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PREFACE

"~

This manual contains maintenance information for the CONTROL
DATA® PA3A1l and PA3A2 Removable Storage Drives (RSDs). It is
prepared for customer engincers and other technical personnel
directly involved with maintaining the RSD.

The information in this manual is presented as follows:

Section 1 - Theory of Operation. Describes power functions,
electromechanical functions, interface, unit se-
lection, servo surface decoding, sector detec-
tion, seek functions, head selection, read/write
functions, and fault detection.

Section 2 - General Maintenance 1Information. Contains in-
formation on warnings and precautions, mainte-
nance tools and materials, testing the drive, and
accessing the drive for maintenance.

Section 3 Trouble Analysis. Contains procedures and in-:
formation to assist in troubleshooting the drive.

Section 4 - Electrical Checks. Provides electrical test pro-
cedures.
Section 5 - Repair and Replacement. Contains procedures and

information on the replacement and adjustment of
drive assemblies.

The following manuals apply to the RSD and are available from
Control Data Corporation, Literature Distribution Services, 308
North Dale Street, St. Paul, MN 55103:

Publication No. Titl

83324480 PA3Al and PA3A2 Hardware Maintenance Man-
ual, Volume 1 (contains general descrip-
tion, operation, installation and checkout
information, and parts data)

(Continued on Next Page)

83324490 A ix




Publication No. Title

83324490 PA3A1 and PA2A2 Hiardware Maintenance Man
ual, Volume 2 (contains theory of operation

and maintenance)

83324630 PA3A1 and PA3A2 Hardware Maintenance Man

ual, Volume 3 (contains diagrams)

83322440 CDC Microcircuits, Volume 1 (provides func-
tional descriptions for integrated circuits)

83324440 CDC Microcircuits, Volume ? (provides func-
tional descriptions for integrated circuits)

WARNING

To ensure the 1inteqgrity of safety features
built 1into these drives, installation and
maintenance must be performed only by quali-
fied service personnel using designated CDC/
MP1 parts. Also, in case of fire or other
emergency, isolate the drives from main power
by disconnecting the drive power plugs from
their site power receptacles. In situations
where pulling the plugs 1is not possible or
practical, use the system main power discon-
nect to isolate the drives from main power.

WARNUNG

Um das einwandfreie Funktionieren der einge.
bauten Schutzvorrichtungen 2zu gewaehrleisten,
darf die Installation und Wartung nur von qua-
lifiziertem Service-Personal unter Verwendung
von Original CDC/MPI Teilen durchgefuehrt wer-
den. Beim Ausbrechen von Feuer oder 1in an-
deren Notfaellen is die Verbindung zum Haupt-
stromnetz dadurch zu unterbrechen, dass die
Stecker der Antriebe aus den Steckdosen gezo-
gen werden. Sollte dies nicht moeglich oder
unpraktisch sein, 1ist der Hauptstromunter-
brecher des Systems zu bedienen, um die An-
triebe vom Haupstromnetz zu trennen.
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ABBREVIATIONS

m

A Ampere CLK
ABV Above CLR
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THEORY OF OPERATION ]
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INTRODUCTION

The theory of operation section describes drive operationé and
the hardware used in performing them. It is divided into the
following major areas (refer to figure 1-1):

° Power Functions - Describes how the drive provides the
voltages necessary for drive operation.

| FAULT AND . ELECIT?TgfﬁfﬁchL FUNCTIONS
ERROR DETECTION it :
| L_COOLING
| ' r=====- i B afuiadainke -1
1 I HEAD 1| DISK |
| MICROPROCESSOR SEEK | POSITIONING 1 | ROTATION
| CONTROL FUNCTIONS ‘ bmmmmm o Jbmmepmd
r 1
@ x '
\ N :
] E I
| CONTROLLER R SECTOR SERVO
‘ ATA
} 4 & INDEX SURFACE EAZK
| 8 CIRCUITS DECODING
| E
READ/WRITE HEAD
FUNCTIONS SELECTION
UNIT
SELECTION EXTERNAL
POWER
SUPPLY
10R9
Figure 1-1. Drive Functional Block Diagram
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@ Electromechanical Functions - Provides a physical and
functional description of the mechanical and electrome-
chanical portions of the drive disk rotation, head posi-
tioning, and air flow systems.

° Interface - Describes the signal lines connecting the
drive and controller. It also describes the I/0 signals
carried by these lines and how they are processed by the
drive logic.

) Unit Selection - Explains how the controller logically
selects the drive so the drive will respond to controller
commands.

) Servo Surface Decoding - Explains how the decoding of the
data read from the servo surface by the servo head is
used to locate the radial position of the heads during a
seek movement, the rotational position of the disks (in-
dicated by the Index signal) when the heads are on track,
and the exact speed of the disks (indicated by the 1.612
MHz.clock signal).

) Sector Detection - Explains how the drive derives the
sector pulses that are used to determine the angular po-
sition, with respect to index, of the read/write heads.

® Seek Functions - Explains how the servo logic controls
the movements of the head positioning mechanism in posi-
tioning the heads over the disks.

° Head Selection - Explains the head selection process.

°® Read/Write Functions - Describes how the drive processes
the data that it reads from and writes on the disk.

° Fault Detection - Describes the conditions that the drive
interprets as faults.

The descriptions in this section are limited to drive opera-
tions only. In addition, they explain typical operations and

do not 1list variations or unusual conditions resulting from

unique system hardware or software.

Functional descriptions are frequently accompanied by simplifi-
ed logic and timing diagrams. These are useful both for in-
structional purposes and as an aid in troubleshooting. How-
ever, they have been simplified to illustrate the principles of
operation. Therefore, the diagrams (and timing generated from
them) in volume 3 of the hardware maintenance manual should
take precedence over those in this section if there is a con-
flict between the two.
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POWER FUNCTIONS
GENERAL

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 MPU programming
that monitors whether start conditions are present and whether
certain interlock and operating conditions are satisfactory.

The following areas of the power functions will be discussed in
detail:

® Power Distribution -- Describes how power is distributed
to the drive circuitry.

e Local/Remote Power Sequencing =-- Explains how the drive
may be powered up either at the drive or by the control-
ler.

e Power On Sequence -- Describes how the drive circuitry is

initialized when power is applied and how the drive is
prepared for normal operation.

® Power Off Sequence -- Describes how the drive is powered
down, including unloading the heads and stopping the disk
rotation.

POWER DISTRIBUTION

The power supply, which is external to the drive, provides the
drive with basic dc supply voltages when circuit breaker CBl is
placed in the ON position. The drive itself has no ac power
requirements. All drive circuitry, including the electronics,
cooling fan, and drive motor, is operated with the dc supply
voltages. The ac power cable connects the power supply
(through CBl) to site ac power. The power supply can be condi-
tioned for operation with any standard ac input voltage, as de-
scribed in the Installation and Checkout section of Hardware
Maintenance Manual, Volume 1.

The dc power cable connects the power supply to the drive.
When CBl is ON, this cable transmits four basic dc supply volt-
ages to the drive electronics. These voltages are +5 V, -5V,
+24 V, and -24 V. The -5, -24, and +24 V supplies are protect-
ed against overload 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, to switch on
40 vdc power to the drive motor and produce disk rotation.
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There are secondary power supplies on the drive's Control Board
that develop additional bias voltages for certain integrated
circuits. One supply steps down the +24 V input and develops a
regulated +15 V source. Another supply steps down the -24 V
input and develops a regulated =-15 V source. A third supply
steps down the =15 V supply to develop a regulated bias of
-8.3 V for the servo preamp chip.

The drive has circuitry that monitors the various supply volt-
ages and disables write and/or servo functions when dc power is
unreliable. For more information about voltage faults, refer
to the Fault and Error Conditions discussion.

LOCAL/REMOTE POWER SEQUENCING

The local/remote feature selects whether or not the controller
can control starting and stopping the drive motor. Part of
drive installation is setting the LOCAL/REMOTE switch (on the
drive I/O Board) for either local or remote operation. The
LOCAL/REMOTE switch setting determines start conditions for the
drive motor during power up. With the LOCAL/REMOTE switch in
LOCAL, start conditions require only that the START switch is
in the On position. With the LOCAL/REMOTE switch in REMOTE,
start conditions require that the START switch is in the On po-
sition and that the controller has activated the Sequence Hold
signal.

In a system of several drives set up for remote operation, the
Sequence Hold command affects all drives simultaneously. When
Sequence Hold goes active, it enables all drives to start their
drive motors at the same time. When Sequence Hold goes inac-
tive, it causes all drives to stop their drive motors at the
same time.

POWER ON SEQUENCE

The power on sequence takes place in two steps. Power on ini-
tialization occurs when dc power is applied to the drive. Fol-
lowing successful initialization, a load operation occurs each
time that start conditions become available. Figure 1-2 is a
simplified diagram of the power on circuitry, and figure 1-3 is
a flowchart of the sequence. The following paragraphs describe
power on initialization in detail and summarize the load opera-
tion. More information about load operations is given under
Seek Functions.
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Placing power supply circuit breaker CBl ON enables dc power to
the drive. A level detector on the Control Board monitors the
+5 Vdc input from the power supply and sets the -Low Vcc line
high when this input reaches +4.9 V. Until this time, the DC
Master Clear latch is set, and its output, the -DC Master Clear
signal, remains low. In the Sector Counter Gate Array, the low
-DC Master Clear signal resets the sector counter and the servo
pattern decode circuitry. 1In the Address Decode Gate Array,
the low -DC Master Clear signal disables the interface by
blocking unit selection, and it resets timing circuitry that
develops Index and Cylinder pulses. In dual channel drives,
the low -DC Master Clear signal blocks unit selection by either
controller,

The -Reset line to the MPU goes low when -DC Master Clear goes
low, and it is held low by a one-shot for about 3 ms after the
-Low Vcc line goes high. When -Reset goes high, the MPU per-
forms three self-test operations to initialize itself. These
tests are as follows:

e The MPU performs a checksum calculation on the ROM con-
tents., This test validates that the MPU's firmware in-
structions are readable.

@ The MPU tests its internal RAM by writing information in-
to it and reading it back.

@ The MPU initializes its PIAs by sending data to them and
reading it back.

If the first two tests fail, the MPU halts and all the individ-
ual fault LEDs on the Control Board remain lit. If the third
test fails, the MPU tries to 1light the First Seek LED and
halts. None of these tests can produce an operating panel
FAULT indication, and there is no way to clear these faults ex-
cept for turning CBl OFF.

With the self-tests complete, the MPU initializes the circuitry
within the I/O Gate Array. The MPU communicates with the I/O
Gate Array via I/O Control lines 1, 2, and 3. The MPU pulses
I/0 Control lines 1 and 2 with a serial code that clears the
Cylinder Address register (CAR), the Head Address register
(HAR), the On Cylinder FF, and the Fault latches.

The MPU requires that the drive motor is stopped and the heads
are unloaded prior to unlocking the front door. To do this, it
checks motor speed by counting -Motor Sensor pulses with the
PTM #3 counter and looks at the -Heads Loaded Switch line at
PIA-1. If these checks are satisfactory, the MPU issues the
Unlock Door command at PIA-1 to energize the Door Unlock Sole-

noid, allowing the door to be opened for installing or exchang-
ing disk packs.
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At this point, power on initialization is complete. This pro-
cess will not be repeated until dc power is removed and reap-
plied to the drive (via CBl). The MPU waits for start condi-
tions by monitoring the START switch and (in remote operation)
the Sequence Hold signal from the controller.

When start conditions are present, the MPU directs the load op-
eration. The load operation energizes the drive motor to bring
the disks up to speed and loads the heads to position them over
the disks at track 0. Details of the load operation are given
under Seek Functions. When the load operation is complete, the
drive waits for commands from the controller.

POWER OFF SEQUENCE

The power off sequence unloads the heads and stops the drive
motor. There are two conditions that initiate a power off se-
quence. One is a loss of start conditions, and the other is a
loss of dc power to the drive. Both conditions produce retract
operations: the first, a normal retract; and the second, an
emergency retract. These retract operations are discussed in
detail under Seek Functions. The drive motor comes to a stop
after the retract is completed. The following paragraphs de-
scribe both types of power off sequences.

A loss of start conditions occurs when the START switch is
pressed to release it from the Start position or (in remote op-
eration) when the controller deactivates Sequence Hold. The
MPU monitors the start conditions and commands a normal retract
when they are removed. The MPU issues the -Retract command to
withdraw the heads from the disk pack under servo control.
When the heads are fully retracted, the contacts on the Heads
Loaded switch open, indicating to the MPU that the retract is
complete. The MPU then drops the Motor Run command to disable
the Motor Speed Control, and dynamic braking stops the drive
motor. The MPU monitors drive motor speed by counting =-Motor
Sensor pulses and issues the Unlock Door command at PIA-1 when
the motor has stopped. This energizes the Door Unlock Sole-
noid, allowing the door to be opened for disk pack removal.
The drive remains in this condition until start conditions re-
appear.

A loss of dc power results when power supply circuit breaker
CBl is switched OFF or when there is a loss of site ac power.
When the dc voltages drop, an emergency retract takes place un-
der hardware control. The emergency retract operation requires
no MPU intervention, and it uses voltage generated by the de-
celerating drive motor to drive the heads outward to the un-
loaded position. With a loss of dc power, the drive motor
coasts to a stop.
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ELECTROMECHANICAL FUNCTIONS
GENERAL

Certain drive functions are a result of the electromechanical
devices using drive power and working under the control of
drive logic circuitry. These functions include disk rotation,
head positioning, and drive cooling and ventilation.

DISK ROTATION
General

Disk rotation is accomplished by an electromechanical system
that engages the disks to the spindle during data pack instal-
lation, accelerates the disks to 3600 r/min during power up,
stops disk rotation with dynamic braking during power down, and
disengages the disks from the spindle during data pack remov-
al. The mechanical and electrical aspects of this system are
discussed in the following paragraphs.

Mechanical Description
The mechanical components used for disk rotation are a linkage

system that engages and disengages the disks and the spindle,
and a drive motor that rotates the disks.

Pack and Spindle Linkage

The pack and spindle linkage is controlled by opening and clos-
ing the front door during data pack installation and removal.
When an operator closes the front door after inserting a data
pack in the drive, several things happen. One set of levers
moves the data pack toward the spindle, and the shaft on the
disk hub enters the spindle receptacle. A second set of levers
activates a bayonet lock within the spindle receptacle, which
locks the shaft on the disk hub to the spindle and allows the
spindle to rotate the disk hub. Interlock switches sense
whether the door is locked and whether a data pack is in
place; these interlock conditions must be satisfied before the
powering up the drive motor is enabled.

The front door is locked by a solenoid while the disks are ro-
tating. However, when the disks are not rotating, opening the
door operates the two sets of levers with the following re-
sults. The bayonet lock in the spindle releases the shaft on
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the disk hub, and the pack receiver moves the data pack away
from the spindle until it lines up with the front door open-
ing. The pack retainer releases the data pack from the pack
receiver so that it can be removed from the drive.

Drive Motor

The drive 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 the next topic) provides
pulsed excitation 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
employ the Hall Effect to sense flux reversals from the rotor
magnets. As the rotor magnets pass each sensor, its output
line toggles.

In addition to rotating the disks, the drive motor produces air
flow through the data pack and positioner assembly. Air flow
is circulated in a closed loop by an impeller attached to the
rotor of the drive motor (see Air Flow System discussion).
Electrical Description

General

Electrical operation of the drive motor is discussed in two
functional areas:

® Motor Control System -- discusses how the drive motor is
started and how its speed is regulated.

® Dynamic Motor Braking -- discusses how the drive motor is
decelerated and the front door is unlocked.

Motor Speed Control

The motor speed control regulates operation of the drive mo-
tor. Subject to interlocks, the microprocessor issues a com-
mand to start the drive motor during the power on sequence (see
Power On Sequence discussion). The motor speed control acti-
vates the 40 V dc output of the power supply and uses this pow-
er source to excite the stator windings in the drive motor.
The control and status lines between these system elements are
shown in figure 1-4.
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Figure 1-4. Motor Speed Control System Diagram

To start the drive motor, the microprocessor drops the -Motor
Run line. The drive motor receives power as long as this 1line
is held low. With the -Motor Run and the -Door Locked #2 lines
low, the motor speed control issues the =-Enable Motor Power
command to switch on the 40 V dc output ©f the power supply.

The motor speed control divides each shaft rotation of the mo-

tor into twelve 300 segments. During each segment, a current
path is selected through two of the three stator coils. These
stator excitations are timed so that, in each segment, the se-

lected stators exert a counterclockwise torque on the permanent
magnets of the rotor.
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Rotational position of the motor shaft is relayed to the motor
speed control by sensors S1, S2, and S3 located inside the mo-
tor. The sensors are positioned at 30° intervals. Each sen-
sor employs the Hall Effect to output a digital 1level that
switches when the polarity of the local magnetic field rever-
ses. The waveforms of S1, S2, and S3 are shown in figure 1-5.

The motor speed control requlates motor speed by modulating the

width of the pulses applied to the stator coils. The motor
speed is kept within the following range: 3580 r/min (16.49
ms/rev) to 3634 r/min (16.78 ms/rev). The pulses have maximum

width until the rotation time decreases to 16.78 ms. Then the
pulse width decreases linearly to a near-zero value correspond-
ing to a rotation time of 16.49 ms.

Figure 1-6 shows simplified logic for the motor speed control.
The control modulates the motor pulses as follows: Once per
rotation, a signal called +360° Pulse goes active. This sig-
nal triggers a 16.49 ms reference delay, derived by subdividing
the 4 MHz clock in the motor speed control. This reference de-
lay corresponds to one motor rotation at the maximum allowable
speed. A comparator circuit outputs a pulse that 1is active
from the end of the reference delay until the next 360°
Pulse. The active time for the comparator output pulse deter-
mines the on-time of the +Drive Enable 1line during each 30°
segment of motor rotation. Power 1is applied to the stator
windings only when +Drive Enable is high. This condition is
updated once per motor rotation, and the duty cycle of the mo-
tor is readjusted to keep the motor speed within its specified
range.

Three status outputs are dgenerated 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 motor
speed is between 3580 and 3634 r/min and that no motor
fault is present.

. -Disk Stopped -- indicates to the interlock circuitry
that the last disk rotation exceeded two seconds.

Dynamic Motor Braking

Dynamic motor braking decelerates the drive motor during a
power off sequence. Dynamic braking occurs when power is
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removed from the drive motor. As the motor continues to ro-
tate, it acts as a generator. The generated current is dissi-
pated in a resistive load, converting the rotational energy in-
to heat. ‘

Dynamic braking begins when the microprocessor deactivates the
-Motor Run line to the motor speed control. This causes the
motor speed control to turn off the 40 V power supply output so
that no power source is connected to the stator switching cir-
cuitry. The generator output .appears across the 40 V input
lines because timing signals continue to be applied to the
stator switching circuitry. 1Initially, the speed control acti--
vates Brake A, connecting a 4.3 ohm resistor across the genera-
tor output. When the motor speed drops to 2440 r/min, the
speed control activates Brake B also: this connects a 2 ohm
resistor in parallel with the 4.3 ohm resistor. Reducing the
load resistance increases the braking action, and the motor
stops rotating. '

The motor speed control activates the -Disk Stopped line to in-
dicate that braking is complete. This output to the interlock
circuitry allows the microprocessor to energize the Door Unlock
Solenoid and turns off the flasher circuit for the Ready indi-
cator to show that power down is complete. At this time, the
data pack can be removed from the drive.

HEAD POSITIONING
General

Data is written on and read from the disk by the heads . The
drive must position the heads over a specific data track before
a read or write operation can be performed. Head positioning
is performed by the actuator mechaniem which is an integral
part of the drive. The actuator is controlled by inputs re-
ceived from the servo circuits (refer to the discussion on Seek
Functions).

Actuator and Magnet Physical Description

The actuator (shown in figure 1-7) consists of the actuator
housing, the carriage and voice coil assemblies, and the head-
arm assemblies. The head-arm assemblies, with the heads mount-
ed at their front, are mounted at the forward end, and the
voice coil at the opposite end, of the carriage assembly. The
carriage assembly fits within and is provided with horizontal
movement into/out of the permanent magnet by wheels riding
along a carriage track. During head positioning, the carriage
rides the track towards or away from the magnet and out over
the disk surfaces. )
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Actuator and Magnet Assembly

Figure 1-7.
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Actuator and Magnet Functional Description

The voice coil is mounted at the opposite end of the arm assem-
bly and moves in and out of the magnet as the servo signals
change. The magnet is mounted on the housing in a position
which 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 sur-
face. The movement of the carriage and voice coil (and there-
fore the heads) is controlled by positioning signals from the
servo logic. The positioning signals are derived in the analog
servo system and processed by the power amplifier. The output
of the power amplifier ‘s a current signal which is applied to
the voice coil. ‘

The current from the power amplifier causes a magnetic field in
the voice coil which either aids or opposes the field around
the permanent magnet. This reaction either draws the voice
coil into the magnet or forces it away, depending on the polar-
ity of the current through the voice coil. The acceleration of
the voice coil is dependént on the amplitude of the voice coil
current.

HEADS

General

The heads are magnetic devices that record data on, and read
data from, the disk surface (the servo head, however, reads
prerecorded data but cannot write). Each head is mounted at
the end of a supporting arm. Head and arm together are called
a head-arm assembly.  The head-arm assemblies are attached to
the front of the actuator assembly (figures 1-7 and 1-8).

M ——
HEAD ‘ P
PAD GIMBAL SPRING CABLE\ L
\74_ CONNECTOR

I i -0 = -
_ //-25{-Jj'_'"""::i"'/ “FIXED ARM

CAM ARM LOAD SPRING 10R24

Figure 1-8. Data Heads
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The drive has 5 movable data heads and one servo head. The
data (or read/write) heads are used to record data on and read
data from the disk data surfaces. The servo head is used to
read prerecorded data from the servo disk surface for use by
the drive analog servo circuits.

The following paragraphs describe the physical characteristics
of the movable head-arm assemblies and how they function during
head load and retract sequences. Further information about the
heads is found in the discussions on seek and read/write func-
tions.

Head-Arm Assembly

Each head-arm assembly consists of a fixed arm, cam arm, load
springs, gimbal spring, and the head (figure 1-8). The head-
arm assemblies are mounted at the front of the actuator car-
riage and follow the in/out motion of the carriage created by
the reaction of the voice coil magnetic field to the field of
the permanent magnet. The rigid arm by itself does not provide
the action necessary for the heads to load or unload. The head
load spring forces its associated head toward the disk surface;
the gimbal spring allows the head free axial movement along its
vertical and horizontal axes independent from the rigid arm.

Read/write information is transferred to and from the heads
through the head-arm cables. One end of each cable connects to

a head and the other end has a plug which connects to the Read/
Write Preamp board.

Head Loading

In the retract (non-operating) condition the actuator is re-
tracted so that the actuator is pulled away and the heads are
withdrawn from the disks (in the unload/retract position).
When the system powers up, the program turns on the drive mo-
tor. When the drive motor is rotating the disks at acceptable
speed, the program moves the actuator in to track 0. During
normal operation the system utilizes the cushion of air created
by disk rotation to prevent actual head/disk contact. While
they remain loaded over the disks, the heads continue to fly on
this 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 cushion pressure varies directly with
disk speed, so that at proper speed the forces of the head load
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spring pressing the head towards the disk surface and the op-
posing force of the air cushion resisting the closer approach
of the head are balanced such that the heads fly at the correct
height above the disk.

If the disk drops below speed, the air cushion pressure de-
creases and the head load springs force the heads closer to the
disk surface. Sufficient loss of speed would cause the heads
to stop flying and contact the disk. This is called head land-
ing. Because insufficient disk speed causes head 1landing,
heads are not moved into the data areas until the disks have
come up to speed. For the same reason, the heads are retracted
from the disk surfaces when the speed drops below a safe oper-
ating level,

AIR FLOW SYSTEM

The air flow system is divided into two parts, one for the
drive unit and the other for the sealed data pack.

The drive air flow system (figure 1-9) provides continuous air
reflacement and circulation to dissipate the heat generated by
drive operation. The main component of the drive air flow sys-
tem is the fan that is mounted on the rear panel. The fan mo-
tor is driven from the -24 V power from the external power sup-
ply. The fan pulls ambient air through the input and primary
filter of the front panel. The fan circulation travels over
the electronics, cooling these assemblies before leaving the
drive through the back panel. The system intake port is lo-
cated on the front panel. This port is covered by the primary
filter which keeps large particles from being drawn into the
system.

The air flow system for the data pack is a self-contained
closed loop system (figure 1-10). The system consists of an
impeller (fan) which is attached to the drive motor, and an ab-
solute filter located beneath the actuator. The rotation of
the motor rotates these fan blades. The motion of the blades
forces air through the hose into the absolute filter, and
through the filter into the data pack.

INTERFACE
GENERAL
All communications between drive and controller must pass

through the interface. This communication includes all com-
mands, status, control signals, and read/write data transfers.
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Figure 1-9. Drive Air Flow System

The interface consists of the I/O cables and the logic required
to process the signals sent between drive and controller.

The following discussion describes both the 1/0 cables and I/0
signal processing.

1/O CABLES

The drive has two I/0 cables per channel, consisting of an A
cable and a B cable. These cables contain all the lines going
between the drive and controller.

The A cable carries commands and control information to the
drive and status information to the controller.

The B cable carries read/write data, clock, and status informa-
tion between drive and controller. Figure 1-11 shows all lines
(except those not used) in the A and B cables. The functions
of each of these lines is explained in table 1-1.

1-20 83324490 C




AIR RETURN COVERS

MAGNET

ACTUATOR
HOUSING

IMPELLER

ABSOLUTE
FILTER

PACK
‘ Figure 1-10. Closed Loop Air Flow

10R30

83324490 A 1-21




T

T

TIMrrroo4==oo0

mrro>»o >

(=]

mrro>o

1-22

SEQUENCE PICK IN/OUT

BUSY A

SEQUENCE HOLD

OPEN CABLE DETECT

UNIT SELECT TAG

UNIT SELECT BIT 0

UNIT SELECT BIT 1

UNIT SELECT BIT 2

UNIT SELECT BIT 3

TAG 1

TAG 2

TAG 3

BIT

BIT

BIT

BIT

BIT

BIT

oOjonles W in - O

BIT

mrro>0 >

BIT 7

BIT 8

BIT 9

UNIT READY

ON_CYLINDER

SEEK ERROR

RESERVED FOR INDEX A\

RESERVED FOR SECTOR A\

ADDRESS MARK

WRITE PROTECTED

FAULT

WRITE DATA

WRITE CLOCK

SERVO CLOCK

(=]

READ DATA

READ CLOCK

SEEK END

UNIT SELECTED

mrro>0

RESERVED FOR INDEX A\

RESERVED FOR SECTOR /A

Figure 1-11.

N

M —XOo

NOTES:

ZCE& USED WITH DUAL CHANNEL
OPTION UNITS ONLY.

A INDEX AND SECTOR MAY BE
IN "A" CABLE OR "B" CABLE

(
7 10R32

Interface Lines

83324490 A




TABLE 1-1. INTERFACE LINES

Signal

Meaning

Fu

nction: Power Up Sequencing

Sequence Hold

Sequence Pick In

Sequence Pick Out

A ground from the controller on this
line starts the power on cycle when the
drive's LOCAL/REMOTE switch is in the
REMOTE position and the START switch on
the operator panel is pressed.

This line is not used in this drive.

This line is connected to Sequence Pick
In. It transfers the sequence pick im-
mediately to the next drive connected in
a daisy chain configuration.

Function: Controller Selecting Drive

Unit Select Tag

This signal gates Unit Select lines into
logical number compare circuit, Unit is
selected after 600 ns (maximum) internal
time lapse. Drive will not process com-
mands until selected.

When the Unit Select Tag is accompanied
by Bus Bit 9 active, this indicates a
priority select status in dual channel
systems. The drive 1is unconditionally
selected and reserved by the channel is-
suing this command provided that both
channels are enabled and a priority se-
lect condition does not exist on the
other channel.

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Unit Select Bits
0, 1, 2, and 3

Unit Selected

Open Cable Detect

A binary code is placed on these four
lines to select a drive. The binary
code must match the logical address of
the drive determined by the logical ad-
dress plug inserted in the operator pan-
el. Drives can be numbered 0 through
7. Bit 3 must be inactive for a unit
selection to occur.

This signal indicates the drive has ac-
cepted a Unit Select request. This 1line
must be active before drive will respond
to any command from controller.

A voltage is supplied by the controller
to override the bias voltage at drive
receiver. If the A cable is disconnect-
ed or if controller power is lost, unit
selection and/or controller commands are
inhibited.

Function:

Drive Indicates Operational Status

Unit Ready

Unit Ready indicates that the drive is
up to speed, that the servo head is po-
sitioned on cylinder, and that no fault
condition exists.

Index This signal is derived from the servo
tracks. It occurs once per revolution
of the disk, and its leading edge is the
leading edge of sector zero.

Sector This signal is derived from the servo
tracks. The number of sector signals
that occur for each revolution of the
disk is selected by switches on the Con-
trol board.

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Busy

Write Protected

On Cylinder

Seek End

Seek Error

Used only in dual channel drives, this
signal is generated when a controller
attempts to select or reserve a drive
that has already been selected and/or
reserved by the other controller. This
signal is sent to the controller at-
tempting the selection.

This signal indicates that the drive
write circuits are disabled. The write
protect mode is enabled by switches on
the Control board and the operator pan-
el, by an interlock switch activated by
a write-protected data pack, or by a
fault condition. Attempting to write
while the write protect mode is active
results in a fault condition.

This signal 1indicates that the servo
head is positioned at a track. This
line goes inactive if the positioner
drifts off cylinder.

This signal indicates either an on cyl-
inder status or seek error status re-
sulting from a seek operation that has
terminated.

This signal indicates that the drive was
unable to complete a seek within 250 ms,
that the positioner has moved outside
the recording field, or that the drive
was commanded to seek beyond cylinder
822,

The seek error can be cleared by an RTZ
command or by a power up operation.

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Fault

Address Mark

When this line is active, it indicates
that one or more of the following faults
exist:

° First Seek fault

e DC voltage fault

° Write fault

@ Write or read attempted while
off cylinder

@ Write gate during a read opera-
tion

When an address mark has been found,
this line goes high.

Function:

Con-roller Sends Commands to Drive

Bits 0 through 9
(Bus Lines)

Tag 1 (Cylinder
Select)

I3

These ten lines carry data to the
drive. The meaning of the data is a
function of the active tag line.

This tag line gates the data on the

bus lines to the drive Cylinder Address
register. The bus bits have the signif-
icance listed below.

Bus bits 0-9, with the value shown be-
low, encode the cylinder address for the
seek operation. Cylinder addresses

above 822 are illegal and will encode a
seek error.

Table Continued on Next Page

83324490 A




TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Tag 2 (Head Select)

Tag 3 (Control

Bus Bit Function

Cylinder Address 20
Cylinder Address 21
Cylinder Address 22
Cylinder Address 23
Cylinder Address 24
Cylinder Address 25
Cylinder Address 26
Cylinder Address 27
Cylinder Address 28
Cylinder Address 29

oo WNHO

This tag line gates the data on the bus
lines to the drive Head Address regis-
ter. The bus bits have the significance
listed below.

Bus Bit Function

Head Address 20
Head Address 21
Head Address 22
Not Used

[N V) e

This tag line gates the data on the bus

Select) lines to the logic circuits of the drive
for commanding various operations. The
operation performed is dependent upon
which of the bus lines is active. The
significance of the bus bits is as fol-
lows:

Table Continued on Next Page
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TABLE 1-1.

INTERFACE LINES (Contd)

Meaning

Function Performed

Enables write driver.
Not accepted if there
is a seek error or
fault status.

Enables read circuit-
ry. Leading edge
triggers the read
chain circuit to syn-
chronize on an all
Zeros pattern. Not
accepted if there is a
seek error or fault
status.

Offsets the positioner

100 microinches toward

the spindle from the
on cylinder ©position.
Disables On Cylinder
for 2.75 ns.

Offsets the positioner
100 microinches away
from the spindle from
the on cylinder posi-
tion. Disables On
Cylinder for 2.75 ms.

A pulse sent to drive
that clears the Fault
flip-flop provided
that the fault condi-
tion no longer exists.

Signal
.Tag 3 (Contd) Bus
b Bit Name
0 Write Gate
1 Read Gate
2 Servo
Offset
Plus
3 Servo
Offset
Minus
4 Fault Clear
Table antinued on Next Page
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TABLE l-l .

INTERFACE LINES (Contd)

Signal

Meaning

Tag 3 (Contd)

Bué
Bit Name

5 Address Mark
Enable

6 RTZ

7 Data Strobe
Early

8 Data Strobe
Late

9 Release

Function Performed

When this signal

occurs with a Write
Gate, an address mark
is written. When this
signal occurs with_ a -
Read gate, an address
mark search 1is initi-
ated.

A pulse sent to the
drive to move the po-
sitioner to track

zero. It also resets
the Head Address reg-
ister, Cylinder Ad-
dress register, and

Seek Error flip-flop.

Enables the read com-
parator to strobe the
data at a time earlier
than nominal.

Enables the read com-
parator to strobe the
data at a time later
than nominal.,

Used with dual channel
option only, it clears
channel reserved and
channel priority se-
lect reserve status. .
(Refer to Unit Selec-

tion discussion.,)

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal Meaning

Functions: Read, Write, and Clocks

Read Data This line transmits data recovered frgm
the disk. This data is transmitted in
NRZ form to the controller.

Read Clock This clock is derived from, and is syn-
chronous with, the detected data. Read
Clock defines the beginning of a data
cell and is transmitted continuously.

Write Data This line transmits NRZ data from the
controller to the drive for recording on
the disk surface with 2-7 encoding.

Write Clock This clock is the Servo Clock retrans-
mitted to the drive during a write oper-
ation. Write Clock must be synchronized
to the NRZ data and must be transmitted
250 ns prior to Write Enable.

Servo Clock Servo Clock is a phase-locked 9.67 MHz
signal generated from the servo track
tribits. Servo Clock 1is continuously
transmitted.

I/O SIGNAL PROCESSING

I/0 signals from the controller initiate and control all drive
operations except local power on. The I/O signals are sent to
receivers in the drive and are routed from the receivers to the
appropriate drive logic. The drive in turn sends information
concerning the operation back to the controller via the driv-

ers. Figure 1-12 shows the basic logic involved in the routing
of the I/O signals.

LY

Certaiq I/0 signals cannot be transmitted or received unless
the drive is selected. These signals include the tag and bus
bit signals from the controller and the status bits to the con-
troller.
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All commands (except unit select) are sent to the drive via the
tag and bus bit lines. The tag lines define the basic opera-
tion to be performed and the bus bits further define and modify
the basic operation, Table 1-1 explains the functions of all
tag and bus lines.

UNIT SELECTION
GENERAL

The drive must be selected before it will respond to any com-
mands from the controller. This is the case because the tag
and bus bit receivers, as well as certain drivers, are not en-
abled until the drive is selected.

In both single and dual channel units, the select sequence is
initiated by a Unit Select Tag signal from the controller.
However, the sequence performed is different depending on
whether a single or dual channel is being considered. Since
only one controller can communicate with the drive at a time,
dual channel logic must solve the problem of priority when more
than one controller wants to select the drive at the same
time. The following paragraphs describe both single and dual
channel selection.

SINGLE CHANNEL UNIT SELECTION

The single channel unit select sequence (see figure 1-13)
starts when the controller sends the Unit Select Tag accompan-
ied by a logical address on the four unit select lines.

When the drive recognizes the Unit Select Tag, it compares its
own logical address (as indicated by the logical address plug)
to the address sent by the controller. The drive's logical ad-
dress is determined by the logical address plug which fits into
the operator panel. Depending on the plug used, this address
can be any number from 0 to 7. If no plug is used, the number
is 7.

If the address sent by the controller is the same as that of
the drive and the Open Cable Detect signal is active (indicat-
ing the A cable is connected and controller has power), the
drive enables its Select Compare signal.
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Figure 1-13. Unit Select Logic (Single Channel)

The Select Compare signal enables the receivers and drivers to
the controller and also enables the Unit Selected signal. The
drive is now ready to respond to further commands from the con-
troller.

DUAL CHANNEL UNIT SELECTION

General

Dual channel drives are connected to, and can be selected by,
either of two controllers. However, because the drive is cap-
able of responding to only one controller at a time, the con-
trollers must compete for use of the drive. For this reason,
there are functions associated with dual channel selection that
are not necessary when selecting single channel units.
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The functions controlling dual channel selection are as follows:

® Select - Logically connects the drive to the controller,
thus enabling it to respond to commands from the select-
ing controller.

® Reserve - Reserves the drive so it can be selected at any
time by the reserving controller, but prevents it £from
being selected by the other controller.

° Release - Releases drive from reserved condition.

e Priority Select - Allows controller to force select the

drive by disabling the interface to the controller having
the drive selected or reserved.

e Maintenance Disable - Allows disabling either channel in-
terface during maintenance.

The following discussions describe each of these functions. It
should be noted that because these functions are basically the
same regardless of which channel 1is involved, they are de-
scribed only as they relate to Channel I. Figure 1-14 shows
the select logic associated with channel I selection and table
1-2 describes the major elements on this figure. Figure 1-15

is a flowchart of the dual channel unit select and reserve
functions.

Select and Reserve Function

The drive is both selected and reserved during the same se-
quence and this sequence is initiated by a Unit Select Tag ac-
companied by a logical address. However, the drive can be suc-

cessfully selected and reserved only if none of the following
conditions exist:

° Drive is already selected and reserved by other control-
ler.

° Drive is not selected but is reserved by other controller.

e Channel to drive attempting selection has been disabled
by either a priority or maintenance disable function.
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Figure 1-14. Channel I Dual Channel Logic (Sheet 2)
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TABLE 1-2. DUAL CHANNEL UNIT SELECT CIRCUIT FUNCTIONS ’

Element* Function

ABR/RTM Swi tch Determines whether the drive will be
in ABR (absolute reserve) or RTM (re-
serve timeout) mode. If switch is in
RTM position, drive is released from
reserved condition 500 ms (nominal)
after being deselected. 1If switch is
in ABR position, drive remains re-
served until it receives either a re-
lease or priority select command.

Release Timeout Deselecting drive causes this one
One Shot shot to generate a 590 ms (nominal
pulse). If drive is in RTM mode the

trailing edge cf this pulse clears
the reserved FF.

Channel I Sets if drive receives Priority Se-
Disable FF lect command. This causes drive to
be selected and reserved for control-
ler issuing command and disables
channel to other controller.

Channel I Disables channel I whenever it is set

Maintenance Unit to DI (disable) position. It must

Disable Switch be in NORM position during normal op-
erations.

Channel I Sets during select and reserve se-

Reserved FF quence. When set it keeps drive re-

served to channel I until channel I
releases or channel II issues a Pri-
ority Select command.

Channel I** Sets during select and reserve se-
Selected FF quence and enables drivers and re-
ceivers to channel I controller.

Channel I Compares logical address of drive
Select and with that sent by controller (see
Compare Logic Single Channel Unit Selection).

Table Continued on Next Page
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TABLE 1-2. DUAL CHANNEL UNIT SELECT CIRCUIT FUNCTIONS (Contd)

Element* Function
Initiate Reserved Generates 300 ns pulse whenever Se-
Pulse lect Compare signal goes true. Lead-

ing edge of this pulse clocks Channel
I and Channel II Reserve FF.

Channel I Select Sets if channel I tries to select and

Tried FF reserve drive while it is already se-
lected and/or reserved by channel
II. When drive is deselected and re-
leased by Channel II, this FF clears
and thereby triggers the Select Tried

one shot.
Select Tried Generates 30 microsecond pulse when-
One Shot ever either Tried FF clears. This

pulse is sent to controller (associ-
ated with the Channel Tried FF that
triggered the one shot) via the Seek
End line.

* Includes only those elements directly concerning channel I
and shown in figure 1-14.

**The Channel Selected FF's are alternately clocked by the
9.67 MHz clock signal to prevent simultaneous selection.

The following paragraphs describe how the drive is initially
selected and also how it responds to a Unit Select Tag when it
is selected, reserved, or disabled.

Assuming the drive is available (not selected, reserved, or
disabled) and it receives a Unit Select Tag and logical address
from the controller on channel I, it compares the address re-
ceived with that indicated by its logical address plug. If the
two addresses are the same, the drive enables the Channel I Se-
lect Compare signal. The logic used to generate this signal is
identical to that used in the single channel units (refer to
figure 1-13).
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The Select Compare signal causes the Channel I Selected FF to
set, thereby enabling the receivers and drivers to the Channel
I controller and triggering the 300 ns Reserve one-shot. The
output pulse from this one-shot clocks and sets the Channel I
Reserved FF. With these FFs set, the drive sends Unit Selected
to the channel I controller indicating that it is ready to ac-
cept further commands.

Providing channel II does not issue a priority select command
(see Priority Select Function discussion), the drive remains
selected to channel I until the controller on channel I drops
its Unit Select Tag or changes the logical address to another
drive. At this time, the drive's Channel I Selected FF clears,
thus disabling the drive drivers and receivers for that chan-
nel. This also disables the Unit Selected signal thus inform-
ing the controller that the drive will no longer respond to
commands. However, the drive remains reserved to channel I
(allowing channel I to reselect while preventing channel II
from selecting) until the Channel I Reserve FF is also Clear.
This is cleared by either a release or priority select function
(refer to these discussions).

If channel I attempts to select and reserve the drive while it
is selected and reserved by channel II, the Channel I Select
Compare signal is still generated as during the initial select
and reserve sequence. However, the Channel I Select and Re-
serve FFs do not set, and therefore the attempt is unsuccess-
ful. The drive still sends the Channel I Unit Selected signal
to the controller, but, in this case, it is accompanied by the
Channel I Busy signal. The Busy signal indicates that the
drive is being used by channel II.

The drive also sets its Channel I Tried FF, thus recording the
unsuccessful attempt. When the drive is no longer selected or
reserved by channel II, this FF clears, causing Seek End to the
channel I controller to go low for 30 microseconds. This in-
forms the controller that the drive is no longer selected or
reserved.

If the channel I controller tries to select the drive while
channel I is disabled (either by a priority select or mainten-
ance disable function), the attempt ‘s unsuccessful and no re-
sponse is sent back to the channel I controller.

Release Function

The release ﬁunétion will release the drive from either a re-
served or priority selected condition. There are two types of
release functions:
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e Timeout release pulse
() Release command

The timeout release pulse is capable of releasing the drive
from only the reserved condition. This pulse is generated by
the 500 ms Timeout Release one-shot and releases the drive by
clearing the Reserve FF. The pulse is triggered when the drive
is selected (Select FF sets) and times out 500 ms after the
drive is deselected (Select FF clears). '

Whether or not the one shot has any effect on the Release FF
depends on the position of the ABR/RTM switch. If this switch
is in the RTM (reserve timeout) position, the FF clears when
the one-shot times out, thus making the drive available to the
other channel. However, if this switch is in ABR (absolute re-
serve) position, the one-shot has no effect on the FF and the
drive remains reserved.

A Release command will release the drive from both the reserved
and priority selected conditions. This command is initiated by
the reserving and/or priority selecting controller when it is-
sues a Tag 3 (Control Select) with Bus Bit 9 active. This
clears the Reserve and Disable FFs and allows the other con-
troller to select the drive.

Priority Select Functinn

If the drive is selected and reserved, the other controller can
force selection by issuing a Priority Select command (Unit Se-
lect Tag accompanied by drive logical address and Bus Bit 9).
This command will disable the channel to the controller pres-
ently using the drive and also select and reserve the drive to
the controller issuing the Priority Select command.

For example if channel I has the drive and channel II wants to
select, channel II issues a Priority Select command. In this
case, the command sets the Channel I Disable FF which in turn
results in clearing the Channel I Selected and Reserved FFs.
It also sets the Channel II Selected and Reserved FFs, thereby
selecting and reserving the drive for channel II.

Once the Disable FF is set, that channel (in this case channel

I) is disabled until the other controller (in this case channel
II) issues a command to clear it.

83324490 A 1-43




Maintenance Disable Function

It is also possible to disable either channel by setting the
Maintenance Unit Disable switch for that channel (refer to fig-
ure 1-14) to the DI or DII position.

DRIVE SERVO SYSTEM

The drive writes data on and reads data from the disk data re-
cording areas under the directions of the controller. These
operations cannot be done randomly, however, for when the con-
troller wishes to retrieve 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 called
"Tracks" which are narrow concentric bands that cover the en-
tire circumference of the circle. The tracks are then further
subdivided into equal areas called "Sectors".

After the controller has selected the unit with which it wishes
to perform an operation, it must then direct the drive to the
specific location on the data recording surface where it wants
the operation to be 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 micropro-
cessor unit (MPU) performs the Seek operation to position the
heads by using information read from the servo surface by the
servo head.

The data recording areas of each of the disks (5 surfaces to-
tal) are divided into 823 tracks, and these are assigned se-
quential number addresses from 0, which is located on the outer
edge of the recording area, through 822 which is located on the
inner edge of the data recording surface closest to the hub.
Since there are five data recording surfaces, each with 823
tracks with addresses 0 through 822, the controller must select
one of five possible tracks with the same address number. This
further selection is done by assigning numbers to the data re-
cording surfaces (and the heads associated with the disk sur-
faces) from 0 through 4.

Once a particular track is selected, the controller then fur-
ther narrows down location selection by addressing one of five
heads located at the selected track. Each track is subdivided
into equal segments called "Sectors". This division is accom-
plished by the setting of a group of switches called Sector
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switches (see the discussion called Sector Detection). When
the controller has selected the unit, the track, and the head,
then it waits for the particular sector(s) where it wishes to
write (store) or retrieve (read) data. Another option for lo-
cating an area on a track to be operated upon is 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.

When the controller commands the drive to go to a track/head/
sector where it wishes to perform a read or write operation,
the drive servo system under the direction of the MPU performs
the positioning (Seek) operation. The MPU program uses infor-
mation read from the servo surface by the servo head to do the
Seek operation. The following discussion will describe servo
surface decoding and then describe seek functions.

SERVO SURFACE DECODING
GENERAL

The servo surface is a prerecorded disk surface in the data
pack that provides three basic types of information to the
drive electronics. Information from the servo surface is read
by the servo head. The servo head is mounted on the same posi-
tioner as the data heads; thus, movements of the servo head
across the servo surface correspond exactly to movements of the
data heads across the data surfaces.

The three types of information available from the servo surface
are as follows:

° Radial movement of the heads, indicated by the Position
signal

® Rotational position of the disks, indicated by the Index
signal

o Exact speed of the disks, indicated by the 1.612 MHz
Clock signal.

The significance of each type of inform:-tion for drive opera-
tion and the development of the basic fewilback signals from the
servo signal are presented under the foll«wing topics:

° Tribit Recording Scheme

° Servo Surface Format

@ Tribit Decoder Circuit Operation
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TRIBIT RECORDING SCHEME

Servo information consists of tribit coding on a series of con-
centric tracks located on the servo surface. The pattern of
flux reversals alternates from track to track. Each track has
eighty segments, each consisting of a special five-byte code
followed by 79 normal servo bytes.

Unless the servo head is positioned directly over one servo
track, the signal it detects is a composite of signals from the
two tracks nearest the head. Figure 1-16 shows servo informa-
tion recorded on two adjacent tracks and the signal detected
when the servo head is halfway between the tracks.

In fiqgure 1-16, two normal bytes are followed by an index
byte. Each normal byte contains three bits -- a sync bit and
two position bits. The sync¢ bits have negative polarity and
are recorded on all tracks. The position bits have positive
polarity and are staggered from track to track so that they
make separate contributions to the composite servo signal.

SERVO SIGNAL RECORDED IN TRACK "B" ON SERVO DISK

M H M “ SERVO SIGNAL RECORDED IN TRACK A" ON SERVO DISK

C:OSITION Bl

2

COMPOSITE SERVO SIGNAL PICKED UP WHEN SERVO HEAD
IS ABOVE THE CENTERLINE ""C"" BETWEEN TRACKS A" AND ''B"

- 7 SeRvo DATA BT

NORMAL BYTE INDEX BYTE

—_——
Id -~

SYNC BITS

10R38A

Figure 1-16. Tribit Pattern
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The index byte shown in figure 1-16 has a sync bit, an extra
negative pulse called a servo data bit, and four position bits
(twice the number of position bits in the normal byte). Adja-
cent tracks have coinciding sync and servo data bits as well as
staggered position bits.,

The special five-byte codes appearing 80 times per disk rota-
tion contain different combinations of index bhytes and normal
bytes, depending on what the code designates on the disk sur-
face. The different codes and their relation to the disk for-
mat are explained under the next topic. Each five-byte code is
followed by 79 normal bytes. Thus, for each disk rotation, the
servo head detects 80 X 84 or 6720 servo bytes.

The relative amplitude of the position bits within each servo
byte is used to indicate the precise position of the servo head
and, therefore, the data heads. When the data heads are lo-
cated at the centerline of a data track, the servo head is ac-
tually centered between two of the prerecorded servo tracks and
is reading an edge of each. The detected signal is a mixture
of the two adjacent tribit signals. The amplitude of each po-
sition bit within a servo byte is proportional to the read coil
overlap of the recorded servo tracks. With the head centered,
each adjacent servo track contributes equal position bit ampli-
tudes. As the head moves away from its centered position
toward one servo track, the track being approached makes a
greater contribution to the detected position bits than the one
being left. The tribit demodulator converts this variation in-
to the position signal used by the seek circuitry (see Position
Demodulation).

Figure 1-17 shows the detected servo signal for three different
servo head positions. In one of the three cases, the servo
head is located on the centerline between two servo tracks, and
the position bits have equal amplitudes. In the other two
cases, the servo head is located on either side of the center-
line, and the position bits have different amplitudes.

SERVO SURFACE FORMAT

The servo surface, through its encoding format, establishes the
format of the disk data surfaces. The servo surface format di-
vides the disk surfaces 1into four zones, an 823-track data
zone, two guardbands, and a buffer zone. The guardbands indi-
cate areas of the disk that cannot be used for recording of
data. The outer guardband consists of 22 tracks on the outer
portion of the disk, and the inner guardband consists of 80
tracks on the inner portion of the disk., The buffer zone con-
sists of 4 tracks located between the outer guard band and
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Figure 1-17. Tribit Signal Variations ‘

the data zone. 1In addition, all four zones contain an encoded
"reference 1line" which establishes the 1logical beginning of
each track. When this reference is decoded, the drive sends
the Index signal to the controller via the interface.

Figure 1-18 shows the positioning of heads on the data pack
disk surfaces and explains, in the exploded portion of the
drawing, how formatting information is encoded on the disk. As
described in the Tribit Recording Scheme discussion, five-byte
codes are used as format indicators. Each of the five bytes is
either an index byte (labelled "1") or a normal byte (labelled
"0"). With the two bytes labelled in this manner, each five-
byte code can be designated as a five-bit pattern number.
Thus, Index, with a pattern number of 11011, is encoded on the
disk by two index bytes, followed by a normal byte and two more
index bytes. This pattern marks the logical beginning of each
servo track. The remaining 79 coded patterns spaced around
each servo track depend on the zone for that track. The outer
guardband is encoded with pattern 10111, the data zone and
buffer zone with pattern 10101, and the inner guardband with
pattern 11101.
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Refer to the Index and Guardband Decoding discussion for a de-
scription of the circuitry that performs this decoding.

TRIBIT DECODER CIRCUIT OPERATION

General

Operation of the tribit decoder circuitry is discussed first in
terms of its relation to other systems within the drive. This
is followed by explanations of the individual functions per-
formed by the decoder.

System Overview

Decoding the information present in the servo signal is essen-
tial for other functional areas of drive operation. Figure
1-19 is a functional block diagram showing signal flow between
the tribit decoder and these other functional areas.

SERVO - +SLOPE -
HEAD
- INNER GUARD BAND PULSES
[7 TRIBIT -OUTER GUARD BAND PULSES
SERVO SERVO SIGNAL DECODER -DEMODULATOR 0K MPU
PREAMP +POSITION
SEEK
CIRCUITS
SECTOR SECTOR
DETECTION
INTERFACE
INDEX
1.612 MHZ
CLOCK R/W
PLO'S
10R42

Figure 1-19. Tribit Decoder System Diagram
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Inputs to the decoder come from the servo preamp and the MPU.
The servo preamp amplifies the signal detected by the servo
head. The +Slope s5iynal, supplied by the MPU, sets up the
phase of the decoded Position signal so that it can be used by
the seek circuits.

The MPU monitors three output signals from the decoder. During
normal seek operations, the servo head remains over the data
zone. Thus, when the Inner or Outer Guard Band Pulses go act-
ive, the MPU reacts by altering the seek protocol. Improper
decoder operation can affect seek reliability. For this rea-
son, the MPU monitors the -Demodulator OK line.

Data transfers to and from the disk must be coordinated with
respect to the rotational position of the disk. The Index sig-
nal is decoded and is input to the Sector Detection circuitry
which, in turn, generates a given number of Sector pulses per
disk rotation. The controller coordinates data transfers based
upon the Index and Sector pulses transmitted to it via the in-
terface.

The 1.612 MHz Clock from the decoder is used by the R/W PLO
circuitry to form a 9.67 MHz Servo Clock. The Servo Clock op-
erates at exactly six times the frequency of the 1.612 MHz
Clock, and it tracks the rotational velocity of the disk. The
controller transfers data to the disk in sync with the Servo
Clock. This compensation in the rate of data transfers to the
disk makes the written data pattzrn independent of disk speed.

The remaining topics within this discussion cover the operation
of circuits within the tribit decoder. Figure 1-20 is a block
diagram showing these circuits and their interconnections,

Position Demodulation

The control 1logic subdivides each ¢tribit pattern into four
equal intervals in order to regulate measurement of position
bit amplitudes by the "A" and "B" Sample and Hold circuits.
The Preset gate, active during the first interval, initializes
both sampling circuits following the sync bit in each tribit
pattern. The two Peak Detect gates, active in the second or
third interval, select the position bit to be measured by each
sampling circuit. In any two consecutive tribit patterns, a
servo track provides one position bit in the second time inter-
val and one position bit in the third time interval. The same
two tribit patterns, derived from an adjacent servo track,
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Figure 1-20. Tribit Decoder Block Diagram

contain position bits in the opposite time slots. Thus, the
Peak Detect "A" gate alternates its active time between the
second and third time intervals. For a tribit pattern where
Peak Detect "A" is active during the second interval, Peak De-
tect "B" is active during the third interval. The Transfer
gate, active during the fourth interval, inputs the two sampled
voltages into the two associated hold circuits where the Hold

"A" and Hold "B" signals are adjusted to reflect the 1latest
amplitudes of the position bits.

The Hold "A" and Hold "B" signals follow the peak amplitude of
the position bits detected on the two tracks nearest to the
servo head. The Hold "A" and Hold "B" signals are input to a
difference amplifier to derive the Position signal, an analog
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signal which is proportional to (Hold "A" - Hold "B"). The
Position signal is positive when the servo head is closer to a
track containing "A" position bits and is negative when the
servo head is closer to a track containing "B" position bits.
When the data heads are positioned directly over a data track,
the servo heads are centered between two servo tracks and the
Position signal is zero.

With one exception, movement of the servo head from one track
to an adjacent track reverses the polarity of the Position sig-
nal. This is true when the servo head crosses tracks in the
guard bands and the data zone. However, the buffer 2zone, lo-
cated between the outer guard band and data zone, has four con-
secutive tracks that are recorded with identical (not alternat-
ing) position 1information. Thus, as the servo head moves
across these tracks, the Position signal stays negative and
does not cross zero as it does in the other zones.

Initialization of the control logic determines which group of
position bits is measured by the "A" Sample and Hold circuit
and which group is measured by the "B" Sample and Hold cir-
cuit, The first step in initialization resolves the ambiguity
present in the tribit modulation scheme. In successive tribit
patterns from a given servo track, the position bit alternates
between two possible locations. Throughout drive operation,
the -valid Decode signal is returned to the control logic im-
mediately after each five-byte format code appearing at regular
intervals on the servo track. At this time, the Peak Detect
"A" and "B" gates are forced to match the format of the tribits
as they were recorded on the servo surface. The second step in
initialization occurs each time a new seek is commanded. By
setting the level of the +Slope signal, the MPU can cause the
waveforms of the Peak Detect "A" and "B" gates to be inter-
changed. Interchanging Peak Detect "A" and "B" inverts the Po-
sition signal and allows the MPU to ensure that the +Position
signal will have the required slope as the seek circuits posi-
tion the heads at their new destination. This slope require-
ment is discussed further under Seek Functions.

Tribit Decoder PLO

The PLO in the tribit decoder generates a clock signal that
establishes the basic timing for the tribit decoder control
logic and is used as the reference frequency to develop Servo
Clock. The PLO oscillates at a nominal frequency of 1.612 MHz,
which is four times the repetition rate of sync bits in the
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detected servo signal. The PLO is part of a phase-locked loop
that phase modulates the PLO to keep its output under the con-
trol of the sync bit repetitions. Thus, any variation in the
rotational speed of the disk produces a proportional variation
in the 1.612 MHz clock frequency.

Figure 1-21 is a block diagram of the phase-locked loop, and
figure 1-22 is a timing diagram for the circuit.

As shown in the block diagram, the tribit signal is input to a
zero cross detector which produces a Sync Detect pulse at every
Sync bit and Servo Data bit in the servo signal. To prevent
Servo Data bits from affecting the PLO frequency, the Servo

Wi | cl‘f(;*& VSYNC DETECT INDEX B(I)T -PLO DRIVE
T > INHIBITOR
[} DETECTOR e [+
(0411) (0414)
PULSE S
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ToATE) PHASE
0 COMPARATOR
FF (7]
=4 |9 1 puLst )
9 SLIMMER 6
(0415) (0415) (0415)
_ho-c
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CONTROE | I
VOLTAGE ! veo I 1.612 MHZ CLOCK 10 R/W
o l | o TPLO'S
! [
! I
! I
(ﬁ*'* CHARGE | 1
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Lo 3 ON PLO TIMING DIAGRAM
. 10RA4
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Figure 1-21. PLO Block Diagram
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Data Bit Inhibitcr produces -PLO Drive pulses only for the Sync
bits in the Sync Detect signal. The -PLO Drive pulses are nar-
rowed, inverted, and applied to the Set input of the Phase Com-
parison FF. At approximately the midpoint between -PLO Drive
pulses, a Reset pulse is applied to the Phase Comparator FF.
The Reset pulse is developed as follows: the 1.612 MHz output
of the PLO is divided by four to produce the Q1 signal, a
square wave whose frequency matches the repetition rate of the
Sync bits. The negative transitions of Ql1 coincide with the
-PLO Drive pulses, and the positive transitions are 1809 out
of phase w'th the negative transitions. A pulse slimmer cir-
cuit reduces the length of the Ql positive oscillation to pro-
duce a narrow Reset pulse for the Phase Comparator FF,

The Phase Comparator FF causes the PLO to shift in frequency
when the set interval and the cleared interval of the FF are
not equal. This frequency shift is governed by the charge pump
within the PLO. The charge pump supplies a control voltage to
the voltage-controlled oscillator (the VCO is also part of the
PLO): the charge pump looks at the set and cleared intervals
of ite input signal (from the Phase Comparator FF) and varies
the control voltage from its normal value depending on the bal-
ance of the two intervals. The control voltage, in turn,
shifts the VCO frequency as needed to phase lock the VCO sig-
nal, via the feedback loop, to the -PLO Drive signal.

Three timing situations are shown in figure 1-22. When the VCO
frequency is correct, the set and cleared intervals of the
Phase Comparison FF are equal, the control voltage is normal,
and the frequency of the VCO stays the same. When the VCO fre-
quency is too high, the Reset input to the Phase Comparison FF
is early, and the FF is cleaired longer than it is set. This
causes the charge pump to shift the control voltage more posi-
tive than normal which, in turn, decreases the VCO frequency.
When the VCO frequency is too lcw, the Reset input to the Phase
Comparison FF is late, and the FF is set 1longer than it is
cleared. This causes the charge pump to shift the Control Vol-
tage more negative than normal which, in turn, increases the
VCO frequency.

Index and Guard Band Decoding

The index and guard band decoding circuitry produces output
pulses each time the servo head detects format indicators on
the servo surface. This circuitry also originates the -Valid
Decode signal which is used to initialize the position demodu-
lating circuitry. Refer to Servo Surface Format for a descrip-
tion of the format indicators and their location on the servo
di sk.
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Figure 1-23 is a block diagram of the index and guard band de-
coding circuitry. Figure 1-24 shows the timing relations when
the index pattern is decoded from the servo signal. In guard
band decoding, the same timing relations apply, but the servo
signal input is different.

Index and guard band information is decoded from the servo sig-
nal in three steps. The control logic develops intermediate
signals from the servo tribit pattern. These signals, in turn,
operate a shift register that contains information about the
last servo bytes detected. Finally, the decoder samples the
shift register contents each byte, and when the register con-
tents match one of the format indicators, the decoder activates
the corresponding output line.

As shown in figure 1-24, the +Servo Data Bit line goes active
when a Servo Data bit occurs and stays active until the next
Sync bit. The +Servo Data Bit signal is the D-input to a
five-stage shift register. A timing signal, called +Servo Data
Clock, is developed by the control logic. The leading edge of
+Servo Data Clock, which occurs just prior to each sync bit,
shifts the +Servo Data Bit signal into the shift register.
Thus, the shift register indicates whether each of the last
five servo bytes were index bytes or normal bytes. A decoder
circuit monitors the five outputs of the shift register. The
decoder circuit is enabled only during the first half of each
servo byte, when the control logic activates the +Tribit Clock
line,

- INNER GUARD

0 +TRIBIT CLOCK (ENABLE) | BAND PULSES _
— — el
ONTROL SERVO DATA BIT
“ooic P D 0 DECODER
-VAL1D DECODE o SHIFT CIRCUIT +INDEX ENABLE l
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> REGISTER ,
I l. v
(0a16) o
™
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& 3
(0405) 806 _KHZ 1
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1 R o
T
10410) —
SECTOR
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Figure 1-23. 1Index and Guard Band Decoding Circuitry
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The decoder recognizes specific patterns in the shift register
by activating its output lines as follows:

° When the register contains 11011, there are active pulses
on the +Index Enable and -Valid Decode lines.

° When the register contains 10111, there are active pulses
on the -Outer Guard Band Pulses and -Valid Decode lines.

e When the register contains 11101, there are active pulses
on the -Inner Guard Band Pulses and -Valid Decode lines.

° When the register contains 10101, there is an active
pulse on the -Valid Decode line. This code is produced
by format indicators in the data zone and has no individ-
ual decoder output.

Additional circuitry extends the Index pulse to 2.5 microsec-
onds and synchronizes the timing of Index to the Sector pulses
produced by the Sector Counter. The Index Enable pulse trig-
gers a 2.5 microsecond one-shot. The one-shot output is ANDed
with an 806 kHz clock, the timing signal for the Sector Count-
er, to set the Index latch. The Index latch is cleared when
the Index Enable one-shot output goes inactive. Operation of
the Sector Counter is described under Sector Detection.

Sector Detection

The sector detection circuit (figure 1-25) generates signals
which are used by the drive to determine the angular position
of the heads with respect to index. These signals are called
Sector pulses and a specific number of them are generated dur-
ing each revolution of the disks. The Sector pulses logically
divide the disk into areas called sectors.

The Sector pulses are generated by the Sector counter which
generates a pulse each time it reaches its maximum count
(4095). The counter is incremented by the 806 kHz clock pul-
ses. These clock pulses are derived from the 9.67 MHz Servo
Clock and represent the beginning of each data byte. The Index

pulse resets the counter allowing 13 440 clock pulses per rev-
olution of the disk.

The fact that the same number of 806 kHz clock pulses occur
during each revolution makes it possible o program the counter
to reach the maximum count (thus generating a Sector pulse) any
desired number of times per revolution. This is done by pre-
setting the counter to the proper value at the beginning of
each sector. For example, if it is desired to have 64 sectors,
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Figure 1-25. Sector Detection - Logic and Timing

the counter would have to count 210 clock pulses in each sector
(13 440 divided by 64) and the counter would be preset to
3886. In this case, the counter starts at 3886 and increments
each clock time until it reaches the maximum count (4095).
Reaching the maximum count causes the Sector pulse to be gener-
ated. The next clock pulse (210) presets the counter back to
3886 (thus disabling the Sector pulse) and the counter begins
the next sector.

The sector length is varied by presetting the sector switches
located on the control board. Refer to Volume 1 of the main-

tenance manual for details regarding the setting of the sector
switches.
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SEEK FUNCTIONS
GENERAL

During seek operations, the drive positions the heads over the
desired cylinder on the disk. The drive servo circuits, under
the direction of a microprocessor unit (MPU), control this
function. The drive servo circuits translate MPU instructions
into electromechanical motion to position the read/write heads
accurately and to allow the transfer of magnetic pulses to and
from a disk storage surface. The two main topics of this sec-
tion describe servo circuit operation ~nd the sequencing of
events in different types of seeks. Since these subjects are
interrelated, they are preceded by an overview of system opera-
tion that explains the roles played by the interface and the
MPU, and that describes the servo functions in general terms.

SYSTEM OVERVIEW

Each seek operation can be described in terms of four basic

drive activities. These activities are shown in terms of gen-
eral information flow between major drive functional elements
in figure 1-26. These activities occur in the following se-
quence:

° Command -- The 1interface processes the command from the

controller that 1instructs the drive to seek to a differ-
2nt cylinder on the disks.

) Control -- The MPU interprets the seek command, then
translates the command into a sequence of controls sent
to the servo circuitry. These controls dictate the di-

rection of the seek, specify actuator velocity throughout
the seek, and step the servo through its operating modes.

° Execution -- The servo circuitry executes the seek in re-
sponse to control information received from the MPU.
This execution 1s accomplished 1in three modes: the
coarse mode, during which the actuator is moved at a con-
trolled velocity toward its destination; the settle-in
mode, in which the actuator locks in to its final posi-
tion; and the track-following mode, in which the actua-
tor position is maintained wuntil another seek 1is com-
manded. The servo controls current to the voice coil to
move the actuator/heads via in and out drive signals to
the power amp. Position information from the tribit de
coder serves as a feedback source to the servo loop and
is converted into cylinder crossing information for the
MPU.
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@ Status -- The MPU informs the controller via the inter-
face whether or not the seek was accomplished success-
fully. This indicates whether or not a reliable data
transfer can be performed on the selected cylinder.

The concept of a closed loop is essential to understanding the
operation of the servo system. Figure 1-27 shows a generalized
servo loop that illustrates several principles governing the
servo loops in the drive, The inputs to the summing amp are
added, and any departure of the sum away from zero indicates
that the system is unbalanced. To compensate for the imbal-
ance, the summing amp issues a correction signal to the mechan-
ical system. The response of the mechanical system is convert-
ed into an electrical signal which is an input to the summing
amp. Mechanical movement continues until the system balance is
restored, corresponding to a null in the summing amp inputs.

The drive employs two basic servo loops, a coarse loop used in
the coarse mode and a fine loop used in the settle-in and
track-following modes. In figure 1-28, the model of figure
1-27 is used to show the coarse servo loop in simplified form.
In the coarse loop, the actuator moves at a prescribed velocity
from the original cylinder address to the final cylinder ad-
dress. The summing amp receives two inputs -- one signal rep-
resents the prescribed (desired) velocity of the actuator and
the other represents the measured velocity of the

SEEK DIRECTION

SEEK COMMAND MODE CONTROL
1/0 SEEK STATUS MPU VELOCITY PROFILE SERVO
CYLINDER CROSSING

IN/OUT DRIVE | pouer
AMP

INFORMAT ION 1
===
SERVO DATA  'actuator!
T IMOVEMENT
Lo
TRIBIT | POSITION INFORMATION
DECODER
10R89

Figure 1-26. Seek Functions Block Diagram
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Figure 1-28. Simplified Coarse Servo Loop

actuator. When the desired velocity exceeds the measured ve-
locity, desired current 1s produced to accelerate the actua-
tor. When the measured velocity exceeds the desired velocity,
desired current is produced to decelerate the actuator. The
actuator is allowed to coast when the two inputs are equal.

In figure 1-29, the model of figure 1-27 is used to show the
fine servo loop in simplified form. In the fine 1loop, the
heads settle-in to their destination position and then maintain
their position on track. The summing amp has no programmed in-
put. Its only input is the Position signal, which is nulled at
track center and varies positive or negative depending on how
far the heads are displaced from track center. Any displace-
ment of the heads from track center is adjusted by the €fine
loop until the summing amp input is nulled.
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Figure 1-29. Simplified Fine Servo Loop

The following paragraphs discuss the circuit operation of these
loops in more detail and then go on to describe the sequence of
events in typical ser:s.

SERVO CIRCUIT FUNCTIONS

General

Servo circuit functions are discussed in terms of the three ba- ‘
sic loops within the servo circuitry (coarse, fine, and load/
retract loops). The coarse loop and the fine loop have some
circuit elements in common. These common circuit elements are
described in detail under Coarse Loop Operation and are men-

tioned briefly under Fine Loop Operation. Seek operations fol-

low defined sequences in which the MPU exercises control over

the servo circuitry. These sequences are described under the

next topic, Types of Seeks.

Coarse Loop Operation

General

The servo system, operating in the coarse loop, moves the heads
from the existing cylinder address to within one half track of
the new address. Figure 1-30 is an overall block diagram of
the coarse 1loop circuitry. Discussion of the coarse loop is
presented in the following topics:

° Microprocessor Control System

° Desired Velocity Generation
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e Cylinder Pulse Detection
® Velocity Measurement

® Summing Amp

° Power Amp Driver

® Power Amplifier

Microprocessor Control System

The microprocessor control system monitors various functions of
the drive and executes most of the control sequences required
for seek functions. The following paragraphs provide a general
description of the components and signal paths in the micropro-
cessor system, and describe the role of the microprocessor sys-
tem pertaining to seek functions. Figure 1-31 is a block dia-
gram of the microprocessor system. Readers interested in in-
ternal operation of the microprocessor and its peripheral chips
may refer to the CDC Microcircuits Manual for more information.

The microprocessor control system consists of a 6802 micropro-
cessor unit (MPU), a 4K-byte read-only memory (ROM), three per-
ipheral interface adapter (PIA) chips, and a programmable tim-
ing module (PTM). The MPU communicates with its peripheral
chips via an 8-bit bidirectional data bus, a 16-bit address
bus, and several control lines. Circuitry within the Address
Decode Gate Array monitors Address lines 12 through 14 and de-
velops chip select signals for each peripheral chip whenever
the valid Memory Add:ress line is active. The MPU sets the Read
line to read data from a peripheral or clears the line to write
data into a peripheral. The Phase 2 Clock, developed by a
crystal-controlled oscillator in the MPU, provides a timing
reference for the system.

The firmware instructions for the MPU reside in the ROM. De-
tailed information about the MPU programming is beyond the
scope of this manual. However, the various sequences which the
MPU performs are outlined under Power Functions and Types of
Seeks. The ROM also contains a lookup table that specifies a
velocity profile for normal seeks.

The PIAs allow the MPU to monitor the digital levels of certain
signals developed in hardware external to the microprocessor
system. In addition, the MPU can output various command sig-
nals via the PIAs. Certain PIA input signals form maskable in-

terrupts to the MPU. When unmasked, these interrupts inform
the MPU of status changes that require switching to a different
routine within 1its firmware. The specific PIA inputs and
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Figure 1-30. Coarse Loop Block Diagram
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outputs are listed in figure 1-31 and are referenced in the
applicable circuit descriptions. A set of PIA lines requiring
additional explanation includes I/O Control lines 1, 2, and 3.
I1/0 Control lines 1 and 2 go from PIA-0 to the I/O Gate Array.
These lines allow the MPU to perform various operations inside
the gate array, such as setting the On Cylinder and Seek Error
FFs, multiplexing cylinder and head addresses out of the array,
and reading various fault statuses via the I/O Control 3 line.

Within the PTM, counter $#2 allows the MPU to count tracks-to-go
in a seek. This counter is decremented during seeks by cylin-
der pulses. Counter #3 is used by the MPU to generate timeouts
for various operations and to make speed checks of the drive
motor.

The MPU system performs the following basic functions during
drive operation:

° It monitors start and interlock conditions to initiate
load and retract operations.

° It starts and stops the drive motor, and it checks motor
speed.

° It monitors the Seek Interrupt line and executes normal
seeks.

° It specifies the desired actuator velocity during coarse
seeks.

° It monitors the RTZ Interrupt line and executes RTZ seeks.

° It controls the On Cylinder and Seek Error FFs in the I/0
Gate Array.

These functions are described in detail in the remainder of
Seek Functions. In addition, the MPU exchanges fault status
with the I/O Gate Array. This activity is discussed under
Fault and Error Conditions.

Desired Velocity Generation

The desired velocity circuit generates the +Desired Velocity
signal, a changing analog voltage that indicates the desired
velocity of the actuator throughout the coarse mode of the
seek. Throughout the seek, the MPU refers to a table in the
ROM that specifies desired velocity in binary form as a func-
tion of the number of tracks to go (T), which is the number of

track crossings remaining until the heads reach their destina-
tion.
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The velocity table is organized in a manner that allows one
table of values to be used for all seeks. The maximum velocity
of the table is for 255 tracks, and as the values decrease, a
velocity profile is5 developed whereby velocity 1s proportional
to the square root of the distance remaining. This profile
produces constant deceleration of the heads in order to mini-
mize seek times while controlling the approach of the heads to
their final position. The organization of tabulated velocity
in terms of tracks to go makes it possible to use one table for
all seeks. Different seek lengths start at different poilnts
within the table. For example, the velocity specified when
T=30 1s the same regardless of the total seek length.

The desired velocity circuit provides a ramp signal from the
D/A (Digital to Analog) Converter based upon the eight D/A Bits
it receives from the ROM table via PIA-Z (see figure 1-32).
When T<16, however, the two uppermost D/A pits are masked out
at the D/A and are used elsewhere, and the Integrator Clamp
signal is input via PIA-0 to provide a sawtooth signal from the
Velocity Integrator to add fill-in current to the ramp as the
heads approach the selected track. At each cylinder crossing,
the MPU refers to a count of tracks to go in PTM Counter #2 and
outputs the current value of tabulated velocity using the D/A
Bits. Each change in the D/A Bits results in a stepped change
in the D/A ramp. Typical waveforms for the desired velocity
circuit are given .n figure 1-33.

The sawtooth from the Velocity Integrator compensates for the
stepped nature of the D/A ramp by filling in the sudden changes
in the ramp. When T<40, the sawtooth output is obtained by in-
tegrating the -Velocity signal from the velocity circuit. This
output 1s clamped to zero each time a cylinder crossing oc-
curs. D/A Bits 6 and 7 are reserved for controlling the degree
of filling provided by the sawtooth in the final portion of the

seek (when T<16). These bits are set or cleared according to
the ROM velocity table, but they are masked out of the D/A Con-
verter input when T<16. In the final tracks of the seek, when

the velocity signal being integrated is reduced, the portion of
the sawtooth applied to the +Desired Velocity signal is in-
creased accordingly.

The sawtooth from the Velocity Integrator serves an additional
purpose in the final track of coarse mode. Integrating veloc-
ity gives an indication of displacement. Each time the saw-
tooth reaches a specified value corresponding to a 1/2 track
displacement from the last cylinder crossing, a level detector
which monitors the sawtooth issues the -Fine Enable signal.
With T<1l, the MPU looks for this signal and reacts by switching
servo operation from the coarse mode to the settle-in mode.
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Figure 1-32. Desired Velocity Circuit

Cylinder Pulse Detection

A Cylinder Pulse is generated each time the heads cross a servo
track during the coarse seek operation. Cylinder pulses serve
two purposes. First, they decrement Counter #2 in the PTM,
keeping its difference count equal to the number of tracks to
go in the seek; this points the MPU to the correct tabulated
velocity value which is stored in ROM. Second, for T<40 the
+Integrator Clamp line goes active during cylinder pulses to
clamp the sawtooth output of the Velocity Integrator to zero.
Thus, the sawtooth waveform returns to zero each time that the

D/A Converter gets a revised input (see Desired Velocity Gener-
ation discussion).
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Figure 1-33. Desired Velocity Waveforms
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During a seek, the Position signal from the Tribit Decoder al-
ternates between positive and negative values (see Servo Sur-
face Decoding discussion). Each zero-crossing of the Position
signal corresponds to a cylinder crossing. Fiqure 1-34 pro-
vides a simplified block diagram and waveforms for this cir-
cuit. To ensure that only one Cylinder Pulse is generated as
the Position signal crosses zero, two sets of level dete~tors
monitor its amplitude. One set of level detectors activates
the -Position Peak line during each peak of the Position sig-
nal. With the -Position Peak line active, a one-shot in Ad-
dress Decode Gate Array is conditioned to accept a trigger from
the second set of level detectors. As the +Pcsition signal
crosses czero volts, these level detectors activate the +Cyl

Crossing Low line, and trigger the one-sho‘ to produce a 4
microsecond Cylinder pulse.
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Figure 1-34. Cylinder Pulse Circuitry and Waveforms
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Velocity Measurement

A continuous indication of actuator velocity is needed during
the coarse seek mode. The -Velocity signal is developed and
introduced to the coarse loop so that the servo loop can force
actual velocity to match desired velocity. The -Velocity sig-
nal is negative during a forward movement (positive during a
reverse movement), and its amplitude is proportional to veloc-
ity.

As part of the First Load operation, the MPU does a calibration
procedure (a series ot 128-track seeks) where it adjusts the
gain of the velocity measurement circuit in order to compensate
for gain variations in the servo disk. The gain is adjustable
in steps depending on which combination of the four gain con-
trol lines is set. Upon finding the optimum combination ot
settings, the MPU maintains that combination (output from
PIA-0) until another First Load operation is necessary.

Figure 1-35 is a simplified block diagram of the velocity mea-
surement circuits. Velocity measurement is a sequenced opera-
tion in which the switching control circuit selects different
signal inputs for the Velocity Signal Generator and determines
the operating mode of the Velocity Signal Generator.

The sequencing pattern repeats itself with every complete os-
cillation of the +Position signal. Each oscillation of the
+Position signal has four distinct regions, as shown in figure
1-36. The positive peak region is followed by a linear region
with constant falling slope. Then there is a negative peak re-
gion followed by a linear region with constant rising slope.
The switching control circuit monitors the +Position signal
with two level detectors, one that senses the positive peak re-
gion and another that senses the negative peak region.

In each sequence pattern, the switching control circuit acti-
vates one control line during one linear region and the other
control line during the other linear region. During the linear
regions, the differentiated position outp:'ts are proportional
to velocity because velocity 1is the time rate of position
change. So during linear regions, the switching control cir-
cuit places the Velocity Signal Generator in the amplifying
mode and selects the differentiated input of the proper polar-
ity in each region. 1In the first linear region of the coarse
seek (the first 1/2 track), the MPU selects one of the control
lines by setting or clearing the +T<16 line at PIA-0 and by
clocking the +T<16 level into the Last Peak Latch when the
~Track Follow 1line goes positive. Through the rest of the
seek, the circuit is self-running. The detected position sig-
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Figure 1-35. Velocity Measurement Circuits

nal peaks alternately set and clear the latch, and the latch
alternately activates the two control lines in successive lin-
ear regions. The proper input polarity to the Velocity Signal
Generator is a function of the latch state and the level of the
-Forward line; this makes the -Velocity signal polarity match
the seek direction.

When the +Position signal is in the peak regions and thus
neither control line is active, the switching control circuit
allows the Velocity Signal Generator to integrate its Current
input. This fills in the gaps in the -Velocity Signal at times
when no differentiated position signal is available.

The Current signal is derived in the Power Amp Drive by ampli-
fying Current Feedback sampled at the actuator. Any accelera-
tion or deceleration of the actuator produced by the servo loop
is proportional to this current. Velocity is the integral of
acceleration; therefore, when the Velocity Signal Generator
integrates the Current signal, it is deriving a velocity signal
during Position signal peaks.

83324490 A 1-75




+POSITION
+DIFFER-
ENTIATED S
POSITION
| o
p—— % w w  w— — w—s w—= == LINEAR REGIONS
Lo K
-DIFFER
ENTIATED -
POSITION
1 - |
| : ' | - ~ NOTES:
| | 3 ' ‘ L
| CNTROL ! : zf}; THE -VELOCITY SIGNAL IS
| DEVELOPED FROM 3 SOURCES.
LINET | ! | : LETTERS A THRU K IDENTIFY
(ACTgE LOW) | | : : ; SOURCE FOR EACH REGION
l P P ? ol Zf§ CONTRCL LINE FOR FIRST
| L o o LINEAR REGION 1S ACTIVATED
— BY LAST PEAK LATCH
CONTROL | ! o o
LINE 2 £\ L N 3 NuMBERS @) REFER TO SIGNALS
(ACTIVE LOW) , | . ON VELOCITY MEASUREMENT
| (- ) I CIRCUIT DIAGRAM
| l
| |
|
CURRENT

ov
~-VELOCITY

10R136

Figure 1-36. Velocity Measurement Waveforms
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Summing Amp

The servo system operates, in each mode, to null the input to
the summing amp. The MPU selects the signal input to the sum-
ming amp via PIA-1 by enabling one of two analog gates. 1In
coarse loop operation, the -Coarse line is active, and velocity
information is input to the Summing Amp. In fine loop opera-
tion, the -Settle In line is active and position information is
input to the Summing Amp (see discussion of Fine Loop Opera-
tion).

The Summing Amp input in coarse loop operation is the sum of
the +Desired Velocity and -Velocity signals. When measured
velocity is equal to desired velocity, these signal inputs add
to zero, and -Desired Current, the output of the Summing Amp,
is zero. With unmatched inputs, the -Desired Current line has
a voltage level that indicates both the magnitude and the po-
larity of actuator current that will bring the servo system in-
to balance. Zener diodes in the feedback path of the Summing
Amp prevent amplifier saturation by keeping the output ampli-
tude between -10 volts and +10 volts. When -Desired Current is
negative, the resulting actuator current will accelerate the
heads in a forward seek or decelerate the heads in a reverse
seek.

Power Amp Drive

The Power Amp Drive generates In Drive or Out Drive currents as
inputs to the Power Amp in response to the voltage level on the
-Desired Current line from the Summing Amp. Together, the
Power Amp Drive and the Power Amp make up a current feedback
amplifier. Through a feedback loop that monitors actuator cur-
rent, the Power Amp Drive adjusts the current in the In Drive
line or the Out Drive line as necessary to produce the actuator
current specified by the -Desired Current signal. Figure 1-37
shows the Power Amp Drive in simplified form, and the following
paragraphs provide a detailed description of its circuit opera-
tion.

The Current Sense signal, an analog voltage proportional to
actuator current, is applied to an op amp which amplifies it to
produce the +Current signal. The +Current signal is a positive
voltage when the actuator exerts inward force and a negative
voltage when the actuator exerts outward force. At a second op
amp, the +Current and -Desired Current signals are added, in-
verted and amplified to produce the +Current Error signal. The
+Current Error signal is zero when the actuator current matches
the desired current specified by the servo loop. A mismatch
makes the +Current Error signal go positive or negative as re-
quired to bring the actuator current to the desired value. 1In
this manner, the Power Amp Driver and Power Amp are a closed
loop current amplifier.
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Figure 1-37. Power Amp Drive Circuitry

The +Current Error signal is input to an analog gate which is
enabled by the -Pick Retract Relay signal (true if there is
neither a voltage/actuator current fault nor a Speed OK
fault). A voltage/actuator current fault or not Speed OK con-
dition will disable the analog gate and block the input to the
power amp driver transistors. This disables the servo until
the fault condition is cleared. With the analog gate enabled,
the +Current Error signal is fed to the inputs of the In and
Out Driver transistors.

When the error voltage is positive, it cuts off the Out Driver
transistor and regulates the current in the In Drive output
line. When the error voltage is negative, it cuts off the In
Driver transistor and regulates the current in the Out Drive
output line. When the error voltage changes sign, it reverses
the direction of actuator current, thereby reversing the force
applied to the actuator.
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Power Amp
The Power Amp,
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pro-
Figure

1-38 is a simplified drawing of the Power Amp circuitry.
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When negative actuator current is required, the Power Amp Drive
generates current in the Out Drive line. The Out Direction Am-
plifier amplifies this input current and regulates (positive)
current flow from +24 V through the actuator coil and the samp-
ling resistor to ground. In this case, the voltage on the Cur-
rent Sense line 1s positive. Positive actuator current forces
the actuator to accelerate during a reverse move and to decel-
erate during a forward move.

During emergency retract operations, the Retract Relay is deen-
ergized and the Emergency Retract Power Amplifier regulates
actuator current. This operation is discussed under Load/ Re-

tract Servo Loops.

Fine Loop Operation

Generai

The servo system shifts from the coarse loop to the fine loop
when there is 1/2 track remaining in the seek. Fine loop oper-
ation continues wuncil the beginning of the following seek.
Figure 1-39 is a simplified block diagram of the fine loop cir-
cuitry. Discussion of the fine loop is presented in the fol-
lowing topics:

° Position Error Generation

o Fine Loop Actuator Movement

Position Error Generation

In fine loop operation, the servo system adjusts the position
of the actuator to null the input signal to the Summing Amp.
The Summing Amp input developed for fine loop operation is dif-
ferent for settle in and for track-following modes. However,
both of these error signals basically derive from the +Position
signal from the Tribit Decoder.

At the start of a seek, the MPU sets or clears the +Slope input
to the Tribit Decoder to ensure that +Position goes positive as
the heads move inward and negative as the heads move outward
from their destination track. The +Position signal 1is zero
with the heads exactly on track. This relationship is true for
every destination track on the disk. Thus, with some modifica-
tion, +Position is a suitable error signal for the Summing Amp
in the fine loop. The modification takes into account the fol-
lowing considerations:

e Stability of fine servo loop -- requires the addition of
a differentiated correction to the error signal.
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Figure 1-40. Position Error Circuitry

The position error circuitry consists of two op amps and a lev-
el detector. The first op amp inverts -Position and applies it
with an optional offset to tine second inverting op amp and the
level detector. An offset, a dc shift of the position signal,
results when the controller issues a Servo Offset command in
order to recover marginal read data. When the I/O Gate Array
decodes Servo Offset Plus (Tag 3 and Bus bit 2), it activates
-FWD Offset, and the Offset Bias circuit shifts the position
signal about 0.75 V negative. When the I/O Gate Array decodes
Servo Offset Minus (Tag 3 and Bus bit 3), it activates -REV
Offset, and the Offset Bias circuit shifts the position signal
about 0.75 V positive. Servo Offset Plus displaces the heads
inward from track center.

The -Position signal from the first op amp inputs both the On
Cylinder level detector and the second op amp. The second op
amp develops the +Compensated Position Error signal which is
used as an error signal for both the settle-in and track-fol-
lowing modes. This op amp has an analog gate in its feedback
path that makes it operation different in settle-in mode than
it is in track-following mode.
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For both settle-in and track-following, the +Compensated Posi-
tion Error signal passes through a phase-shifting network be-
fore being applied to the Summing Amp input. This network,
shown in figure 1-39, consists of a resistor which is in paral-
lel with a series-RC differentiator. Adding a differentiated
component to the error signal improves the stability of the
fine servo loop. Prior to settle-in (T>1/2 track), an analog
gate presets the capacitor charge by sampling the +Current sig-
nal to permit a smooth transition from the coarse to the
settle-in mode. When -Settle-In goes active, it disables that
analog gate, allowing the phase-shifting network to operate. A
second analog gate is switched on to pass the error signal on
to the Summing Amp input.

When the position signal drops to 0.75 V, the On Cylinder level
detector activates +0n CYL Sense signal to generate an 1inter-
rupt via PIA-1. The MPU responds to this interrupt by activat-
ing the -Track Follow line, and issuing On Cylinder status to
the I/O Gate Array. The servo enters track-following mode to
maintain the heads on track until a new seek command appeats.

When -Track Follow goes active, an analog gate modifies the
feedback path for the second op amp in the position error cir-
cuitry. This change increases the low-frequency gain of that
amplifier to provide tighter servo control in track-following.

Thus, the Summing Amp receives a different input in each seek

mode. Response of the servo circuitry to the Summing Amp input
is summarized in the next topic.

Fine Loop Actuator Movement

In the fine loop, as in the coarse loop, the Summing Amp devel-
ops the -Desired Current signal in response to its input error
signal. The Power Amp Drive and Power Amp, acting as a current
feedback amplifier, develop current in the actuator to match
the -Desired Current input signal. This actuator current moves
the heads toward track center. As the heads move toward track
center, the position error signal goes to zero. The loop is
balanced when the heads are at track center and the Summing Amp
input is nulled. With a positive Summing Amp input, -Desired
Current is negative; this results in positive actuator current
and inward force on the heads.

For details about this circuit operation, refer to the follow-
ing topics presented under Coarse Loop Operation:

° Summing Amp
) Power Amp Drive

() Power Amp
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Load/Retract Servo Loops

The load servo loop moves the actuator inward from the fully
retracted position at a constant velocity. The normal and
emergency retract servo loops move the actuator outward to the
fully retracted position at a constant velocity. All three
loops differ in their external control; however, they employ
similar operating principles. Figure 1-41 is a block diagram
of the servo loops. They are described in the following para-
graphs.

15y 15V
A
—
F
~LOAD 10
HEADS 2 SUMMING | -DESIRED CURREN™ 10,0\
FROM AMP ORIVE
MPU - (0421) :
-RETRACT _pf
(0421)
COIL VOLTAGE
FROM | | "] LOAD/RETRACT
POWER ¢ CURRENT SENSE f oo\ RC pack_eur |\ IMD/RETRACT] veLociTy
AP MEASUREMENT|"CURRENT 1 NETWORK ANP
POWER AMP GND _Jop AMP
(0a21)
415V (0422)
sy ;;, +15 V_EMG RET PWR
I
¥ -15 V EMG RET PWR | _
d
L oestreD VeLOCITY  EMERGENCY
" REFERENCE VOLTAGE ECT | RETRACT 1
FROM ] RETRACT RETRACT | DRIVE ____ poyep
LERDS LoADED *CARRIAGE RETRACTEDR] ORIVER o
e (o421) (0421)
NOTES:
/D VOLTAGE DIVIDER PROVIDES FIXED LEVELS OF DESIRED J0R141A
VFLOCITY FOR NORMAL RETRACT AND FOR LOAD.

Figure 1-41. Load/Retract Loops Block Diagram
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In all three loops, the actuator is driven to balance the mea-
sured load/retract velocity signal against a fixed desired vel-
ocity. The desired velocity signal for each case 1is developed
by a fixed dc reference potential applied to the loop while ac-
tuator motion is required. The load/retract velocity circuit
develops a velocity signal by measuring the back-emf induced in
the actuator coil. Thé back-emf is obtained indirectly at the
circuit input, where measurements of actuator current and po-
tential are applied to an R-C network. The load/retract vel-
ocity signal is a negative analog voltage during inward motion
and a positive analog voltage during outward motion. Further-
more, since it is independent of the servo position signal,
this velocity signal is valid for any position of the servo
head.

The load and normal retract servo loops are switched into op-
eration by MPU commands applied to their respective analog
gates. The MPU issues the Load Heads command to switch on one
analog gate that applies both a positive dc reference voltage
and the load/retract Velocity signal to the Summing Amp. The
MPU issues the Retract command to switch on a different analog
gate that applies a negative dc reference voltage but the same
velocity signal to the Summing Amp. As in the coarse and fine
loops, the Summing Amp develops the -Desired Current signal in
response to its input error signal. The Power Amp Driver and
Power Amp, acting as a current feedback amplifier, develop cur-
rent in the actuator to match the -Desired Current input sig-
nal. This current moves the heads inward at 4 ips in a load or
outward at 10 ips in a normal retract. Current continues to
flow in the actuator until the MPU drops the Load or Retract
command. Details about the operation of the Summing Amp, Power
Amp Driver, and Power Amp are given under Coarse Loop Operation.

The emergency retract servo loop is switched into operation
when the Retract Relay in the Power Amp deenergizes, allowing
the Emergency Retract Power Amplifier to supply current to the

actuator (see Emergency Retract Operations). As long as the
heads are loaded, the Emergency Retract Summing Amp has two in-
puts -- a negative potential representing desired velocity and

the load/retract velocity signal. To bring the load/retract
velocity up to desired velocity, the Emergency Retract Summing
Amp forward biases the Emergency Retract Driver, This driver
inputs -Emergency Retract Drive current to the Power Amp board
to bias the Emergency Retract Amplifier. This amplifier deliv-
ers current to the actuator coil to move the heads outward at
10 ips. The process continues until the heads are unloaded.
At this time, an analog gate switches off to null the summing
amp input.

83324490 A 1-85




The emergency retract servo loop must operate at times when
power loss occurs. For this reason, the chips in the load/
retract velocity circuit and the Emergency Retract Summing Amp
. are supplied with operating voltages (+15 Vdc) by slowly dis-
charging capacitors. In addition, the Emergency Retract Power
Amplifier has two voltage sources -- +24 Vdc from the power
supply and the voltage generated by the decelerating drive mo-
tor. The power amplifier develops actuator current from the
source with the highest potential.

TYPES OF SEEKS
General

The drive has four basic types of seeks: the load operation,
normal seek, return to zero (RTZ) seek, and retract operation.
The load and RTZ operations use both the outward and inward
movements to move the actuator to track 0. The Retract opera-
tion is an outward movement that moves the heads completely out
of the disk pack. Normal seek operations can be either inward
or outward movements, depending upon where the new address is
located relative to the present address. The four basic seek
operations are discussed in the following text.

Load Operation

The load operation is an MPU-controlled sequence that starts
the drive motor, moves the heads from the retracted position to
track 0, scans the disks, and calibrates the velocity measure-
ment circuitry. A load operation cannot take place until power
on initialization is successfully completed. Refer to the Pow-
er Functions discussion for details about power on initializa-
tion. The load operation is described in the following para-
graphs and is flowcharted in figure 1-42.

When power on initialization is complete, the MPU waits for
start conditions before initiating the load operation. The MPU
requires that the START switch is placed in the Start position
and (in remote operation) that Sequence Hold is available from
the controller. With start conditions present, the MPU looks
at three interlock inputs to the PIAs to ensure that a data
pack is in place, that the heads are unloaded, and that the
front door is locked. These checks indicate that it is safe to
start the drive motor.
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Figure 1-42. Load Operation Flowchart (Sheet 1 of 3)
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The MPU starts the drive motor by issuing the Motor Run command
to the Motor Speed Control (via PIA-1l) and requires that the
+Speed OK line from the Motor Speed Control goes high after a
delay from 3 to 15 seconds. Operation of the Motor Speed Con-
trol and, drive motor is discussed under Electromechanical Func-
tions. With Speed OK, the MPU doublechecks motor speed by
counting -Motor Sensor pulses entering PTM #3. The MPU allows
20 seconds to elapse before loading the heads to ensure &de-
quate filtering of the air in the disk pack.

To start the heads moving inward, the MPU picks the retract re-
lay in the power amp and issues the Load Heads command. To ac-
tivate the -Pick Retract Relay signal, the MPU clears the Re-
tract Relay latch by pulsing the Gain Control 4 line to clock
the low D-input (-Motor Run) into the latch. When the retract
relay is energized, actuator control switches from the Emergen-
cy Retract amplifier to the In Direction amplifier. The heads
move inward under control of the load servo loop at 4 ips.

During the load seek, the MPU monitors both the -Demodulator OK
and the -Heads Loaded Switch lines. The MPU requires that the
following normal conditions exist:

° The heads start from the unloaded position.

o The Tribit Decoder is inactive when the heads are unload-
ed.

® The heads loaded switch toggles within the first 60 ms of
the load seek.

° The Tribit Decoder becomes stable after 160 ms but within
360 ms of the start of the load seek.

When the -Demodulator OK line goes low, indicating that the
Tribit Decoder is active, the MPU orders the PTM #2 counter to
count 100 Cylinder Pulses prior to reversing head motion. The
heads continue to move inward at 4 ips for 100 tracks, and
their motion takes them into the data zone to the point where
gheir direction changes. Figure 1-43 shows the carriage tra-
Jectory during the load seek. At the turning point, the MPU
drops the Load Heads command, validates the -Demodulator .OK
signal, and issues the Retract command.

The servo continues to use the load/retract loop; however, the
switchover from load to retract changes the specified velocity
from 4 ips inward to 10 ips outward. The servo continues this
movement until the MPU 1is interrupted by Outer Guard Band
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Pulses when the heads move out of the data area. The MPU re-
acts by dropping the Retract command and by using the coarse
servo loop to move the heads outward an additional six tracks
into the outer guard band. To do this, the MPU makes the -For-
ward line high and the -Coarse line low and generates a D/A
converter input corresponding to a desired velocity of 4 ips.

When PTM #3 has counted the six Cylinder Pulses for this move,
it interrupts the MPU. The MPU reacts by changing several
coarse loop inputs. It issues the Forward command to make the
heads seek inward and reduces the desired velocity specified by
D/A bits 0-7. The MPU requires that four cylinder pulses ap-
pear before Outer Guard Band Pulses cease (or it sets the First
Seek fault 1latch). After Outer Guard Pulses cease, the MPU
waits for one additional cylinder pulse representing the last
track crossing before track 0.

When this cylinder pulse interrupts the MPU, the MPU reduces
the D/A Converter velocity signal further (via D/A bits 0-7)
and activates the Velocity Integrator by clearing the +Integra-
tor Clamp line. The MPU also sets the +T=1 and the +T<16 lines
to control the level of Integrated Velocity contributing to the
Desired Velocity signal. With a constant D/A input from the
MPU and the Velocity Integrator ramping up, the Desired Veloci-
ty signal approaches zero as the Integrated Velocity signal
subtracts more and more from the D/A Converter velocity signal.

The MPU monitors the -Fine Enable signal. This signal goes low
with approximately 1/3 of a track to go. The MPU reacts by
switching the -Coarse signal high and the -Settle In signal low
via PIA-1 to place the servo in the first (track-capture) phase
of the fine servo loop. At this point, the MPU inputs the
eight most significant cylinder address bits (all zeros) to the
D/A Converter so that it can generate Write Current Level.

The MPU looks for the On Cylinder Sense signal (which goes high
when the Position signal reaches 0.75 V) from the servo level
detect circuits, and (after a delay) issues the Track Follow
command via PIA-1. The Track Follow signal adds a low frequen-
Cy gain boost to the positioning loop. The MPU again checks
for an active On Cylinder Sense signal, and then allows a 1.4
millisecond timeout to ensure that the actuator has settled on
track. At the end of the timeout, the MPU performs the scan
cycle and the velocity calibration procedure if the settle-in
occurred without excessive overshoot (less than three cylinder
pulses seen after On Cylinder Sense went high) and if the -De-
modulator OK line remained low (indicating a reliable servo
signal). Otherwise, the MPU sets the First Seek fault latch
and terminates the load operation.
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In the scan cycle, the MPU commands two seek sequences. Each
sequence consists of forward one-track seeks starting at
track 0 and ending at track 822, followed by a seek to
track 0. The velocity calibration procedure follows the scan
cycle.

In the wvelocity calibration procedure, the MPU commands a
series of 128-track normal seeks where it adjusts the gain of
the velocity measurement circuit in order to compensate for
gain variations in the servo disk. The gain is adjustable in
steps depending on which combination of the four gain control
lines is set. Upon finding the optimum combination of set-
tings, the MPU maintains that combination (output from PIA-0)
until the first load operation is repeated.

With the velocity calibration procedure complete, the heads are
positioned at track 0. If the load operation was successful,
the MPU issues the Ready signal at PIA-0 and sets the On Cylin-
der FF in the I/C Gate Array. The front panel Ready indicator
lights, and On Cylinder, Seek End, and Unit Ready status appear
on the interface. The MPU then waits for further instructions
from the controller.

If the load operation was unsuccessful, the MPU performs a nor-
mal retract, sets the ©%irst Seek fault latch, and lights the
front panel FAULT indi.ator. This fault can be cleared only by
operation of the Fault Clear switch. Pressing the Fault Clear
switch initiates another load attempt with a maximum of three
tries allowed by the MPU.

Normal Seek

Normal seeks are initiated by controller command and implement-
ed by the drive servo circuitry. The normal seek is the opera-
tion used to move the heads from one location to another on the
disk surface. The same track can also be selected, but a zero
track seek requires no actuator movement and the operatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>