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PREFACE

All available customer engineering installation, operation, and maintenance informa-
tion for the CONTROL DATA® BM1A5 Multiple Disk Drive is in three manuals,

Publication No. 70602400 General Description, Opera-

tion, Installation and Check-
out, Maintenance

Publication No. 70602500 Theory of Operation, Diagrams,
Maintenance Aids, Wire List

Publication No. 70601900 Illustrated Parts List
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THEORY OF OPERATION

Theory of operation for the MDD is divided into three parts. The first part considers
the MDD in terms of the functions it performs and the signals exchanged with the con-
troller. The second part relates the major assemblies of the MDD to the previously
discussed functions. The last part deals with the disk pack which is physically not a
part of the MDD, but figures functionally in all MDD operations.

FUNCTIONS

Overall capabilities of the MDD are best described by examining the functional blocks
of activity performed by a deck of the MDD, The functions are as follows:

First Seek
Direct (Forward or Reverse) Seek
Return to Zero Seek (RTZS)

Read/Write/Erase

Each of these functions is further described by flow charts and timing diagrams in

Section 5 of this manual.

The above functions are performed by each deck of the MDD. Normal operation is
such that a controller will generally be directing the functional activities of more than
one deck. Figure 4-1 shows the method of selecting and gating input/output data to a
particular deck. Figure 4-2 details the sequence of events that establishes the link and
gating. The signals that are then exchanged are described in Table 4-1 and are shown

relative to a point of origin on Figure 4-3.

FIRST SEEK
This function involves the activities that a deck must perform before it can effectively

respond to a read, a write, or a seek command from the controller. This function

consists mainly of power supply relay sequencing and status checking by the deck logic.
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As a result, no actual selection of the deck is required and very little MDD/controller
signal exchange occurs. Successful progression of the function assumes that power
supply circuit breakers for the deck are on, power supply DC/OFF switch for the deck
is set to DC, power supply fuses are operational, related filter box panel UNIT POWER
circuit breaker is on, START indicators for deck are lighted, disk pack is installed on

spindle of deck, and the sector sensor is engaging the disk pack sector disk.

Initiation of the function occurs when the controller makes sequence power available to
the power supply for the deck. Sequence power causes the power supply relay KO1
(K101 for lower deck) to energize and the power supply performs a Power-On sequence

(refer to Power Supply under Assemblies in this section for a detailed description).

UPPER DECK
STEERING
LOGIC
'
UNIT SEL. l |
AND LOGIC
NO. CODE | REMAINING
== > ——— v - | UPPER
CONTROLLER 1/0 XMTRS UPPER DECK DECK
— = LoGIC
AND RCVRS LOGIC NO. COMPARE [— 4-)? 061
AND SELECT LOGIC

— — — — SIGNAL FLOW OF SELECT
SEQUENCE

LOWER DECK

—>{ LOGIC NO. COMPARE [— — — —|— ) REMAINING

AND SELECT LOGIC | LOWER
DECK

[ LOGIC

r———|-—=-

A
LOWER DECK
STEERING
LOGIC

5C8|

Figure 4-1. Input/Output Signal Gating - 2X Cabinet
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V 00G62090L

€-¥

——
CONTROLLER

ISSUES UNIT SEL- |
AND LOGIC NC,
CODE FOR DESIRED
UNIT OR DECK

NO

DOES 1SSUED
LoGic No. Acree  \ES

DOES 1SSUED
LOGIC NO, AGREE

WITH LOGIC PLIG
IN UPPER DECK'y

WITH 1.0GIC PLUG
IN LOWER DECK
S

LOWER DECK
SENDS UNIT
SELECTED 70
CONTROLLER

GATE 1/0
RECE IVERS 70
LLOWER DECK

GATE  OWER
DECK TO 1/0
TRANSMITTERS

Figure 4-2. Select and Reserve Sequence

UPPER DECK
SENDS UNIT
SELECTED 7O
CONTROLLER

GATE 1/0
RECE [VERS
TO UPPER DECK

GATFE UPPER
DECK TO 1/0
TRANSMITTERS

>cs4




TABLE 4-1.

INPUT/OUTPUT LINES

SIGNAL

FUNCTION

Bidirectional IL.ines

Address and Control

Information carried by the bidirectional lines

is coupled by five select (tag) signals.

The

influencing tag signal must be known before

information on a bidirectional line can be

interpreted. The five tag signals are defined

below under Input Lines.

The information

coupled by each tag signal is as follows:

Address/ Read Cylinder Select,
Control Difference Select, or Head
bus Cylinder Select Select Control Select
Bit 0 1 1 Write Gate - A '"1"" input on this line
enables the write drivers.
Bit 1 2 2 Read Gate - A '"'1" input on this line
enables the digital read data line.
Bit 2 4 4 Seek Forward - A "'1" input on this
line initiates forward carriage
movement.
Bit 3 8 8 Not Used
Bit 4 16 16 Erase Gate - A ''1" input on this
line initiates reverse carriage
movement.
Bit 5 32 Not Seek Reverse - A ''1'" input on this
Used line initiates reverse carriage
movement.
Bit 6 64 Not Return to Zero - A '"'1"" input on this
Used line initiates carriage movement to
cylinder 00,
Bit 7 128 Not Not Used
Used

4-4
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TABLE 4-1. INPUT/OUTPUT LINES (Cont'd)

SIGNAL FUNCTION

Input Lines
Read Cylinder Select A "1" input on this line enables the address and
control lines transmitter of the selected deck.
Information transmitted to the control unit
through these lines is the current cylinder

address.

Difference Select A '"1" input on this line indicates that the
address and control lines contain the difference
address from the control unit. This address

is the difference between the control unit's
current cylinder request and the selected deck's

present cylinder location.

Cylinder Select A "1" input on this line indicates that the address
and control lines contain the control unit's

current cylinder request.

Head Select A "1" input on this line indicates that the
address and control lines contain the head

select information.

Control Select A "1'" input on this line indicates that the
address and control lines contain control
information.

*Unit Select This signal is preceded by a Logic Number

transmission. A ''1'" input on this line
initiates the select sequence (assuming

the unit is ready) in the unit whose

logic number corresponds to the number
A currently on the four Logic Number lines.
If the unit is ready, it returns a Unit Ready
and a Unit Selected signal. If not ready,
the unit returns a ''0'" on the Unit Ready

line.
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TABLE 4-1.

INPUT/OUTPUT LINES (Cont'd)

SIGNAL

FUNCTION

*Logic Number lines (4)

*Clear

Release

Write Data

Output Lines
Read Data

On Cylinder

Seek Error

A transmission on these lines is accompanied
by a Unit Select signal. The unit with the
logic number corresponding to the digital
number transmitted on these four lines
initiates a select sequence (assuming

the unit is ready and available) when a Unit
Select signal is transmitted. If the unit is
ready and available, it returns a Unit
Ready and a Unit Selected signal. If not
ready and/or available, the unit returns a
"0" on the Unit Ready line.

This line enables an unrestricted reset of the

unit select condition.

A "1" input on this line clears the Reserve and

Compare Enable flip-flops in the selected unit.

Carries information to be written from the

control unit to the selected deck.

2

Carries digital information read from a disk

to the control unit.

Indicates that the positioning mechanism of the
selected deck has stopped and the read/write
heads have reached the addressed cylinder.

A '""1" output indicates that the selected deck
was unable to complete a seek operation to

the point of an On Cylinder signal to the control
unit. A Return to Zero command sent to the
unit indicating a seek error clears the Seek
Error condition, returns the heads to cylinder
00, and enables an On Cylinder signal to be
sent to the control unit.
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TABLE 4-1. INPUT/OUTPUT LINES (Cont'd)

SIGNAL

FUNCTION

Unit Selected

Index

Pack Unsafe

This signal is a response to the receipt of
a Unit Select and a Logic Number signal
combination. A '"1" output indicates that
the unit is available. A "0'" signal
indicates that the unit is not ready (see
Unit Ready signal). The control unit
checks that a Unit Selected signal is not
received from more than one unit at a

time.

Provides a track reference mark from the
selected deck to the control unit. This mark

occurs once for each revolution of the disk pack.

A '"'1" output indicates that the selected deck has
one or more fault conditions. Write and erase
currents are inhibited by the presence of any of

the conditions. The conditions include:

More than one head selected.

2. Read and write gates up at the same
time.

3. Read and erase gates up at the same
time.

Erase and no write driver on.
Erase and both write drivers on.
One or both write drivers on and no
erase driver on.

7. Read, write, or erase gate on and not
On Cylinder.

8. Low voltage situation that could cause
a loss in control of write and erase
currents.
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TABLE 4-1. INPUT/OUTPUT LINES (Cont'd)

SIGNAL FUNCTION

*Unit Ready This signal is a response to the receipt of
a Unit Select and a Logic Number signal
combination. A "1" output is present if
both of the following conditions are
satisfied:

1. Disk pack installed, spindle

motor up to speed, and heads
loaded.

2. Related Logic Chassis Maintenance
panel ON LINE/OFF LINE switch
set to ON LINE,

*Seek Complete or Seek Indicates that the unit has completed (Seek

Error Complete) or is unable to complete (Seek

Error) the previously addressed seek. This

is an interrupt line transmitted with or

without the unit being selected. The signal
is a 1 usec ''1" pulse which is initiated by
an On Cylinder condition (Seek Complete) or

or if the unit is unable to complete a

seek (Seek Error).

*This signal is not gated by the Unit Selected signal.
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Power is applied to the brush and spindle drive motors during the Power-On sequence.
Application of power to the brush motor starts a 60-second (approximately) disk clean-
ing cycle. When the disk pack speed reaches 2000 rpm, the power supply relay K05
(K105 for lower deck) energizes to provide sequence power to the next deck. Actuator
solenoid power also becomes available, causing the detent pawl to disengage and the

actuator to access forward at 2 ips to the hydraulic home position.

Transfer of the brush switch contacts at the end of the brush cycle sets the Forward
Latch (FF). This causes the actuator to perform a forward fast access that mechani-
cally loads and latches the read/write heads. The transferring contacts of the heads
loaded switch sets the RTZS FF which clears the Forward Latch. The actuator re-
sponds by performing a reverse fast access to the hydraulic home position, A 300-ms
delay (started when the RTZS FF was set) circuit clears the RTZS FF which in turn
sets the Forward Latch, Intermediate, and Slow FF's, This causes the actuator to
access forward at 2 ips until the logic senses the leading edge of the first track

(track 00) pulse. The track pulse sets the Detent FF and releases the detent pawl.
The output of the detent transducer is now observed and 5 ms after the pawl engages
the detent gear, the deck sends an On Cylinder signal to the controller. (A seek Error
signal would have been sent instead if a 600-ms delay, starting when the heads loaded
switch transferred, had timed out.) The deck is now ready to perform a Read, a
Write, or a seek (Direct or RTZS) operation. Such an operation must be preceded by

the selecting sequence covered previously (Figures 4-1 and 4-2).

DIRECT (FORWARD/REVERSE) SEEK

The Direct Seek function involves those operations that must be performed to move the
read/write heads from their current track or cylinder location to the one specified by
the controller. This function must be preceded by the selecting sequence (Figure 4-1
and 4-2) unless the deck is already selected. Assume that the desired deck just com-
pleted a First Seek and is awaiting further instruction at track 00. Assume further
that the controller wishes to do a Read or a Write operation at track 88. When the
controller determines that the deck is selected and ready, it issues a Cylinder Select
signal. This signal gates the content of the deck Cylinder Address register (00) to the

controller via the bidirectional lines (content of the register always preset to 00 during
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a First Seek or RTZS). The controller then calculates the difference between the decks
current and desired location and sends a Difference select that gates the seek length

(88 tracks) into the decrement counter of the deck (again via the bidirectional lines).
The controller now uses a Cylinder Select and the bidirectional lines to gate the address
of the desired cylinder (88) into the deck Cylinder Address register. This is followed
by a Sector Select that enters the sector address into the deck Sector Address register.
Next the controller sends a Head Select signal that gates the number corresponding to
the desired read/write head into the Head register. The last address and control
exchange involves the Control Select signal that gates a ''1'' to the deck on bit 2 (Seek

Forward) of the bidirectional lines.

The Seek Forward pulse causes an Any Seek pulse. (A Seek Reverse pulse would also
cause the Any Seek, but in addition would have cleared the Forward Latch.) Any Seek
transfers the content of rank I of the decrement counter (88) to rank II and clears the
Detent FF. The hydraulic actuator responds by applying pressure to the detent pawl.
As soon as the detent pawl clears the detent gear, forward motion begins. As each
track is crossed, the cylinder transducer generates a track pulse. The trailing edge
of each of these pulses decreases the content of the decrement counter by one. Motion
velocity is controlled according to the content of the decrement counter, and since this
content is in excess of 26, the actuator performs a forward fast access. Fast access
(26 ips) continues until the decrement counter content equals 25 tracks remaining. At
this time the counter output decoding logic sets the Intermediate FF, and the hydraulic
actuator continues the access in the forward intermediate mode (7 ips). When the
decrement counter content indicates three tracks to go, the Slow FF sets. This causes
the actuator to reduce speed to 2 ips and continue the access at a forward slow rate.
When the tracks remaining have been reduced to one, the output of the cylinder trans-
ducer detection logic is gated such that the leading edge of the next track pulse sets the
Detent FF. This causes the hydraulic actuator to release the spring-loaded pawl. (If
this were a Reverse Seek, the Forward Latch would set as a result of the Detent FF
setting. Setting the Forward Latch would cause carriage motion to change direction

and allow the detent pawl to engage the gear in the same manner as for a Forward Seek. )
Five ms after the detent transducer indicates that the detent pawl has engaged the

detent gear, the deck sends an On Cylinder signal to the controller. (If the period

during which the pawl was disengaged from the detent gear had exceeded 600 ms, a
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Seek Error signal would have replaced the On Cylinder signal.) The deck is now ready

to perform a Read, a Write, or a Seek (Direct or RTZS) operation.

RETURN TO ZERO SEEK (RTZS)

The RTZS functions allow a controller to return the read/write heads to track 00 when
a Seek Error signal occurs. This function must be preceded by the selecting sequence
(Figures 4-1 and 4-2) unless the deck is already selected. The controller responds to
a Seek Error signal from a deck by sending a Control Select tag that gates a ''1" on

bit 6 (RTZS pulse) of the bidirectional lines to the afflicted deck.

The RTZS pulse sets the RTZS FF and causes an Any Seek pulse. The Any Seek pulse
clears the Detent FF causing the hydraulic actuator to apply hydraulic pressure to the
detent actuator. The pressure overrides the force of the pawl spring and the carriage

is free to be moved. The set output of the RTZS FF causes the following events:
Clears decrement counter
Clears Cylinder Address register
Clears Forward Latch
Initiates a 300-ms delay circuit

Establishes a tracks-to-go greater than 26 signal (T>26)

With the Forward Latch cleared and a T>26 situation, the actuator enters into a fast
reverse access toward the rear stop (cushioned hydraulically). When the 300-ms delay
times out, the RTZS FF clears and the T>26 signal drops. The clear output of the
RTZS FF sets the Forward Latch, Intermediate, and Slow FF's. The hydraulic
actuator responds to this activity with a slow forward (2 ips) access. As soon as the
leading edge of the first track pulse occurs, the Detent FF sets and the actuator re-
moves pressure to the spring-loaded detent pawl. Five ms after the detent transducer
indicates that the detent pawl has engaged the detent gear, the deck sends an On
Cylinder signal to the controller. (If the period during which the pawl was disengaged
from the detent gear had exceeded 600 ms, a Seek Error signal would have replaced
the On Cylinder signal.) The deck is now ready to perform a Read, a Write, or a Seek
(Direct or RTZS) operation.
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READ/WRITE/ERASE

An On Cylinder signal indicates to the controller that the selected MDD deck has com-
pleted a seek operation and is éwaiting further instruction. If, however, the controller
initiated a seek operation in one deck and then in the interim selected another deck, the
first deck would make its status known via the On Sector interrupt signal. In the latter
case, the controller would be required to precede a Read or a Write operation with the
selecting sequence (Figures 4-1 and 4-2). The following paragraphs cover the sequence

of events involved in a Read or a Write operation,

A Write operation actually begins before the hydraulic actuator positions the heads to
the desired track: the Head Select tag gates the identifying number of the head to be
used into the Head Address register. When the seek is completed or a seek error is
discovered, the deck sends a Seek Complete or Seek Error interrupt signal, If the
controller has selected another deck in the mean time, this deck will standby until it
is reselected by the controller. In any case the controller will examine the Seek
Error and On Cylinder lines. I a Seek Error exists, a RTZS pulse will clear it, If
an On Cylinder exists, the controller responds with a Control Select tag that gates
the Read Gate signal (bit 1 of the bidirectional lines)to the deck. Read Gate enables
the read circuit logic to function with the previously selected head. As each record
of data on the disk pack is reached, the address is read from the Read Data line and
compared by the controller with the address of the desired record. (Refer to Section
5 of this manual for detailed information relative to the read/write format.) When
the controller is satisfied that the desired record is being read, it drops the Read
Gate and gates in the Write Gate and Erase Gate (bits 0 and 4 of the bidirectional lines)
with the Control Select tag. This disables the read circuit and enables the write
circuit, and data from the controller is written via the Write Data line onto the

disk pack record. The Erase Gate signal enables erase current to the erase coil

during the Write operation to ensure a clear writing surface.

A Read operation is performed in much the same manner as the Write operation. The
difference is that the Write Gate and Erase Gate signals are never enabled (Read Gate

stays on throughout the entire record).
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ASSEMBLIES

POWER SUPPLY

Each MDD cabinet has a self-contained power supply accessible via the rear door and
located behind the swingout logic chassis. The power supply provides a fixed output
voltage of +40Y volts for use by the solenoids on the deck assemblies. It also provides
adjustable output voltages of +40 vdc (to read/write logic), 20 vdc (to logic), and +6
vde (to logic). Each voltage is duplicated within the power supply, so that the voltage
can be distributed separately to the upper deck and the lower deck or to row A and

row B of the logic chassis.
Basic on/off power control and monitoring is provided at the front panel of the assembly.
The front panel is hinged so that access can be gained to adjust or perform maintenance.

The assembly is cooled by fans located on the top surface of the chassis.

AD/DC Distribution (Figure 4-4)

Input power is applied through the closed contacts of the MAIN POWER circuit breaker
(on filter box panel) to the primary of transformer TO01. The presence of the primary
input power at the power supply is indicated by the power supply MAIN BREAKER

indicator.

The input power is applied directly to the cooling fans in the power supply and the logic
chassis. Input power will also be applied to the blower in the lower part of the cabinet,
but only when the power supply BLOWER circuit breaker is set to ON. All other dis-

tribution of ac power is delayed until during the power-on sequence (described in a later

paragraph).
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The dc power distribution begins with the application of main input power to the primary
of TO1l. Voltages developed across the secondary windings are applied to five rectifier/
filter circuits. Each of these circuits develops a separate dc voltage. Through the use
of variable transformers, four of the five voltages are adjustable (+40Y solenoid power
is not adjustable). The +20Y voltage is immediately available when TO1 is energized.
This voltage is distributed to the operator panels and the pack on and sector in-place
switches. The voltage is required to determine the status of these elements during a
power on sequence. Distribution of the other dc voltages is controlled by circuit
breakers and/or relay contacts.

Power-On Sequence

Power application to a deck is sequenced up by relays in the power supply (Figure 4-5).

Sequencing is required to prevent damage to read/write heads and/or disk packs.

A normal on line, power-on sequence begins when switch S501 on the operator panel is
pressed (actuating power supply panel START switch will also start the sequence). The
progression of the sequence assumes that all power supply circuit breakers are on,
that all power supply fuses are operational, that the power supply DC/OFF switch is
set to DC, that a disk pack is installed, that the deck drawer is closed, and that
sequence voltage to relay K01 is available.

NOTE

Although steps 1 through 3 occur prior to actuating
S501, they should be considered a part of the power
on sequence.

1. When filter box MAIN POWER circuit breaker was set to ON, +20Y voltage

became available (Figure 4-4).

2. When cont;‘oller issued sequence voltage, K01 energized via pick line
(Figure 4-5). The +20Y voltage was applied to solid-state switches SSWO01,
SSW02, and SSWO03 (Figure 4-4). This enabled the solid-state switches to
conduct their respective phase of ac power. The upper deck drive motor and

time meter started.
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3. With circuit breakers on and DC/OFF switch set to DC, the closing contacts
of K02 caused the following:

a. Distributed +6, +20, and -20 vdc to the A row of the logic chassis.
b. Applied holding current to armature of relay K01,
4. Press operator panel switch S501 (or actuate power supply START switch).

5. The +20Y voltage energizes K03 (K05 does not energize because spindle speed

is zero).

6. The +20Y voltage also energizes relay K04. Closing contacts of K04 cause
+20Y voltage to be applied to SSW04. The solid-state switch conducts ac
power and the brush motor starts. Brush cycle switch transfers to the in-

progress position.

7. When the logic chassis detection circuit determines that the spindle speed is
adequate, K05 energizes. The contacts of K05 cause the following:

a. The +40 voltage is distributed to the read/write logic on the upper deck
(Figure 4-4).

b. The +40Y voltage is distributed to the solenoids on the upper deck
(Figure 4-4).

c. One of the grounds to K04 is removed, but K04 does not de-energize since

the brush cycle is still in progress.

8. As the disk pack cleaning brushes return from sweeping the disk surfaces, the
brush cycle switch is mechanically transferred and de-energizes K04. This
removes the enabling +20Y voltage to SSW04, and ac power to the brush motor
is dropped.

9. Completion of the brush cycle allows the start of the First Seek (load heads)
function. Upon completion of the First Seek operation the deck is ready to

respond to commands from the controller.

Power- Off Sequence

A power-off sequence begins when the operator panel switch S501 is pressed (Figure 4-5).

The sequence is as follows:

1. Press S501 (actuating power supply panel START switch will also initiate the

sequence).
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2. Relays K03, K04, and K05 de-energize. Contacts cause the following:

70602500 A

K05 contacts disable +40 volts to read/write logic.

K05 contacts disable +40Y voltage to hydraulic actuator solenoids and
head latch solenoid. Read/write heads unload and the reverse biased
(hydraulically) carriage moves in reverse to retracted stop at 2 ips

(see Hydraulic Operations, Section 4 of this manual).

K05 contacts also provide a path to ground for relay K04 in preparation

for next power-on sequence.

The application of the +20, -20, and +6 voltages to logic chassis will
continue until the occurrence of one of the following: K01 drops because
sequence voltage was removed at controller, or K02 drops becausc of
either the actuation of a power supply switch or breaker (DC/OFI, +20,

-20, +6, BLOWER) or removal of cabinet input powecr.
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LOGIC CHASSIS

The logic chassis assembly consists of a logic card section, a maintenance panel, and
an input/output connector panel. The assembly is accessible through the rear door

and is located at the top of the cabinet. The assembly is mounted on hinges to allow
access to the power supply assembly. Three fans are mounted along the lower surface
of the assembly. These fans are energized whenever the filter box circuit breaker is
on, and they provide cooling air to the logic card section. The back cover of the

entire assembly can be removed (four half-turn fasteners) to gain access to components

and wiring.

The logic card section contains the bulk of the SPL logic cards used in the cabinet
(four cards are located on each deck assembly). The vertically mounted cards are
installed in two rows (A top row and B bottom row) at numerically identified locations.
Refer to Section 5 of this manual for a description of the logical functions performed

by the cards. Section 9 contains a tabulation of the wiring connections in the chassis.

The maintenance panel contains a set of test point jacks, switches, and an indicator
for each deck in the cabinet. These components function primarily to isolate the
occurrence of a fault on the related deck. Specific information on each control or
indicator of this panel is provided in the Operation section for this equipment (see

Preface of this manual for publication number).

Connectors located on the input/output connector panel are involved only with signals
exchanged between a deck and the controller. Refer to Table 4-1 for a description

of these signals. The Installation and Checkout section for this equipment covers
cabling and I/O connector pin assignments (see Preface of this manual for publication

number).

DECK ASSEMBLY

\
The deck assemblies (Figure 4-6) are responsible for the dynamic operations of an
MDD: driving the disk packs, and loading and positioning the read/write heads. The
deck assembly consists of a deck plate on which are mounted a drive motor assembly,
a spindle assembly, a hydraulic pump, a carriage and carriage mount, three trans-

ducers, a disk cleaner assembly, and a hydraulic actuator.
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The deck assembly mounts in the MDD cabinet on a drawer mechanism, The drawer
may be extended out the front of the cabinet to load a disk pack, or extended out the
rear of the cabinet for maintenance purposes.

Drive Motor Assembly

The drive motor drives the spindle assembly and the hydraulic pump. The motor is
an induction type, 3/4-hp unit. The motor is secured to a mounting plate which bolts
to the underside of the deck plate. Power is transferred via a flat, smooth-surfaced
belt that threads over the pulleys of the spindle, hydraulic pump, and drive motor.

A spring-loaded idler pulley maintains a constant tension on the belt.

The temperature of the motor is monitored by a thermal protection switch. To restore

operation after an over-temperature condition, the red, 1/4-inch button on the top end

of the motor must be manually reset (pressed).

Spindle Assembly

The spindle assembly is the physical interface between and MDD deck and a disk pack.
The conical surface of the spindle cone (Figure 4-7) mates directly with the cone-
shaped opening in the center of the disk pack.

Starting in the spindle cone and running through the center of the spindle assembly is
the vertically free-floating lockshaft. The upper end of the lockshaft contains internal
threads that engage the external threads of a stud projecting from the disk pack. When
the disk pack cannister cover handle is rotated clockwise, the spring-loaded lockshaft
is pulled upward and the disk pack is pulled down. As a result, the conical surfaces

of the disk pack and the spindle cone are engaged by a force of approximately 200
pounds. A clutch mechanism protects the lockshaft from damage that could occur from
over tightening the disk pack. When the disk pack is fully engaged, a released mech-
anism in the canister handle frees the canister from the disk pack.

A notched lock wheel secures to the bottom surface of the drive pulley. The notches
of the wheel are engaged by the tip of the spindle lock pawl (Figure 4-6) when the deck
drawer is open. This locks the spindle, making it easier to install or remove a disk
pack. Opening the drawer of an dperating deck will cause a loud ratcheting noise
(such action, while not recommended, will not cause damage). The spindle lock
mechanism can be overridden if deck operation is required with the drawer open
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(refer to Figure 2-2). Closing the drawer will cancel the override. The spindle drive
pulley is driven by a flat belt linking it to the drive motor pulley.

The Pack-On switch and ground spring are mounted at the lower end of the spindle
assembly. The ground spring block is mounted so that it is always in contact with
the ground sleeve. The Pack-On switch contacts transfer in response to the vertical
movement of the lockshaft. When the shaft is up (disk pack mounted), the contacts

are closed. When a pack is not installed, the shaft moves downward to deflect the

switch actuator and transfer the contacts.
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Figure 4-7. Spindle Assembly

Hydraulic Pump

The hydraulic pump is a positive-displacement type device capable of delivering 0.67
gpm at a nominal pressure of 200 psi.
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The pump is located on the top of and at the rear of the deck assembly. The pump is
seated on the pump drive assembly which functions to extend and couple the pump
shaft through the deck to the pump drive pulley. A flat belt driven by the drive motor
turns the pump.

The input and output hydraulic connections at the pump both originate at the hydraulic
actuator. The hydraulic fluid pump and all pressure control valves are located in the

hydraulic actuator.
A pressure sensing switch is installed on the pump output line. The switch transfers
at a nominal output of 10 psi (approximately 50 rpm) and is used in conjunction with

an operator panel indicator (see Section 2).

Carriage and Carriage Mount

The carriage and carriage mount (Figure 4-8) combine to form the vehicle that supports
the read/write heads. Movement of the carriage, within the carriage mount, is con-

trolled by the hydraulic actuator.

The carriage consists of an upper rail and a lower rail, separated by the receiver and
the coupler plate. The rails contain bearing surfaces that interface with the various
bearings and rollers of the carriage mount. Each rail has a rack gear that meshes
with a pinion gear on the detent gear shaft (mounted vertically in carriage mount).

The detent gear and the track position disk are mounted on the lower end of this same
shaft. The ball tip of the hydraulic actuator drive rod is connected to the carriage by
the drive rod coupler. When the hydraulic actuator extends or retracts the carriage,
the detent gear shaft (and detent gear and track position disk) rotates.

The cylinder transducer senses the passing of the slots and lands of the rotating
track position disk. From the center of one slot to the center of an adjacent land is
recognized as a movement of one track. The transducer output causes the difference
(decrement) counter content to decrease by one each time a track is crossed. When
the logic determines that the next track to be crossed is the addressed track, it sig-
nals the detent solenoid to release the detent pawl. The spring-loaded pawl is drawn
into the teeth of the detent gear and locks the carriage at the desired track. The

detent transducer senses the pawl and gear engagement and signals the logic.
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A track indicator (top of detent gear shaft) provides a visual indication of the current

track location of the read/write heads.

A head loading mechanism mounts between the receiver and the coupler plate. Oper-

ation of this mechanism and the heads loaded switches is covered in the following

paragraph.
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Figure 4-8. Carriage/Carriage Mount

Head Loading

The read/write heads must be loaded to the disk surfaces before exchanging data with
the controller. The heads must be released from this position (unloaded) and driven
clear of the disk pack when power is removed to the deck or the disk pack velocity
falls below a predetermined rpm. The carriage components involved in these opera-

tions are identified in Figure 4-9.
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Head loading amounts to applying spring pressure to the back of the read/write head

so the aerodynamically shaped head face approaches the related disk surface. When
the cushion of air that exists on the surface of the spinning disk is encountered, it
resists the further approach by the head. Spring pressure is designed to just equal

the opposing cushion pressure (function of disk pack rpm) at the required height. As

a result, the head flies. However, if the spring pressure exceeds the cushion pressure
(as would happen if the disk pack lost enough speed), the head will stop flying and
contact the disk surface. This could cause damage to the head as well as the disk

surface.

To prevent damage to the heads and/or the disk pack during automatic operation,
loading occurs only after the disk pack is up to speed and the heads are over the disk
surfaces. For the same reason, the heads unload automatically and are retracted if
the disk pack rpm drops out of tolerance. During manual operations, heads should
never be loaded on a disk pack that is not rotating, nor should heads be loaded without
a disk pack being installed on the spindle. (The Maintenance section for this equip-
ment provides instructions on how to disable the head loading mechanism.) Head
loading is a part of the First Seek function. As power to the deck is sequenced up,

the drive motor starts. This causes disk pack rotation, hydraulic pump operation,
and a brush cycle (approximately 60 seconds). When the disk pack rpm reaches 2000,
the extend solenoid (and head latch magnet) energizes and the carriage moves from the
retracted position to the hydraulic home position. Upon completion of the brush cycle
(brushes clear of disk pack), the hydraulic actuator forward solenoid energizes and the
carriage moves forward toward the spindle and the forward mechanical stop. Head

loading occurs during this forward motion.

The cam follower (part of carriage) moves along the head loading cam (part of carriage
mount). When the follower encounters the up-ramp of the cam, the linkage rod assem-
bly moves upward (Figure 4-9, part C). This causes each of the ten torsion rods to
rotate which forces the 20 read/write heads toward the proper disk surface. The
spring force of the torsion rod is opposed by the air layer on the disk surface and an
equilibrium is attained with the heads flying over the disks.

As the carriage nears the spindle, the head load pawl enters the notch in the linkage
and transfers the heads extended switch. The head latch magnet holds the pawl in the
latched position until power (to magnet) is removed. Forward carriage motion contin-

ues until the cam follower contacts the head load cam latch. This contact frees the
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Figure 4-9. Head Loading Mechanism

70602500 A 4-27



end of the cam and it rotates downward to transfer the heads loaded switches. This
transfer signals the logic that loading is complete and causes the carriage to be
retracted and positioned to track 00. The heads remain loaded and latched until power
is removed, the index (sector) transducer is displaced from sector disk of disk pack,
or disk pack rpm drops below tolerance.

Head unloading (Figure 4-9, part D), occurs when solenoid power is removed to the
head latch magnet. The head load pawl pulls out of the linkage notch, the torsion

rods rotate to relieve the pressure to the back of the read/write heads, and the heads
unload or move away from their respective disk surfaces. With solenoid power absent,
the reverse biased (hydraulically) actuator moves the carriage toward the retracted
mechanical stop. As the carriage moves in reverse, the linkage rod assembly press-
ing down on the cam follower pivots the head loading cam so that the tip (of cam)
engages the head load cam latch. This relatching occurs as the carriage moves from

hydraulic home to the retracted stop.

If the linkage malfunctions and fails to unload the heads, the upper roller assembly
(Figure 4-8) contacts the knock off pin (Figure 4-9, part D). This contact forces the
knnck off pin downward to forcibly rotate the head load pawl clear of the head latch
magnet pole face, the thereby unload the heads. The knock off pin is contacted by
the roller somewhere between tracks -7 and -12,

Head/Arm Assemblies

Twenty head/arm assemblies are mounted on the carriage of each deck. A head/arm
assembly consists of a read/write and erase coil package (head assembly) mounted

at the end of a supporting arm structure.

The head assembly (Figure 4-10), which includes a cable and plug, is mounted on a
gimbal ring which in turn is mounted on a floating arm. This method of mounting
allows the head assembly to move (independent of the arm) tangentially and radially
relative to a data track on the disk surface. Such motion is required to compensate for

irregularities in the disk surface.
The arm structure consists of a floating arm secured to a heavier fixed arm. The end

of the fixed arm opposite the head installs in the carriage receiver. The floating arm

is the mounting point for the head and is necessarily flexible so that it can respond to
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the force applied (on load button) by the torsion rod/spring during head loading. Each
tip of the Y-shaped torsion spring loads a head, moving one head up and one head down.

The freedom and mobility of the head are necessary elements to being able to function
with interchangeable disk packs. During head loading the 10 torsion rods rotate in
unison to flex the 20 heads toward the air cushion of the spinning disk surfaces. The
force applied by the torsion spring causes the heads to fly or float on the air cushion.
Vertical motion by a disk surface (due to warpage or imperfection) is countered by a
move in the opposite direction by the gimballed head and/or the floating arm. As a
result, flight height remains nearly constant.

TORSION ROD

THIS FORCE

APPLIED WHEN TORSION
ROD ROTATES DURING TORSION SPRING
HEAD LOADING OPERATIONS

~. O

~

OTHER END SECURED

IN REV

\ FIXED ARM

DISK

ROTATION
N
GIMBAL SPRING ~

Al S HEAD ASSY GIMBAL SPRING
MLOL'#:N ABOUT ALLOWS HEAD ASSY

MOTION ABOUT
/Tms AXIS. THIS AXIS,

5C93

Figure 4-10. Head/Arm Assembly Motion
Transducers
Three transducers are used on each MDD deck: detent transducer, cylinder trans-

ducer, and index (sector) transducer. A transducer is a potted assembly consisting
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of a primary coil and two secondary coils (Figure 4-11). The secondary and primary
coils are separated by a notched and movable metal plate. The primary of the trans-
ducer is excited by a 187-kHz oscillator. When a notch (air gap) is between the
secondary and primary windings, the output of the transducer secondary is maximum.
The secondary output is minimum when the metal plate is between the windings. The
secondary outputs drive a preamplifier card.

The related preamplifier card plugs into the transducer. The preamplifier output is
processed in the logic chassis. The only adjustment required of this assembly amounts
to repositioning the transducer relative to the slotted metal plate.

Detent Transducer

The detent transducer senses the location of the slot in the detent flag. When the
detent pawl engages the gear, the slot is nearer to the bottom secondary coil (Figure
4-12). This causes the amplifier output to go negative. The preamplifier card
filtering removes part of the 187-kHz signal. The detection circuit converts the
negative signal to a ''0".

If the detent pawl is disengaged from the gear, the flag slot moves nearer to the upper
coil. This causes a positive amplifier output which is detected as a ''1"".

AIR GAP OSCILLATOR
(187 KHZ, 11.8V P-P)

\— N\
e )
) | ) ™~— METAL PLATE
SECONDARY | | secoNDagy
— I A

SHIELD (COPPER)
5C94A

Figure 4-11. Transducer
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Figure 4-12. Detent Detection

Cylinder Transducer

The cylinder transducer senses slots in the edge of the rotating track position disk.
The cylinder detection circuit (Figure 4-13) converts the analog output of the trans-

ducer to "'1's'" and ''0's"".

The slotted edge of the track position disk separates the primary of the transducer
from the secondaries. As the disk rotates, the notches allow varying levels of
coupling between the primary and the secondaries. Figure 4-14 shows rotational
positions of the track position disk and the resulting cylinder detection. As the notch
passes over secondary A, maximum coupling of the primary is possible and the output
of secondary A is maximum. Since secondary B is covered by a land, coupling to the

primary is minimum as is the output.
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Figure 4-13. Cylinder Detection
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Figure 4-14. Cylinder Position Detection

As the disk rotates, both secondaries become covered by a land. Since the outputs
are equal, the transducer output is a null.

Further rotation of the disk uncovers secondary B allowing maximum coupling and
raising output B to the maximum. Since secondary A is now covered by a land, output

A is a minimum.

Disk rotation continues until both secondaries are centered on a notch, but covered

by a land. The outputs are again equal, so a null occurs in the output.

Each notch and each land nulls the transducer output. The detection circuit generates

a pulse for each null in the transducer output.

Index (Sector) Transducer

This transducer senses notches in the edge of the sector disk (large disk at bottom of
each disk pack).
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Each notch on the sector disk causes a differential input to the preamplifier card
amplifier (Figure 4-15). The detector generates a 55-usec 1" pulse in response to
each notch. These pulses are further processed by the MDD logic to determine if
the disk pack speed is sufficient for continued operation.

All disk packs have two closely spaced notches called index. These notches indicate
the beginning of a revolution of the disk pack. Some disk packs have, in addition to
index, other notches equally spaced about the circumference of the sector disk.
These notches are related to data organization on the disk pack.

Disk Cleaner Assembly

The disk cleaner assembly sweeps the disk pack recording surfaces free of any
foreign materials. The sweep cycle occurs just before the read/write heads are
loaded during the First Seek sequence.

The assembly consists of a motor, 10-comb-mounted brushes, a reset switch, motor
to comb linkage, and a mounting base. The base mounts on the deck assembly and the
brushes are pivot mounted on the base. Pivoting of the brushes is controlled by the
motor, the linkage, and the switch, The motor is energized during the power on
sequence and starts a 60-second (approximately) cycle. As the cycle proceeds, the
brushes sweep toward the spindle until the linkage causes a reversal in direction.

As the brushes return to the original position (clear of disk pack) the reset switch is
encountered and transfers. This de-energized the Brush Motor relay and disables the
motor,

TRANSDUCER PREAMPLIFIER CARD| LOGIC CHASSIS

®
PRIMARY

INDEX / SECTOR

DETEC™ I puLses

AMPL
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Figure 4-15. Index/Sector Detection
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The brushes are mounted using a ball-slot detent mechanism. If power is dropped
or lost during the brush cycle, the operator can override the detent and rotate the
brushes clear of the disk pack so that the disk pack can be removed from the spindle.
The brush cycle during the next Power-on sequence will be an incomplete cycle as
the brushes automatically reset themselves. Subsequent cycles will be normal.

Hydraulic Actuator

The hydraulic actuator drives and locks the carriage mounted read/write heads to

any one of 203 discrete positions or cylinders of data. Activity of the hydraulic
actuator is regulated by five solenoid-controlled valves that direct the routing of
hydraulic fluid. The solenoids are controlled from the MDD logic chassis. Hydraulic
fluid at a pressure of approximately 200 psi is provided by the hydraulic pump.

The hydraulic actuator (Figure 4-16) consists of a piston and sump block in or on
which are mounted a valve block, two hydraulic fluid filters, an extend piston, a

,drive piston, and five solenoid and valve combinations.

Valve Block

The valve block contains all valves and most of the related fluid passages of the unit.
The block mounts directly under the sump chamber of the piston and sump block.

Filters

The two fluid filters are located in the sump portion of the piston and sump block.
The primary filter is a large-particle screen in the pump suction outlet. The second-
ary filter removes smaller particles from a bypass flow originating when the slow

solenoid is energized.

A third filter removes smaller particles and is located in the pump output pipe between
the pump and the hydraulic actuator.

Extend Piston

The extend piston is located in the rear cylinder of two concentrically bored cylinders
of the piston and sump block. This piston is hydraulically positioned to either the
extend or the retracted position by the status of the extend solenoid. Whenever power
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is applied to the deck, the extend solenoid is energized and the related valve is closed.
Hydraulic pressure on the larger rear face of the piston drives it forward to a positive
stop. This is the extended position, and the piston remains in this position until
power to the deck is dropped. In the extended position the forward face of the extend
piston functions as a hydraulically cushioned stop for the drive piston and also estab-
lishes the hydraulic home position for the carriage. When deck power is removed,

the extend solenoid de-energizes, the spring-loaded valve opens, and the piston moves
to the retracted position. As a result, the effective operating chamber for the drive
piston is extended to the rear of the carriage and the carriage is retracted to a posi-
tion where the heads are clear of the disk pack surfaces.
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Figure 4-16. Hydraulic Actuator - Power Off
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Drive Piston

The drive piston operates in the smaller forward cylinder of the piston and sump
block. This piston connects, via the ball tip, to the movable carriage (mounting
point of the read/write heads). The drive piston is constantly biased in the reverse
direction by hydraulic pressure applied via the forward deceleration check valve and
the minimum pressure orifice. Piston direction and rate of motion are controlled
by three solenoids and valves.

Solenoids and Valves

The hydraulic actuator uses five solenoid and valve combinations. The function of
the extend solenoid and valve was discussed previously.

The detent solenoid and valve controls the routing of hydraulic pressure to the detent
actuator (not physically a part of the hydraulic actuator). When hydraulic pressure
is available and the detent solenoid is de-energized, the pressure is applied to the
detent actuator to pivot the detent pawl out of the detent gear. When the detent
solenoid is energized, the related valve opens to vent pressure to the sump, and the
detent pawl spring pulls the pawl into the gear.

Three solenoids and valves direct the routing of hydraulic fluid to the drive piston.
All solenoid activity is controlled by signals originating in the logic chassis. The
solenoids are located in the sump chamber of the hydraulic actuator and the control
valves are located in the valve block. Electrical connections are via a solenoid
terminal at the rear of the actuator. Each solenoid operates with at least one related
valve. This valve is open when the solenoid is energized, and closed (spring-loaded)
when the solenoid is de-energized. The forward/reverse, intermediate, and slow
solenoids each control an additional spring-loaded spool. When the related solenoid
is de-energized, system pressure from the hydraulic pump overrides the spring

force and repositions the spool toward the spring.

Hydraulic Operations

The following paragraphs describe the configuration of the hydraulic actuator during

the various operational phases.
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Power Off (Figure 4-16)

No power, electrical or hydraulic, is available to the deck during this phase. As a
result, all spring-loaded valves or devices are positioned according to spring loading.
The extend and drive pistons are in the retracted position. This positioning occurs
during removal of power to the extend solenoid during the preceding power shut down.
When the extend solenoid de-energizes, pressure to the rear of the extend solenoid

is vented to the sump. Pressure still exists in actuator, even though the pump rpm
is decreasing. The reverse biased drive piston under the influence of this pressure

moves in reverse, pushing the extend piston ahead of it, to the retracted position.

Hydraulic Home (Figure 4-17)

Hydraulic home is the physical location established when the extend piston moves
to the extend position. The actuator moves to hydraulic home at the beginning of
each First Seek operation. It is the starting point for the forward motion required
to load and latch the read/write heads. The sequence of events for this phase is as
follows:

1. Hydraulic pump delivers pressure increasing toward 200 psi.

2. Increasing pressure and de-energized solenoids cause forward/reverse
and intermediate spools to move downward and slow spool to move to

right.

3. De-energized extend solenoid vents pressure to sump. Extend piston

stays in retracted position (Figure 4-16).

4,. When pump pressure reaches approximately 200 psi, detent actuator
pivots pawl out of detent gear and relief valves begin controlling

pressure.

5. When disk pack exceeds required speed, power is applied to extend
solenoid. Vent to sump is blocked, pressure moves extend piston
(and drive piston) to left, and heads move into disk pack to hydraulic

home position.
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Figure 4-17. Hydraulic Actuator - Hydraulic Home

Detent (Figure 4-18)

The detent phase occurs at the end of each seek operation. The operation consists
of removing pressure to the detent actuator so that the detent pawl spring pivots the
pawl to engage the detent gear and lock the carriage to a track. The sequence of

events for this phase is as follows:
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1. During a First Seek or a RTZS operation, the detent solenoid energizes
when the leading edge of the first track pulse is sensed as the carriage
moves forward from hydraulic home (after the heads have loaded during
First Seek). During a forward Direct Seek operation, the detent solenoid
energizes when the leading edge of the first track pulse is sensed after
the decrement counter indicates less than 2 tracks to go to the desired

track. The forward/reverse solenoid remains energized.

During a reverse Direct Seek operation, the detent solenoid energizes
when the leading edge of the first track pulse is sensed after the decre-
ment counter indicates less than 2 tracks to go to the desired track.
This causes the forward/reverse solenoid to energize. Changing the
direction of carriage motion at this point allows the detent pawl to

engage the gear in the same manner as for a forward seek.

2. Energized detent solenoid vents pressure to sump. Loss of pressure in

detent actuator causes spring to pivot detent pawl into detent gear.

3. The 50 psi dump valve opens to vent system pressure to sump (via
forward/reverse solenoid valve). This causes system pressure to

drop to 50 psi and thereby prevents excessive heating of hydraulic fluid.

4, Slow solenoid remains energized.

Forward Operations

The length of the seek determines the forward operations to be used. If the seek is

in excess of 26 tracks when the forward/reverse solenoid is energized, the read/write
heads move toward the center of the disk pack in the forward fast mode (26 ips).

This rate of access continues until the logic determines that there are less than 26
tracks to go to reach the desired track. When this determination is made, the logic
energizes the intermediate solenoid which causes the access to continue in the forward
intermediate mode (7 ips). When the heads are less than four tracks from the desired
track, the logic energizes the slow solenoid. This reduces the access rate to 2 ips
(forward slow mode), which continues until the detent pawl engages the detent gear and
stops the heads at the desired track. If the desired track is less than 26 tracks but
more than 3 tracks from the current location, the intermediate solenoid is energized
immediately. In this case the seek would consist of a forward intermediate mode,

followed by a forward slow mode, and detent.
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Figure 4-18. Hydraulic Actuator - Detent

For a seek of three tracks or less, both the slow and intermediate solenoids would

energize immediately. The seek would consist of a forward slow mode followed by

detent.

Forward motion is stopped by detenting, but there is a back-up method in the form of

a mechanical stop.
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Forward Fast Mode (Figure 4-19): The sequence of events for this mode is as follows:

1. With extend solenoid energized and detent solenoid de-energized, the

forward/reverse solenoid energizes.

Open forward/reverse valve vents pressure to sump. Resulting pressure

drop causes upward movement of spring-loaded forward/reverse spool.

NOTE

Pressures at left and right faces of drive piston are

equal. Drive piston moves to left because area of
face is greater
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Figure 4-19., Hydraulic Actuator - Forward Fast
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3. Hydraulic fluid flows through hole in extend piston causing drive piston
to move left (forward) at 26 ips.

Forward Intermediate Mode (Figure 4-20): The sequence of events for this mode is
as follows:

1. With extend solenoid energized and detent solenoid de-energized, forward/

reverse and intermediate solenoids energize.

2. Open forward/reverse and intermediate valves vent pressure to sump.
Resulting pressure drop causes upward movement of spring-loaded
forward/reverse and intermediate spools.

3. Hydraulic fluid flows past forward/reverse spool and around intermediate
spool. It then branches into parallel paths through detenting velocity
orifice and slow spool, rejoining at and passing the intermediate spool.
From here it passes through hole in extend piston causing the drive

piston to move left at 7 ips.

Forward Slow Mode (Figure 4-21): The sequence of events for this mode is as
follows:

1. With extend solenoid energized and detent solenoid de-energized, forward/

reverse, intermediate, and slow solenoids energize.

2. Open forward/reverse, intermediate, and slow valves vent pressure to
sump. Resulting pressure drop causes upward movement of spring-
loaded forward/reverse and intermediate spools and slow spool moves
to left. ’

3. Hydraulic fluid flows past forward/reverse spool and around intermediate
spool. It then flows through detenting velocity orifice, past intermediate

spool and out forward face of extend piston to rear of drive piston.

4, Drive piston moves left at 2 ips.

Reverse Operations

As with forward operations, the length of the seek determines the mode(s) required

to complete the seek.
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" Figure 4-20. Hydraulic Actuator - Forward Intermediate

Reverse motion is stopped by switching to forward motion and then detenting or by the

drive piston encountering the hydraulic cushion on the front face of the extend piston.

Reverse Fast Mode (Figure 4-22): The sequence of events for this mode is as follows:

1. With extend solenoid energized and detent solenoid de-energized,

forward/reverse solenoid de-energizes.

2. Closed forward/reverse and intermediate valves cause line pressure

to move related spools downward.
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3. Hydraulic fluid at rear face (right end) of drive piston flows past inter-

mediate spool and returns to sump at lower end of forward/reverse
spool.

4. Hydraulic fluid flows through minimum pressure orifice to left face of
drive piston and piston moves right at 26 ips.

Reverse Intermediate Mode (Figure 4-23): The sequence of events for this mode is
as follows:

1. With extend solenoid energized and detent solenoid de-energized,
forward/reverse solenoid de-energizes and intermediate solenoid
energizes.
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Figure 4-21. Hydraulic Actuator - Forward Slow
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2. Closed forward/reverse valve causes line pressure to move related

spool downward. Intermediate spool rises.

3, Hydraulic fluid at rear face of drive piston flows past intermediate spool
and branches into two parallel paths past slow spool and through detent-
ing velocity orifice. The paths rejoin to pass around the intermediate

spool and vent to sump at forward/reverse spool.

4, Hydraulic fluid flows through minimum pressure orifice to left face

of drive piston and piston moves right at 7 ips.
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Figure 4-22. Hydraulic Actuator - Reverse Fast
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Figure 4-23. Hydraulic Actuator - Reverse Intermediate

Reverse Slow Mode (Figure 4-24): The sequence of events for this mode is as
follows:

1. With extend solenoid energized and detent solenoid de-energized, forward/
reverse solenoid de-energizes and slow and intermediate solenoids
energize.

2. Closed forward/reverse valve causes line pressure to move related

spool downward. Open intermediate valve causes related spool to rise.

Open slow valve causes slow spool to move to left.
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Hydraulic fluid at rear face of drive piston flows past intermediate spool,
through detenting velocity orifice, over intermediate spool, and vents to

sump past forward/reverse spool.

Hydraulic fluid flows through minimum pressure orifice to left face of
drive piston and piston moves right at 2 ips.
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Figure 4-24. Hydraulic Actuator - Reverse Slow



FRAME
The frame assembly consists generally of the structural members, drawer mechanisms,
and panels of the cabinet. Two additional subassemblies are, by virtue of their loca-

tion, considered a part of the frame: blower system and filter box.

Blower System

The blower system (Figure 4-25) provides positive pressure at the center of a disk
pack mounted on the spindle of a deck assembly. The presence of this elevated
pressure at the center of the disk surfaces results in an outward dispersion of air
over each disk surface. This air flow greatly reduces possible contamination and

damage of the disks and the read/write heads.

The system consists of a motor driven impeller that forces air through an absolute
filter (glass and asbestos) and related ducts upward to the spindles present in the
cabinet. Much of the ducting is extendable to allow the deck drawers to be extended
out the front and rear of the cabinet. Power to the blower drive motor is controlled

by the power supply BLOWER circuit breaker.

Filter Box

The filter box controls power to the cabinet in which it is located. The box is located
in the bottom of the cabinet and is accessible by opening the cabinet rear door. It
contains a circuit breakef (UNIT POWER) that controls application of main input
power to the cabinet power supply. The power supply MAIN POWER indicator
monitors the status of the circuit breaker. Frequency filters for the input power

lines are mounted inside the box.
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Figure 4-25. Blower System
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DISK PACK

The disk pack is the recording medium for the MDD, The disk pack consists of
eleven 14-inch, magnetic oxide coated disks center-mounted on a hub. The recording
surface of each disk is coated with a layer (0.0002 inch) of magnetic iron oxide and

related binders and adhesives.

The 203 recording tracks are located in a 2-inch band near the outer edge of the
disk. Track 202 has a diameter of approximately 9 inches, while the diameter of
track 00 is about 13 inches. The tracks are spaced 0.010 inch apart.

The top and bottom disk surfaces are covered by protective non-recording disks.
The bottom protective disk is called the sector disk. This disk contains notches
that are sensed by the index transducer. The pulse outputs of the transducer are
used to determine disk pack rpm and to detect organizational segments of the disk
pack.

The lower hub of the disk pack contains a replaceable filter. This filter removes
particles from the air supplied by the blower. Keeping positive air pressure at
the center of the disks reduces the possibility of dust caused damage.

The disk pack has a two-piece container assembly. The bottom cover can be removed
simply by grasping and rotating the center hub. The top cover is designed so that it
can be removed only by installing the disk pack on the deck spindle assembly. The
disk pack can be removed from the spindle only by using the top cover (see Section 2).
This design protects the disk pack from physical damage and greatly reduces the

possibility of contamination of the disk pack recording surfaces.
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DIAGRAMS

INTRODUCTION

This section contains diagrams that logically describe the MDD in terms of the
functions which the unit performs. Figures 5-1through 5-10 are flow charts, simpli-
fied circuits, and timing diagrams that describe the First Seek function, the Power
Off sequence, the Direct Seek (forward and reverse) function, the Return to Zero
function, and the Read/Write operations. Figure 5-11 shows the ground scheme for
a cabinet., The logic diagrams for the unit are provided on pages 5-13 through 5-22,
The MDD signal distribution drawing is located on page 5-23, and the unit power
supply schematic is found on pages 5-24 through 5-25.3. Schematic diagrams for the
transducer preamplifier cards and the SPL cards are found at the end of the section.
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Figure 5-2. Power On/First Seek Timing

70602500 A 5-3



v 0052090L

REMOVE POWER
10
SPINDLE MCTOR

DE-ENERGIZE HEADS
HEAD LATCH UNL AD

A

HAS HYC PRESS (FUNCTION
ACTIVATE DECK DE-ENERGIZE OF SPDL RPM) DECREASED PAWL
START SW 10 EX- l SPEED RELAY - AL AeroAng VOVES SEv SUFF ICIENTLY TO ALLOW ENGAGES
TINGUISH START K05(UPPER DECK) Joabe ovEs OETENT PAWL TO ENGAGE GEAR
INDICAT, K105(LOWER DECK DETENT GEAR?
DECK_POWER OFF
SYSTEM POWER OFF
O15ABLE CONTROLL —— REMOVE DECK DE —ENERGIZE REMOVE SEQUENCE 1S THIS THE
REMOVE POWER SEQUENCE RELAY HOLD SIGNAL TO LAST DECK ON
AT CONTROLLER ER SEQUENCE PiCK QUENCE RELAY ' SEQUENCE i NEXT DECK ' NEXT DECK SEQUENCE LINE?,
AND HOLO L INE k01 (UPPER DECK HOLD SIGNAL TO ‘ ;
k101 (LOWER DECK NEXT DECK
DE-ENERGIZE REMOVE SEQUENCE DE-ENERGIZE
@——- SEQUENCE RELAY : HOLD SIGNAL TO CONTROLLER
IN LAST DECK CONTROLLER POWER RELAY

HAS HYD PRESS {FUNCTION
ggc-gi:g"js DE-ENERG12E CARRIAGE OF SPOL RPM) DECREASED PAWL ENGAGES
o5 (UPFER DECK) ALL ACTBATOR MOVES REV SUFF ICIENTLY TO ALLOW Pardiae
Klos. (LodeR Bech) SOLENDIDS AT 2 178 DETENT PAWL TO ENGAGE
DETENT GEAR?
REMOVE POWER
DE-ENERG 1 ZE HEADS
TO SPINDLE M
MOTOR HEAD LATCH UNLOAD
NOTES:
A\ ALTHOUGH POMER 1S REMOVED TO DECK, DECELERATING RPM OF
DE-ENERGIZE DC REMOVE DC POWER SPINDLE 1S ADEQUATE TO OPERATE HYDRAULIC PUMP (VIA
L Power rELAY A ORIVE BELT)AT A LEVEL SUFFICIENT TO RETURN CARRIAGE
02 (UPPER DECK) piiay TO REAR STOP AND HOLD [T THERE.
K102(LOWER DECK)

£\ 0ECK 0 DENOTES FIRST DECK COMMECTED TD COMTROLLER VIA
POWER SEQUENCE LINES.

5C59

Figure 5-3. Deck or System Power Off Sequence
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Figure 5-4. Power Off Timing
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®|0|G
[ R B | o

£
17

S

-4 I(-lOO 4|200 ‘1— 400 © 50 4 1004 |‘ -4200 |t IQAOO NSEC-I
(+15, 25 NSEC fz20 NSEC L%
-25) NSEC NSEC t1.
NSEC

WRITE DATA TIMING

READ DATA TIMING
(AT 1/0 CONNECTOR)

(AT 1/0 CONNECTOR)

NOTES:

TOLERANCE GAP 1 - 120 BITS - ACCOMODATES PHYSICAL READ/WRITE TO ERASE GAP DISTANCE
AND ALLOWS HEAD SWITCHING AND READ AMPLIFIER STABILIZATION TIME,

@ SYNC PATTERN 1 - 112 BITS - INDICATES BEGINNING OF ADDRESS AREA, CONTROLLER

MUST INITIATE SYNC BYTE (OR BIT) SEARCH MIDWAY THROUGH THIS PATTERN (REQUIRED
TO INSURE THAT HEAD IS READING A KNOWN PATTERN EVEN UNDER WORST-CASE CONDITIONS
OF HEAD SKEW, RPM, AND INDEX TOLERANCES DUE TO DISK PACK INTERCHANGE ) ,

@ ADDRESS - 36 BITS (TYPICAL) - TWELVE-BIT UPPER ADDRESS, 12-BIT LOWER ADDRESS,
AND 12-BIT CHECKWORD,

o HEAD GAP - 120-BITS-ACCOMODATES PHYSICAL READ/WRITE TO ERASE GAP DISTANCE,
e SYNC PATTERN 2 - 112 BITS (MINIMUM) - INDICATES BEGINNING OF DATA FIELD,
e DATA FIELD - LENGTH DEPENDS UPON DATA RECORD FORMAT,

0 POST AMBLE - 1 BIT - A PAD TO ENSURE THAT LAST BIT OF DATA IS NOT DESTROYED
OR DISTORTED, .

o TOLERANCE GAP 2 - LENGTH DEPENDS WPON FORMAT (SHOULD EQUAL APPROXIMATELY 2,5°
OF SECTOR BIT CAPACITY), COMPENSATES FOR WORST-CASE CONDITIONS OF SPINDLE
SPEED AND OSCILLATOR TOLERANCES,

HEAD SELECT TAG LINE SHOWN OCCURRING AT LATEST ACCEPTABLE TIME RELATIVE TO
INDEX: NOT TO BE CONSIDERED A TYPICAL RELATIONSHIP,

INDEX PULSE AVAILABLE TO CONTROLLER TO INDICATE BEGINNING OF TRACK OR CYLINDER,
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Figure 5-10. Typical Sector Format Read/Write Timing
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DISCRETE COMPONENT CIRCUIT INFORMATION EXAMPLE

DISCRETE COMPONENT

GENERAL

EXCEPY FOR SHMEET 2, THESE SHEETS SHOW THE LOGIC REQUIRED TO
SUPPORT A SINGLE SPINDLE‘DRAVN FOR AN UPPER SPINDLE),

INTEBRID CIRCUIT INFORMATION EXAMPLE

INTEBRID
INTEBRID CIRCUIT PACKAGE IDENTIFICATION
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MAINTENANCE AIDS

GENERAL

Section 7 contains information on logic circuits, the criteria used in determining the
further usability of read/write heads and disk packs, and the tester card used in the

Maintenance section.

SPL LOGIC

The logic used in this device is generally termed SPL (Silicon Peripheral Logic). It
consists of two styles of circuits: discrete component and Intebrid. Discrete com-
ponent circuits contain individually identifiable resistors, capacitors, transistors,

etc. An Intebrid circuit is a chip containing an integrated circuit(s).

PHYSICAL DESCRIPTION

All components of the SPL cards are mounted on one side of a printed circuit board
(Figure 7-1) which is 6 inches wide and 4-3/4 inches high.

The cards are pluggable and are restricted in vertical and horizontal movement by
card guide spacers when inserted into the panel connectors. A card puller

(PN 84146900) which grips the upper and lower edges of the card is used for removing

the cards. No special tools are required to insert a card.

Numerical designators (1 through 99) are etched on the non-component side of the
board to identify each transistor. A 4-character alphanumeric designator is etched

on the non-component side of the board to identify the card type. A matrix code

(alphanumeric) also appears on this side. Non-amplifying components such as Intebrid

chips, resistors, capacitors, diodes, etc., are not marked.
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—— | D
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NOTE:
@INTEBRID CIRCUIT LOCATED AT 28 sciis

(VIA MATRIX CODE)

Figure 7-1. SPL Card

Pin Assignments

The module connector consists of a 37-pin male blade connector mounted along the

4-3 /4 inch board dimension on the component side of the board.

Connector pins are numbered from the top starting with pin 1 and continuing through
pin 50 on the bottom. Thirteen pin positions are omitted. These are 3, 7, 11, 15, 19,
23, 27, 31, 35, 39, 43, 47, and 49.

Six pins of the 37-pin connector are reserved as follows:
Pin 2 Ground
Pin 4 -6v
Pin 6 -20v
Pin 46 +20v
Pin 48 +6v

Pin 50 Ground
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Test Points

Test points are located near the edge of the module opposite the connector and in other
strategic places on the component side of the board. Test points are assigned alpha-
betically starting with A on the top, outer edge. In most cases, test points A and Z

are available for ground reference.

USE OF RELATIVE LEVEL INDICATORS

The relative level indicator is a small circle located at the origin or termination of a
signal line, and tangent to a logic symbol. The presence or absence of this indicator
tells the conditions that are necessary to satisfy the function of the logic symbol. The
presence of the circle indicates a 0 logic level on that line is needed to satisfy the

function. The absence of the circle represents a logical 1 needed to satisfy the function.

AND FUNCTION

The relative level indicator used with an AND logic function may be interpreted in this
way: Only under the stated input conditions will the stated output condition occur.
Under all other input conditions, the stated output will not occur. For example,.
Figure 7-2 indicates that only when A and B are 0 logic level (indicated by the circle
on their respective inputs) will the output of C be a logical 0 (indicated by the circle

on the output line). Under all other input conditions, output C will be a logical 1.

sL2e

Figure 7-2. AND Function
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OR FUNCTION

The relative level indicator used with an OR logic function may be considered as
follows: If one or the other, or both of the stated inputs are present, then the stated
output will occur. Only when both of the stated inputs are not present will the stated
output be changed. For example, Figure 7-3 indicates that if either A is a logical 0
(represented by the circle on its input) or B is a logical 1 (represented by no circle on
its input), or both A is a logical 0 and B is a logical 1, then output C will be a logical 0.
Only when A is not a logical 0 and B is not a logical 1, will C not be a logical 0.

A

BR c

N—

sL27

Figure 7-3. OR Function

A complete truth table for use with relative level indicators is given in Figure 7-4.

INFORMATION CONTAINED WITHIN LOGIC SYMBOLS

Discrete Component Circuits

Figure 7-5 shows a schematic (as shown on card schematic diagram) and the logical
representation (as shown on logic diagrams) for the same discrete component circuit.
Four lines of information are contained within the logic symbol. The top line is the
function identifier and designates the broad logic function of that particular symbol.

In this case, PA represents a high level amplifier, the logic function performed by the
circuit. The third line, also an alphabetic code, designates the circuit type being used
(HAB). The circuit type is a subdivision of the function identifier (a specific high level
amplifier). By using the circuit type designator, detailed information on that parti-
cular circuit can be derived in the following paragraphs (see Discrete Component

Circuit Descriptions).
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Figure 7-5. Discrete Component Circuit

The second line within the symbol is used to differentiate that particular symbol from
similar symbols that appear in the logic diagram. It is called the logic term and con-

sists of a one-letter prefix and an assigned identification number (in this case, A705).

The numbers on the input lines to the symbol indicate which transistor is driven by that
input line. For example, the upper input has a number 22 on its line, showing that it

drives transistor number 22 (ie., Q22 on the card schematic diagram).
The output lines also have numbers associated with them. These numbers indicate

which transistor directly feeds the output line. For example, the lower output line has

a number 40 above it, indicating that the output from transistor number 40 (Q40 on the
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card schematic diagram) drives the lower output line. For other circuits additional
transistor numbers may appear below the logic symbol. These numbers refer to
internal transistors that are not directly connected to any input or output line, but are
a part of the circuit.

Intebrid Circuits

Figure 7-6 shows the schematic version (as shown on card schematic diagram) and the
logical representation (as shown on logic diagrams) for the same Intebrid circuit. The
first and second lines of information inside both blocks are the same, and have the

same meaning as for the discrete component circuit.

Line three identifies the Intebrid circuit type (D24), and on the logic symbol addition-
ally identifies the section (B) of the circuit chip. (Refer to the Key to Logic Symbols
sheet of the logic diagrams for detailed coverage of Intebrid circuit types being used
and the number of sections in each chip.)

The fourth information line in the block is for location information. On the schematic
version, 1C identifies the matrix block (Figure 7-1) in which the chip is located and B
identifies the section of the chip. The fourth line of the logic identifies the card

matrix location and it also identifies the logic chassis row (A) and the mating connector
in the row (13).

SCHEMATIC LOGIC
CHIP o
REFEREN FUNCTION IDENTIFIER
/DESIGNATOR Losic
ZIiC-B INPUT PIN
10 | . [LOR
____..{ 0 10 |[1408
OUTPUT PINS D248 3
[—‘“ Prgg ERLS L—ouwur PINS)
= CIRCUIT TYPE HOWN AS CABLING
/ LOCATION (ON CARD) AND SECTION (s
CIRCUIT AND SECTION LOCATION (IN LOGIC

TYPE CHASSIS AND ON CARD)

scii2
Figure 7-6. Intebrid Circuit
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Pin information for the schematic and logic versions are similar with two exceptions.
The logic version does not show unused chip pins, whereas the schematic version shows
all unused pins connected to ground. Secondly, the schematic version shows a separate
origin for each chip output pin, while the logic version may show a single origin and
identify each pin as the line branches to its destination. This scheme is termed

cabling and conserves space and preserves appearance.

WIRED FUNCTIONS

The logical representation for wired functions is shown in Figure 7-7. These functions
are used where circuits have the capability of being combined as an AND function by
having the outputs connected. This is simply a physical connection and no electrical
or electronic components are involved. However, the logical interpretation of the
wired function is consistent with the AND truth table in Figure 7-4. Arrowheads are
used to depict logic flow into the gate. The gate output has no arrowhead.

scill

Figure 7-7. Wired Functions
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STANDARD/NON-STANDARD LOGIC LEVEL INDICATOR

The input to a logic function at a voltage other than the standard logic level is repre-
sented by a slash across the non-standard level line. Absence of the slash (or absence
of an A, see below) indicates a standard logic level on that line. Figure 7-5 illus-
trates the use of this symbol.

When the input signal to a logic function is an analog signal, the input line will have
an A across it.
INTEBRID CIRCUIT DESCRIPTIONS

Detailed functional descriptions and schematic diagrams for Intebrid circuits are
provided in CDC Pub. No. 60201000.

DISCRETE COMPONENT CIRCUIT DESCRIPTIONS

Figures 7-8 through 7-51 are the schematic diagrams for the discrete component

- circuits used in this device. A verbal description supports each circuit diagram.

The order of presentation is in accordance with the 3-letter alphabetical circuit type

d