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This manual, Form 227-5863-3, is a merge reprint of the previous
edition, Form 227-5863-2, and its supplement, S27-0539,

This manual supersedes, but does not make obsolete, Form 227-
3863-2 and its supplement, S27-0539.

This manual has been prepared by the IBM Systems Development
Division, Product Publications, Dept. 455, Monterey and Cottle
Roads, San Jose, Calif. 95114, Address comments concerning
the manual to this address. Comments may be written on the
comment form at the back of this manual.

ii




Section 1 Introduction. ......

Addressing .. ...ccececcoeee
Disk Storage Control e e ee e
Service Aids . . .. ceveee o
Capacitiés ., e ccoeosoe oo
Flexibility ... ... c ce e e

SWEdIl.II-IIlI"IIIl

Section 2 DescCription , ., . ¢ e o o
Functional Characteristics . ..
The Magnetic System ., , .,

The Positioning System, , , .,
Positioning Control . , .. ... .
LogicFlow . . ¢ ¢ cee vt e n e

IBM 2302 Disk Storage Model 1 and Model 2 ,
CylinderConcept, . v c e oo ssoseoscscsess

COIIthlLines ® 5 8 2 9 6 9 0 0 ¢ O 9O O " O OO0

2302 Control Lines From FCU, .
2302 Control Lines to FCU ., ., ..

Section 3 Mechanical . ......

DisSk AITaY .. . . e c e v e eoceescascass

Magnetic Head and Support Arm Assemblies,

Section 4 Hydraulic System , ,,..cc0o 000

Hydranlic Power Supply . o s c e s s o o s 0 0 ¢ »
Operation ,..cecee000ccsssosesos
Hydraulic Positioning System , . . v e o o e s o
Actnator . . . ......
Oil Pressure and Circulation System (Figure 4-6)
Detent and Regulator (Figures 4-6 and 4-7), ., .

Glob Adder Functions (Figures 4-6 and 4-9), .

Rezero (Figures 4-6 and4-10) . ,........
Piston Adder Function (Figures 4-6 and 4-11)

Section 5 Circuit Introduction , .

Section 6 Timing_;.__.....
Clmk---.------------
Indexlil.lllili..’l.".

e« ® & & & & 9 & & B

b ek b ek b bk ik b
[ L [ ]
O N NN = e e =

UJPJUJ
DN = =

ih#»h:h-rlhrhlh
O O W = = =

4.9
4.9

S.1

6.1
6.1
6. 1

ii1

CONTENTS

Section 7 Power Control

c e ettt et et s csos e 7.1

Power Contactor Box (Figure 7-1), , . v v v v 00 00 s 7.1
DC PowerSupplies . . v e ev oo eocesscocccence 7.2
Power Sequence Controls . .. v oo o oo ceveceoss 7.2
Power Sequence Panel (Figure 7=2) . . .. v v ... 7.4
Automatic Power Sequencmg_..,.._._..... 7.5
ManualPowerSequencmg.........—_...... 7.8
Safety InterloCKS + v v v v evevsoscnosccccess 7.8
Oil Pump Protection, , . . e v e e e e o « ceocce o es 7.8
Disk Drive ProtecCtion , 4 ¢ ¢ ¢« « o ¢ s 6 0660 00 0o 7.13
Electronic Gate Overtemperatire , ., . c e e o o o o o 7.13
Operating Temperature Thermal Sense., , .., ... . 7. 14
Section 8 Servicing AidS . e e ee o ceo oo osoceees 8.1
CE Test Panels (Figure 8-1) . . v e ccecoccoocaes 8.1
Power Seamence Panel. ... .....¢.¢¢... c e . 8.2
Marginal Voltage Check JaCK ¢ s s s s 60 s 00600 0 0 o 8. 2
CELatchand Light. ¢ e e e e e 6 s 0 evoeecavocesaeos 8, 2
CE Remote Control Box (Figure 8-2). . ¢ ¢ e ¢ ¢ ¢ ¢ ¢ » 8.2
Section 9 AccesS MOtION v e e e eeececcscescosse 9.1
SEeK o s 6 s e o 00 se0scnsosscccsacoscssss e 9.1
Rezero (Flow Diagram #2) « o s o e v o eoonssses 9.6
AcCesS INOP . e e e e e cevsscecesccsceacsscea 9.7
Section 10 Read=Write .o e e vevessocssccesese . 10,1
2302 Read/Write Head « o e o s 6 0 006 06 s 6o ooooos . 10,1
Head SelectiOn .o e e o s s e s e oo essnacsos s 10,2
Safety Circuits .. .o ceeceveeeoesccsccsnes .10.6
Write Data Record . . v vt e e e e 0o o oo c e oo e o . 10.6
Read Data Operation . . e e e e ceeccceeveceosoos . 10,6
Data Read Amplifier (CEILD #13). 4 ¢ c e 0o 0o 0o v e 10,7
Write Format Operation. . « « « « « c s 6 s s s 06 50 00 . 10.8
Develop Format Write Data s e s e s e s s s s 0 s ¢ 0 & . 10,8
Read Format Operation . . . . . . 10.8
Format Read Amplifier (CEILD #12) .............. 10.8
AGC o ¢t c s e v e 0o 0 e c 6606 s 86000008 00e e s 00 c v e o e o o o 10.9
Alternate ¢ « ¢ ¢ ¢+ ¢ 6 s s o s s o s s s 0000000000 e . 10,10
Flag Surface Addressing « « « ¢ ¢ ¢ ¢ ¢ o ¢ » 10,10
Section 11 Intermediate Level Diagrams ¢« o o ¢ o ¢ s ¢ » . 11,1







IBM 2302 DISK STORAGE MODEL 1 AND MODEL 2

e 2302 Model 1 has one 25-disk module (designated '
Module 0).

e 2302 Model 2 has two 25-disk modules (designated
Modules 0 and 1).

o Each 25-disk module has 50 recording surfaces.
e Each 25-disk module has two accesses.

e Each access addresses any of the 250 data cyl-
inders and one CE cylinder in its access area.

The IBM 2302 Disk Storage is a high-performance
magnetic-disk-storage device of exceptional reliabil-
ity. Its ease of maintenance and reliability result
from the use of solid-state components. The 2302

greatly increases the random-access capabilities of
most IBM Data Processing Systems.

The 2302 is available with one or two 25-disk
modules. Each module has 50 magnetic recording
surfaces. These surfaces store format control,
clocking control, and system data.

Each module of disks is serviced by two access
mechanisms: one for the inside band of 250 tracks,
and one for the outside band of 250 tracks. Each
access mechanism is provided with a read/write
head for each disk surface used; therefore, only |
horizontal movement of the heads is required to read
any track in the access group. As the disks rotate
past the heads, the vertically aligned data tracks
form concentric cylinders of data.

Data written by the read/write heads of one
access group cannot be read by the read/write heads

of the other access group. The clock head is station-
ary, butall other read/write heads are moved in

unison by an electro-hydraulic device to any of the

250 cylinder locations of the access group. The heads
are held close to the disk by a mechanical linkage

and are supported by an air cushion. Any of the data
in a cylinder is available without access motion.

CYLINDER CONCEPT

e Each module has 500 cylinders of data.

227-5863 (2/65)

SECTION 1 INTRODUCTION

Since the heads and disk tracks are mechanically
aligned one above the other, the vertical alignment
can be thought of as a cylinder of tracks (Figure 1-1).
With 500 tracks per disk surface, the module 1s con-
sidered to be 500 cylinders of 50 tracks each. A
track is therefore defined as a certain portion of the

cylinder lying on each suriace.

ADDRESSING

e Record addresses are stored with the record.

e 10,000 addressable data tracks are available
per access group.

o 20,000 addressable data tracks are available
per module.

e 40,000 addressable data tracks are available
per file frame.

A record in the IBM 2302 Disk Storage can be identi-
fied and located by its specific record address. This
record address is stored as the initial bit configura-
tion of any record.

Since there are 250 concentric cylinders in each
access group with 40 data tracks per cylinder, there
are 10,000 tracks per access group.

The format data on the 2302 disk is flexible and
allows records of different lengths to be stored. The
function of the format track is to control the length
and number of records of all the tracks in any cyl-
inder: this function is similar to that of a program
card on an IBM 24 Card Punch. There are 250 for-
mat tracks per access group, one for each cylinder
in the access group.

DISK STORAGE CONTROL

e 7631 controls up to five 1301s or 2302s.

Data passing to and from the 2302 is controlled by
the IBM 7631 File Control unit in the main Data
Processing System. These units control, audit,

and synchronize up to five 1301s or 2302s in any
combination.,
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Figure 1-1. Cylinder Concept

SERVICE AIDS
The IBM 2302 contains the following service aids:

e SMS-type plug-in printed circuit cards and
gates.,

e Standard NOR logic circuits with S-level
signals.

e Standard NAND logic circuits with Y-level
signals.

e Automatic and manual power-sequence controls.

e Self-checking circuits within the power-sequence
unit.

e Two special cylinders for Field Engineering use
on each access group (inner for data checking;
outer for mechanical adjustment).,

e Six identical prewritten clock tracks on the
clock disk.

e Alternate data surfaces to replace impaired
surfaces.

NOTE: The illustrations in this manual have a code number in the
lower corner. This is a publishing control number and is unrelated

to the subject matter.
1.2

.
e Access units that swing out for servicing.
e Electronic gates that swing out to allow accessi-
bility to all cards and wiring.
| N
e A Field Engineering test panel with lights that
indicate status and location of the access
mechanism., —
® Remote CE Box with Seek Repeat feature and CE-
Write ability on track 250. .
Through the use of these service aids, the IBM _
Customer Engineer can:
e Manually operate the access mechanism and head
selection circuitry.,
e Vary power supply voltages to check logic cir-
cuitry under marginal conditions.
e Read and write on the special CE tracks to check
circuitry.
——
e Adjust to any one of the six prewritten clock
tracks.
e Check hydraulic pressure at various points of H
the hydraulic system., AR
CAPACITIES
e Maximum IBM 2302 storage capacity 1s
117,000,000 alphameric characters with one
module, 234,000,000 characters with two —

modules.

e Each of the 10,000 track locations can store up
to 4,533 7-bit characters or 5,850 6-bit char-
acters. '

e The 2302 Disk Storage increases the random
access disk storage capacities of Data Processing
Systems by 45, 330, 000 7-bit characters or -
58,500, 000 6-bit characters.

FLEXIBILITY

e Variable length records on the track can be
read and written under format control.

e The track format can be altered by the pro-
grammer.



e Record addresses can be sequential or non-
sequential.

® Record addresses can be altered by the pro-
grammer.

e Written data can be checked by ''reading back. "

227-5863 (2/65)

SPEED

e Access motion time is 50 milliseconds (ms)
minimum, 180 milliseconds maximum.

e Rotation time is approximately 34 ms.

e Data transfer of a complete track can be per-
formed in one disk revolution.

1.3






e The 2302 consists of two basic systems:
1. A magnetic system for reading and/or
writing of data.
2. A positioning system for locating the read/
' write heads at a specified location within
the storage area.

e The magnetic system is composed of:

1. The magnetic disk -- the magnetic medium
for the storage of data. -

2. The magnetic read/write heads -- the ele-
ment that reads or writes data onfo or from
the magnetic disk.

3. The read/write amplifiers -- the circuits
necessary to control the signals to and from
the magnetic heads.

e The positioning system is composed of:

1. The hydraulic actuator -- the access mech-
anism that moves the R/W heads to various
locations on the magnetic disk surface.

2. The hydraulic power supply -- the oil pump
that supplies the oil pressure to move the
actuators.,

3. The solenoid drivers -- the circuitry needed
to control the hydraulic actuator.

These systems are packaged in two frames, one
mechanical and one electrical (Figure 2-1).

The principal components packaged in the mechan-

ical frame are:

1. The shaft motor that drives and supports the
magnetic disks.
2. The power contactor assemblies that distrib-
ute all input power within the file.
3. The cradle assembly that supports the shait
motor. |
4, A pressurizer that consists of an impeller
and filter which supplies filtered air to the
disk array.
5. An air compressor that operates the head
loading mechanism.
6. The magnetic disk array.
7. Receiver assembly that mounts the read/
write heads.
8. The hydraulic actuator.
9. The hydraulic power supply.
10. Power-input cord filter.
11. The clock-head assembly; mounted stationary
and adjusted to one of six prerecorded tracks.

SECTION 2 DESCRIPTION

The principal components packaged in the elec-

tronic frame are: |

1. The electrical power supplies that provide
power to the electronic and power sequencing

circuits.

9. The servicing aids that provide the Customer
Engineer with the facilities to manipulate the
various file components and to diagnose
difficulties.

3. The power sequence circuits that time all
power sequencing.

4, The I/O connections.

5. Read/write electronics.

6. Actuator control electronics.

FUNCTIONAL CHARACTERISTICS

The Magnetic System

e Each of the two modules has 25 disks.

e 40 magnetic surfaces are addressed by the
access register,

e Each of the 40 data surfaces has 500 concentric
tracks.

e Data is written in binary-coded-decimal form.

e Each module has a format surface which has
500 concentric tracks.

e Bit configuration on the format disk can be
changed by the programmer.

e Six alternate (flag) surfaces are provided to
replace impaired surfaces.

e Data format, and alternate surface read/write

heads are moved in unison by the access
mechanism.

o Clock head is fixed to the machine frame.
e Read/write electronics are composed of the read

amplifier, write drivers, and head switching
matrix.

2.1
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Figure 2-1, Component Orientation

The magnetic disks are arranged in two logical ar-
rays of 25 disks each. Each group of 25 disks is
called a module. Each side of the disk is coated and
can be magnetized into bit patterns.

Within a module, 40 of the 50 magnetic surfaces
can be addressed through the access register in the
magnetic system electronics. These 40 magnetic
surfaces are called data surfaces. Data is recorded
on these disk surfaces in 500 concentric tracks.

Figure 2-2 is an illustration of a data disk with
its tracks, addresses, records, and gaps. All data --
alphameric and special characters -- in the 2302 is
written in binary coded decimal (BCD)., One of the
50 surfaces is addressable by a format line and is
referred to as the format surface. The format sur-
face for each access mechanism contains 250 con-
centric tracks, one for each cylinder. Each format
track contains a bit configuration that controls the
number of characters in each record and the record
address of its respective cylinder.

2.2
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Card
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Control 1ae
Circuits
l 15‘31@

The system programmer can change the format
disk configuration.

Since the record and its address are stored to-
gether on the data disk, the more addresses stored,
the less room there is for data.

The surface opposite the format is a spare sur-
face and is not addressable.

Six of the 50 magnetic surfaces are alternate
surfaces, these alternate surfaces are addressed by
a set of three flag lines. They are not addressed
through the normal address lines and registers.
These extra surfaces have been provided to ensure
that each data bit is stored in a magnetically perfect
media. '

Whenever a physical disk defect is encountered,
the entire track is disabled and an alternate surface
is specified. This alternate surface is given the
disabled track's address.

A complete disk revolution requires a maximum
of 34.5 milliseconds (ms) and a minimum of 33.3 ms.

.--lll'-..‘__
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The use of 49 surfaces (40 data, 6 alternate, 1 .L Portions of the read/write electronics are
format, 1 spare, and 1 unused) is identical in each shared by all four accesses, therefore, only one
of the two modules. The remaining surface is used access can read or write at a time. '

differently in each of the two modules. In the upper
module, the lowermost surface is unused. In the

lower module, the lowermost surface is the clock The Positioning System
surface. This surface is not addressable.

e R/W heads are all mounted to the receivers.
Read/Write Heads R/ CeEvers

® Receiver is moved by the hydraulic actuator to

The access mechanism has 40 data R/W heads, one any of 250 data cylinders or two CE cylinders
format head, and from two to six alternate surface
heads. The lfleads are part of a drawer-receiver e Access time is 50 milliseconds (ms) to 180
assembly which is positioned by a hydraulic actuator. milliseconds |

The clock head is not moved by the positioning
system. It is mounted on the frame and positioned e Hydraulic power supply has capacity for 20
manually on one of the six clock tracks. accesses per second

Read/Write Electronics
The magnetic R/W heads are mounted on a common

The read/write (R/W) electronics are composed of receiver block and form a "comb-type'" access

the read amplifier, the write driver, and the head mechanism.

switching matrix. The read amplifier and the write Each access mechanism is hydraulically driven
driver, under control of the file control unit (FCU) to simultaneously move all heads horizontally to any

and in conjunction with the Selection Of 2 magnetic one of the 250 data CY].inderS, or to the SerVice Cy1—

head, cause the specified head to read data from the inder in its access group.

disk or cause data to be written on the disk. The The two service cylinders (CE cylinders) are the
R/W heads are capable of operating at a frequency innermost track (250) positions, beyond the data

of 2. 5 million clock and data bits-per-second (400 tracks. After the movement is complete, one of the
nanoseconds per bit). head elements can be selected to read or write.

An SLT (Solid Logic Technology) pre-amplifier is The time required for adjacent track movements
attached on the receiver so that it is near the R/W is 50 ms to 2 maximum of 180 ms. The maximum
heads thereby eliminating undesirable line interference. access time from one track location to any other

The write drivers are installed in gates C and D track location is 180 ms,
which are physically located between the vertical The hydraulic power supply, which provides the
struts that mount the actuators. The location of these pressure to move the access, has the capacity to
gates is necessary to eliminate undesirable line provide oil for a maximum of 20 access motions per
interference. second,

2.3
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POSITIONING CONTROL

® Separate R/W and access controls for each
ACCESS.

e One access can seek while another reads or
writes.

Each access mechanism has its own read/write and
access controls so that one access may be in motion
while the other is reading or writing. Accesses may
move simultaneously, but cannot read and write
simultaneously because all four accesses share some
common read/write circuitry. The access elec-
tronics control the access positioning, select the
proper head, maintain the assignment of each individ-
ual access mechanism, provide rezero control, and
afford manual access control for Customer Engi-
neering aids.

LOGIC FLOW

e Eleven lines run directly between the FCU and
each 1302,

e Data and control signals to and from the file pass

through a terminator and switching panel (Al or Bl),

e Panels A4, A6, B4, and B6 contain the access
control for their respective access.

e Panels A3, A5, B3, and B5 contain the read/
write circuits for their respective access.

e Panels C2, C3, D2 and D3 contain the write
drivers for their respective access.

e Read amplifiers are available for data, format,
and clock signals.

Logic flow is illustrated on System Diagrams Page
01.00.01,0. The logic functions are grouped into
blocks and are referenced to logic sections and SMS
panel locations.

Lines entering and leaving the 2302 intertace are
located in the left vertical section of the diagram.
Eleven lines run directly between the FCU and each
2302, These are file read data (1), write data (1),
format read data (1), clock A and B (2), attention
status (4), module zero select (1), and module one
select (1). All other lines to the 2302 are connected
in parallel with other 2302s, 1301s, or similar de-
vices. All lines and their functions are described
under CONTROL LINES. |

| Data and control signals to and from the file pass
through a terminator and switching panel (Al or Bl).
The address gates are the only input lines that are
not selected by module and access. They are ter-
minated in this panel and go on to the access control
unit (ACU) panel. The clock read amplifier is also
in this panel. The clock head signal is amplified,
selected by module, and driven to the system.

There is an ACU panel (A4, A6, B4, or B6) for
each access. This panel accepts the address from
the system, signals the actuator to move, and checks
the motion time, It also selects the required head
indicated by the address.

The read/write panel (A3, A5, B3, or B5) con-
tains the read/write circuits for the data and format
surfaces, solenoid driver cards, and motion moni-
toring circuits under control of the ACU panel.

There is a read/write panel for each access.

The write driver panel (C2, C3, D2, or D3) con-
tains 4 write drivers, one for each zone of heads,

The accesses (MOAO and M1A0O) on the front of the
2302 share a common data amplifier, a common for-
mat amplifier, and a common format write driver.
The accesses (MOA1l and M1A1l) on the rear of the
2302 also share a common data amplifier, a common
format amplifier, and a common format write driver.

Each module has a read amplifier for the format.
A simpler amplifier is used in the clock circuit to
supply a clock signal for both modules.

2302 timing pulses originate at the clock, and at
the two sets of index heads. The amplified clock
lines are sent to the FCU, All file data timing is
done in the FCU, The index heads indicate the be-
ginning and end of the tracks.

The valves of the hydraulic actuator are activated
by solenoids which are driven by lines from the ac-

cess register, The other hydraulic inputs consist of
the hydraulic detent and rezero controls.

CONTROL LINES

e The control lines consist of coaxial or twisted
pair cables which link the 2302 to the FCU.

2302 Control Lines From FCU

Module and Access Select (01.01.01.1 and
01.11.01.1)., These four lines select the specific
access that is to be used.

Access Register Head Address Set (01.01.01.1
and 01.11.01.1). This line provides a set pulse to
set the access register gated data into the head por-
tion of the access register or the flag latches.




Access Register Cylinder Address Set(01.01,01.1

and 01.11,01.1), This line provides a set pulse to set

the access register gated data into the cylinder por-
tion of the access register.

Set Access Inop (01.01.01.1 and 01.11.01.,1),
This line allows an access to be set Inop from the
system,

Head Select (01.01.01.1 and 01.11.01.1). This
line allows the head portion of the access register
to select a head.

Write Gate (01.01.04.1 and 01.11.04.1). This
line specifies that a write operation is being per-
formed.

Erase Gate (01.01.04.1 and 01.11.04.1), This
line specifies that an erase operation is being per-
formed and will always follow the write gate. Lack
of an erase gate signal on this line puts the 2302
into read status.

Store ¥Format (01.01.04.1 and 01.11.04.1). This
line allows format data to be stored on the format
disk. However, the format key lock-switch must be
turned to Write position of the selected module before
this line can function properly., If Store Format is
not selected, Format Read is operative.

Access Register Gates (01.01.03.1 and
01.11.03.1). These sixteen lines gate the input to
the access register latches., A track or head register
set then turns all gated latches on, all others off.

Flag Condition 1, 2, 3 (01.01.05.1 and
01.11.05.1). These three lines select an alternate
surface head. These lines are not binary coded but
are additive (i.e., flag condition 3 selects alternate
surface 3, flag conditions 2 and 3 select alternate
surface 5, etc.). (Flag 3 is selected by F3 not F1
and F2.).

CE Sync from System (01.01.05.1 and
01.11.05.1). This is a CE unidirectional convenience
line from the system to the CE test panel in the 2302.

Write Data (01.01.02.1). This line carries the
actual data pulses used to record data or format on
the 2302 disks.

Start Stop Sequence (01.50.13.0). This line
picks the remote stop relay to begin the start
sequence operation. Dropping this line starts the
stop sequence. This line is not shown on 01,00,01,0.

Emergency Off (01.50.14.0). This line is
activated to pick the Emergency Off contactor. Open-
ing this line at any point will immediately disconnect
all ac and dc power. This line is not shown on
01.00.01.0.

Dc Remote Control (01.50.13.1). This line is
activated to pick the dc remote relay allowing elec-
tronic dec power to be applied to the 2302. Opening
this line at any point while the heads are loaded will

Page Revised 10/25/65

immediately disconnect electronic dc power., This
line is not shown on 01.00.01.0.

Power On (01,50, 13, 0), This line picks the
mainline power contactor of the first 2302 and auto-
matically activates the power-on sequence to all other
"on-line" files.,

Power On Sequence ac Common (01, 50, 14, 0),
This line is the common return between the system

and the 2302's for the power-on and emergency -off
24 vac signals.
Machine Reset (01.01.01.1 and 01.11.01.1). This

line resets the Attention Status latches in the 2302.

Process Time (01.01.08.1). This line indicates
that the file is "being used' by the system and is used
to drive the 2302 process-time meter.

2302 Control Lines to FCU
Clock A and B (01.01,01.1), These two lines drive

the amplified clock signal to the system.

Mod 0 Acc 0, Mod 0 Acc 1, Mod 1 Acc 0, and

Mod 1 Ace 1 Attention Status (01.01.05.1). These

four lines indicate that the specific module and access
selected have completed a seek that was initiated by
a cylinder set from the FCU,

File Read Data (01.01.02.1). This line carries
amplified Read data pulses,

File Format Read Data (01.01.06,1). This line
carries amplified Format Read data pulses.

Access Ready (01.01,06.1 and 01.11.06.1).

This line indicates that the selected access is ready
for use.

Early Index (01.01.06.1). This line carries the
amplified signal from the Early Index transducer.

Late Index (01.01.06.1). This line carries the
amplified signal from the Late Index transducer.

Read Safety (01.01.04.1 and 01.11.04.1). This
line indicates that all conditions for safe selection
and reading are being met.

Write Gate Safety (01.01.04.1 and 01.11.04.1).
This line indicates that all conditions for safe writing
are being met.

CE Sync to System (01.01.05.1 and 01.11.05.1).
This is a CE convenience line from the 2302 CE test
panel to FCU,

CE Cylinder Located (01,01.07.1and 01,11,07.1).
This line indicates that either of the CE cylinders
has been located.

Access Inop Indication(01.01.01.1and01.11.01.1).
This line indicates that the selected access is Inop,
the file is not ready, or no access is selected.

Power On to Next File (01.50. 13,0), This line
starts the next file start sequence at the time dc
supply control is turned on in the originating 2302,
This line is not shown on 01, 00,01, 0.
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Figure 3-4., Receiver Assembly

The receiver is hinged to the carriage to enable
the receiver to swing out for easy inspection and
servicing. Two wedge-shaped pins lock the receiver
during normal operation. The retaining pin cannot
close the interlock switch unless the receiver is
locked to the carriage in the normal operating
position.

The carriage assembly is positioned by the actu-
ator slave piston rod. The rod is connected to a
yoke which in turn is connected by tie-rod to the
carriage. In this manner the motion of the actuator
is delivered to the carriage assembly.

Carriage motion is guided by ways on the actu-
ator housing. An accurate vertical surface is
machined on the carriage to seat the receiver assem-
bly in relation to the disks. The arm stiffeners
position the arms in relation to the gaps between the

disks, and maintain the relationship of the arms to
the machined surface of the drawer assembly.

227-5863 (2/65)
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Figure 3-5. Head Flying Characteristics
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Pairs of heads in the drawer are loaded by twist-

ing a torsion bar. The 24 beryllium copper torsion
rods in one receiver are actuated by a single stroke

of a linkage in the head load mechanism (Figure 3-8).
This stroke is delivered to the linkage by an air actu-

Crank

Coupler
Air Solenoid
Heads Loaded
Microswitch
Drawer
Retaining
Screws

Microswitch
Adjusting Screw

Heads Unloaded

Microswitch

Figure 3-8. Head Load Mechanism

227-5863 (2/65)

Return Spring

Loss of the air supply collapses the actuator and un-

loads the heads.
The torsion rods are twisted by a nominal load of

350 grams. This nominal load achieves the nominal

head-to-disk spacing.
Circuits in the 2302 prevent the heads from being

loaded while the actuator is in motion.
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Figure 3-9. Compressed Air Supply
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HYDRAULIC POWER SUPPLY

e The hydraulic power supply furnishes the constant

0il pressure required for operation of the actu-
ators.

® The hydraulic power supply has the capacity to
provide oil for a maximum of 20 random move-
ments-per-second of the four hydraulic actuators.

Description

Each access mechanism is hydraulically actuated and
moves the receiver assembly and all heads horizon-
tally to any of the 250 cylinder positions in the access
group. After movement has been completed, the
head elements of the module are normally activated
by electronic switching.

The components of the hydraulic power supply
(Figure 4-1) are indicated in the following list:

- 1. Three horsepower, three phase, 208 v to
240 v, 60 cps induction motor.

2. Tandem oil pump supplying approximately
two and four gallon per minute (gpm) de-
liveries from its primary and secondary
section.

— 3. Accumulator (located at the hose sub-
manifold).

Manifold.

sSump.

Oil filters.

Drip tray.

System pressure regulator.

Low pressure regulator.

10. Float switch.

11. Over temperature switch.

12. Temperature controls.

13. Sump oil lever indicator. -

14. System pressure gage and manual shutoff valve.
15. Cooling system gage.

16. Oil cooler.

o

© O QO =J O O W

The hydraulic power supply is located at the
bottom of the mechanical frame directly below the
vertical strut that mounts the actuator (Figure 4-2).

The following hydraulic and electrical connections
to the hydraulic power supply are required:

1. A 550 psi output port and a sump return line

in a common disconnect.

2. Bleeder lines, one from each actuator.
3. An electrical cable.

SECTION 4 HYDRAULIC SYSTEM

. Operation

@ Hydraulic power sﬂpply is turned on during
power-on sequence.

¢ Two pumps on a common shaft are used.

@ Correct oil temperature is maintained by an oil
cooler and thermal valve.

e System pressure is controlled by an adjustable
relief valve.

Figure 4-3 illustrates the major power supply com-
ponents and functions, The actuator assembly is
shown enclosed in broken lines.

The motor is switched on during auto-start se-
quence shortly after the disk array reaches operating
speed, and remains running during normal operation.,

The motor is switched off manually during auto-
stop sequence, or is turned off automatically if the
oil temperature exceeds 130° F or if the oil level
drops below the required limit, There is also an
overload switch in the motor circuit which turns off
the supply.

The motor armature and the two and four gpm
pumps are on a common shaft, The oil inputs to
both pumps come through a common strainer from
the sump. The pump outputs flow through the sepa-
rate check valves to the oil filter and actuator, The
oil filter output branches to the actuator and high
pressure relief valve, The branch line from the
four-gpm pump connects to the warm up and transfer
valve, o

The oil cooler thermal valve is operated by a
thermal element, The valve normally channels the
four gpm output through the oil cooler. If the oil
temperature drops below 123° F,, the thermal ele-
ment closes the thermal valve which forces the oil
through the low pressure relief valve to sump. As
the oil heats up, the thermal valve opens and the
cooler again functions. Oil is cooled by circulation
through a radiator in an air stream supplied by the
hydraulic power supply motor and fan,

There are three oil filters in the system:

1. A 40-micron sump strainer filter,

2, A two-micron system paper filter,

3. A system combination paper and steel

filter,

The adjustable system pressure relief valve
provides a high pressure relief to sump.
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Figure 4-1, Hydraulic Power Supply

The float switch closes at proper oil level turning
on an indicator on the CE panel.

The manifold supplies the necessary communica-
tion ducts between external ports and internal com-
ponents. It serves as a mount for the serviceable
and adjustable components of the system,

The sump is open to atmospheric pressure and
acts as the reservoir for system oil,

The sump pressure regulator check valve is not
adjustable and is located in the common sump return
line at the sub-manifold. It maintains the sump line
pressure at approximately 5 psi to prevent oil drain-
ing from the actuator.
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The manual valve is closed to check system
pressures. The manual valve should be opened
during operation to reduce gage wear and to provide
a bleed orifice to drop accumulator pressure when
the hydraulic power supply is turned off.

HYDRAULIC POSITIONING SYSTEM

e The hydraulic positioning system consists of the
olob adder and piston adder systems enclosed in
the actuator assembly housing.



Figure 4-2. Hydraulic Power Supply in Servicing Position

e The function of the adders is to move the actuator
shaft to one of 250 tracks.

e Piston and glob adders are controlled by elec-
trically operated valves.

Description

There are two actuators for each of the two modules.
The actuator rod moves the receiver assembly on the

carriage ways. Retraction of the actuator shaft drives

the heads toward the center of the disk array.

The piston adders supply the 1, 2, 4, 4', and 10
increments, and the glob adders supply the 20, 40,
40', 40", and 100 increments.

Special combinations of piston adders and glob
adders are used to develop the remainder of the in-
crements (Figure 4-4).

Page Revised 10/25/65

The hydraulic valves are controlled by solenoids
picked by solenoid driver circuits. Hydraulic balance
is obtained by using a single pressure differential
force on opposite ends of the pistons. The glob adder
moves the actuator shaft within its cylinder to any
combination of physical track positions, 20, 40, 100,
and 200. The actuator shaft can be detented at 20

rack increments. The piston adder moves the en-
ire actuator shaft and cylinder with its detent to all
rack positions between the glob adder positions.
The piston adder requires no detent because it is a

ositive locating device.

Actuator

e The actuator is a self-contained device for ac-
curately and consistently positioning the heads
on a desired track.
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Figure 4-3, Hydraulic Power Supply - Functional Diagram

@ Three hydraulic connections from the actuator to
the hydraulic power supply are required: system
pressure (550 psi), sump return (5 psi), and an
air bleed line,

e 30 access control electrical connections are
required by the actuator.

The actuator consists of a hollow casting containing a
set of five glob adder cylinders and five pistons with
matching control valves, a set of five piston adder
assemblies with matching control valves, a shuttle
valve, a detent with its operating piston and control
valve, a slave cylinder and piston (actuator shaft), a

4.4
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System

Accumulator
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|
|

Over Temperature
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l |

pressure regulating valve, and a detent detector.
Each glob cylinder has a return bypass check valve
on each end.

Three connections from the actuator to the hy-
draulic power supply are required: 550 psi, sump
(5 psi), and an air bleed line.

There are 30 access control electrical connec-
tions (Figure 4-5), 5 pair for the piston adder sole-
noids, 5 pair for the glob adder solenoids, 1 pair for
the detent solenoid, 1 pair for the rezero solenoid,
and 3 pair for the detent detector (three coils).

The actuator is mounted on a vertical strut along-
side the disk array. The inside face of the housing is
bolted against the strut. The 550 psi line and the
sump (5 psi) line enter the back of the actuator through
a hole in the strut. The air bleed line is connected
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to the top lid, The outer face is machined flat with

a V groove along the top and bottom edges to support
a sliding carriage. This groove is called the carriage
way. The receiver assembly, including the heads and
arms, is mounted on the carriage. The actuator shaft
is connected to the carriage with an adjustable yoke
and two flexible rods, and is extended and detented in
the outermost detent notch when the heads are over
the outer cylinder (00).

The actuator shaft is an extension of the slave
piston within its slave cylinder. The slave piston
moves to the left (viewed from the front of the ma-
chine) whenever a glob solenoid is picked, and moves
to the right when one is dropped. The distance moved
(in increments of 20 tracks) corresponds to the
amount of oil added or subtracted to or from the
slave circuit by the glob adders. When glob move-
ment is complete, the detent piston engages the de-
tent in one of the 13 circumierential grooves on the
slave piston.

The entire slave cylinder and detent assembly is
moved to the right or left in its floating sleeves by
the piston adders. Piston and glob adder motion may
be simultaneous. Piston adder motion is opposed by
a bias piston with a system pressure of 550 psi.
System pressure also biases the slave piston shait,

The area of the piston adder bias piston is one-
half the pressurized area of the piston adders and
the pressurized area of the shaft end of the slave
piston is one-half that of the head end. These area
differences give the force differences necessary for
effective bias. The detent piston and cylinder as-
sembly is stationary., The head of the detent slides
across the face of the detent piston as the piston ad-

der expands or contracts through maximum movement,

Oil Pressure and Circulation System (Figure 4-6)

The hydraulic power supply maintains 550 psi to the
following points:
1. Rezero valve
2. Slave piston bias
3. Piston adder bias piston
. Piston adder control valves
Glob adder control valves
Detent valve

Pressure regulator
o Shuttle valve

W ~1 O O >
™

A 350 psi relief is also required in the rezero
circuit. The shuttle valve requires a regulated 300
psi bias which is supplied by the regulator valve.
There are five basic oil flow circuits:

1. Detent control

2. Regulator

4.6

~ the guide head, and into the detent sleeve.

3, Glob adder control
4. Actuator rezero
5. Piston adder control

Detent and Regulator !FE res 4-6 and 4-7)

The detent has two functions:

1. To lock the slave piston and cylinder
together at the end of the glob stroke,
and to correct for slight overshoot or
undershoot of the piston rod.

2. To allow recalibration of oil in the slave
cylinder,

The detent is inserted through a hole in the
slave cylinder. Its movement is controlled by the
detent piston which is actuated by the detent control
valve. As long as the detent valve solenoid is picked,
000 psl1 1s connected to the detent piston and the de-
tent is seated. Figure 4-6 shows the detent in a
released position. It can be seen that the 550 psi is
blocked in the valve and that the detent cylinder is

open to the sump. System pressure is allowed past
the right end of the slave piston, through grooves in
The slave
piston is sealed on the left end. This pressure drives
the detent and detent piston out when the detent cyl-
inder is connected to the sump. The difference in
cross sectional area between the detent and the detent
piston allows this bias to be overcome when the piston
is at system pressure.

The slave piston may overshoot or undershoot the
selected position by as much as 0,015", with some
vibration in this range. The 2302 electronics allow
about 36 ms to 45 ms for the detent to settle down to
a +0,0001" vibration, peak-to-peak, after detenting
and before a ready signal is generated.

A detent detector is located in the detent piston
cylinder as shown in Figure 4-6, A brass shaft in
the hollow piston has an iron tip that moves through
three coils, providing magnetic coupling and signaling
when the detent is in or out.

During the detent release operation, no oil should
be forced into or out of the slave circuit. This could
happen if the detent came out before the 300 psi
regulated pressure is disconnected in the shuttle valve.
Therefore the shuttle valve must move first during
a detent release sequence. When the detent valve
drops the line to sump, the 550 psi bias forces the
shuttle valve to the left. As the shuttle valve moves,
it cuts off the regulated pressure to the slave circuit
and builds a pressure in the line to the detent valve
and piston. This pressure is sufficient to delay the
detent release until the shuttle valve has completed
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Figure 4-6. Hydraulic Positioning System

Shuttle Valve

Detent Control
Valve

550 psi -

Figure 4-7. Detent Control

its stroke to the left and completely cut off the 300
psi to the slave circuit. Ideally, the shuttle starts

its motion before the detent begins to move, thus
allowing enough time for the operation. Another func-

tion of the shuttle valve is to supply oil to recalibrate
the slave circuit after detenting has been accomplished.

When the detent is driven in under pressure, the

227-5863 (2/65)

shuttle valve is pushed to the right and cuts oif the
glob adders and connects the regulated 300 psi to the
slave cylinder.

The regulator valve (Figure 4-8) has two func-

tions:

1. To supply a source of oil to recalibrate the
slave cylinder after 'detent in" in the event
of minor leakage in the actuator.

o To balance the forces on the slave plston
when detenting.,

The difference in area between the two ends of
the pistons was calculated to give the 300 psi output.
In the position shown in Figure 4-6, the output 1s
balanced against the right-hand input. If the output
pressure drops, the piston moves to the left and
opens another 550 psi input. If the output increases,
the piston moves to the right and drains some oil to
the sump until the pressure decreases to 300 psi then
the sump is cut off. The piston is continually oscil-
lating to maintain this 300 psi.
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.— 2. The spring returns the valve, cutting off
' 550 psi and opening the detent and shuttle
valves to the sump.,
. 3. The shuttle valve, biased by 550 psi, begins

its stroke to the left, disconnects the 300 psi

from the slave cylinder, and connects the
glob adder line.
. 4. Detent bias pressure drives the detent out.
L 5. Detent detector indicates detent out.

Glob Adder Functions (Figures 4-6 and 4-9)

The five glob adder cylinders are shown in the "pres-

sure to cylinder' condition with 550 psi connected to

the bottom of the cylinder by the glob adder control

valves. The shaft is fully extended within the slave
Figure 4-8. Regulator Valve cylinder. The control solenoids are all dropped.

When one is picked, 550 psi is cut off and that glob

cylinder is switched to sump. After the detent re-

lease sequence, bias pressure on the slave piston

moves it to the left, moving oil in the slave circuit

through the shuttle valve, through the upper return

bypass, and into the cylinder, forcing the piston down.

The lower bypass return check valve closes and oil
bias, seats the detent while the shuttle valve leaves via the plant-adjusted needle valve. The needle
moves to the right, disconnects the glob valve and tapered slots cause the required damping at
adder line and connects the regulated 300 the end of the stroke. Similar damping action occurs
psi to the slave cylinder, when the cylinder is switched to pressure and the

3. The oil in the slave cylinder is recalibrated piston moves upward. When a control solenoid has
through the shuttle valve. (This is necessary been energized and is then dropped, the sump is cut
to compensate for any leakage in the actuator).  off and 550 psi is switched in. After detent is re-

4. The detent detector signals detent in. leased, the 550 psi at the glob cylinder forces the

piston up, moving oil out of the cylinder, through
the shuttle valve and overcomes bias pressure on the
slave piston and moves it to the right.,

“

Control Control Control Control Control
Valve Valve Valve Valve Valve

The detenting sequence can be summarized as
follows (Figure 4-6):
1. The detent solenoid is picked, closing the
sump port and applying 550 psi to the detent
piston and shuttle valve, R
9., The detent piston force overcomes the detent

The detent release sequence is as follows:
1. The detent solenoid is dropped.

330 psi

Figure 4-9, Glob Adder Control
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Figure 4-10. Actuator Rezero

The valves of the glob cylinders are in a rela-
tionship of 20, 40, 40', 100, and 40" from right to
left. The numbers correspond to the number of
tracks that will be passed by the heads when the
corresponding glob solenoid is picked. The 20, 40,
40" and 100 are picked together to give 200.

There are five glob adder control valves that are
hydraulically biased, and solenoid controlled. In a
dropped condition, 550 psi 1S connected to the glob
cylinders and the sump 1is blocked; the reverse is
true in a picked condition. The solenoid action 1s

assisted by hydraulic pressure.

Rezero (Figures 4-6 and 4-10)

If a small amount of air accumulates in the slave
circuit, or if the glob adder gets out of step with the
slave piston, the problem is corrected by the rezero
circuit. Rezero occurs automatically during a power
sequence ON., Rezero also occurs any time the inner
CE cylinder switch condition does not agree with the
access register or when an invalid address is recog-
nized or when the access fails to "srrive'' at a speci-
fied cylinder within the allotted time. Rezero causes
the oil to circulate through the slave circuit thereby
removing air bubbles and recalibrating the quantity

of oil in the slave cylinder.
When rezero is initiated, all glob solenoids are

dropped and the rezero solenoid is picked. The
detent is held until the globs drop, then the detent is

227-5863 (2/65)

To Sump (After Bleed Is Open At Full Extension )

released. The rezero valve connects 350 psi to the

slave circuit. The pressure exerted is enough fo
slightly overcome the slave piston bias, causing it to

drift at a controlled rate to a 0.030" over-travel posi-
tion to the right for A0, or left for Al (outer CE cyl-
inder). At this point, a system pressure bypass bleed
port is opened to the slave circuit. This port can be
seen to the left of the detent in Figure 4-6. This port
allows the fluid to pass through the detent cylinder

and out to sump return. Normal service 1S restored
by detenting., The detent forces the actuator to the
left, closing the bleeder port. The rezero solenoid
then drops and the valve is spring returned, closing
all ports.

Piston Adder Function (Figure 4-6 and 4-11)

The five piston adders are physically placed end to
end in the same cylinder. They normally function
together to provide actuator positions of 19-track
inerements or less. The piston assemblies are coded
as 1, 2, 4, 4', and 10. To move from one track
position to an adjoining track position requires a
movement of 0,010", the maximum piston adder ex-
tension required, therefore, is 0.190'. Piston adder
movements of up to 9 tracks (not involving the ten
piston) can be accomplished within 50 ms. A 550-psi
pressure is supplied to the interior of the piston
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Control Controll Control
Valve

550 psi

Figure 4-11, Piston Adder Control

capsule assemblies by a set of five piston adder con-
trol valves that are solenoid operated.

Assemblies 1, 2, and 10 are identical in struc-
ture. The 4 and 4' assemblies are identical and each
contains internal ball check valves. The 4 capsule
is cutaway in Figure 4-6 to show detail. Oil flows into
these pistons through the bottom port and out the top.

Structural details of the ports, that are not shown
in the illustration, restrict the flow of oil as the in-

ternal member approaches either maximum position,
thereby causing damping. This damping is not ad-
justable. Each capsule assembly is a piston within
a sliding cylinder. When pressure is applied to the

4.10

Control Control
Valve Valve

Sump

core, the piston (inner member) protrudes beyond
the cylinder (outer member) pushing the cylinder and
all other assemblies on its right to the right. This
motion is transmitted to the slave cylinder assembly
and the actuator shaft by the detent assembly.

When a control valve solenoid is picked, the 550
psi to the expanded piston is cut off and the sump
path is opened. The piston adder bias piston pres-
sure then collapses the selected piston, and the
actuator shaft moves to the left. In the dropped
condition, as shown in Figure 4-6 for piston one,
550 psi is applied and the piston overcomes the bias
and expands one track position,



e Standard SMS NOR and NAND logic is used.

e Systems diagrams are divided into sections by
panel designation,

Functional descriptions of the SMS cards used in the
2302 are included in the components circuits section
of the system diagrams. Additional information con-
cerning electronic, diode, and transistor theory can
be found in the following IBM Field Engineering
Manuals of Instruction: Transistor Component Cir-

cuits (Form 223-6889), Transistor Theory Applica-

tion (Form 223-6783), Transistor Theory Nlustrated
(Form 223-6794).
The 2302 logic circuitry is standard SMS NOR

logic using S-level (0 v high -12 v low) signals and

NAND logic using Y-levels (0 v high, 6 v low) signals.

Various other logic blocks and levels are used for

read/write, line drivers, and other special operations.

The terms "trigger' and 'latch'' are generally
used synonymously in this manual and throughout

01.00.00 .0

PANEL|IPAGE YPE OF

SEQUENCE] JPAGE
ITHIN 0= Manual
PANEL 1 = Automated
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SECTION 5 CIRCUIT INTRODUCTION

IBM. These terms are not normally intended to
designate the actual type of component used.

The systems diagrams are divided into sections
by panel designation (Figure 5-1). For example,
panel 1 in gate A is panel Al. The system diagrams
for this panel are in section 01.01.XX.X, The sys-
tem diagrams for panel A5 are in section 01.05.XX.X,
The system diagrams for panel Bl are in section
01.11.XX, . X,., etc.

Most of the descriptions in this manual are
written for a single module machine,

Panels A3, and A4 in a dual module machine
are the same physically and logically as panels A5
and A6 respectively except in the rare cases that
duplicate circuits are not required. Circuits that
are not duplicated (e.g., data read amplifier and
format read/write circuits) are in panel A5 because
A5 is the panel associated with the first module in-
stalled. Panels Bl, B3, B4, B5, and B6, are
"mirror" images of panels Al, A3, A4, A5, and A6,
respectively, except in the rare cases that duplicate
circuits are not required (Figure 5-2).
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