Operating
Instruction Paragraph 2.4.

‘ 8. Approximately 65 seconds after START/STOP switch is depressed, READY is
sent to the controller and the READY indicator illuminates. Disk drive is now
ready to receive Seek, Read, Write and Erase commands from controller.

77614952-C 2-1




START FAULT ' WRITE PROTECT
sTOP READY ACTIVE RESET CART FIXED

: / CAUTION

DO NOT REMOVE THE DISK
CARTRIDGE UNLESS THE
SLOT IS IN THE BLACK AREA,

A COIN MAY BE USED TO a -
MAKE THE ALIGMMENT, )

BRUSH ' A
INDICAIOR//
s '/"

TRACK INDICATOR

AC(CBI) DC(CB2)

JC (CB3)

BOTTOM VIEW

POWER SUPPLY
ASSEMBLY

S
LAz )

FIGURE 2-1. CONTROLS AND INDICATORS
2.3.2 WRITE PROTECT

Write protection can be initiated either by the operator or controller.

a. Operator Initiated Write Protect - Depress desired W/PROT switch (W/PROT
CART or W/PROT FIXED) and verify that appropriate W/PROT lamp illuminated.
Selected disk is now protected against controller Write or Erase command.

b. Controller Initiated Write Protect (optional) - A disk may be protected by the
controller itself providing that the Unit Select and Write Protect lines are ac-
tive. Whichever disk is selected by the high-order Head Select line will then
be protected from Write or Erase commands.
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‘ TABLE 2-1. CONTROLS AND INDICATORS

Control or Indicator Function

Power Assembly

AC circuit breaker (CB1) Provides AC power circuit protection,
and main power switching.

DC circuit breaker (CB2) Provides * 35 VDC circuit protection
along with thermal protection for all
DC circuits.

DC circuit breaker (CB3) Provides + 11 VDC logic circuit pro-
tection.

Power receptacles Provides connection for input power

Voltage Adjust Plug, P12 Provides a means of selecting input

(Refer to Installation and Checkout voltage to transformer in power

Section for adjustment connections) supply.

Control Panel

START/STOP indicator/switch Start switch energizes spindle motor
‘ and initiates the first scek mode

provided the following conditions are
met:

1. Circuit breakers are ON.

2. Disk cartridge cover properly
installed.

3. Cartridge hold-down switches are
closed.

Depressing the alternate action
START/STOP switch at any time after
the start cycle is initiated will cause
the machine to stop unless a Stop
Override signal is present from the
controller. In this case, the machine
will continue to run until the Stop
Override signal is removed. (This

is to prevent stopping during a read,
write, or seek operation.)

When the switch is depressed to stop
machine, the indicator light remains
illuminated until the disk rotation has

‘ stopped.
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TABLE 2-1. CONTROLS AND INDICATORS (CONTINUED)

Control or Indicator

Function

READY indicator

ACTIVE indicator

FAULT indicator/switch

Control Panel

The interlock solenoids energize at
this time to permit access to the
cartridge.

NOTE

The first seek mode is completely
automatic and requires approximately
65 seconds to complete. The unit can
be reset at any time after initiation of
the start sequencing. In the event of a
potentially damaging fault during this
mode, the heads will automatically go
into emergency retract and the machine
will stop.

[luminates when the unit is up to speed)
the heads are loaded and the unit is
ready for use. Extinguished during

any fault, emergency retract, or stop
operation.

[lluminates when the unit is actively
engaged in any mode, i.e., direct
(forward or reverse) seek, return to
zero seek or read/write/erase.

Indicator illuminates when any fault
exists with the exception of a line
power failure. In the event of a
momentary line power drop, the unit
heads will go into an emergency retract
and the unit will stop. However, the
unit will restart automatically when the
power returns to normal. In the event
of a non-damaging fault, i.e., more
than one head selected, simultaneous
read and write and etc., the fault
indicator will be illuminated and the
unit will report the condition to the
controller.
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TABLE 2-1. CONTROLS AND INDICATORS (CONTINUED)

Control or Indicator

IFunction

FAULT indicator/switch (continued)

W/PROT CART indicator/switch

W/PROT FIXED indicator/switch

Control Panel

A Return-To-Zero-Scek command will
reset the fault latch and extinguish the
fault indicator. The unit can be reset
by the FAULT switch if a momentary
non-damaging fault has occurred.
Pressing the FAULT switch clears the
fault logic and extinguishes the indicator,
A persistent fault, however, will not
permit a resct.

This alternate-action switch remains
slightly depressed, and is lit when on.
When on, writing and erasing of data
on the cartridge disk is inhibited.

This alternate-action switch remains
slightly depressed and is lit when on.
When on, writing and erasing of data
on the fixed disk is inhibited.

Cartridge Receiver

Brush indicator

Indicates the position of the brush
motor.

Do not remove the disk cartridge unless
the slot is in the black area.

A coin may be used to make the alignment.

Carriage Assembly

Track indicator

Vernier scale located on the side of the
carriage over read/write heads (see
Figure 2-1). Readable only when
electronics cover is removed. Movable
zero mark identifies hundreds and tens
digits of track number. The coincident
moveable vernier identifies the units
digit of the track number.
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2.3.3 STOP AND POWER DOWN
Disk drive can be stopped by front panel switches provided STOP OVERRIDE is
not commanded by controller.

In the event STOP OVERRIDE is commanded when the START /STOP
NOTE: switch is depressed to STOP, the disk drive will continue operating.
) When STOP OVERRIDE is dropped by the controller, the unit will exe-
cute a normal stop sequence.

1. Depress START/STOP switch and verify the following actions occur:

a. READY lamp extinguishes and controller Ready goes off.
b. START indicator extinguishes and pack locks open after spindle stops
rotating.

2. Remove Cuartridge (if desired) in accordance with Disk Cartridge Removal
(Normal) procedure.

NOTE: Step 3 to be performed by maintenance personnel only.

3. Set main circuit breaker CB1 of "off,"

2.4 FAULT OPERATING INSTRUCTION

If FAULT indicator illuminates during operation or power up proceced as follows:

1. Depress FAULT switch. If lamp extinguishes, normal operation can be resum-
ed. If FAULT lamp remains illuminated, proceed to step 2.

oo

Depress START/STOP switch to STOP and allow spindle to stop rotating, then
depress START/STOP switch to START. If FAULT lamp extinguishes, normal
operation can be resumed. If lamp remains illuminated proceed to step 3.

3. Power down equipment in accordance with Stop and Power Down procedure.
Call customer service engineer.

2.5 INPUT/0UTPUT LINES

Complete operations of the disk drive with the exception of power up, power down
and start/stop can be performed by the controller. Input/Output signals exchanged
between disk drive and controller and their functions are explained in Table 2-2.

2.6 DISK CARTRIDGE HANDLING AND STORAGE

The following practices should be observed when handling or storing disk cartridges.

Refer to the manufacturer's instructions for more detailed maintenance and cleaning

instructions, or refer to section 6 of this manual.

1. The cartridge dust cover should be on the cartridge while it is out of the disk
receiver. This will insure a positive dust seal and immobilize the disk inside.

2. Cartridges can be stored flat or on the edge. Several can be stacked on top
of one another. However, undue heavy loading should be avoided.
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TABLE 2-2.

INPUT/OUTPUT LINES

Signal

Function

CYL STR (Cylinder Strobe)
CYL AD/0 - CYL AD/8 ,
(Cylinder Address Bits 20 _ 28)
RTZS (Return to Zero Seek)

HS/0 - HS/1 (Head Select)

Wr (Write Data/Clock)
Write Gate
Erase Gate
Read Gate

Unit Select

Wr Prot (Write Protect)

Input Lines

Gates the cylinder address into the
unit. The contents of the cylinder
address lines are valid only when the
Cylinder Strobe is true.

Nine lines that carry the cylinder
address to the track address when
gated by the Cylinder Strobe.

Causes carriage to return to cylinder
000.

Selects one of the two recording heads
(two lines for four heads with fixed
disk option). The line(s) contain the
binary address of the desired head and
must be held constant during a read or
write operation.

Transmits double frequency encoded
data and clock signals to the unit.

Enables write current during a write
operation.

Enables the erase current during a
write operation.

Enables read data and clock information
during a read operation.

Four select lines (one per unit) are

used to select a unit to be accessed.

The appropriate lines must remain
active during any exchange with the
controller, except.when monitoring
interrupts such as seek complete or
seek error lines. A unit may be con-
tinuously selected for test purposes by
actuating the desired Unit Select switch
(SW1-1 through SW1-4) on the I/0 board.

Prevents accidental destruction of
previously writiten data by never
allowing write or crase current to
be on when write protect line is true.

77614952-B
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TABLE 2-2,

INPUT/OUTPUT LINES (CONTINUED)

Signal

Function

Stop Ov (Stop Override)

Input Lines

After the unit has been started, a
STOP OVERRIDE command along with
UNIT SELECT will maintain the unit
in a selected ON-LINE condition until
the UNIT SELECT falls, even if the
front panel START/STOP switch is set
to STOP.

On Cyl (On Cylinder)

Rd Data (Read Data)

Rd Clk (Read Clock)

Index

Sector

Sker (Seek Error)

Ad Int. (Address Interlock)

Ad Ack (Address Acknowledge)

Output Lines

Indicates that heads have reached the
desired address. The On Cylinder
condition will also be indicated when a
seek error occurs.

Transmits digital information read from
the disk to controller.

Carries clock signals read from the
disk.

Provides a sector 0 reference pulse
from the unit to the controller. This
pulse occurs once for each revolution
of the disk.

The gated sector is from the cartridge
if heads 0 or 1 are selected and is from
the fixed disk (if installed) when heads
2 or 3 are selected. Two separate
sector transducers are used as in the
case of index and only one driver is
used.

Indicates that the unit was unable to
complete a seck operation. A RTZS
command from the controller clears
the Seek Error condition and returns
the heads to cylinder 00.

Indicates that illegal address has heen
sent.

Indicates that address received is legal.

2-8
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TABLE 2-2,

INPUT/OUTPUT LINES (CONTINUED)

Signal

Function

Fault

Ready

Wr Stat

SA/0 - SA/5 (Sector Address)

Density (optional)

Output Lines

»

Indicates that the unit has one or more
fault conditions. Write and erase currents
are inhikt ""ed by the presence of any of

the following conditions: °

1. More than one head selected.

2. Read and Write gates true at the
same time.

3. Read and Erase gates true at the
same time.

4. Erase and no write driver on.
5. Write and no erase driver on.

6. Write, or erase gate and'not On
Cylinder. :

7. Low voltage situation that could
cause a loss in control of write and
erase currents.’

8. Fixed disk heads are selected with

no fixed disk option installed.
9. Emergency retract condition.

Present if the disk cartridge is installed,
spindle motor speed, heads loaded, DC
voltages within margin, no fault condition
exists, unit selected, and terminator is
present and has power.

Indicates the unit is inhibited from writing
on the Disk. This signal is present when-
ever the control panel WRITE PROTECT
switch is on and the associated disk is
sélected, or when the controller Write
protect is true.

Six lines that carry the sector address
for the selected disk.

When negative true, the unit is opera]:ing
in a 200 tpi mode; when not, unit is
operating in 100 tpi mode.

77614952-B
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2.7 DISK CARTRIDGE INSTALLATION

The disk cartridge must be stored in the same environment as the Model 9427H for
60 minutes immediately preceding its use. Make certain disk cartridge has been
cleaned and maintained in accordance with accepted preventive maintenance pro-
cedures. Refer to Figure 2-2 for the following procedure.

1. Raise cartridge access door on cabinet.

. Power must be on and START /STOP lamp must be off to release lock
NOTE :
on hold-down arms.

2. Pull back hold-down arms.

3. To separate dust cover from the disk cartridge, hold cover rclease button to
left while lifting cartridge handle.

4. Disengage dust cover trom disk cartridge. Set cover aside.

" CAUTION '@ Make certain that the read/write heads are fully retracted and the disk
Ve cleaning brushes are completely out of the cartridge area. Remove any
dust from magnetic chuck. h

5. Place disk cartridge onto spindle hub (ensure head opening is toward read of
machine).

6. Rotate cartridge slowly back and forth until cartridge detents.

7. Push handle down to seat cartridge.

8. Place dust cover (removed in step 4) open end down over cartridge.

9. Position hold-down arms over cartridge and dust cover.

10. Close cartridge access door.

11. Press START/STOP switch to apply power to spindle motor.

NOTE : [f the spindle motor will not rotate, disk cartridge is not installed
) properly.
2.8 DISK CARTRIDGE REMOVAL

2.8.1 NORMAL REMOVAL

Refer to ligure 2-2 for the following procedure.
1. Depress START/STOP switch to STOP (in). .
2. Raise cartridge access door after START /STOP indicator extinguishes.

ceeeeeeeeen o M START/STOP lamp is still illuminated after 2 1/2 minutes and brushes
. CAUTION 'are not fully retracted (brush indicator not retracted position) contact
' the Customer Engineer.

3. Pull back hold-down arms (arms will not move until cartridge is stopped).
4. Remove cartridge dust cover.

9. Push and hold cover release button to left with thumb and lift cartridge handle.

6. Lift cartridge clear of spindle.
7. Place dust cover in position on cartridge and fold over top handle.

NOTE : The handle may be swung out to carry the cartridge, but «:0 not push
' the cover release button.

8. Closec access door if another cartridge is not to be installed.

2-10 77614952-B
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FIGURE 2-2. DISK CARTRIDGE INSTALLATION

2.9 POWER FAILURE OR EMERGENCY STOP REMOVAL
Refer to Figure 2-2 for the following procedure.
NOTE: This procedure to be performed only by the Customer Engineer.

1. Wait approximately 3 minutes for cartridge to stop spinning.
2. Raise cartridge access cover.

I « If START/STOP lamp is not extinguished after waiting 3 minutes and
CAUTION ' hrushes are not fully retracted, open top cover, and manually retract
heads and brushes.

3. Release pack locks by inserting a flat head screwdriver (or similar object) into
hole on top of pack lock. Press solenoid plunger into solenoid and tilt pack

‘ lock, (see Figure 2-1). .

77614952-B 2
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4. Remove cartridge dust cover.
5. Push and hold cover release button with thumb and lift cartridge handle.
6. Lift cartridge clear of spindle.
7. Place dust cover in position on cartridge and fold over top handle.
The handle may be swung out to carry the cartridge but do not push
NOTE: the cover release button.

8. Close the access door if another cartridge is not to be installed.
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‘ INSTALLATION AND CHECKOUT 3

e S S A

3.1 INTRODUCTION

This section provides the information and procedures necessary to install and
check-out the 9427H disk drive.

CAUTION
The circuit assemblies contained in this equipment can be degraded or destroy-
ed by ELECTRO-STATIC DISCHARGE (ESD).

Static electrical charges can accumulate quickly on personnel clothing, and
synthetic materials. When brought in close proximity to or, in contact with
delicate components, ELECTRO-STATIC DISCHARGE or FIELDS can caduse

damage to these parts. This damage may result in degraded reliability or
immediate failure of the affected component or assembly.

To insure optimum/reliable equipment operation, it is required that technical

support personnel discharge themselves by periodically touching the chassis

ground prior to and during the handling of ESD susceptable assemblies. This
procedure is very important when handling Printed Circuit Boards.

Printed Circuit Boards should be handled or transported in electrically

conductive plastic bags to insure optimum protection against potential
ESD damage.

77614953-J




3.2 UNPACKING

During unpacking, exercise care so that any tools being used do not cause
damage to the drive. As the drive is unpacked, inspect it for possible ship-
ping damage. All claims for this type of damage should be filed promptly with
the transporter involved. If a claim is filed for damages, save the original
packing materials.

After the drive is unpacked perform the following procedure:
1. Clean the unit thoroughly.
CAUTION

While performing the following steps, do not posi-
tion the carriage manually. Such action could cause
the Read/Write heads to load, causing damage to the
heads and disk. Do not subject plastic cartridge
receiver to any unnecessary forces or pressures.
Such as, moving disk unit by pushing or pulling on
cartridge receiver or laying rack mounted units on
their sides. This may cause movement of the car-
tridge sensor and also cause the index-to~burst
period to become out of specification. If there is
any doubt, see Section 6 for Index-To-Burst Check
and Adjustment.

‘ 2. Remove four shipping brackets (5 pieces), cabinet mount only.

3. Remove three mounting bolts securing unit to flywood base, rack mount units

only"

4. For those units that required AC and DC ground connected during shipping
but separate during operation, remove green jumper wire on rear of unit.
Jumper wire is connected between AC ground on power supply and electronics
cover below velocity transucer cap.

Rewmove electronics cover.

6. Remove the carriage lock pin and store it on the magnet as shown in Figure
3-1.

7. Re-install electronic cover.

3.3 SPACE ALLOCATION

Figure 3-2 and 3-3 show base cabinet and rack mount unit overall dimensions for
determining space allocation.

3.4 LEVELING AND ALIGNING BASE CABINET UNIT

Position the cabinet in its operational location and level as follows:

(2]

1. Install jack screws provided in plastic container.
2. Lower jack screws in base cabinet until casters no longer contact floor.
3. Adjust jack screws as necessary "intil unit is level.
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TO INSTALL: INSERT STRAIGHT LEG

- TO SMALL HOLE IN ACTUATOR
FRAME, TWIST 90° COUNTERCLOCKWISE,
PRESS DOWN, AND ALLOW PIN TO
RETURN TO NORMAL POSITION,

TO REMOVE: TWIST 90° COUNTERCLOCKWISE
AND PUTL UP,

CARRIAGE LOCK PIN MAY BE
STORED ON SIDE OF MAGNET
AS SHOWN

FIGURE 3-1. CARRIAGE LOCK PIN LOCATION

29.75 IN

18.50 IN (755.7mm)\
[ (469.9 mm)

(501,7 mm)

s

3.00 IN
(76,2 mm)

FIGURE 3-2, BASE CABINET DIMENSIONS
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10.31 IN.
(261.9 mm)
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FIGURE 3-3, RACK MOUNT UNIT OVERALL DIMENSIONS
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ACCURIDE SLIDES
2.25-22.1208
A. DISTANCE FROM FRONT MOUNTING 27.50 - 28.50 IN.
RAILS TO REAR MOUNTING RAILS (540-562 OR
699-724 mm)
B. MINIMUM CLEARANCE BETWEEN MOUNTING 17,625 IN.
RAILS (FRONT AND REAR) (447.7 mm)
C. DISTANCE BETWEEN MOUNTING HOLES 17.86 - 18,5 IN,
(FRONT AND REAR) (454-471 mm)
©D. MINIMUM LENGTH OF CABINET FRoM | m.ioin.
FRONT MOUNTING RAILS (CABLE AND (765 mm)
CONNECTOR CLEARANCE)
“These limits may be increased by 1.00 IN, (25.4 mm) on the high ends, but the slide extension will be
correspondingly reduced,
= =N
AAl67a

FIGURE 3-4, RACK MOUNT SLIDES DIMENSIONS
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3.58 in RIGHT
(90.9 mm)

5.70 |nzr\\<

(144.8 mn)

~

—_————

FIGURE 3-5. SLIDE AND BRACKET ASSEMBLY
3.5 INSTALLATION OF RACK MOUNT SYSTEM WITH ACCURIDE SLIDES

The Accuride slides are constructed of three longitudinal members forming two
pairs of telescoping channels, one pair above the other. The intermediate member
is a vertically double channel, such that it constitutes the moving member of the
lower pair of channels as well as the stationary member of the upper pair. The
slides and brackets pluis attaching hardware and loose unit parts men-

tioned in the following steps make up an installation kit that is shipped with the
unit. The installation kit for units equipped with Accuride slides includes a
triangular or wedgeshaped knob that must be added to the unit as a means of
releasing the latch mechanism that secures the unit into the rack. Read and
understand these instructions before attempting assembly. Also verify that all
hardware is included in the kit.

1. Install plastic slide mounts item and plastic keyed slide mounts item
at the sides of the unit as shown in Figure 3-6. Mounting hardware for each
of these items consists of two 8-32 x 5/8 inch (31.8 mm) pan head machi
screws and two No. 8 internal tooth lock washers . Place item @
on ribbon cable directly behind keyed slide-mount on unit's left side.

3-4 77614953-F
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NOTE

For currect orientation of the unkeyed mounts, the
V Groove channels in the mounts should open down-
ward. The flat side of the keyed mounts should be
inboard and pointing downward, see Figure 3-6.

2. Install plastic stabilizers item @ at the sides of the unit as shown in Figure
3-6. Mounting hardware for each of these items consists of two 8-32 x 1/2 in.
(12.7 mm)_pan head machine screws , two No. 8 internal tooth lock
washers @), and two No. 8 flat washers @

NOTE

The stabilizers should be mounted with their key
extended downward. Leave the stabilizers slightly
loose at this time.

3. Adjust then rack so that the dimensions correspond to those shown in Figure 3-4.

4. Accompanying each slide member is a bag of hardware consisting of two mounting
brackets, four flat washers, four nuts and four binding-head slotted 8-32 x 1/2
screws. Using Figure 3-5, install mounting brackets to each slide. Slides can
be identified by the distance from the front of the slide to the edge of the slot
(Figure 3-5).

5. Adjust and secure the front mounting brackets such that the front of the
flange of the bracket is flush with the front end of the slide.

NOTE

If necessary, the flanges may be located as much as
one inch (25.4 mm) ahead of the slide ends in order
to accomodate certain rack dimensions. Maximum
extension of the unit out of the rack will be corre-
spondingly reduced, however,

6. If necessary to meet cabinet dimensions, reverse the orientation of the rear
mounting brackets of the slides. Adjust and secure the rear mounting brackets
to agree with dimension "A" as set up in Step 3. In all cases, make sure that
the white plastic button in each front bracket is inserted in one of the two holes
provided that will be on top when bracket installation is complete. (The plastic
button acts as a bearing between the stationary and moving parts of the slide.
If necessary, remove buttons from incorrect holes and insert into the proper
holes.)

7. Install the slides into the rack cabinet at the desired location (see Figure 3-4).
making sure the slides are horizontal and equidistant from the base of the
cabinet. Position the slides in the rack so that the distance between the in-
sides of the uppermost sections of the slides is 16.45 +0.303 inches (418
$0.76 mm).
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10.

11.

12,

13.

14.

NOTE

The correct mounting hardware for the above step

is twleve 10-32 x 5/8 inch (15.9 mm) pan_head

screws , twelve No. flat washers @ , twelve

10-32 hex machine nuts @ , and twelve Tock washers
. Install the screws through the brackets and

washers into the vertical rails, and then install nuts

and lockwashers on the other side of the rails.

Pull the slides out to their full extension, approximately 29 inches (737 mm).
The intermediate catch at 18 inches (457 mm) must be released on both slides.
The slides will again lock at full extension.

Set the 9427TH on top of the slides, making sure all four plastic mounts are
resting on the uppermost edge of the slides and that the keys of the front
mounts engage the notches in the slides.

Place Loctite (Grade C) on 8-32 x 5/16 (7.94 mm) pan head screws @ and
install through each slide into keyed mount-slide.

Adjust the stabliizers, installed in Step 2, as required to prevent wobbling
and provide smooth operation of slides. Tighten the stabilizers securely.
Install knob assembly item and latch assembly item together and in
the unit as shown in Figure™3-6.

NOTE

Hardware used to attach the knob assembly to the
latch assembly consists of one each 8-32 x 5/8 inch

(15.9 mm) pan head machine screw , No. 8 in-
- ternal tooth lock washer @ , 8-32 x 1/4 inch
(6.4 mm) spacer , and 8-32 hex machine nut.

Reference: Figure 3-6.

Hardware for installation of the latch assembly in
the unit consists of twg 8-32 x 5/8 inch (15.9) pan
head machine screws g@ , two No. 8 lock washers
@ , and two No. 8 flat washers @ . These screws
should be left slightly loose at this fime.

Adjust the latch so that it catches the front rail of the rack, securely holding
the unit in the retracted position, when the drive is pushed completely into

the rack, and so that the latch-releases easily when the knob is pushed to
the left.

NOTE

By loosening the proper pair of screws on the latch
assembly, the latch can be moved either.for and aft
or left and right to meet this requirement.

Determine whether the installation requires use of a cable fender at the
rear of the unit. This fender is for the purpose of holding cables away from
the ventilation outlet opening in the power supply and is not required if no
cables threaten to encroach on the opening.
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15.

3.6

If required, install the fender of Step 14 using two 8-32 x 5/16 inch (7.9 mm)
pan head machine screws » two No. 8 spring lock washers @ , and two
8-32 type U speed nuts (attached to the electronics cover on either side
of the power supply ventilation outlet).

CAUTION

The cable fender must not be used as a handle. It
will break off!

SECTOR OPTION CONVERSION PROCEDURE

Adjust sensor mount for required sector option as follows:

1.

O U W

-3

10.
11.
12,
13.
14.
15.

17.
18.
19.
20.
21,
22,

Depress Start/Stop switch to Stop (out) and wait for spindle to stop rotating
(Start/Stop lamp extinguished).

Set main circuit breaker to Off position.

Remove front door panel (base cabinet only).

Remove module bottom cover.

Loosen the sensor mount screw (see Figure 3-7).

Lift rear of sensor mount and place the guide p‘n in the sensor mount hole
selected in Table 3-1.

Tighten the sensor mount screw.

Perform the fixed-disk Index/%ector Transducer Check and Adjustment in
Section 6 of Maintenance Manual.

Install module bottom cover.

Install front door panel (base cabinet only).

Open top cover (base cabinet only).

Remove electronics cover.

Remove clamp and card cage cover.

Using card extractor, remove sector PWA.

Locate sector PWA diagram on Sheet 2 of your device specification and switch
selections located in your HPC document package 83449XXX.

Using sector PWA diagram and Table 3-1, determine present setting of S4
switch. Press present switch setting to Off position and press switch setting
for new requirement to On position. Only one switch of S4 one through six
can be in the On position.

Change switch positions on sector PWA diagram.

Carefully install sector PWA insuring that all pins are engaged.

Install card cage cover and clamp.

Install electronics cover.

Close top cover (base cabinet only).

Place unit on-line and verify operation with system software.
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3-8

TABLE 3-1, SECTOR OPTION CONVERSION
SECTORS REQUIRED SENSOR MOUNT RING
HOLE # HOLES
29 or SOFT SECTOR 1 29
40 | 20 | 10 5 2 40
48 | 24 | 12 6 3 3 48
50| 25 4 50
60 | 30 | 15 5 60
64 | 32 [ 16 8 4 2 6 64
56 | 28 [ 14 7 7 56
72 | 36 | 18 9 8 72
$1 ) 2 |4 |38 [:16 |=32 DIVISION COUNT
1 6 5 4 3 2 PWA SW4 SWITCH SETTING

FIGURE 3-6., RACK ASSEMBLY MOUNTING
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T3 5 7

MAGNETIC SENSOR

/ SENSOR MOUNT SCREW
'
\

\‘\Qr;ok MOUNT

\
\
\

SECTOR RING

_——— -

FIGURE 3-7, SECTOR OPTION CONVERSION
3.7 Hz-rR/MIN CONVERSION

If Hz-r/min conversions are desirced, they are available in standard option kits from
the manufacturer. Depending on the specific conversion. Some or all of the following
modifications may be required.

Physical vhange of Drive Pulley and Belt.

. Physical change of R/W/E Board

Physical change of Head Option Components.

. Physical relocation of jumpers in voltage adjust plug.

oo o

If Hertz conversion is required, refer to Table 3-2 for appropriate belt and pulley
for desired Hertz. Refer to Maintenance Section 6.6.23 for conversion procedure.

TABLE 3-2. HZ CONVERSION PULLEY AND BELT CONFIGURATION
Hz [r/min [ PULLEY NO. [ PULLEY DIA. BELT NO. BELT LENGTH

50 | 2400 | 77599705 2.881 in. 75722940 30.375 in. (772 mm)
60 | 2400 | 77599706 2.404 in 75722930 29.625 in. (753 mm)
)
)

(73.2 mm) (
. (61.1 mm) (
50 | 1500 | 77599707 1.761 in. (44.7 mm) | 75722920 28.625 in. (727 mm
60 | 1500 | 77599708 1.479 in. (37.6 mm) | 75722910 | 28.125 in. (714 mm

3.8 CABLING ANC CONNECTION

Unit Intracabling - Inspect the cabling in the cabinet for agreement with Figure
3-2. Check for proper seating of connectors and logic cards.

3.8.1 INPUT/QUTPUT CABLES

All input/output cables exit at the rear of the disk drive. Refer to applicable 1/0
board schematic in HPC package located in front of manual for connector pin/signal
assignments for these cables. If an external terminator assembly is used in A2J2,
the DIP terminators must be removed from the I/O board. If daisy chaining is used,
the terminator is installed in A2J2 or the DIP terminators are installed in the last
unit of the chain. Refer to Figure 3-9. for a typical daisy chain configuration. The
function of each signal name is described in Section 2, Table 2-2.
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CAUTION

Refer to I/0 option diagrams in HPC package lo-
cated in front of manual for assignments of 1/0
signals to each terminal on the 1/0 board connec-
tor. Be sure the terminals on the I/O cable from
the controller and/or daisy-chained unit have

the correct configuration and the correct assign-
ments. BE ESPECIALLY CAREFUL WHEN UTIL-
IZING 3M TYPE I/0 CABLES, SINCE THERE IS
NO MECHANICAL "KEY" TO PREVENT PLUGGING
THE CONNECTOR IN 180 DEGREES FROM THE
PROPER POSITION, WHICH WILL RESULT IN
DAMAGE TO THE CIRCUITRY. Check to make sure
that the I/O cable lead terminating at terminal (1)
on a 3M I/0 board is a ground lead from the con-
troller and/or daisy-chained unit. Terminal (1) on
all 3M I/0 board connectors is a ground lead, and
is located as shown in Figure 3-10. Utilize the
same precautions when relocating adapter boards
for 3M to Elco, to 3M to Winchester connectors.
Adapter boards with the blue strip lead are marked
for proper connection into the 3M connectors on
the I/0 board. The connector designation and pin
sequence is marked on one side of each connector.

3.8.2 GROUNDING OPTION

The disk drive is shipped with logic (DC) ground and chassis (AC) ground con-
nected together--see Figure 3-11 (A)--at the front left hand corner of the power
supply. If the system configuration requires the separation of these grounds, per-
form the following procedures.

Open top cover (base cabinet only).

Remove electronics cover. '

Open power supply cover assembly.

Rearrange spacers to configuration shown in Figure 3-11(B).
Close power supply cover.

Install electronics cover.

Close top cover.

3.8.3  POWER CABLES

The AC power cable plugs into the bottom of the powcr supply assembly. On cabinet
units, the power cable should exit the unit through the AC entry plate located on the
bottom front area of the frame (see Figure 3-13).

3.9 INPUT POWER REQUIREMENTS

Refer to the equipment specification in HPC package listed in front of manual.
Ascertain that P12 is jumpered according to Figure 3-12.

-3 U S O
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CAUTION

When units are field configured for any line voltage
other than 120 V, 60 Hz, 4.6 Amp or 120/240 V, 60
Hz, 16 Amp, the CSA monogram must be removed
because unit no longer complies with requirements
of the Canadian Standards Association.

3.10 ENVIRONMENT

Operating and storage environment of the unit is as follows:

Operating status - 60 to 90°F (15.6 to 32.2°C) (12°F/hr maximum fluctuation)
10 to 80% relative humidity (provided there is no
condensation)

Non-operating status - -30 to +150°F (-34.4 to 65.6°C)
5 to 95% relative humidity (providing there is no

condensation)
[©] | | | | ] 1 [®
J101 No2 A2J1 A2J2 A2J) + A2)2 A2)1 A2J)2

CONTROLLER 9427H 9427H 9427H

NOTES: | TERMINATOR,
2. MAXIMUM OF FOUR UNITS.
3. MAXIMUM CABLE LENGTH FROM CONTROLLER TO LAST UNIT IS 50 FEET(15.24 M)

FIGURE 3-8, DAISY CHAIN CONFIGURATION
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RETRACT

POSITION XDUCER SLIDER
VELOCITY XDUCER
POSITION XDUCER SCALE

EOT ASSEMBLY
|
|

\
| ) CARD CAGE ASSY
| _ POWER AND LOGIC HARNESS 2 |2 (A2)
| | ACTUATOR (A4)
POWER __]_:_—
SUPPLY = =
ASSEMBLY €1 (DC) E2 (DC) * JI4 RAW/E
Won R/W HEADS N3 BLANK
VOLTAGE JH{ 212 DATA
ADJ, PLUG i coit R/W HEADS | sevo
e 2 HIRNESS AL HEADS JH J:vo sscf"rj:t INPUT/OUTPUT
P11 P2_HARNE 119 coN
g [FRHARNES RWHEADS I, 4798 FauLT
(OPTION!
= 113143 7
PnFi4eafer AAAA n
PRE-AMP
HARNESS |
BRUSH N3 45 8
MOTOR PS5 |J5 "
HARNESS | AGC PRE-AMP ASSEMBLY
s w5 ;
| (A8)
| MOTOR HARNESS
| . SWITCH BOARD
| l " ASM HARNESS
' CARTRDG P3
L n SENSOR 12 p2] r’
E5 (AC) u:cnvgn ?ssmuv Ll E'_]
™
SPINDLE nu(?cv) 2
MOTOR RECEIVER HARNESS LKHE
(A7)
€4 (AC)
SWITCH
#* HEAD CABLES PLUG INTO 5’,’§E° A?xo Ty 4.
READ/WRITE/ERASE BOARD., SENSOR (AS)
{AAz320)

FIGURE 3-9, SIMPLIFIED INTRACABLING DIAGRAM

TERMINAL SEQUENCE AND
CONNECTOR DESIGNATION
FOR 3M 1/0 BOARD

‘ .
i ‘
| .
|
2
TERMINAL SEQUENCE

INDICATORS

FIGURE 3-10. 3M 1/0 BOARD CONNECTOR TERMINAL ASSIGNMENTS
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GROUND MUST BE INSTALLED WHEN
DYNAMIC BRAKE OPTION IS INSTALLED.

POWER BOARD

BRASS _____——J
SPACER T

NOTE

BRASS SPACER
FIBER SHOULDER WASHER

POWER BOARD GROUND STRAP

INSULATING SPACER

INSULATING SPACER

FIBER SHOULDER WASHER

GROUND STRAP (

I

{CAmz95 ) LOGIC (DC) GROUND CONNECTED TO CHASSIS (AC) GROUND

NOTE :

(A (8)
LOGIC (DC) GROUND ISOLATED FROM CHASSIS (AC) GROUND

FIGURE 3-11., GROUNDING OPTION

FRONT VIEW
(PIN SIDE) BACK VIEW PIN 12 (FIXED)
(WIRE SIDE)
14 7 1013 JUMPERNO.1 3 6 2 PIN 15 (FIXED)

PIN 14 (FIXED) -<OO
jololojo

HO[O[O[O
—~_

JUMPER NO, 2
PIN 15 (FIXED)

ojle](e
@)[e)

~~— PIN 14 (FIXED)

JUMPER NO. 3
PINS 11 & 12 (FIXED)

For proper pin configuration use above illustration.

Ignore pin numbering on connector.

JUMPER N JUMPER /2
VOLTAGE F;:(rsb MO\'{IENABLE FI;(IEO MOXIEP?BLE
100 14 4 5 7
110 4 3 15 7
120 14 2 15 7
120 14 ! 15 7
190 14 6 15 8
150 14 5 15 8
160 14 4 15 8
170 14 3 15 8
180 14 2 15 8
190 14 1 15 s
200 14 6 15 9
210 14 5 15 9
220 14 4 15 9
20 14 3 15 9
240 14 2 15 9
250 14 ! 15 9
(AR

FIGURE 3-12. VOLTAGE ADJUSTMENT PLUG P12 AND ADJUSTMENT TABLE
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3.11 OPTION SWITCHES

Various modes of operation are made possible by option switches located on the
Sector, Data Recovery, Control and I1/0 boards. These switches are factory set to
customer requirements.

The unique settings of the switches (and their locations) are shown in the switch
specifications in the HPC package located in the front of the manual.

3.12 INITIAL CHECKOUT AND STARTUP PROCEDURE

This procedure should be used to make the first power application to the unit. The
procedure assumes that the preceding procedures and requirements of this section
have been performed and satisfied.

1. Check that the power supply assembly circuit breakers is OFF.

2. Open top cover.

3. Grasp and turn spindle. Spindle should rotate with little resistance.

4. Wipe spindle surface and hub clean using gauze dampened with media cleaning
solution.

CAUTION

Do not position the carriage manually. Such action
could cause the read/write heads to load and be
damaged.

9. Use a vacuum cleaner to remove any dust or dirt from interior of cartridge
receiver.
. Check that START/STOP switch is off.
7. Make certain that input power cable is connected to correct external AC power
source, and P12 jumper plug is correctly jumpered and in place. (See Figure
3-12 for Jumper Installation information.) .

NOTE

When units have a daisy chain configuration for
AC power, prior to connecting the AC cable the
proper phasing should be verified at device end
for each device.

8. [If external AC power to the unit is protected by circuit breaker, set circuit
breaker to ON position,

9. Set power supply assembly circuit breakers to ON position and check that
blocwer starts.

10.  Pull back cartridge hold-down arms.

D

11, Install disk cartridge (refer to Disk Cartridge Installation procedure in Section 2).

12, Inspect and clean disk cartridge as specified in Preventative Maintenance
portion of Section 6.

13. Press START switch to apply power to spindle motor.

14. Spindle drive motor and disk cleaner brush motor.starts.

15.  Assure READY light is illuminated in a maximum of 70 seconds.

16. Allow device and pack to reach thermal stabilization (20 minutes).

17.  Run diagnostics.

18. If diagnostics or applications program fails upon placing units into
service at customer installations, it may be necessary to perform
Index-To-Burst Check and Adjustment (see Section 6 for all Check
and Adjustment procedures and Section 7 for Maintenance Aids).

19.  Installation complete.
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AC CABLE .

AC CABLE /‘

ENTRY

Cass_

FIGURE 3-13, AC POWER CABLE EXIT
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THEORY OF OPERATION I

4.1 INTRODUCTION

The theory of operation is described in terms of the major junctions that the disk
drive performs during normal and emergency operation and the circuitry and hard
ware involved in the performance of these functions. Signal origins and destina-

tions and component locations are shown in parenthesis. For example, if the sig

nal term RUN is referred to, it would appear as follows:

RUN (C.B. U39 - 4)

I_._ Pin

Component reference designa-
tion or conncctor pin.

Circuit board abbreviation

Signal term

Circuit board abbreviations used in this description are as follows:

C.B. = Control Board S5.B. = Servo Board

S.C. = Sector Board R/W/E = Read/Write/Erase Board

D.R. = Data Recovery Bourd I.P. = Inductosyn Preamplifier Board
P.B. = Power Board

4.1.1 DISK DRIVE

Disk drive is achieved through a belt driven spindle. The spindle is rotated at
1500 or 2400 r/min (depending on r/min option installed) by the disk drive motor.

4.1.2 ACTUATOR

The actuator consists of the carriage, carriage track, magnet assembly, and cam
mount. ‘The actuator is the device that supports and moves the read/write heads.
Lateral forward and reverse movement of the carriage on the carriage track is con-
trolled by the servo signal. (P.B. J2-1, J2-2) The basic signal is developed in
the servo board and processed by a power amplifying stage mounted on the power
amplifier board (power supply). The power amplifier output current is applied to
the voice coil positioner (part of carriage). The signal causes an electric field
about the voice coil positioner. This electric field interacts with the permanent
magnetic field of the magnet assembly, which moves the voice coil either into or out
of the permanent magnetic field. Current polarity to the voice coil determines the
direction of motion, while current amplitude determines the acceleration and velocity
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 two (four with fixed disk option) read/write heads.
The head/arm receiver mounts on the carriage and bearing assembly that moves
along the carriage track on ball bearing rollers. Movement of the positioner in or
out of the magnet causes the same motion to be imparted to the entire carriage as-
sembly. This linear motion is the basis for positioning the read/write heads to
particular cylinder of tracks on the disk. (Refer to paragraph 4.6 for detailed in-
formation on read/write head loading and unloading.)
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The actuator contains a optical switch for detecting each end of travel. A negative- '
going pulse is generated by these optical switches at forward and reverse end of
travel.

4.1.3 HEAD/ARM ASSEMBLIES

Two head/arm assemblies (four with fixed disk option) are mounted on the carriage.
A head/arm assembly consists of a read/write and erase coil package (head assem-
bly) mounted at the end of a supporting arm structure. The head assembly, which
includes a cable and plug, is mounted on a gimbal ring which in turn is mounted

on a floating arm. This method of mounting allows the head assembly to pivot (in-
dependent of the arm) tangentially and radially relative to a data track on the disk
surface. Such motion is required to compensate for possible irregularities 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 installs in the carriage assembly. The float-
ing arm is the mounting point for the head and is necessarily flexible so that it can
respond during loading and unloading.

The freedom and mobility of the head are necessary elements to insure proper func-
tioning with interchangeable disk cartridges. Vertical motion by a disk surface
(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.

.2 OPERATIONS .

Refer to the applicable schematic, block diagram, intercabling diagram flow chart
and timing charts for the following discussion.

4,2.1 POWER UP/FIRST SEEK

When the main circuit breaker, CL1 (power supply) is actuated, an initial reset,
CLEAR (C.B. U39-12) is generated which clears all latches. After approximately
60 ms (+5 V supply settling time) CLEAR disappears. At this time, provided the
pack lock ., are closed and no faults exist, the disk drive can be started by de-
pressing the START /STOP push button.

Actuating the START /STOP pushbutton generates RUN (C.B. U39-4) which, in
turn, energize: the spindle motor and start relay, starts the brush cycle, initiates
the spindle moto. start delay, illuminates the start indicator, and latches the disk
cartridge in place. After approximately 4 seconds the start moior relay is de-encr-
gized and the start capacitor is removed from the motor start winding.

During the brush cycle, the disk brushes are passed across the entire surface of
the disk to remove any foreigh particles. When the brushes reach the end of trav
el, the motor is mechanically reversed and the brushes move outboard until they
reach the home position, at which time the brush motor is de-encergized by the clos -
ure of a SPDT switch (Cartridge Receiver A6SW3). The closure of this switeh gen-
erates BRUSH CYCLE COMPLETE (C.B. U32-12). BRUSH CYCLE COMPLETE clocks
K1 flip-flop control (C.B. U18) provided spindle speed is within 20% of nominal
value.
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The completion of the brush cycle is tollowed by a 50 second servo delay, after
which Servo Enable (C.B. A10) initiates the operation called first seek. The
function of first seck is to calibrate the disk cvlinders or tracks with the track
counter (S.B. ULll, UL2, U13). This is accomplished by driving the recad/write
heads inboard until they rcach forward end of travel (FEOT) then out-board un-
til the first even-numbered cylinder is crossed. The first even-numbered cylinder
encountered is identified as track 408 an<d cach succeeding track crossed decre-
ments the track counter until track 000 is reached, at which time, ON CYI (S.B.
B20) is generated. ON CYL initiates READY (C.B. A8) and assuming the unit is
sclected (reference daisy chain configuration) the controller is notified that first
seek is complete.

4.2.2 OPERATIONAL SEEK
Refer to Figure 4-2 for the following discussion.

If, at the completion of first seeck. data is to be read from or written on the disk,
an operational seek is performed. To initiate an operational seek, the address of
the desired track is strobed into the disk drive of nine (9) lines (S.B. B2-B10).

The number of tracks that the read/write head has to travel from its present track
to the seclected track is determined by caleulating the difference between the track
address (S.B. U4, U5, U6, U15) and the track counter (S.B. U18. U19, U20).
The absolute value of this digitii difference is applied to a.D/A converter (S.B.
U39) whose output provides an analog signal to the voice coil for movement of the
read /write head to the desived track. Voice coil movement, hence read/write head
movement during an operational seek consists of two modes: (1) coarse and (2)
fine. During the coarse mode the voice coil is driven at a velocity determined by
the number of tracks remaining in the scek.

The fine mode is employed to bring the carriage to a stop without overshoot wien
the desired eylinder is reached. Figure 4-3 shows the D/A converter output and
the velocity profile for a typical long seek. During the first part of the seek the
carriage is accelerated by the maximum output of amplifier AR4 (S.B.) until it
reaches maximum velocity.  From this point on, the carriage is driven at a con-
stant velocity (coast) until it is 128 eylinders from the desired destination at which
time it decelerates uniformly until it reaches the last track. Upon reaching the last
track the system switches to the fine mode and the position signal from the cencoder
is utilized to bring the carriage to the center of the track. Approximately 2 ms
after the head has settled within 200 microinches of tne selected track center, ON
CYIL (5.B. B20) is generated. SKER (S.B. B16) is generated if the carriage goes
beyond either end of travel (FEOT or REOT) or if ON CYL is not present 0.5
scconds after the initiation of SERVO EN, C.A. STROBE or RTZS. A SERVO INII
automatically removes power from the voice coil by foreing an inhibit on the scrvo
output multiplexer (S.B. U42).

b4.2.3 RETURN-TO-ZERO SEEK (RTZS)

When RTZS is commanded by the controller, the track counter (S.B. U18, U119,
U20) is set to 408 and the address register (S.B. U4, U5, UGS, UI5) is reset to
zero. However, the invert line (U6 3) to the address register is set for non in-
verting operation.  As a result the address register indicates a cylinder address
of 424, Consequently the difference between the track counter and address reg-
ister is 16 (424 408). Since counting by the track counter and address registoer
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FIGURE 4-3, SEEK VELOCITY PROFILE

is inhibited. the difference is held constant, resulting in the carriage being driven
at a constant speed of approximately 16 ips (406 mm/sec). When the forward end
of travel (FEO'T) is reached, the address register is shifted back to the normal in-
verter mode thereby establishing an address of 000. This causes the carriage to
reverse direction and as soon as the first even-numbered track is encountered the
count inhibit signal is removed from the track counter, allowing it to count down
normally from 408 to 000 as described in First Seek.

4.2.4 WRITE/ERASE DATA

Writing on any one ol four recording surface (2 cartridge and 2 fixed disk) requires
that the disk drive be able to scleet the desired read/write head. Seclections of the
heads is accomplished by means of two input lines termed HS/0 and HS/!1 (lead
Seleet 0 and 1), The logic condition of HS1 determines whether the cartridge or
fixed disk is sclected while the logic condition of line HS0 determines whether the
upper or lower surface of the disk is selected.

Once the disk surface and read/write head has been selected, a write function is
initinted by the controller commanding UNIT SELECT and WRITE GATE. These
two controller inputs generate a write line term W/E INA (R/W/E B4) and a write
cnable term WR EN (R/W/E B2). With the logic thus conditioned by these signals,
WR DATA and CLOCK applied to the disk drive (R/W/E A3) then can be recorded.
With WR EN at a high level, incoming data and clock pulses (R/W/E A3) will clock
the write data flip -flop (R/W/E U10). As a result the outputs of the flip-flop will
be a composite of frequency encoded data and clock which alternately switch a
voltage dependent current source (R59-R70) through two power transistors (R/W/E
Q6. Q7). The outputs of these transistors drive write current through onc half
of the head winding then the other via head select circuits (R/W/E Uld, U16).

Recording on tracks 256 or greater requires a reduction in write current due to
bit density. When the read/write head is moved to track 256 or greater for pur-
poses ol writing. ZONE (S.B. A20) is generated. causing (R/W/E U11-2) to go
to ground thereby reducing the current to the read/write heads.
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An crase function is initiated by the controller commanding a UNI'T SELECT (C.B.
B9) and ERASE GATE (C.B. Al12). These two controller commands gencrate terms
ER EN (C.B. B26) and W/E/INI (C.B. A24). Term ER EN turns on a transistor
switeh (R/W/E UID) in series with the selected erase winding via erase diodes
(R/W/E UL7  Diode matrix) and the +15 V center tap voltage.

4.2.5 READ DATA

To initiate a read operation, READ GATE and UNIT SELECT are commanded by the
controller. The read head output is processed by differentiation of the recorded
flux l(‘V(,‘l‘mllH as follows: The signal is amplified by a linear low noise (h“(}l‘(.ntlal
amplificr (R/W/1 AR2) dnd differentiated by AR1 (R/W/E). The resulting differ-
entiated signal simultancously drives a cross-over detector (R/W/E U2) and isola-
tion stage (R/W/E Q12, Q13) which provides a monitor for the differentiated analog
signal at the /0 connecuor.

Cross-over detection iz achieved L a dual differential receiver (R/W/E U2) which
digitizes the differentiated signal by generating positive and negative edges for
cach analog zero cross-over point.  This digitized double frequency information
(R/W/E AG) is coupled to the data recovery circuitry where phase and frequency
tracking is established.

Phase and frequency tracking of the double frequency data is accomplished by
means ol a digital phase lock loop (FFigure 4-4). The loop is comprised of a com-
parator. current pump . voltage controlled oscillator, data window generator, ref-
crence signal gencerator and acquisition detector.

Initiadly . the comparator (D.R. U27) derives a phase crror signal between the
pulsed data (double frequency data) and the out-of-lock reference signal. This
TTL signal is applied o the current pump (D.R. Q1, 2, 3, 10, 11, 12) where it
is integrated to develop a DC level (Ve).

Ve passes the AC component which is controlled by the value of R38 and the cur-
rent from the bidirectional pump (D.R. Q10, Q11). The resultant voltage, Vre,
corresponds to the input data frequency and the superimposed square waveform
is utilized for phase synchronism.

The current pump output correcis the VCO (D.R. Q4-Q9) bringing its output to

a nominal 5 MHz for a 2.5 MHz data rate (2400 r/min disk speed). Since the phase
locked os.(‘xll.xtm is a closed loop ., the current pump drives the DC level (Ve) to
reach a steady state when the signal at the comparator is a square waveform.
Frequency synchronism is achieved at this point. When the loop is locked at its
center frequency, the component of Ve is symmetrical.

At the beginning of the lock procedure, the disparity between the data window
(DR UZ3-2) and pulsed data (D.R. U23-1) triggers a fixed time out signal, FT
TRACK (D.R. B23) which increases the current available in the current pump,
thereby increasing the rate off VCO correction.

After frequency and phase synchronization have been achieved the double fre-
quency pulse data is decoded into SEF DATA (D.R. Ad, B4, A5, B3) and SEP
CLOCK (D.R. A3, B3, A2, B2).
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FIGURE 4-4, DIGITAL PHASE - LOCX LOOP AND TIMING DIAGRAM

4.3 SECTORING

The sectoring system is capable of producing all standard sectoring formats. This
is accomplished by moving the sensor over the desired row of holes on the sector
ring and selecting the desired prescaling factor using S3 (S.C.). Refer to Section
2 (Operation) for switch setting and resu! ng prescaling factor.

Refer to Figure 4-5 for the following disc :ssion.

Monitoring the position of the disk comes under the function known as sectoring.
Position information is derived from puls trains generated by two magnetic sensors.
One sensor (for reading cartridge sectors) is mounted in the receiver area and
senses notches on the disk armature plate. 1he other sensor (for reading fixed
disk sectors) is mounted beneath the .Jrive motor pulley and senses chemically
milled holes in the sector ring. Both :ensors generate negative-going pulses which
indicate the center of the notch or hoie. The pulse trains generated by these two
sensors are separated into index and sector pulses by the sector board.
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4.3.1 FIXED DISK

Index pulses are separated from sector pulses by two NOR gates (S.C. U26-3
U26-4) and a one-shot multivibrator (S.C. U32). The separated pulses drive the
prescaling counter (S.C. U33) and the sector address counter (S.C. U17). The
counters are reset by receiving an index pulse and incremented by receiving a
sector pulse. The count of the sector pulses is utilized to generate a six-bit sec-
tor address field (S.C. B2, B3, B6, B8, B11, B14). The sector address and in-
dex pulses are outputed upon command of the controller.

The index pulse can be transmitted at one of two times depending on the setting of
SW1-1 and 2 (S.C.). If both switches are open, the index pulse output will appear
simultaneously with the next sector pulse (DELAYED INDEX). If both switches

are closed, the index pulse will appear at the output simultaneously with the input
(DIRECT INDEX).

4.3.2 CARTRIDGE DISK

Cartridge disk index and sector pulse processing is handled, with minor excep-
tions, in the same manner as described for the fixed disk. Index and sector pulses
are sensed from the Cartridge armature plate by the index/sector transducer and
fed to the-Sector board at A22. Index pulses are separated from scctor pulses by
two NOR gates (S.C. U19-3, U19-4) and a one-shot multivibrator (S.C. U25). The
separated pulses drive the prescaling counter (S.C. U14) which divides the sepa-
rated sector pulses by 32, 16, 8, 4, 2 or 1. The count of the sector pulses is
utilized to generate a six-bit sector address field (S.C. B2, B3, B6, B8, B11, B14).
The sector address and index pulses are output upon command of the controller.
Delayed and direct index pulses are provided for the cartridge disk the same as
the fixed disk.

HS/V >
SELECT D
+15VOLT
> REGULA-
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——

F——<—¢ CASRTRIDGE
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FIGURE 4-5, SECTOR SYSTEM BLOCK DIAGRAM
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4.3.3 SOFT SECTOR

Under certain circumstances it is desirable to operate the disk drive with only a
single sector. This mode of operation is called soft sector. Cartridges used for
soft sector have only a single notch to be detected by the sensor. The single
pulse generated cach revolution by this noteh will always be interpreted by the
sector board as a sector pulse. The configuration of two switches SW1-2 and
SW2-7 (S.C.) effectively substitutes this sector pulse for the missing index pulse.

Data received from the controller in the soft sector mode will be in a format con-
taining a unique 8-bit pattern for identification of the start of a sector address.

4.4 FAULT DETECTION

Fault conditions in the disk drive are divided into two classes:
(1) damaging and (2) non-damaging.

4.4.1 DAMAGING FAULTS

Damaging faults are those which will cause damage to the read/write head or to
disk surfaces. These faults will occur as a result of subnormal spindle speed or
supply voltage failure on the servo or inductosyn pre-amp boards.

To provide protection for the heads and media, the spindle speed (C.B. B8, Ul1-8)
and the servo board supply voliages (C.B. A27, A30, B27, B30, U11-13) are con-
tinuously monitored. Any reduction in spindle speed below the set tolerance level
or the occurance of any non-transient voltage fault will set the emergency retract
latch causes the disk drive to generate the term FAULT (C.B. U35-13, U14-10)
illuminate the fault lamp (C.B. U15-6), retract the heads via K1 relay and switch
the unit out of the run mode (C.B. U24-6, U31-9). The emergency retract latch
can only be reset after the fault condition is cleared and the START/STOP switch
is returned to the STOP position or with a power up clear (C.B. U18-10).

4.4.2 NON-DAMAGING FAULTS

Non-damaging faults are those that are not dangerous from the point of equipment
safety but are those that will lead to degraded operation (i.e., read and write fail-
ures). These non-damaging faults are read/write head current faults, command
faults and voltage failures.

A current fault (R/W/E BT7) will occur under one of the following conditions:

1. Write current but no erase current

2. Erase current but no write current

3. DMore than one head selected for a write/erase operation

4. Excessive current leakage on the write driver output line during a read.

A current fault sets the fault latch (C.B. B20, U35-13). The fault latch will also
set, if an attempt to write is made when the heads are not on cylinder or an at-
tempt is made to read at the same time write or erase is enabled. Other conditions
that will generate Fault signals are attempting to select heads 2 or 3 when there is
no fixed disk or when there is a voltage failure in the read/write, data recovery
or scctoring circuitry. The term, FAULT, generated by any of the above fault
condition inhibits write and erase and disables the READY line (optional) to the
controller. A FAULT will also illuminate a front panel indicator and enables a fault
line to the controller. Non-damaging faults can be reset by the front panel FAULT
RESET pushbutton, or by the controller RTZS command (option).
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4.5 WRITE PROTECTION

Dataon the cartridge or fixed disk may be protected by depressing the appropriate
front panel WRITE PROTECT switch. The signal developed by WRITE PROTECT
switeh is gated with HS/1 (C.B. A20, U7-5, 6 or U7-1, 2) and assuming that the
protected head is sclected, write protected status (C.B. U21-6) will be enabled.
This status will occur whether or not the unit is selected (reference daisy chaing
configurations). If the unit is selected (C.B. Ud3-6) PROT STAT (C.B. B21)

will be transmitted to the controller.

The controller can initiate write protection by commanding Unit Sclect and WR PROT
(C.B. B23, U7-13). These signals condition the write protect logic and illuminate
the appropriate WRITE PROTECT indicator. The indicator will remain illuminated
as long as the unit is selected, the appropriate heads are selected and the control-
ler initiated WR PROT is in effect.

4.6 HEAD LOADING

The read/write heads must be loaded to the disk surfaces before exchanging data
with the controller. The heads must be retracted from load position and driven
clear of the disk when power is removed from the unit or the disk velocity falls
below a predetermined r/min.

Head loading amounts to allowing spring pressure of the floating arm (part of head/
arm assembly) to move the acrodynamically shaped head face toward the disk sur-
face.. When the cushion of air caused by the spinning disk is encountered, it re-
sists dny further approach by the head. Spring pressure is designed to just equal
the opposing cushion pressure (function of disk r/min) at the required height. As
@ result, the head flies. However, if the spring pressure exceeds the cushion
pressure. which would happen if the disk cartridge lost enough speed, the head
stops lying and contacts the disk surface, causing damage to the head and the
disk surface.

The floating arm is designed to maintain a constant loading force. While the heads
are retracted, head cams on the cam mount bear against the floating arm cam sur-
fices. The cams counter the loading force and force the heads to the unloaded
position. As the carriage moves forward, the cam surface rides off the cam just
alter the read/write head moves out over the disk surface. The loading force now
moves the head face toward the air layer on the surface of the spinning disk until
the opposing forces achieve a state of equilibrium. The heads are thus loaded and
the carriage is forced to continue toward the spindle until the forward end of travel
(FEOT) signal occurs.

4.7 HEAD RETRACT

Two situations will cause the read/write heads to be moved back past the loading
ramp.  These two situations are normal and emergency retract.

4.7.1 NORMAL RETRACT

Normal retract will occur when the START/STOP switch is returned to the STOP
position.  This causes the disabling of SERVO EN (C.B. A10). When SERVO EN
goes to zero, the address register (S.B. U4, U5, U6, Ul5) is set to 424 as in RTZ7S.
However, the track counter (S.B. U18, U19, U20) is set to 440. Since counting

is inhibited under this circumstance, the carriage will move outboard at a constant
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rate of 16 ips (406 mm/sec). When the carriage contacts the reverse stop micro-
switch, (A4SW1), REV STOP (P.A. J2-12) is generated. One-half second after the
occurrence of REV STOP the power amplifier is disabled.

4.7.2 EMERGENCY RETRACT

In the event of a damaging power failure or the spindle motor velocity drops below
the tolerance limit, an emergency retract is initiated. Either of these conditions
de-cnergizes the voice coil relay (P.B.K1). The openings of K1 initiates a 0.5
second delay which allows the carriage, by means of spring loaded effect of the
voice coil connections to move to a position away from the unloading ramp. After
the delay. trine, Q5 (P.B.) discharges a 100,000 Uf Capacitor (P.B.) through the
voice coil thus unloading and retracting the heads.

4.8 CYLINDER LOCATING AND POSITIONING

The system for locating and counting tracks (cylinders) on the disk is comprised
of a position cncoder or transducer and an up/down counters

4.8.1 CYLINDER LOCATIONS

Cylinder locations are determined by counting the zero crossings of the COS signal
from a reference point using an up/down counter system (S.B. U18, U19, U20).

A cylinder is defined as the space between two transitions of COS. Whenever the
transitions occur a clock pulse (S.B. U32-11 & 6) is generated, causing the cyl-
inder counter to count up or down depending on the state of the up/down signal
(5.B. U30-5 & 6). The state of the up/down signal is determined by the logical
levels of SIN and COS just prior to the clock pulse. By ex cuming the wave forms

in Figure 4-6, it can be seen that whenever the expression SIN COS is true, the
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