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The computers, as well as the programs that Tl has created to use with them, are tools that
can help people better manage the information used in their business; but tools—including
TlI computers—cannot replace sound judgment nor make the manager’s business
decisions.

Consequently, Tl cannot warrant that its systems are suitable for any specific customer
application. The manager must rely on judgment of what is best for his or her business.
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Preface

This manual covers the theory of operation, installation and
operation instructions, programming instructions, a descripfion
of the diagnostics: a status code list, and a 1list of #field
replaceable parfts for the Texas Instruments WD/MT cantroller. the
WDR?00 disk drive. and the MT3200 tape wunit. The manual is

arganized into four sections as follows:
Section
i General Information ——- This sgection describes the
components, the specifications, and the theory of

operation for the WD/MT controller, the WD?00O disk
drive, and the MT3200 tape unit. :

2 Installation - This section provides detailed
instructions for wunpacking and installing the WD/MT
controller, the WDP00 disk drive, and the MT3200 tape
unit.

3 Programming —— This section provides general operatiohal
programming information for the WD/MT controller.

4 Operation — This section provides detailed operating
instructions, operator maintenance, and status codes for
the the WD/MT controller, the WDF0CO disk drive, and the
MT3200 tape unit

Appendix
A Field Replaceable Parts —— This appendix lists all parts
with their associated part numbers:. that can be replaced

at the customer’s site.

The follpwing related publications are available as reference
material for support of this manual:

Title Part Number

Control Data Company, 138M-Byte

Documentation Master Kit
(Includes volumes i, 2, and 3} 2246129-0001

Control Data Company., 138M-Byte Drive,
Volume 1 2246125-0001

22343969701 iii



Preface

Control Data Company, 138M-Byte Drive,
Volume 2

Control Data Company, 138M-Byte Drive.
Volume 3

Control Data Company, 425M-Buyte
Documentation Master Ki¢
(Includes volumes 1, 2, and 3}

Control Data Company, 425M-Byte Drive,
Volume 1

Control Data Company, 425M-Byte Drive.,
Valume 2

Control Data Company, 425M~-Byte Drive,
Volume 3

Cipher Data Products Master Ki¢
{Includes volumes 1 and 2}

Cipher Data Products Operation and
Maintenance

Cipher Data Products Theory of Operation

Spectra Logic Documentation Master Kif
(Includes the Product Reference manual,
the schematics, and the microcode volumes?

Spectra Logic, Spectra_ 126 Product
Refevence

Spectra Logic., Spectra 126 Schematics

BSpectra Lngic, Spectra 1265 Microcode

Maodel 290A13 Chassis, General Description

Model 990/12 Computer Assembly Language
Programmer ‘s Guide

Model 990 TMS?P0C Microprocessor_ Assembly
Language Programmer’s Guide

iv
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2246129-0002
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WDP00/MT3200 General Description General Information

Section 1

General Information

1.1 INTRODUCTION

The major components of the Texas Instruments WDP00/MT3200 Mass
Storage System are the Winchester Disk/Magnetic Tape (WD/MT)
controller, the WDP00 fixed storage disk drive(s), and a MT3200
streamer—cache tape unit. The WD/MT TILINE(TM) controller
contains dual microprocessors. The first processor controls the
TILINE interface and the Pertec(TM)—compatible 9-track half-inch
tape interface,and the second processor controls the storage
module drive (SMD}) interface ¢to the disk or disks. The WD?00
disk units are available with either 138- megabytes or 425-
megabytes of +formatted data storage capacity. The mass storage
unit can be configured with two disk units by daisy—chaining a
secondary disk wunit to the primary disk unit. The MT3200 is a
streaming magnetic tape unit with a 64K-byte cache memory.

The WD?00 Mass Storage 8System configuration is modular. The
maximum configuration is a WD/MT controller, any combination of
two 138-megabyte or 425-megabyte disk wunits, and a MT3I200
streaming—cache tape unit

i.2 SYSTEM COMPONENTS

This section describes the components of the WD/MT controller,
the WD?00 disk drive, and MT3200 streamer—cache tape.

i.2.1 WD/MT Controller

The WD/MT TILINME controller, TI part number 2244780-0001, uses a
unique dual microprocessor architecture that provides the high
performance and flexibility required to support the MT3200 half-
inch magnetic cache tape drive and up to two WDP0O disk drives.

The WD/MT TILINE controller employs a dual microprocessor
architecture that provides the high performance and flexibility
required to support the MT3200 half-inch magnetic tape drive and
two WDP00 disk drives.

TILINE is a trademark of Texas Instruments Incorporated.
Pertec is a trademark of Pertec Computer Corporation.
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Built on a single:; full size 990 circuit board (10.8 inches by
14.2 inches, 27.43 centimeters by 36.2 centimeters), the dual
microprocessor implementation provides for simultaneous control
of the TILINE, tape, and disk interfaces. Concurrent disk and
tape data transfer is provided with an aggregate throughput equal
to two separate controllers. High performance is achieved by
buffering each type of drive. The tape interface has a &4K-byte,
first~in first-out (FIFO) buffer, and the disk interface is
capable of queueing 28 sectors or 7168 bytes of data. The tuwo
disk drives are interconnected in a daisy-chain fashion by a
single cable.

1.2.2 WD900 Description
The following paragraphs provide a physical description of the
WD?0C drive. The components are identified in Figure 1-1.

NOTE

Unless described otherwise, WDP00 refers to
both the 138-megabyte and the 425-megabyte
drives.

The drive package includes a deck, front and rear panels, and a
top coaver. A fan mounted on the rear panel circulates cooling
air around the electronic assemblies,

The front panel of the drive contains the operator controls and a
fault display board. The fault display board is located behind
the front panel on the 425-megabyte drive and on the left side of
the 138~-megabyte drive. The operator controls consist of the
logic plug and all switches and indicators used by the operator
to control normal aperation of the drive.

The internal components of the drive include a set of circuit
boards and a module. The circuit boards are interconnected
through a motherboard that contains the electronics required for
drive operation. The module is the sealed fixed disk unit.
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Figure 1-1 WD?00 Major Assemblies
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1.2.3 MT3200 Components
The MT3200 can be functionally divided into a logical tape wunit

and

a physical tape unit, both controlled by the microprocessor.

The logical unit consists of the following:

*

3*

*

*

64K~byte cache memory

Read/write latches and strobes

Read/write formatter

Read/write circuits

Command and status latches

Microprocessor

16K words of control-storage read only memory (ROM)
2K words of random access memory (RAM)

Direct Memory Access (DMA) controller

The physical unit consists of the following:

¥*

3*

*

#*

Take-up and supply reel motor servos
Compliance—arm position sensor

Tachometer
Digital-to—-analog/analog—-to-digital converter
End-of-tape/beginning—of-tape sensors

Supply hub lock

Tape-in-path sensor

File-protect/reel-seat sensor

Blower motor control

Door/cover lock

Front panel controls and indicators

The MT3200 controls and indicators are shown in Figure 1-2 and
explained in detail in paragraph 4.2 2.
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Figure 1-2 MT3200 Contral Panel

i.3 SYSTEM FUNCTIONAL DESCRIPTION

The following is a functional description of the WD/MT
controller, the WDP00 drive, and the MT3200 tape unit.

1.3.1 WD/MT
The WD/MT controller has a dual processor design, and performs

many operations. The following paragraphs describe same of the
ma jor operations of the controller. Refer to Figure 1-3 for a
block diagram of the WD/MT controller.
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1.3.1.1 WD/MT Drivers and Receivers. The SMD portion of the
WD/MT controller has compatible; balanced line drivers and
receivers (MC3450 and MC3453) that ensure reliable operation of

the disk drives at up to 15.33 meters, or 50 feet, from the TI
system (30.68 meters, or 100 feet for a daisy—chain cable).

The tape portion of the WD/MT controller uses 7416 drivers that
ensure reliable operation at up to 7.67 meters (25 feet).

1.3.1.2 Cable Connector Ports. Marked on the top edge of the
circuit board are the input/output (I/0) port designators (refer
to Figure 1-4). The I/0 ports are as follows:

# Poart J3 (Tape A} —— 40-pin connector

# Port J4 (Tape B) —— 40-pin connector

# Port J5 (Disk B) — 26-pin connector

# Port Jb& (Disk A) —— &0-pin connector

1.3.1.3 Power. The power requirements for the WD/MT controller
are +5 volts dc at 10 amperes and —-12 volts dc at 0.55 amperes.

2234398-9701 i-7
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1.3.1. 4 WD/MT CPU Processor. The central processar unit (CPU)
of the WD/MT controller is a bit-slice design wusing four 2901

integrated circuit (IC) chips. The four 2901 chips form & 1&6-bit
arithmetic logic unit (ALU) that performs arithmetic, logical,
and shift operations. A 2902 chip 1is connected to the four

2901 chips to perform the high—speed carry look-ahead during
arithmetic operations. The two major buses in the processor
section are CSRC and CSDEST.

CSRC is a 16-bit data bus providing the 16-bit source to the four
2901 chips. Data on the CSRC can be selected from a variety of
sources such as TILINE data. constants from the control store-
literal +field, dual in—line pin (DIP) switches, tape input data,
and the RAM data buffer.

CSDEST is a 1&-bit bus that provides a 16-bit path for output
information. A variety of destinations can be selected, such as
TILINE data, TILINE address, bits from the next address of the
processor, tape data, RAM data-buffer address. and RAM data-
buffer data.

The sequencer for the CPU processor consists of an octal latch
and a programmable array logic (PAL(TM)} that provides the
ability to perform jumps, conditional jumps, subroutine jumps.
and subroutine returns. Up to four levels of subroutines can be
nested. An interrupt capability is provided, with interrupts
occurring (when enabled) on memory error or TILINE address
comparison. The CPU bus provides the control store address from
the outputs of the 2911 chip. The CPU bus provides a 1lé6-bit path
for the 2711 data inputs.

The control store for the CPU processor is formed by six 2K by 8-
bit programmable ROM (PROM) chips that provide an instruction—
word width of 48 bits. The firmware instructions are contained
in this control store for the processar.

1.3.1.5 Disk Processor. The disk processor is a bit-slice
design using two 2901 chips. These two chips form an 8-bit ALU
to perform arithmetic, logical, and shift operations. The DSRC
bus is the major bus in the disk processor section. It provides
an B-bit source of data inputs to the 2901 chips. Several input
sources can be selected, such as serializer/deserializer data,
drive configuration PROM, drive status, data buffer, and DIP
switches.

PAL is a trademark of Manolithic Memories, Inc.
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A variety of destinations can be selected, including the data
buffer address, data buffer data, branch condition input,
serializer/deserializer data, serializer/deserializer control
register, and SMD interface control registers.

The sequencer for the disk processor is similar to the CPU
sequencer. The disk processor sequencer does not have an
interrupt capability. This sequencer provides control store
addressing and has the ability to continue, conditional Jump,
subroutine jump, and return from subroutine.

1.3.1.6 Disk Interface. The SMD disk interface is controlled by
the disk processor. The +firmware can write directly into
registers feeding the SMD bus and TAG lines. Disk unit
selection, cylinder addressing, head addressing, and read/write
control information is sent to the drive via balanced 1line
drivers.

The serializer/deserializer contained in this logical section
uses two 745299 chips to form a 16-bit serial-parallel/parallel-
serial shift register. The firmware 1is synchronized to the
serializer/deserializer by a bit counter that sets a +flip-flop
each time the counter overflows. A control register synchronizes
firmware control information previously stored in a 74L8273
register. This register synchronizes switching of error-checking
and correction (ECC}) logic enable, ECC reset, and ECC clock
enable.

1.3.1.7 Disk Interface Cables. The +following are the disk
interface cables:

# 26-pin Wye cable (connects from P2 to JS on controller),
Ti part number 2244845-000i, and an optional 15. 4-meter
(50. 58 feet) cable, TI part number 2244845-0002.

# &0-pin cable (connects from P3 on primary drive to J& on
controller}, TI part number 2244787-0001, and an
optional 8. S—-meter (28 +feet) cable, TI part number
2244787-0002. :

# &0-pin daisy-chain cable (connects from P4 on the
primary drive to P3 on the secondary drive), TI part
number 2244787-0003.

These cables provide adequate cable shielding termination and
reroute the interface signals to the proper interface pins.

1.3.1.8 Tape Interface. The Pertec—-compatible formatted ¢tape
interface is controlled by the CPU processor. This 1é6-bit bus is
clocked into two 7418273 octal latches that drive the tape
control lines and initiate +the micro sequencer. The micro
sequencer issues clocks and other internal control signals to the
MT3200 tape control circuitry.

1-10 2234398-9701
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All input and output data goes through two 67402 chips that
create a 64 byte buffer. A 745280 chip generates parity for the
write operations. MHWrite data is clocked through 74LS374 latches
into the FIFO buffers. Read data is clocked out of the FIFO

buffers through latches and back to the CPU processor.

1.3.1.9 Tape Interface Cables. The tape interface cables
consist of two ribbon cables and two twisted—-pair cables. The
two ribbon cables are S50~pin connectors, TI part number 2244831-
0001, that connect from Pl to JiI and P2 ¢to J2. The two 25
twisted—pair cables (TI part number 2244802-0001i. or an optional
8. 1-meter (24.6 feet) cable, TI part number 22448B02-0002) use a
5C-pin connector (per cable) on the drive end and a 40-pin
connector on the controller end. The interface cables plug into
a special cable transition board (TI part number 2244779-0001) on
the MT3200 tape transport. This transition board provides
adequate cable shield termination and reroutes cable signals to
the proper interface pins. Refer to paragraph 1.3.3. 12 for more
information.

1.3.1.10 Microdiagnostics. Microdiagnostics are performed each
time the controller powers up. The microdiagnostics can be
performed by the 990 system through either the tape or disk
TILINE peripheral control space (TPCS) registers. The built—in
self-test can detect most board failures. During the power-up
salf-test, the red fault light emitting diode (LED) is lit and
then extinguished upon successful completion of the
microdiagnostics. The red LED is visible from the top edge of
the circuit board when the board is mounted in the system.
Additional becard failure information can be obtained visually or
by reading the TPCS registers. Additional information on system
failures that are not reported by the self-test LED can be found
by reading the extended statucs of the tape only (the WDR0OD does
not support extended status).

Three LEDs on the WD/MT controliler show the status of the
controller. When 1it, the 'red LED indicates that the
microdiagnostics have failed on power—-up. The two green LEDs
indicate that the disk controller and the tape controller are
idle. Table 1-1 gives a list of possible combinations of these
LLEDs after power—up.
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Table 1-1 WD/MT Controller LED Comhinations

Green Green Red
LED (Tape) LED (Disk) LED Meaning
ON ON oFF Microdiagnostics
successful
OFF ON - OFF Disk microdiagnostics
successful
OFF OFF oFF No power; LED failure
oFF OFF ON Microdiagnostic failure
OFF ON ON Microdiagnostic failure,
refer to the TILINE
register#
ON ONM ON Possible LED failure
ON OFF ON Possible LED failure
ON OFF OFF Possible LED failure
NOTE:

# A fault an the tape interface cable can cause this
failure. If in doubt, switch the machine off, unplug
the cable, and switch it on again.

Refer to Table 4-2 for further information concerning controller
microdiagnostic failures.

1.3.2 WD900 Functional Description

The WD900 drive contains all the circuits and mechanical devices
necessary to record data on and recover data from the disks
(refer to Figure 1-3). The necessary power for the drive is
provided by the power supply, which receives its input power from
the site main power source.

All functions perfarmed by the drive are accomplished under the
direction of the controller. The controller communicates with
the drive via the interface, which consists of a number of 1I/0
lines carrying the necessary signals to and from the drive.

Some interface lines, including those that carry commands to the
drive, are not enabled wunless the drive is selected by the
controller. The WD/MT controller, which can be connected to more
than one drive, selects the unit to initiate and direct
operations on a specific drive.

1-12 22343798-9701
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All operations performed by the drive are related to data storage
and recovery. Storage and recovery are referred to as writing
and reading. The actual writing and reading are performed by
electromagnetic devices called heads. The heads are positioned
over the recording surfaces of the rotating disks. There are tuwo
heads for each disk surface (one head per disk surface on the
138-megabyte drive). The heads are positioned so that data is
written in concentric ¢racks around the disk surfaces. Tracks
are narrow concentric bands that caover the entire circumference
of the circle. The tracks are then further subdivided into equal
areas called sectors.

The WD/MT controller instructs the drive to position the heads
over the desired cylinder (called seeking) and select the proper
head (head selection). The controller then locates the portion
of the track (sector) where the data is to be written or read.
This 1is called ¢track orientation and uses the index and sector
signals generated by the drive. The index signal indicates the
logical beginning of each track, and the sector signals are used
by the controller to determine the position of the head on the
track with respect to the index signal.

The controller commands the drive to actually read or write the

data when the desired location 1is reached. During a read
operation, the drive recovers data from the disks and transmits
it to the controller. During a write operation, the drive

receives data from the controller, processes it, and writes it on
the disks.

The drive is also capable of recognizing certain errors that can
occur during this operatiaon. When an error is detected, it is
indicated either by a signal to the controller or by a
maintenance indicator on the drive itsel#,

1.3.2.1 Module. The module is a sealed wunit containing the
electromechanical components used for data storage and retrieval.
These components include the disks, spindle, drive motor,
actuator., and heads.

The disks provide the recording medium for the drive. These
disks are center~mounted on a spindle. The spindle is coupled
directly to the drive motor. When activated, the drive motor
rotates the disks at 3600 revolutions per minute (rpm). The
rotation of the disk produces air circulation within the sealed
module.
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The actuvator is an assembly that holds or moves the heads to
control actuator positioning. The actuator also controls the 24
data heads on the 425-megabyte drive and 10 data heads on the
138-megabute drive used for data transfers to and from the disks.

The actuator has a voice coil that moves in and out of a
permanent magnetic field in response to signals from the servo-—

positioning circuitry. The voice <¢o0il forces the actuator
carriage to roll on parallel rails. When the actuator carriage
rolls, the heads move accurately across the disk surfaces. When

the drive is not in use, the heads rest on the disk surface in
the preassigned landing zone (beyond the data zone in the outer
area of the disk surface). The actuator is automatically latched
in ¢this position at shutdown to protect it from movement or
shipment damage. When the drive is activated to bring the disks
up to speed, the heads fly on a cushion of air close to the disk
surface.

1.3.2.2 1I/0 Board. The I/0 board (refer to Figure 1-6 and
Figure 1-7) has a toggle switch and jumper plug. These are the
LOCAL/REMOTE toggle switch and the index/sector jumper plug. The
LOCAL/REMOTE switch determines whether the WD?00 can be powered
up from the drive (LOCAL) or the controller (REMOTE). In both
switch positions, power—up requires turning CBi to the ON
position and pressing the START switch. However:; in the REMDTE
position, a pawer-sequence signal must come from the controller
(that 1is, ¢the I/0 board must be cabled to the controller). The
index/sector jumper plug J5 determines which cable receives the
index/sector signals. The J5 jumper plug is normally put in the
A position (refer to Figure 1-6 and Figure 1-7).

1.3.2.3 Control Board. The control board (refer to Figure 1-6
and Figure 1-7) has two switches: the W PROT/NORM toggle switch
and the sector select switch (the 425-megabyte drive has a jumper
plug for W PROT/NORM). Move the W PROT/NORM switch ta the W PROT
(write—-protect) position to prevent the drive from performing
write operations. You must return the toggle to the NORM
position to enable write operations. The sector select switch is
either a rocker—type or slide—type switch. It has 12 selections,
which are used to specify the division of the disk into distinct
segments or sectors. The switch settings determine the number .of
sectors per track. Refer %o paragraph 2.4.1 for the proper
switch settings for the 138-megabyte and 425-megabyte drives.
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1.3.2. 4 Power Supply. The ac power is controlled by the CBl1
breaker on the power supply. Normally, CBi is left ON. The site
ac power generates all operating voltages for the drive to the
power supply, which in turn supplies the dc operating voltages to
the drive electronics.

1.3.2.5 Air Flow System. Fans provide air flow to the WD?00.
The air flow system is divided into two parts, one for the drive
unit and the other for the sealed module.

The drive air flow system (Figure 1-8) provides continuous air
replacement and circulation ¢to dissipate the heat generated by
drive operation. The main component of the drive air flow system
is the fan that is mounted on the rear panel. The fan motor is
driven by the -24 volts from the power supply. The fan pulls
ambient air through the front panel filter and forces air over
the electronics, cooling these assemblies before exiting the
drive through the back panel. The system intake port is located
on the front panel. This port is covered by the filter, which
keeps large particles from being drawn inte the system and
causing damage to the drive.

The air +flow system for the module is a self—contained closed
loop system. The system consists of a fan, circulation +filter.
and breather +filter. The fan blades are located at the top of
the hub assembly. The motion of the blades above the cutout
pulls air through the circulation filter into the disk area.

If the pressure within the module becomes less than the
surrounding atmosphere, air enters through the breather filter to
equalize the pressures. I+ the module pressure exceeds
atmospheric nrecscure; air eyits the module through the breather
filter.
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Figure 1-8 Drive Air Flow System

1.3.2. & Front Panel. The front panel contains all the switches
and indicators required +to control and monitor the basic
operation of the WD?00 drive (refer to Figure 1-9). Refer to
paragraph 2. 3. 1. 1, subparagraph Installing the Front Panel Filter
and Trim Kit, for removal and replacement instructions.
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1.3.2.7 Maintenance Indicators. The WDP00 has special fault
indicators. The 138-megabyte drive fault indicators are located
on the control board. The 425-megabyte drive fault/maintenance
indicators are located on the status/fault board. The fault
indicators on the 138-megabyte drive can be viewed without
removing the drive cover. The fault/maintenance indicators for
the 425-megabyte drive are located behind the front panel insert
on the status/fault board.

The #following are the fault indicators and their $funcétions for
both the 138-megabyte and 425-megabyte drives (refer to
Figure 1-10 and Figure 1-11):

¥ First Seek Indicator — Indicates that the drive failed
the first seek/load attempt

#+ Read/Write Off Cylinder Indicator —— Indicates that a
write or read condition existed during a seek operation
(an off cylinder condition)

# Write Indicator — Indicates that a write +fault has
occurred

# Read/Write Indicator —-— Indicates that a write and a
read command exist simultaneously

# VOLT Indicator — Indicates that a below normal wvoltage
exists

# Head Select Indicator (425-megabyte only) —— Indicates
that more than one head was selected at the same time

In addition: the 425-megabyte drive can perform diagnostics via
four switches and indicators on the status/fault board. The
switches and indicators consist of the following:

# Diagnostic Mode Switch —— Located in the lower left
carner, this switch places the drive in the diagnostic
mode and disables the drive I/0.

# Diagnostic Mode Indicator —— This indicates that ¢the
drive is in the diagnostic mode.

# Diagnostic Execute Switch —— This starts and stops the
diagnostic tests.
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# Diagnostic Step Switch
diagnostic tests.

# Diagnostic/Servo

WDP00/MT3200 General Description

-— This selects individual

Display Indicator -- When the

drive is in the diagnostic mode, this display indicates
which diagnostic test is running. I+ a failure occurs,

the display

indicates

which major assembly needs

replacing to correct the failure. When the drive is not
in the diagnostic mode, the display indicates an error

code.

Refer to paragraph 4.3. 2.7 for more information on the individual

diagnostic tests.
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INDIVIDUAL FAULT INDICATORS:

N

N
\/
I/0 BOARD

CONTROLW/\

A

VOLTAGE .
PROGRAMMING,
SWITCH  \

CIRCUIT NOTES:

BRE%ER/ A SWITCHES LOCATED ON CIRCUIT
BOARDS ARE ILLUSTRATED IN

CB2-24vV- FIGURE 1-6

CB3+24V/ @ INDIVIDUAL FAULT INDICATORS

CB4 -5V ARE VISIBLE THROUGH OPENINGS

IN TOP COVER.

INTEGRAL POWER SUPPLY
2285706

Figure 1-i0 138-Megabyte Disk Drive Fault Indicators
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READY I
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BEHIND FRONT PANEL.
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Figure 1-11 425-Megabyte Disk Drive Fault/Maintenance Indicators
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1.3.2.8 Air Filter. The air filter prevents contaminants from
affecting the performance of or possibly damaging the drive. The
air filter must be clean to ensure proper air circulation through

the drive. This filter is located behind the front panel.
Figure 1-12 shows the air filter. Inspect the filter
periadically and either replace or clean it when dirty. Clean
the filter only if replacement filters are not available. The

interval for filter maintenance depends on the operating
environment. In computer room conditions, a six-month interval
is suggested. In other conditions, the interval should be varied
accordingly.

AIR EXHAUST

S

\

B
~

¢ [
\<\>IR INTAKE

WD900
AIR FILTER
P/N 2244849-1

2285752

Figure 1-12 WD?00 Air Filter
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1.3.2. 92 I/0 Cable Connectors. All communications between the
drive and the controller must pass through the interface. This
communication includes status, control signals, all commands, and
read/write data transfers.

The interface consists of the I/0 cables and the logic required
to process the signals sent between the drive and the controller.
All input and output signals are digital and wutilize industry-
standard ¢transmitters and receivers. When used with properly
shielded cables, this interface provides a terminated, balanced
transmission system for long distances and/or noisy electrical
environments.

The WD?00 has two I/0 cables: the A cable and the B cable.
These cables contain all the 1lines between the drive and the
controller. Both the A and B cables are shielded to minimize
cross—talk, reduce inductive coupling due to static discharge.
and control impedance variations due to cable lengths and
environments.

The A cable, TI part number 2244787-0001, is a 30 twisted-pair,
(refer to Figure 1-13) shielded cable that carries commands and
control information +¢o the drive and status information to the
controller.

The B cable (or Wye cable); TI part number 2244845-0001, is a 13
twisted-pair, shielded cable that carries read/write data, clock.
and status information between the drive and the controller. The
Wye cable has a second connector (refer to Figure 1-13) that can
attach to J2 of a second drive.

The daisy chain cable, TI part number 2244787-0003, connects the

secondary drive to the primary drive. Figure 1-14 shows all the
lines (except those not used) in the A and B cables.
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Figure 1-13 WDP00 Cables
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WD?00/MT3200 General Description
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1.3.2. 10 Interface Board. The interface board is connected to
the rear of the drive. This board mates the cable pinouts from
the drive to the controller and fraom drive ta drive,

1.3.2.11 Power. Power functions are processes that take place
within the power supply and the drive when the drive is powered
up and powered down. These processes depend on whether the drive
is set up for local or remote operation. In all cases: the
power—up and power-down sequences are controlled +through
microprocessing unit (MPU) programming. The MPU monitors start
conditions and certain interlock and operating conditions.

The power supply provides the drive with basic dc supply voltages
when circuit breaker CB1 is placed in the OM position. The drive
itself has no ac power requirements. All the drive circuits
{including the electronics, cooling fan, and drive motor) are
operated with the dec supply voltages. The ac power cable
connects the power supply through CB1 ¢to site ac power. The
power supply can be configured for operation with any standard ac
input wvoltage. Refer to paragragh 2.2.1.1 for more information
on power supply configurations.

The dc power cable connects the power supply to the drive. When
€CB1 is OM, this cable transmits four basic dc supply voltages to
the drive electronics. These voltages are +5 volts, -5 wvolts,

+24 volts, and -24 volts. The -5 volt, —-24 valt, and +24 volt
supplies are protected against overleocad by pop-out circuit
breakers on the power supply. The dc power cable also contains
signal lines, which are enabled by control circuitry in the
drive. The contrel circuitry switches on the drive motor’s 40
volt dc power to produce disk rotation.

Secondary power supplies on the WDP00 control board develop
additional bias voltages for certain integrated circuits. One
supply steps down the +24 volt input and develops a regulated +15
volt source. Another supply steps down the —-24 volt input and
develops a regulated ~15 volt source. A third supply steps douwn
the —-15 volt supply to develop a regulated bias of -8.3 volts for
the servo preamp chip.

The drive circuitry monitors the wvarious supply voltages and
disables write and/or servo functions when dc power is
unreliable. For more information about voltage faults, refer ¢o
the discussion of fault and error conditions in paragraph
4. 3.2.7, subparagraph Voltage or Actuator Current Fault.

1.3.2. 12 Local/Remote FPower Sequencing. The local/remote
feature selects whether the controller controls the starting and
stopping of the drive motor. Part of drive installation is

setting the LOCAL/REMOTE switch (on the drive I/0 board) for
either the local or remote operation. The LOCAL/REMOTE switch
setting determines the start conditions for the drive maotor
during power—up. With the LOCAL/REMOTE switch in the LOCAL
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position, the start conditions require only that the S5TART switch
be in the ON position. With the LOCAL/REMOTE switch in the
REMOTE position, the start conditions require that the START
switch be in the ON position and that the controller activate the
SEQUENCE HOLD and SEQUENCE PICK signals.

NOTE

The SEQUENCE PICK and SEQGUENCE HOLD signals
are grounded at the controller. This means
that when the A cable is connected, the drive
will start spinning up after the logic plug
delay.

In a system of several drives ¢that are set wup for remote
operation, all drives receive the sequence signals at the same
time. A delay circuit in the I/0 circuitry activates each drive
after a predetermined interval. Thus, each drive in the system
has a unique start-up interval. However, when the hold signal
deactivates, it causes all drive motors to stop at the same time.

1.3.2.13 Disk Rotation. Certain drive functions are a result of
the electromechanical devices using the drive motor and working
under the control of drive logic circuitry.

Disk rotation is accomplished by an electromechanical system that
accelerates the disks to 3400 rpm during power—up and stops disk
rotation with friction braking during power—down. The mechanical
components used for disk rotation are the spindle, the drive
motor. and the brake.

1.3. 2. 14 Spindle. The disks are mounted on ¢the spindle
assembly. The spindle, 1like the disks, is part of the module.
When the spindle is rotated by the drive motor, the disks rotate
with the spindle.

1.3.2. 15 Drive Motor. The WDP00 has a direct drive system for
disk rotation with the drive motor mounted concentrically on the
spindle. The motor has a three—phase stator surrounded by a
four—pole rotor. The motor speed control (described in paragraph
1.3.2.16) provides a pulsed current to the three stator windings.
To keep the stator pulses in phase with rotor position, the speed
control uses feedback from sensors located in the motor. These
sensors check +flux reversals from the rotor magnets. As the
rotor magnets pass each sensor, the output line toggles.
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1.3.2. 16 Motor Speed Control. The motor speed control regulates

operation of the drive motor. Subject ¢to interlocks: the
microprocessor issues a command to start the drive motor during
the power—up sequence (refer to paragraph 4 3.2.3). The motor

speed control activates the 40-volt dc output of the power supply
and uses this power source to start the drive moter,

The motor speed control regulates motor speed by modulating the
width of the pulses applied to the stator coils. The motor speed
is kept within the following range: 3528 vrpm (17.01 milliseconds
per revolution or mspr) to 3672 rpm (16.34 mspr). The pulses
have maximum width until the rotation time decreases to 17.01
mspr. Then the pulse width decreases linearly to a zero value
carresponding to a rotation time of 16. 34 mspr.

Three status outputs are generated by the motor speed control and
are used as follows:

# +Motor Fault —— Indicates ¢to the MPU that the drive
motor has a bad magnetic sensor.

# —Speed OK —— Indicates to the MPU that the drive moctor
speed is between 3528 and 3672 rpm and that no motor
fault is present.

# -~Disk Stopped — Indicates to the interlock circuitry
that the last disk rotation exceeded two seconds.

1.3.2.17 Friction Moter Braking. The drive motor decelerates
during the power—~down sequence under control of the friction
brake. A transistor switch in the motor speed control board
energizes the brake during drive motor operation to release the
brake and allow the motor to turn. When the motor is powered
down, the brake loses power and contacts the rotor in the drive
motor. The motor speed control signal then activates to indicate
that braking is complete. This output to the interlock circuitry
turns off the flasher circuit for the ready indicatar to show
that power—~down is complete.

1.3.2.18 WD?00 Heads. Data is written on and read from the disk
by the heads. The drive must position the heads aver a specific
data ¢track before a read or write operation can be performed.
Head positioning is performed by the actuvator mechanism, which is
an integral part of the drive (refer to Figure 1-135). Inputs
received from the servo circuits caontrol the actuator.

2234398-9701 1-31



General Information WDP00O/MT3200 General Description

ACTUATOR
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2283713 (425MEGABYTE DRIVE)

Figure 1-19 Actuator and Magnet Assembly
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Whenever the drive 1is powered down, the actuator is latched in
the unloaded position with the heads over the landing zoane. The
actuator remains locked until the next power-up sequence when the
MPU releases the actuvator-locking solenoid. The automatic

actuator—locking feature eliminates the need to manually lock the
actuator when transporting the drive.

The voice coil is mounted at the opposite end of the assembly and
moves in and out of the magnet as the servo signals change. The
magnet is mounted on the housing in a position that allows the
voice coil to move as the field in the coil changes. This small
in and out motion of the voice coil in the magnet provides the
motion for the heads over the disk surface. The movement of the
carriage and voice coil (and, therefore, the heads) is controlled
by positioning signals from the servo logic.

The heads record data on and read data from the disk surface.
The servo head, however, reads prerecorded data but cannot write.
Up to four heads are attached to each supporting arm. The heads
and arm together are called a head-arm assembly. The head-arm
assemblies are attached to the front of the actuator assembly
(Figure 1-16 and Figure 1-17).

The drive has 24 data heads (10 on the 13B-megabyte drive) and
one servo head. The data (or read/write} heads record data on
and read data from the disk data surfaces. The servo head reads
prerecorded data from the servo disk surface for use by the drive
analog—-servo circuits.

1.3.2.19 Drive Servo System. The drive writes data on and reads
data from the disk data recording areas under the directions of
the controller. Data cannot be randomly placed on the recording
surface because when the controller retrieves data, it must be
able to find the exact location where that data has been stored.
This problem is resolved by mapping the disks into discrete
sections or +tracks, which are further subdivided into equal
sactors.

After the controller selects a unit, it must then direct the
drive to +the specific location on the data recording surface
where it wants the operation performed. The operation of
positioning the heads over ¢the desired track is called a seek
operation. The drive servo system: under the direction of the
MPU, performs the seek operation to position the heads by using
information read from the servo surface by the servo head.
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The data recording areas of each of the disks (two areas on each
of 12 disk surfaces) are divided into 693 tracks (6 disk surfaces
and 805 ¢tracks on the 138-megabyte drive). These tracks are
assigned sequential number addresses starting at 0. Track O is
located on the outer edge of the recording area, and the last
track (track 492 for 425-megabyte drive and track 804 for the
138-megabyte drive) is on the inner edge closest to the hub. The
425-megabyte drive has 24 data recording areas (refer to Figure
1-16), each with 711 tracks with addresses O through 710. The
138~-megabyte drive has 10 surfaces (refer to Figure 1-17), each
with 823 tracks with addresses O through 822.

- NOTE
Although there are 711 tracks on the 425~
megabyte drive and 823 tracks on the the 138-
megabyte drive, there are fewer user
accessible ftracks because of diagnostic
tracks and spare tracks.

The controller must select 1 of 24 possible tracks (1 of 10 on
the 138-megabyte drive} with the same cylinder address. This
further selection 1is accomplished by assigning numbers to the
data recording areas {(and the heads associated with the data
areas) from O through 23 (0 through 9 for the 138-megabyte
drive).
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Once a particular track is selected, the controller then further
narrows down the location by addressing one of five heads located
at the selected track. The division of each track into sectors

is accomplished by setting a group of switches called the sector
switch. After the controller has selected the unit, the track,

and the head, it waits for the particular sector(s} to come
around on the rotating disk. The controller then performs the
selected write (store) or read (retrieve) operation. You can
also locate an area on a track by writing an address mark at a
specific location on the track. and then looking for the mark at
the beginning of a read operation.

The drive servo system, directed by ¢the MPU. performs a
positioning (seek) operation when the controller commands the
drive to go to a track, head, or sector for a read or write
operation. The MPU uses information read from the serve surface

by the servo head to do the seek operation.

1.3.2 20 Servo Surface Decoding. The servo surface is a
prerecorded disk surface in the module that provides three basic
types of information to the drive electronics. The three types
of information available from the servo surface are as follows:

# Radial movement of the heads, indicated by the pesition
signal

# Rotational position of the disks: indicated by the index
signal

# Exact speed of the disks, indicated by the clock signal
from the servo

information from the servo surface is read by the servo head.
The servo head is mounted on the same positioner as the data
heads. Thus: movements of the servo heads across the servo
surface correspond exactly to movements of the data heads across
the data surfaces.

1.3.2.21 Head-Arm Assembly. Each head—arm assembly consists of
a rigid arm that supports either ¢two or four heads on load
springs and gimbal springs (Figure i-18). The head-arm
assemblies are mounted at the front of the actuator carriage.
These assemblies follow the in and out carriage motion, which is
created by the reaction of the voice-coil magnetic field to the
permanent magnet field. The rigid arm alone does not provide the
action necessary for the heads to load or unload. The head—load
spring forces the associated head toward the disk surface. The
gimbal spring allows free axial movement of the head along its
vertical and horizontal axes independent from the rigid arm.

Read and write information is transferred to and from the heads
through cables connected to a preamp mounted on the arm. The
preamp interface connects to the read and write circuitry via the
arm matrix board. which is located inside the sealed module.
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1.3.2. 22 Head Loading. In the retract condition, the head-load
springs force their respective heads against the disk surface in

the landing zone. The landing zone is located in the cutward

section of the disks. When the system powers wup, the program
turns on the drive motor. When the drive motor rotates the disks
at an acceptable speed, the heads move away from the disk
surfaces and fly on the cushion of air created by disk rotation.
At this point in the power—-up sequence, the actuvator is unlocked
and the heads are moved inward to track 0. Until the power-down
sequence begins, the heads float on a cushion of air.

The head-load spring forces the head toward the disk surface
while the cushion of air pushes against the head to resist its
closer approach. The air cush