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SECTION |
SPECIFICATIONS AND PERFORMANCE CHARACTERISTICS

1-1. INTRODUCTION.

1-2.  Hewlett-Packard D-3030G-HO1 Tape Units are de-
signed for use with the HP 12559A Interface and an
HP 2116, 2115, or 2114 Digital Computer. This configur-
ation is capable of reading and writing IBM standard
computer 9-track format tapes at a tape speed of 75 inches
per second with bit-packing density of 800 bits per inch.
D-3030 Tape Units include electromechanical tape handling
mechanisms, magnetic read /write/erase heads, operator con-
trols and indicators, load-point and end-of-tape photosensing,
file protect devices, and all necessary power supplies.

1-3. All assemblies are mounted within a sturdy cab-
inet. A full-length, hinged front cover door contains a
counterbalanced sliding panel to provide convenient access
to the transport for tape loading and threading. A single,
front-access card rack, located behind three panels adjacent
to the vacuum chambers, houses the data electronics circuit
cards and the cards containing control and logic circuits
associated with the operation of the tape transport. A rear
door provides access to other assemblies within the cabinet.

1-4. D-3030 Single Tape Units are tape transports com-
plete with data electronics. The units accept data inputs at
logic levels suitable for writing and supply reproduced data
which is detected, converted to appropriate logic levels, and
clocked out from output registers. Pulse data operation is
also available as a standard production operation.

1-5. SPECIFICATIONS.

1-6. Excluding the specifications for the data elec-
tronics and accessories, the specifications given in the
following paragraphs apply to the D-3030G-HO1.

1-7. DIMENSIONS.

1-8. External dimensions of the Tape Unit cabinet are
29-5/8 inches wide by 69 inches high by 25 inches deep.
Tape Units may be installed in side-by-side contact and
require no separation clearance for openting cabinet doors.
A clearance of 28 inches is required in front of the Tape
Unit to permit the cabinet door to be opened a full 90
degrees.

1-9. INPUT/OUTPUT CONNECTORS.

1-10.  Primary power (J2), tape unit control (J1), data
input (J4), and data output (J5) connectors are located at
the lower rear of the cabinet on a reversible panel to allow
connecting cables to be brought in through the rear of the
cabinet or up thorugh the bottom of the cabinet. Mating
connectors for J1 (36 pins), J4 (20 pins), and J5 (20 pins)
are supplied on the interface cables.

1-11. CONTROL INPUT AND STATUS OUTPUT
SIGNALS.

1-12.  Control and status signals are carried by the 36-pin
connector J1 to and from the control and logic section of
the Card Rack.

1-13. TAPE MOTION CONTROL INPUT SIGNALS.
Input circuits are transistor triggers strapped for positive
negative levels and true or false logic at the time of manu-
facture. The triggers are always self-biased to the inactive
state; that is, the driving circuit need only supply current
(true logic) or absorb current (false logic) while holding a
line in an active state. This arrangement results in fail-safe
operation if the Tape Unit becomes disconnected from its
associated equipment. Inputs requirements are summarized
in table 1-1. The four tape motion control input signals and
their operations are as follows:

a. FORWARD (negative true): the forward tape drive
is maintained for as long as the command input level is
maintained.

b. REVERSE (negative true): the reverse tape drive is
maintained for as long as the command input level is
maintained.

c. REWIND (negative true): a momentary (20 micro-
seconds) input level initiates the Rewind cycle. Control
logic selects a slow (75 ips) or fast (reel-to-reel) rewind
speed, depending upon the amount of tape on the takeup
reel. The tape is automatically repositioned to Load Point
at the end of the Rewind cycle.

d. UNLOAD (negative true): a momentary (20 micro-
seconds) input level initiates the Unload cycle. It has the
same command and response characterisitcs as Rewind,
with the additional response that the tape unit is switched
to the LOCAL mode and accepts no further commands
from the computer interface.

1-14. TAPE MOTION INTERLOCKS. To prevent dam-
age to the tape and tape unit, several interlocks are incor-
porated in the tape unit. Simultaneous FORWARD and
REVERSE inputs are automatically rejected; however, RE-
WIND or UNLOAD inputs occurring while the unit is in
forward or reverse drive are stored and executed when the
drive input is removed. During REWIND, both the write
and erase circuits are disabled.

1-15. STATUS OUTPUT SIGNALS. The status outputs
from the tape unit consist of voltage levels (9 * 1 volts and
0 £ 0.5 volts) from transistor line driver circuits. The
circuits are strapped during manufacture to provide positive
true output logic. With the output at “zero” level, the
source impedance to ground is 100 ohms and the maximum

1-1
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Table 1-1. Input Circuit Voltages

INPUT TERMINAL VOLTAGE
LOGIC COMMAND PRESENT COMMAND ABSENT TERMINATION
(-) True -3 to -15 -0.5. to +12 2.2 K2 to gnd
(- ) False -0.5 to +12 -3 to -15 4.7KQ to -10V
(+) True +3 to +15 +0.5 to -12 2.2 K2 to gnd
(+) False +0.5 to -12 +3  to +15 4.7TKQ to +10V

allowable current is 10 milliamps. With the output at a
positive or negative level, the source impedance to the
10-volt supply is 570 ohms and the maximum allowable
current is 20 milliamps. The following signals are the status
outputs to the external equipment.

a. READY (AUTO): tape is threaded, vacuum is ap-
plied, and the tape unit is in the Automatic mode and ready
to accept commands (control inputs).

b. REWIND (REWIND STATUS): the tape unit is in
the REWIND mode.

c. LOAD POINT (LOAD POINT STATUS): the tape
is positioned at the Load Point photoreflective marker and
the tape unit is in READY status.

d. WRITE ENABLE (WRITE ENABLE): the Write
Data Electronics are enabled and the tape unit is in READY
status.

e. END-OF-TAPE (EOT): the EOT photoreflective
marker is positioned under or has passed the photosense
head since the last REWIND command was received and the
tape unit is in READY status.

1-16.  Although the density status indications are gen-
erated by the tape unit, they are not utilized by the
interface.

1-17. In addition to the status outputs, an Address
Switch contact closure, corresponding to the numeral show-
ing on the Address indicator of the Control Panel, is nor-
mally sent to the external equipment. This feature is not
utilized in the model HO1.

1-18. DATA ELECTRONICS INPUT AND OUTPUT
SIGNALS

1-19. The Data Electronics handles the Read and Write
functions separately, with individual connectors to the data
processing system for Write data inputs and Read data
inputs and outputs. Input/output signals are transferred
through connectors J4/P4 (Write) and J5/P5 (Read) to the
data processing system.

1-20. The Write data inputs include nine channels of
parallel logic level data signals, a WRITE PERMIT (WRITE

1-2

ENABLE) input for external on-off control of the write
heads, a WRITE RESET input for switching all head
current to a common direction to write inter-record gaps,
and a WRITE CLOCK input.

1-21. The Read Data inputs and outputs consist of a
READ RESET input to set all output registers to the same
state or to inhibit data output when desired, a READ
CLOCK output, and nine channels of data output signals.

1-22. In addition, the Data Electronics receives inputs
from tape unit control and logic circuits: a WRITE
ENABLED input indicating that the supply reel is equipped
with a Write Enable Ring, a REVERSE input to set certain
skew compensation circuits when tape is read in the reverse
direction. It should be noted at this point that the
D3030G-HO1 is capable of reading tapes recorded at any
of the three densities, but due to the interface it may
only record at 800 bpi.

1-23. MAGNETIC HEAD ASSEMBLIES.

1-24. The magnetic head assembly includes separate
9-track Write and Read head stacks, a full-track Erase head,
a “head gate” to reduce write-to-read head coupling, and
vacuum-cleaning tape guides. The write and read heads are
9-track IBM standard track widths and spacings. The center
line of the first track is 0.029 inch from the top edge of the
tape; succeeding tracks are centered at 0.055-inch incre-
ments, with a constant tolerance of * 0.002 inch for each
track center referenced to the top edge of the tape. The
Write head track width is 0.048 inch and the Read head
track width is 0.030 inch. Write-to-Read head gap spacing is
0.300 £0.005 inch.

1-25. PERFORMANCE CHARACTERISITCS.

1-26.  The performance characteristics of D-3030 tape
units are presented in the paragraphs which follow. In-
cluded are brief discussions of tape motion characteristics,
static and dynamic skew, types of data recording, power
requirements, system reliability, and environmental
conditions.

1-27. TAPE MOTION.

1-28.  The following specifications apply to Tape Units
operating at a tape speed of 75 ips from a regulated 60 cps
(or 50 cps) AC line.



1-29. START CHARACTERISTICS. Within 5 millisec-
onds after the initiation of a Forward or Reverse command,
tape speed will be within £ 5 percent of normal speed. Tape
travel during the 5-millisecond start period will be within
0.185 + 0.025 inch.

1-30. STOP CHARACTERISTICS. All tape motion will
cease in less than 2 milliseconds after the removal of a
Forward or Reverse command. No spurious signals will be
generated after this time. Tape travel during the 2-milli-
second stop period will be within 0.080 +0.010, -0.015
inch.

1-31. RUN CHARACTERISTICS. Average long-term
speed deviation will be less than * 1 percent. Speed devi-
ation from average will be less than * 1 percent when
measured over tape lengths as short as 1.5 inches and less
than * 1.5 percent when measured over tape lengths as
short as 0.135 inch.

1-32. ACTUATOR CHARACTERISTICS. The tape
drive acuation system will accept any sequence of com-
mands without causing damage to the Tape Unit or to the
tape. A minimum of 5 milliseconds must be allowed be-
tween rapid sequential commands (FORWARD, STOP,
REVERSE, STOP, etc.) if specified start and stop distances
are to be maintained. More frequent commands may be
programmed in sequences where the start or stop distances
are not critical.

1-33. REWIND TIME. A full 2,400-foot reel of tape will
be rewound within 3 minutes after the initiation of the
Rewind operation.

1-34. SKEW.

1-35.  Pulses previously written simultaneously on two or
more tape tracks may not be reproduced simultaneously
because of imperfections in the mechanical tape handling
system. Such time displacement error, or skew, is specified
as the worst-case time displacement of a reproduced pulse
of a character as referenced to any other reproduced pulse
of the same character.

1-36. Maximum dynamic skew is 3.6 microseconds, the
time band within which a reproduced pulse from any track
of a character will occur when referenced to a reproduced
pulse of any other track of the same character.

1-37. Maximum static skew is 6.0 microseconds, the
time displacement of the dynamic skew band center to the
reference track pulse. The static skew specification applies
when measured without compensation. Static skew, how-
ever, is eliminated by compensation circuits in both the
Write and Read Data Electronics.

1-38. RECORDING METHOD.

1-39.  D-3030 Tape Units employ NRZI recording, com-
patible with all IBM 727- and 729-series tape units at 800,
556, and 200 bit-per-inch recording densities. In the Write
process, current flows through the heads continously and
magnetizes the tape to saturation. A bit (logic ‘“one”) is
recorded on the tape by reversing the direction of the head
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current. In the Read process, the points of flux reversal
recorded on the tape induce current pulses in the Read
head and are interpreted as “one” bits. The absence of a
pulse during the bit period is interpreted as a “zero” bit.

1-40. WRITE DATA ELECTRONICS FUNCTIONS. The
Write Data Electronics accepts nine-channel parallel data at
its input in the form of logic levels, converts the data to the
NRZI form, and drives the nine write heads to record the
data on tape. A WRITE RESET input permits the external
control equipment to switch all head current to the com-
mon direction for writing inter-record and other gaps on
the tape. A Write Permit (WRITE ENABLE) input provides
for external on-off control of head current. The File Pro-
tect system has overriding “off” control of the head
current.

1-41.  The Write Data Electronics includes delay circuits
in each channel for skew compensation to ensure that the
recorded bit alignment on the tapes is within the tolerances
required for 556 or 800 bpi densities. Also included are
circuits to drive the erase head, when writing is enabled and
permitted, and circuits to compensate for any pulse asym-
metry characteristics in the individual Write heads.

1-42. READ DATA ELECTRONICS FUNCTIONS. The
Read Data Electronics amplifies the outputs of the nine
read heads, detects the recorded “one” bits, and strobes the
“one” bits constituting each character into an output regis-
ter. The data output consists of nine logic levels at the
output register and a clock pulse. A READ RESET input
permits the external control equipment to set all the output
registers of the Tape Unit to the same state and to inhibit
tape unit data output when desired.

1-43. The Read Data Electronics includes circuits to
change the read detection threshold, whenever data is being
written, from a normal 20 percent of full pulse amplitude
to 40 percent, in order to detect incipient data dropouts
during a Read-After-Write mode of operation. Additional
circuits detect the ‘“‘one” bits at the time of their pulse
peaks: this reduces the time displacement error caused by
pulse amplitude variations. Also included are static skew
compensation circuits for each channel, delay circuits for
both forward and reverse directions of tape travel, and
circuits to sense the direction of tape travel and switch the
delays accordingly.

1-44. LATERAL PARITY GENERATION AND
CHECKING. Lateral Parity generation and checking are
functions of the interface circuitry. An “odd” number of
“ones” is always maintained when writing data characters.
This same condition is checked for during read operations.

1-45. INPUT POWER REQUIREMENTS.

1-46.  Input power to the Tape Unit is 117 volts ac, single
phase. A Tape Unit with Data Electronics requires 600 watts
standby, 750 watts average operation, and 970 watts peak.
The equipment will meet all specifications when operated on
line voltages of 105 to 126 votls ac at line frequencies of 58 to
62 cps. Speed variation specifications apply only under
conditions of precise power line frequency.
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1-47. SYSTEM RELIABILITY.

1-48.  System reliability includes data reliability, in terms
of drop-outs or falsely injected signals caused by defects in
tape or electronics, and equipment reliability, in terms of
mean time to failure and preventive maintenance require-
ments. All figures pertaining to tape life are for recordings
made at a density of 200 bpi on 1.5-mil, Mylar-base hard
oxide tape of a recognized computer brand and quality.

1-49. WRITE ERRORS. Write errors, detected in a
Read-After-Write mode with the Data Electronics threshold
set at 40 percent, will not exceed 30 per reel of tape.

1-4

1-50. READ ERRORS, LONG PASSES, Reading tapes
which have no Read-After-Write errors with the Data Elec-
tronics threshold set at 20 percent, there will be not more
than one permanent error per 150 reels of tape. A perma-
nent error is one that cannot be cleared after five rereads or
by cleaning the read head surface.

1-51. READ ERRORS, SHORT PASSES. Reading a
section of tape which does not have any initial errors
detected in a Read-After-Write check and with the Data
Electronics threshold set at 20 percent, there will be not
more than one permanent error per 10,000 passes of a
10-foot length of tape.
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SECTION II
OPERATION

2-1. GENERAL.

2-2,  Since the Hewlett-Packard D-3030 Tape Unit is
primarily intended to be operated automatically under the
control of a data processing system, manual operations are
limited mainly to changing tape reels and transferring con-
trol of the unit to the data processing system.

2-3. CONTROLS AND INDICATORS.

2-4. The controls and indicators and the parts of the
tape transport associated with tape loading and threading
are shown in Figure 2-1. The functions of the controls and
indicators are given in Table 2-1.

2-5. It should be noted that during the AUTO mode of
operation, when the tape unit is under the control of the
computer system, the control panel pushbuttons (excluding
the LOCAL pushbutton) are inoperative. The pushbuttons

are enabled only when the LOCAL pushbutton has been
actuated to switch control of the tape unit to the control
panel.

2-6. PHOTOSENSE TABS.

2-7. Photosense tabs are supplied with a pressure-
sensitive adhesive and should be attached to the non-oxide
side of the tape as shown in Figure 2-2. The Load Point tab
is to be placed along the edge of the tape nearest the
operator. The End-of-Tape tab is to be placed along the
edge of the tape nearest the transport.

2-8. APPLICATION OF POWER.

2-9. The D-3030 Tape Unit Control Panel does not have
a power switch. Power to the Tape Unit is intended to be
controlled as part of the system in which it is to function. It is
assumed that power is applied to the tape unit at the same
time that power is applied to the system.

CONTROL
PUSHBUTTONS

CONTROL PANEL

TAKEUP REEL

HEAD COVER
FIXED GUIDE

CAPSTAN COVER

TRANSPORT SWITCH

INDICATORS

- ADDRESS SELECTOR
: SWITCH

SUPPLY REEL

HOLDDOWN KNOB

-«-» ———— REEL GUIDE
1 ROTARY GUIDE

THREADING SLOT

3030-|C =61

Figure 2-1. Operating Devices, Controls, and Indicators
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Table 2-1. Functions of Controls and Indicators

CONTROL DEVICE FUNCTION
OR INDICATOR

LOCAL Switches control of tape unit to control panel; acts as emergency stop control.

pushbutton illuminated, tape unit is in LOCAL mode.

AUTO Switches control of tape unit to the computer system. When illuminated, tape unit is in

pushbutton automatic mode and all other pushbuttons (except LOCAL) are locked out.

LOAD POINT Indicates Load Point Search when tape unit is in LOCAL mode. When illuminated, tape is

pushbutton positioned at Load Point.

REWIND Switches tape unit to REWIND mode from LOCAL mode; causes transport to rewind

pushbutton tape to Load Point, initiates slow or normal rewind operation. When illuminated, tape
unit is in REWIND mode.

REVERSE Drives tape in reverse direction as long as pushbutton is depressed.

pushbutton

CHANGE DENSITY
pushbutton

When illuminated (LOCAL mode only), switches density operation of Data Electronics.

Density lamps
(200,556,800)

Indicate density operating status of Read Data Electronics as set by CHANGE DENSITY
switch.

Address numeral
indicator

Indicates Tape Unit address (0 through 9) set by Address selector switch.

Address selector

Switches Tape Unit address (as shown in indicator above). Output to computer system

switch from switch also indicates address. This feature is not utilized by the HP 12559A
Interface.
WRITE ENABLED When illuminated, indicates that Write Enable Ring is installed on tape reel.
indicator
END OF TAPE When illuminated, indicates that End-of-Tape tab is under or has passed photosense head.
indicator
Transport START position (up): causes vacuum to be applied to chambers and tape to be loaded
Switch into chambers when tape is properly threaded.
BRAKES position (down): releases reel motor brakes for tape threading; initiates
DISABLED mode if actuated while Tape Unit is in LOCAL or AUTO mode. (Brakes
circuit is bypassed during Rewind.) Center position is not connected to any circuit.
Cleaning Used only when cleaning pinchrollers and capstans. Up position: closes Forward actuator
Switch and starts capstan motor. Down position: closes Reverse actuator and starts capstan

motor.

|-+w~|o FEET—>1<—— ~1 INCH ——1

SHINY (NON-OXIDE)
SIDE OF TAPE

PARALLEL TO AND
NOT MORE THAN
1732 INCH FROM EDGE

TRACK | EDGE END-OF-TAPE TAB

PARALLEL TO AND
NOT MORE THAN
1/32 INCH FROM EDGE

le— ~1 INCH —sfe—— 14 FEET——]

TRACK 7
(OR 9) EDGE
LOAD-POINT TAB

Figure 2-2. Location of Load-Point and End-of-Tape Photoreflective Tabs
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2-10. MANUAL OPERATION.

2-11.  Manual operations consist primarily of preparing
the tape unit for automatic control: loading and threading
the tape, advancing the tape to the Load Point, selecting
the density and address required for the tape unit, and
switching the tape unit to AUTO mode. If the tape unit has
not received an UNLOAD command at the termination of
the program, the tape must also be rewound prior to
removing the tape reel from the tape unit.

2-12. REELINSTALLATION AND TAPE THREADING.

2-13.  If the tape reel to be installed is to be written
upon (that is, the tape unit is to be operated in the WRITE
mode), insert a plastic Write Enable Ring in the groove on
the back of the tape reel (Figure 2-3). If the WRITE mode
of operation is not to be used for that tape reel, check that
the Write Enable Ring has been removed before installing
the tape reel on the tape unit. Lower the slide panel in the
front cover door for access to the tape transport.

Figure 2-3. Write Enable Ring

a. Rotate the supply reel (right-hand reel) hold down
knob fully counter-clockwise to relax the rubber grip ring.

b. Place the tape reel over the holddown knob and seat
it firmly against the turntable by applying pressure only on
the reel hub and not on the reel flanges. The Write Enable
Ring groove around the hub should be nearest the tape
unit, facing away from the operator.

c. While holding the reel firmly against the turntable,
tighten the holddown knob (Figure 2-4) in a clockwise
direction until it is snug or until the end-of-travel stop is
reached.

Section II

Figure 2-4. File Installation

d. Hold the Transport Switch in the BRAKES position
(down) and pull about two feet of leader or tape from the
supply reel (Figure 2-5). Release the Transport Switch,
permitting it to return to the center position.

Figure 2-5. File Reel Leader

Note

The tape should unwind from the right-
hand side of the tape reel. If this is not
the case, check that the reel has been
installed with the Write Enable Ring
groove toward the tape unit. If the reel is
installed correctly and tape unwinds from
the left, the tape has been improperly
wound and cannot be used on the tape
unit. The oxide (non-shiny) side of the
tape should be wound facing the hub of the
reel. If the tape is wound oxide-side out, it
cannot be used on the tape unit.

e. Grasp the tape with both hands and wrap it around
the protruding lip of the head cover. Allow the slack loop
of tape coming from the supply reel to hang outside of the
reel guide.
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f. Move the section of tape which is around the head
cover inward and to the left, causing it to pass into the
threading slot and engage with the driving components
(Figure 2-6). Slide the tape back and forth a few times to
ensure that it moves freely and lies straight over the
chamber guides inside the glass (Figure 2-7).

Figure 2-6. Threading Slot

Figure 2-7. Tape Alignment

g. Pull the remainder of the slack tape through the left
side of the head cover. Pass the tape under and around the
outside of the takeup reel guide and drop the end of the
tape between the takeup reel flanges onto the hub (Figure
2-8).

h. Hold the Transport Switch in the BRAKES position
and wind about six turns of tape in a clockwise direction
onto the takeup reel (Figure 2-9). When there is no slack in
thre threaded tape path, release the Transport Switch.
Check that the tape is aligned properly over the vacuum
chamber entrances and that it passes around the underside
of each reel guide.

2-4

Figure 2-8. Takeup Reel Threading

Figure 2-9. Takeup Reel Loading

i. Hold the Transport Switch in the START position
(up). The capstans will start, vacuum will be applied, and
the reel motors will feed tape into the chambers. When the
reel motors stop, release the Transport Switch and close the
front door slide panel. The tape unit is ready for operation.

2-14. ADVANCE TO LOAD POINT.

2-15.  When the tape unit has been threaded and started,
it will be in LOCAL mode of operation. Momentarily
depress the LOAD POINT pushbutton. The tape will be
driven forward until the Load Point tab is detected by the
Photosense head, at which point the tape unit will stop.
The LOAD POINT pushbutton is illuminated with the tape
is at the Load Point.



2-16. DENSITY SELECTION.

2-17. The CHANGE DENSITY pushbutton is active
(and illuminated) only when the tape unit is in the LOCAL
mode. To set the tape unit for the bit-packing density of
the tape reel, press the CHANGE DENSITY pushbutton
until the lamp adjacent to the desired density (200, 556, or
800) is illuminated. It should be noted that if the tape is to
be written on, the density must be set to 800 bpi.

2-18. TAPE UNIT ADDRESS SELECTION.

2-19.  This feature is not utilized when the tape unit is
connected through an HP 12559A Interface to an HP
Computer.

2-20. LOCAL OR AUTOMATIC STATUS SELECTION.

2-21.  To transfer control of the tape unit to the com-
puter system, momentarily depress the AUTO pushbutton.
The LOCAL pushbutton lamp will be extinguished and the
AUTO pushbutton lamp illuminated. The tape unit is then
in automatic mode and can be operated only from the
computer system.

2-22. To return the tape unit to local control at any
time momentarily depress the LOCAL pushbutton. The
AUTO pushbutton lampwill be extinguished and the
LOCAL pushbutton lamp illuminated. Any tape motion
will stop, and control of the tape unit will be removed from
the computer system.

2-23. REWINDING TAPE.

2-24. To rewind the tape from the takeup reel to the
supply reel, the tape unit must be set to the LOCAL mode
of operation. Momentarily depress the REWIND push-
button to start the rewind operation. The pushbutton lamp
will be illuminated and, depending upon the amount of
tape stored on the takeup reel, the tape unit will perform
either a fast (reel-to-reel) or a slow (normal Reverse speed)
operation.

2-25. If the amount of tape to be rewound is small (as
determined by the Pack Sense Photocell circuits), the tape
unit drives the tape at normal Reverse speed until the Load
Point tab is detected. At the Load Point, the Rewind
operation stops. If the amount of tape to be rewound
exceeds the predetermined amount, a reel-to-reel Rewind
operation is automatically initiated.

2-26.  First, the tape is removed from both vacuum
chambers by a jogging motion of the reel motors. When
both chambers are cleared, the tape is wound at high speed
onto the supply reel. The fast rewind action continues until
the amount of tape on the takeup reel decreases to the point
where the Pack Sense circuits are energized. At this point, the
Rewind circuits cause the tape loops to be restored in the
vacuum chambers and a slow Rewind operation begins. The
tape is driven at normal Reverse speed until the Load Point
tab is detected. At the Load Point, the Rewind operation is
terminated. Tape motion may be stopped at any time during
a Rewind operation by depressing the LOCAL pushbutton.
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2-27. REEL REMOVAL.

2-28.  Before removing a tape reel from the tape unit, the
tape must be rewound to the Load Point. The tape may
then be stripped from the takeup reel manually or by using
Reverse drive.

2-29. To strip the tape manually from the Load Point
position, hold the Transport Switch in the BRAKES posi-
tion. This places the tape unit in the DISABLED mode and
releases the reel brakes. Wind the tape reel in a counter-
clockwise direction until all of the tape is wound onto the
supply reel.

2-30.  To strip the tape by using the Reverse drive after
the Load Point is reached, depress and hold the REVERSE
pushbutton to wind the tape off of the takeup reel. When
the tape has been stripped from the reel, the end will snap
into the left-hand chamber and the tape unit will switch to
the DISABLED mode. When the transport has stopped,
hold the Transport Switch in the BRAKES position and
rotate the tape reel in a counterclockwise direction to wind
the remaining tape onto the supply reel.

2-31, Turn the holddown knob counterclockwise to re-
lease the reel and remove the reel from the tape unit by
grasping only the outer flange of the reel.

2-32. AUTOMATIC OPERATION.

2-33. In AUTO mode of operation, the tape unit is com-
pletely controlled by the computer system. The LOAD
POINT, REWIND, REVERSE, and CHANGE DENSITY
pushbuttons on the Control Panel are locked out so that an
operator cannot inadvertently interfere with the remotely-
controlled operation of the tape unit.

2-34.  The computer system may also command the tape
unit to perform a REWIND or UNLOAD operation. A Re-
wind command causes the tape to be rewound to the Load
Point, and the Tape Unit remains in the AUTO mode to
accept subsequent commands. An UNLOAD command
(REWIND and STANDBY), however, not only causes the
tape to be rewound to the Load Point, but also switches the
tape unit to the LOCAL mode, removing it from automatic
control.

2-35. ABNORMAL CONDITIONS.

2-36.  Certain abnormal conditions may occur during op-
eration to cause the tape unit to be placed in the DISABLED
mode. It may also occasionally be necessary to manually stop
the operation of the tape unit. Such conditions and the pro-
cedures for returning the tape unit to normal operation are
described in the paragraphs which follow.

2-37. LONG OR SHORT LOOP.

2-38.  Any condition which causes an abnormally long or
short loop in either vacuum chamber will stop the tape unit
and place it in the DISABLED mode. If the abnormal loop
condition is corrected by the tape unit within one-half sec-
ond, the tape unit will restart automatically. If the condition
is not corrected, the tape unit will remain in the DISABLED
mode and, after clearing the tape, must be restarted manually
by moving the Transport Switch to the START position.

25
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CAUTION

Before restarting a tape unit which has
switched to the DISABLED mode, hold
the Transport Switch in the BRAKES posi-
tion and wind any slack tape onto one of
the reels. The tape unit can then be restart-
ed safely by operating the Transport
Switch to the START position.

2-39.  When the tape unit is disabled, it also switches from
AUTO to LOCAL status, as indicated by the illumination of
the LOCAL pushbutton. To return control to the computer
system, the AUTO pushbutton must be depressed.

2-40. POWER FAILURE.

2-41. A power failure of more than one-half second
duration will cause the tape unit to switch to the DIS-
ABLED mode. (Momentary failures may not stop the oper-
ation of the tape unit.) Before restarting the tape unit, refer
to the CAUTION in paragraph 3-38. The AUTO push-
button must also be depressed to return control to the
computer system.

2-42. EMERGENCY STOP.

2-43.  Any tape motion, whether initiated when the tape
unit is in the LOCAL or AUTO mode of operation, can be
stopped by momentarily depressing the LOCAL pushbutton.
To restart the tape unit, move the Transport Switch to the
START position. The AUTO pushbutton must also be de-
pressed to return control to the computer system.

2-44. MANUAL DISABLE.

2-45. If, for any reason, it is desired to place the tape
unit in the DISABLED mode while tape is still threaded on
the unit, first stop any tape motion (remove the drive
command, depress the LOCAL pushbutton, etc.) and make
sure that the unit is transferred to the LOCAL mode. When
tape motion has stopped, hold the Transport Switch in the
BRAKES position until vacuum is removed from the
chambers. Before restarting, check that the tape is properly
threaded and positioned over the guides at the chamber
entrances. To restart the tape unit, move the Transport
Switch to the START position. The AUTO pushbutton
must also be depressed to return control of the tape unit to
the computer system.
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SECTION It
DETAILED DESCRIPTION

31. GENERAL.

3-2. The D-3030 Tape Unit (Figure 3-1) is a self-
contained digital magnetic tape unit, with the cabinet
forming the principal mounting structure for support of
the major sub-assemblies. The sub-assemblies are the Con-
trol Panel, Tape Transport, Card Rack, Vacuum Plate,
Vacuum Motor Deck, Power Supply, and Cover Door.
These and other components are assembled and intercon-
nected within the cabinet to form a single functional unit.

33. TAPE TRANSPORT.

3-4. The main components involved in transporting
the tape are shown in Figures 3-2 and 3-3. The tape reels

Figure 3-1. D-3030 Tape Unit

and reel motors are located side by side on the upper
portion of the Tape Drive Plate. The drive section
includes the chamber entrances, capstans, pinch roller
actuators, and read/write heads and is located on the
center of the Tape Drive Plate directly below the reels.
The capstan drive motor is mounted on the back of the
Tape Drive Plate. The vacuum chambers extend from the
Tape Drive Plate to the Vacuum Plate, which supports the
cambers where they connect to the vacuum manifold.
The area behind the unsupported chamber sections is
occupied by the Card Rack, in which the transport and
data electronics circuit cards are housed. On the rear of
the Vacuum Plate are the vacuum valve assembly and a
number of vacuum switches. Directly behind the
Vacuum Plate and mounted on the cabinet base is the
Vacuum Motor Deck, which supports the vacuum motor
and its capacitor. The Power Supply chassis is mounted
on the cabinet base behind the Vacuum Motor Deck.

3-5. In this section, a typical D-3030 Tape Unit is
described, first in terms of the hardware and then in
terms of circuit operations. For descriptive purposes, the
tape unit consists of functional sub-units such as the
tape transport, data electronics, vacuum system, etc.;
however, these sub-units do not exist as physically
separable packages. For example, no single assembly
forms a tape transport or the data electronics. The
transport and data circuit card share the same card
rack, and power supplies for both are contained on
the same chassis.

3-6. TAPE PATH.

3-1. The tape path is shown in Figure 3-4. The
tape emerges from the right-hand side of the supply
reel and passes under a reel guide which positions the
tape so that is will lie flat across the chamber
entrance when threaded and be pulled in the chamber
when vacuum is applied. The tape passes from the reel
guide to a rotary guide at the chamber entrance and
into the chamber to form a storage loop between the
reel and drive components. At the exit side of the
chamber, the tape moves over a buffer pocket post, a
vacuum buffer pocket, which reduces starting
transients, and a fixed guide. The tape then passes
between the reverse capstan and pinchroller, above the
Photosense head, and under the head assembly. The
head assembly has a precision edge-loading guide at
the entrance and exit and contains the Erase, Write,
and Read head stacks, respectively. The tape path
from the head assembly to the takeup reel is the
reverse of the path from the supply reel to the head
assembly, omitting the Photosense head.

3-1
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Figure 3-2. Front View of D-3030 Tape Unit
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Figure 3-3. Rear View of D-3030 Tape Unit
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Figure 3-4. Tape Path

3-8. REEL MOTOR ASSEMBLIES.

3-9. Supply and takeup reel motor assemblies (Figure
3-5) are identical, except for the addition of a drag brake
on the takeup reel motor to provide hold-back tension
during high-speed rewinding. The reel motor is a
seriesswound DC motor with two sets of field windings.
Power is applied to the motor through one or the other of
the field windings, depending upon the direction of
rotation desired. A reel turntable is mounted directly on
the front of the motor shaft and is equipped with a
quick-disconnect reel holddown device. The reel holddown
grips the smooth inside surface of a tape reel by radially
expanding a rubber grip ring. As the knob is advanced
axially, the ring is compressed between the knob and the
turntable.

3-10. A disc brake assembly mounted on the rear
end of the motor contains a coil housing, brake disc, and
brake rotor. The brake rotor is securely attached to the rear
extension of the motor shaft and is faced with a disc of
neoprene-impregnated cork brake lining. The hard,
chrome-plated steel brake disc is forced axially against the
rotor brake lining by a compression spring working against
the motor end bell. The brake disc, retained by two nylon
pins, is free to move axially, but prevented from rotating.
Braking torque is developed by friction between the
stationary disc and the brake rotor. A small air gap exists
between the stationary disc and the brake rotor. A small air
gap exists between the stationary disc and coil housing.
Wehn current flowing through the coil sets up a magnetic
field sufficient to overcome the force of the brake spring,

3-4

the disc is attracted to the coil housing, leaving the rotor
free to turn. Whenever power is applied to either of the
motor filed windings, it is simultaneously applied to the
brake coil. The time constant of the brake coil and circuit
is such that from 30 to 50 milliseconds are required for
current to build up to release the brake. The time
required for the magnetic field to decay and engage the
brake is of about the same value. Since the stall torque of
the motor is about one-half the brake torque, the motor
shaft cannot begin to rotate until the brake is released.

3-11. The drag brake, on the takeup motor assembly
only, utilizes a spring-loaded plate and attached flat
plastic ring to apply pressure to the back of the brake
rotor. Drag brake friction is adjusted by two moveable
brackets and is normally set to provide a drag of 5 to 6
inch-ounces measured at the takeup reel hub.

3-12. VACUUM SYSTEM.

3-13. The vacuum system controls the lengths of buf-
fer tape loops stored in the chambers between the reels
and drive section. This is accomplished by means of vacuum
in the chambers and a number of vacuum sensing switches,
as shown in Figure 3-6. The difference in pressure above
and below the tape in the chambers maintains the loops in a
taut condition and provides a constant source of hold-back
tension on tape passing over the heads. The vacuum
switches sense the positions of the tape within the
chambers and control the reel motors and other-electrical
functions of the tape unit. A valve assembly controls the
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Figure 3-5. Takeup Reel Motor Assembly

chamber vacuum under different modes of operation. The
vacuum pump provides a vacuum for the system and is
also the source of air used to cool certain electrical
TAKEUP SUPPLY
CHAMBER CHAMBER components.

(N}

-}

3-14. VACUUM MOTOR DECK AND AIR OUTLET.
The vacuum motor is a self-contained motor and pump
assembly mounted on the Vacuum Motor Deck (Figure
3-7). The motor is a split-phase, two-pole, capacitor-
operated induction type, which eliminates the need for
frequent servicing and does not contribute contaminants
from brush and commutator wear. Two hose connectors
near the top of the assembly enable connection to the input
and output of the vacuum pump. The motor base is
attached to the deck by four resilient rubber mounts. Two
similar mounts and a stabilizing bracket extending from the
Vacuum Plate support the top of the motor. The vacuum
Motor Deck also contains the motor capacitor and a
terminal block, TB13, through which power is supplied to

LF)

REWIND Vst the motor. The vacuum motor operates when power is
applied to the tape unit and the transport power switch,
S1, on the Power Supply chassis is turned on. The motor

EXHAUST VﬁﬁagM SEEE%TABLE circuit is protected by fuse F3 on the Power Supply.
=
3-15.  Pump motor cooling is provided by the air flow
TRANSFER

MANIFOLD—/

VALVE through the vacuum system. Under normal running con-
ditions, the pump maintains a vacuum of about 20 inches

I ASVSAELA\::SLY of water at a flow rate of about 25 cfm. The exhaust air is
channeled through a flexible hose to the Air Outlet as-
sembly mounted on the rear panel of the Cabinet. A cross-

Figure 3-6. Vacuum System Diagram sectional view of the Air Outlet is shown in Figure 3-8.
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Figure 3-7. Vacuum Motor Deck

Exhaust air passes through the Air Outlet, cooling the
reel brake resistors (R19, 20, 21, and 22) mounted on a
heat sink within the assembly body, and exits through a
narrow slot between the assembly body and cover plate.
Electrical connection to the resistors is made through a
four-terminal plug and socket (P6 and J6) located on the
base of the Air Outlet body.

3.16. VALVE ASSEMBLY. The valve assembly (Figure
3-9) performs three functions: transfers vacuum to and
from the vacuum chambers, provides an adjustable bleed
valve to set the running vacuum level, and reduces the
vacuum applied to the chambers during Rewind. The
assembly is mounted near the center of the Vacuum Plate
and is connected to the vacuum pump inlet by a flexible
hose.

3-17. The transfer valve connects the vacuum
source to the chambers when the tape unit is in oper-
ation. In the DISABLED mode, the valve removes all
vacuum from the chambers by opening a vent port to
prevent tape from being drawn into the chambers during
threading. In the vent position, the valve also connects
the vacuum source to an inlet port to allow cooling air to
continue to flow through the vacuum motor. The transfer
valve is operated by a solenoid and return spring; when
energized, the solenoid overcomes the return spring force
anc connects the vacuum source to the chambers.

3-18. The vacuum-adjusting bleed valve is located on
the outside of the valve assembly body in a position
which permits air to be bled into the system between the
chambers and transfer valve. During tape unit operation,
the vacuum developed is inversely proportional to air flow
and leakage into the system. The total air flow comprises
leakage around the tape loops in the chambers, air
entering the tape cleaning guides on the head
assembly, and air entering through the bleed valve.
The bleed valve is adjusted manually to set the desired
operating vacuum level.

3-19. When a high-speed Rewind is performed, the
vacuum level must be reduced by about one-half so that
tape can be removed from the chambers and wound
directly from reel to reel. This is accomplished by opening
the solenoid-acutated rewind dump valve to cause more air
to enter the system. The amount of opening is controlled
by the stroke length of the solenoid, and the position of the
solenoid relative to the valve operating lever is adjustable.

‘J'_\
BODY

CONNECTOR

@000

HOOKUP WIRES
HEAT SINK

RESISTOR

Figure 3-8. Cross-section of Air Outlet
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Figure 3-9. Vacuum Valve Assembly

3-20. VAGUUM CHAMBERS AND MANIFOLD. The
vacuum chambers are constructed from a precision
aluminum alloy extrusion, the surfaces of which are hard-
anodized to prevent wear from the cutting action of the
tape edges. The chamber sidewalls are covered with a
low-friction glass bead material to minimize tape sticking
due to static electricity. Each chamber is covered with a
hinged glass door, and vacuum is applied to the closed ends
of the chambers through a manifold coupled to the vacuum
source.

3-21.  Tape enters a chamber over a non-magnetic, metal
rotary guide, forms a storage loop in the chamber, and exits
over a fixed non-magnetic metal guide. Below the fixed
guide, a vacuum buffer pocket located in the chamber wall
provides a small unsupported tape loop to reduce tape
overshoot when the pinchroller is closed, which results
in more rapid damping of the tape starting transient.

3-22.  The position of a tape loop within a chamber is
sensed by vacuum switches, as shown in Figure 3-6. The
two inntermost sensing holes in a chamber each connect
to a separate vacuum switch (VS4 and VS3, VS1 and
VS2) to operate the reel and servo motors. The two out-
ermost sensing holes connect to opposite sides of a single
vacuum switch (VS6 or VS5) and actuate a normally
closed alarm circuit whenever a tape loop is too long or
too short. As long as a pressure differential exists across
an alarm switch, the circuit is closed. Loss of the pressure
differential (vacuum on both sides of the switch
diaphragm or atmospheric pressure on both sides) causes
the circuit to open.

Section III

3-23. VACUUM SWITCHES. Vacuum switches are used
to detect the position of a tape loop within a vacuum
chamber. The switches connect to vacuum sensing holes
in the chambers with flexible plastic tubing. Pressure less
than atmospheric pressure causes movement of a dia-
phragm which closes an electrical contract and applies a
signal to the reel motors. A cross-sectional view of a nor-
mally open vacuum switch is shown in Figure 3-10. The
switch consists of a body, diaphragm assembly, moveable
contact, fixed contact, spacer, mounting bracket, vacuum
nipple, and output terminals.

FIXED CONTACT
VACUUM NIPPLE [/’\ /—-MOVABLE CONTACT

H | —OouTPUT TERMINAL
g -

o S QLTS

le————BODY

[*—— SPACER

DIAPHRAGM ASSEMBLY—/ MOUNTING BRACKET

Figure 3-10. Cross-section of Vacuum Switch
3-24. CAPSTAN MOTOR AND CAPSTANS.

3-25. Two counter-rotating capstan assemblies (Figure
8-11) mounted on the Tape Drive Plate are driven by a
single capstan motor through a pulley, flywheel, and belt
arrangement. The capstans rotate at 1910 rpm to provide a
tape velocity of 75 ips. The capstan motor assembly
consists of a 3600-rpm synchronous motor on a cast
aluminum mounting bracket. A crowned motor pulley is
attached to the motor shaft, and the bracket has a surface
for mounting the motor capacitor and a terminal board. A
capstan assembly contains a bearing housing, capstan shaft,
two sealed bearings, and a flywheel pulley. The bearings are
double-sealed to prevent damage from oxide and other
contaminants.

Figure 3-11. Capstans and Drive Motor
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3-26. ACTUATORS.

3-27. Two actuator assemblies (Figure 3-12) are
mounted on the front of the Tape Drive Plate. Each
actuator and associated capstan produces one direction of
tape movement as a result of the tape being forced
against the rotating surface of a capstan by an actuator
pinchroller.

Figure 3-12. Actuator Assemblies

3-28. An actuator consists of a mounting base, sole-
noid, soilenoid housing, spring, spring mounting block,
yoke, stop post, and pinchroller assembly. As shown in
Figure 3-13, the yoke is free to pivot against the restoring
force of a cantilevered spring. Yoke rotation is produced
when the solenoid is energized and attracts the flat
portion of the yoke.
SPRING

MOUNTING
BLOCK

STOP POST
COIL HOUSING ASSEMBLY

SET SCREW

TILT
ADJUSTING
SCREWS

PIVOT
SPRING HOLE

FLARED SKIRT
Y

OKE PINCHROLLER

FLARED SHAFT PINCHROLLER SHAFT

SKIRT RETAINING
SCREWS

Figure 3-13. Actuator Parts Identification

3-29. The pinchroller assembly contains a rubber-
covered aluminum roller shell, two miniature flange bear-
ings, and a fixed mounting shaft. The inner race of each
bearing rotates about the fixed shaft to enable the pinch-
roller to rotate while in contact with the capstan. A flex-
ible, flared skirt on one end of the pinchroller maintains
contact with the capstan when the actuator is open to keep
the pinchroller rotating at all times. This provides more stable
tape starting conditions since the pinchroller does not have to
be accellerated when the actuator closes.

3-30. The de-energized position of the yoke is adjusted
by a screw in the stop post. The spring mounting block is
slotted and is adjusted by two screws to vary the tilt of the
yoke to establish a parallel gap between the pinchroller and
capstan. The entire actuator assembly pivots about a pin in
the main frame which passes through a hole in one corner

3-8

of the actuator mounting base. A bracket and adjusting
screw mounted to the main frame permit adjustment of
the actuator position so that the pinchroller contacts the
capstan properly when the actuator closure is set
correctly.

3-31. WRITE ENABLE ASSEMBLY.

3.32. The Write Enable assembly (Figure 3-14) consists
of a base plate, spring-loaded actuator, solenoid switch,
and terminal strip and is mounted on the rear of the Tape
Drive Plate directly above the supply reel motor. The
actuator protrudes through a hole in the Tape Drive Plate
to detect the presence or absence of a Write Enable Ring
on the file reel.

Figure 3-14. Write Enable Assembly

3-33.  When a reel with a Write Enable Ring is placed
on the tape unit, the actuator is depressed and closes the
switch (Figure 3-15). After the tape has been threaded
and the transport started, a relay energizes the solenoid,
which retracts the actuator. The switch closure also
activates logic circuits which enable the Write Data
Electronics and provide Write Enabled status indications.
The solenoid remains energized until power is removed
from the circuit by placing the tape unit in the
DISABLED mode.

3-34. HEAD ASSEMBLY.

3-35. The Write head stack, Read head stack, full-
width Erase head, two tape guide/cleaners, head gate,
and base plate comprise the head assembly (Figure
3-16). The components are mounted on the base plate,
which attaches to the Tape Drive Plate between the
actuators. Leads from the head windings are terminated
in a pair of connectors which mate with the connectors
associated with the Data Electronics.
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Figure 3-15. Write Enable Operation
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Figure 3-16. Head Assembly

3-36. In the Write head stack, each track consists of a
magnetic circuit with a center-tapped winding and with a
gap located adjacent to the tape. Current from one end of
the winding to the center tap creates a magnetic field in the
circuit. Fringing of the magnetic flux at the gap causes
the flux to penetrate the tape and magnetize the iron
oxide coating. When the current is switched from one end
of the winding to the other, flux of opposite polarity is
generated and causes a polarity reversal in the tape
magnetization. Each point of magnetization reversal is
considered a “one” in the coding scheme used in
IBM-compatible magnetic tapes.

3-37. The Read head stack is similar to the Write head
stack, although the individual read tracks are narrower,
the windings have more turns of wire, and the gap in the
magnetic circuit is smaller. As magnetized tape passes
under a Read head, flux from any point of change in tape
magnetization will thread through the magnetic structure
and induce voltage in the winding.

3-38. The two head stacks are arranged so that tape
passes under the Write gaps, then under the Read gaps,
with a 0.300-inch spacing between the gaps. Since it is
possible to read what has been written on the tape almost
concurrently with the writing, the tape may be checked
for accuracy during the writing process.

3-39. A tape/guide cleaner is located on each side of

. the head. The undersurface of the cap on each guide is

lined with a hard ceramic washer which is precisely
located to guide the tape as it passes under the head.
The tape edge is held against this reference surface by
a spring-loaded ceramic washer located on the inner
side of the guide post opposite the cap. The guide
post is hollow and slotted and connects to the
vacuum system with plastic tubing. The slot is ar-
ranged so that, as tape passes under the guide, air
sweeps over the face of the tape and into the slot.
This action cleans away any loose particles of oxide
or dust from the tape surface.
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3-40. A hinged head gate attached to the front of the
base plate serves to reduce write/read crosstalk. It is
coupled to the Transport Switch slide rod and opens
when the switch is moved to the BRAKES position. The
head gate remains open until the switch is moved to the
START position, closing the gate.

3-41. PHOTOSENSE HEAD ASSEMBLY.

3-42. The Photosense head detects the presence of
reflective tabs placed on the Mylar side of the tape to
indicate the beginning and end of a tape. It is located
between the reverse capstan and head assembly, 1-3/4
inches from the Write head.

3-43. The relationship of the Photosense head to the
tape and a tab is shown in Figure 3-17. A single lamp is
located along the centerline of the tape, and directly
above and below the light source are the photosensing
elements. The photocells have built-in lenses and are
positioned at an angle such that light from the lamp will
be reflected from the associated tab into the lens. A mask
over the lamp prevents unnecessary radient energy from
striking the tape, reducing the heating effects of the lamp.

3-47. As shown in Figure 3-18, the light beam is
directed between the takeup reel flanges slightly to the
right of the reel hub. When a tape pack of about 1/8-inch
thickness has accumulated on the reel, the beam path is
interrupted, activating the logic circuits which determine
the rewind speed.

@‘——— PHOTOCELL

S, REEL HUB

TAPE PACK

LIGHT BEAM

LENS

TAKEUP
REEL

LAMP

PHOTOCELL TAPE
LAMP

Figure 3-17. Photosense Head Assembly Operation

3-44. The photocell leads are brought out to a
terminal board at the rear of the head. The lamp is
held in place by a removable leaf spring which also
serves as the center contact. Contact with the lamp base
is made through the body of the head assembly. A
cable connecting the lamp and photocells to the
Photosense amplifier circuit card is permanently attached
to the head.

3-45. PACK SENSING ASSEMBLY.

3-46. A lamp and lens assembly located above the
head connector produces a beam of light which is used to
sense the quantity of tape on the takeup reel. The beam
is focused through the takeup reel to a photocell located
on the bottom of the Control Panel.

310

Figure 3-18. Pack Sense Assembly Operation

3-48. TRANSPORT AND CLEANING SWITCHES.

3-49. The Transport Switch (Figure 3-19) is a sliding
switch handle located below the head assembly on the
Tape Drive Plate and is accessible through a square
opening in the capstan cover. The switch handle is
mounted on two parallel rods which contain centering
springs for the handle. Operation of the handle actuates
microswitches which start the tape transport and release
the reel brakes for tape threading. Through a linkage, it
also opens and closes the head gate.

Figure 3-19. Transport and Cleaning Switches

3-50. To the left of the Transport Switch is the Clean-
ing Switch, a three-position, center-off toggle switch used
to facilitate cleaning the capstans and pinchrollers. When
the tape unit is in the DISABLED mode, operation of the
Cleaning Switch starts the capstan motor and closes either
of the two actuators.



3-51. COVERS AND REEL GUIDES.

3-52. Two cast covers protect components in the tape
drive area and aid in tape threading. The head cover has a
raised lip to provide a guide surface for threading the tape
between the capstans and pinchrollers. It is held in place on
the cabinet by four spring clips and can be completely
removed for cleaning and servicing the tape drive section.

3-53.  The capstan cover is hinged at the bottom and
retained at the top by two strong clips. It can be opened,
after the head cover has been removed, by pulling
outward from the top of the cover. To open the glass
vacuum chamber covers, it is necessary to open the
capstan cover first,

3-54. A rotating reel guide is located below each tape
reel outside of the corresponding chamber entrance.
Threading tape under these guides causes the tape to lie flat
across the chamber entrances so that it will be drawn into
the chamber when vacuum is applied. A reel guide assembly
(Figure 3-20) consists of a roller and shaft rotating on two
ball bearings. The bearings are contained in a bearing
housing which is retained by a collar and set screw. The
collar is permanently mounted to the Tape Drive Plate. To
adjust the distance of the reel guide from the Tape Drive
Plate, the set screw is loosened and the bearing housing
moved inward or outward.

DECORATIVE DISC

ROLLER

MOUNTING FLANGE

SCREW

BEARING
HOUSING

BEARING

SHAFT RETAINING RING

Figure 3-20. Cross-section of Reel Guide Assembly

3-55. CONTROL PANEL.

3-56. Switches and indicators associated with manual
control of the tape unit are mounted in the Control Panel
assembly shown in Figures 3-21 and 3-22. The principal
structure of the assembly is a formed sheet-metal panel
mounted on the cabinet frame above the Tape Drive
Plate. Brackets which support the various switches and
lamps are attached to the front panel. The pushbuttons,
however, mounted on a panel which forms part of the
Cover Door assembly (Figure 3-23).

Section II1

357. The lamp sockets are threaded to accept colored
plastic lenses. The tape unit is supplied with the red lens
on the WRITE ENABLED lamp and an amber lens on the
LOCAL lamp. A slot in the mounting bracket for each
switch permits adjustment for proper travel when the
pushbutton is depressed. The WRITE ENABLED and
END OF TAPE indicator panels are held in place by a
metal bushing when the Cover Door is closed.

3-58. A translucent plastic drum attached to the index
mechanism of a rotary switch forms the Address
indicator. At the bottom of the drum is a knurled wheel
which protrudes through a slot in the Cover Door and
provides the means for changing the address number of
the tape unit. The address numbers are formed by a
transparent mask wrapped around the outside of the
drum. The drum is attached to the knurled wheel by
three set screws. The position of the visible numeral
relative to the switch position can be adjusted by
loosening a set screw and rotating the drum. Vertical
alignment of the Address indicator with respect to the
panel opening is adjusted by loosening the set screw
securing the knurled wheel to the switch shaft and sliding
the wheel up or down. The address indicator lamp has a
socket mounted on a spring clip; the socket is easily
removed from the top of the assembly for changing
lamps.

3-59. A flexible cable extends from one corner of the
Control Panel to the three Density indicator lamps on the
Cover Door panel. The cable is equipped with sockets
which connect to pins on the back of the lamp
assemblies. The indicators are integral lamp-jewel
assemblies which attach to the panel with spring clips and
must be replaced as a unit.

3-60. The Change Density stepping switch and several
resistors and diodes used in certain lamp circuits are
mounted on the back of the Control Panel. Near the
bottom left-hand edge of the panel is the pack sensing
photocell, which is exposed to the associated light source
by a hole in the panel extending outward from the Con-
trol Panel. Connections to the Control Panel are made
through a wiring harness which connects to barrier termi-
nal strips located along the top of the Tape Drive Plate.

3-61. CARD RACK.

3-62.  All circuit cards are housed in a single Card Rack
which is located behind the vacuum chambers directly
below the Tape Drive Plate. Figure 3-24 shows the Card
Rack as viewed from the front, with the snap-out access
panels removed from the tape unit. Figure 3-25 shows the
connectors and wiring at the rear of the Card Rack.

3-63. The Card Rack is composed of a number of
spacers and guides supported by rods. Each guide has an
integral foot which serves as a mounting for a card con-
nector. The entire assembly is held together by a pair of
end plates and two bulkheads. This consturction sections
the rack into three horizontal compartments, each with
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Figure 3-23. Top Rear View of Cover Door Assembly

Figure 3-24. Front View of Card Rack Figure 3-25. Rear View of Card Rack
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an upper and lower row of cards. The left-hand compart-
ment, as viewed from the front, houses control and inter-
face circuit cards for the tape unit; the center com-
partment houses the Data Electronics; and the right-hand
compartment houses the extender card, the cards con-
taining power regulator circuits, and the cards containing
control switching circuits (on master units). The bulkhead
between the Data Electronics and power regulator com-
partments also serves as a mounting plate and heat sink for
power transistors. A card-locating panel at the bottom of
the rack indicates the position of each card.

WARNING

The Reel Servo card located behind the
protective cover in the Card Rack
operates at line voltages. To avoid injury,
exercise caution when servicing this
section.

3-64.  All circuit cards are the size shown in Figure 3-26,
and all cards have an ejector lever to facilitate removal from
the Card Rack. Connectors are standard 22-position, card
edge connectors and are single- or double-sided, depending
upon the complexity of the circuit on the card.
Between-pin keying is employed to prevent cards from
being inserted in the wrong location. Key locations are
listed in Table 3-1.

3-65. A double-sided extender card is provided for
troubleshooting and servicing the circuit cards. The keying
notches are staggered so that it will fit into all the Data
Electronics receptacles when inserted in one direction and
into all the control and control switching receptacles
when turned over and inserted. The arrow adjacent to the
word DATA or CONTROL on the extender card should
point upward when servicing the corresponding type of
card. A small wire hook attached to the extender card

< R&} QS
RED

- RBZ
Ren
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Figure 3-26. Typical Circuit Card

Table 3-1. Circuit Card Connector Keying

KEY LOCATION CARD RACK EXTENDER
CIRCUIT CARD (BETWEEN PINS) CONNECTOR CARD SIDE
Relay 2-3 J10 CONTROL
Reel Servo 4-5 J11 CONTROL
Photosense 6-7 J12 CONTROL
Density 8-9 J13 CONTROL
Auto/Local & End-of-Tape 10-11 J14 CONTROL
Rewind 13-14 J15 CONTROL
Load Point 15-16 J16 CONTROL
Drive 17-18 J17 CONTROL
Write Control 1-2 J20 DATA
Write 3-4 J22 to J30 DATA
Read Control 5-6 J33 DATA
Read 7-8 J35 to J43 DATA
Lateral Parity 9-10 J19, J32 DATA
Power Regulator 14-15 Ja5,J51 DATA
Input (Switcher) 19-20 447 CONTROL
Output (Switcher) 21-22 J53 CONTROL
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can be inserted in a hole in the corner of the circuit
card being serviced to keep the card firmly seated in
the connector.

CAUTION

To prevent cross-connecting terminals
and damaging components on a circuit
card during servicing, first insert the
circuit card into the Extender card
connector, then install the Extender
card and attached circuit card in the
Card Rack.

3-66. POWER SUPPLY.

3-67. All of the bulky components associated with
primary power distribution and raw DC power supplies
are located on a single chassis (Figure 3-27) at the
bottom rear of the cabinet. Primary power is brought
through a standard U-ground connector and channeled
to two separate on-off switches, one for the Tape
Transport and one for the Data Electronics. These cir-
cuits are then divided into separately-fused branches.

Figure 3-27. Power Supply Chassis

3-68. Transformer T1 feeds rectifier circuits which
provide the following supplies for the tape transport:
-24 volts DC at 5 amps, -10 volts DC at 0.5 amp, +10
volts DC at 0.5 amp, and -15 volts, unfiltered, at 1
amp. Transformer T2 provides four isolated 16-volt DC,
1.5-amp supplies which are regulated down to 10 volts
by the power regulator cards in the Card Rack. T2 also
provides a Zener-regulated 16-volt bias supply for the
Data Electronics. Power to the tape unit is distributed
through barrier terminal strips located along the front
edge of the Power Supply chassis.

3-69. CABINET AND COVER DOOR.

3-70. The D-3030 Cabinet is of welded steel construc-
tion and serves as the structural framework for the
complete tape unit and the protective and decorative
housing for the components. Two vertical mounting rails
at the front support the Control Panel, Tape Drive Plate,
Card Rack, and Vacuum Plate. Horizontal rails at the
bottom provide a mounting for the Vacuum Motor Deck
and Power Supply. The rear of the cabinet is enclosed by
a side-hinged door and a bottom-hinged panel. The latter
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serves as a mounting plate for input-output connectors
and the air outlet assembly. The entire front of the
cabinet is protected by a Cover Door assembly which
contains two transparent panels and a panel associated
with the Control Panel switches and indicators. The door
frame is formed from an aluminum alloy extrusion and
the transparent panels are acrylic plastic. The lower panel
is fixed; the upper panel is counterbalanced and slides
down and up for access to the reels and tape threading
path. The Cover Door is hinged at the right-hand side and
may be opened for cleaning and servicing components. A
small catch at the center-left of the cabinet frame holds
the door closed and is accessible by lowering the slide
panel.

3-71.  CIRCUIT OPERATION.

3-72. To describe the electrical and electronic
operations performed in the D-3030G-HO1 Tape Unit, the
various circuits are grouped into three general categories
according to function, rather than location, within the
unit. The categories are tape handling, confrol and inter-
face logic and data electronics. Tape handling includes the
circuits directly involved with the physical movement of
tape. Control and interface logic circuits issue the
commands for tape handling and report the operational
status of the tape unit. Data electronics concerns all the
functions of writing and reading data on tape.

3-73. TAPE HANDLING.

3-74.  Three tape handling oeprations are performed by
the tape transport: Forward drive, Reverse drive, and
Rewind. Starting and stopping the tape unit, however, are
performed manually after loading and threading the tape.
For references, see the Power Supply schematic diagram
and the transport control schematic diagram in SectionIV.
The latter is a composite schematic diagram which in-
cludes the relay and reel servo circuits and various tape
transport electromechanical components. Relay contact
functions are listed in Table 3-2.

3-75. POWER ON. (Refer to schematic on page 4-1
and the Power Up Flow Chart.) The 117-volt AC power is
brought into the Tape Unit through connector J2 on the
Power Supply chassis. Power to the unit is normally
turned on and off externally as a function of the com-
puter system. The transport power switch, S1, on the
Power Supply chassis is provided for convenience during
servicing and is normally turned on. When system power
is turned on, power is applied to the vacuum motor,
transformer T1, and the bridge rectifier circuit for the
reel servos. Reel brakes can be released during tape
threading by operating the Transport Switch to close
BRAKES switch S2, which applies DC power to the brake
coils through doides CR11 and CR12.

3-76. START-BRAKES SEQUENCE.
3-77. (Refer to START-BRAKES sequence flow chart

and schematics on pages 4-2 through 4-5). After tape is
threaded, the transport is started by operating the
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Table 3-2. Relay Contact Functions

RELAY CONTACTS FUNCTION

K1 1, 2,3 Energize vacuum transfer solenoid.
(Power 4,5,6 Transfer power between Cleaning Switch (open) and capstan motor (closed).
Supply) 7,8,9 Energizes Photosense lamp.
K1 8,9,10 Release takeup reel brake for fast rewind.
Loop Alarm 11,12,13 Drop actuator power on long or short loop condition.
K2 56,7 Energize SCR-2 and SCR-3 gates for job and fast rewind.
Rewind 11,12,13 Hold K2 coil energized during rewind recovery period.
Job 14,15, 16 Hold K7 coil energized during rewind recovery period.
K3 5,6,7 Provide return path for actuator circuit through Cleaning Switch.
Disable 8,9,10 Supply -24 volts to relay and control circuits.

11,12,13 Supply -10 volts to logic cards.

14, 15, 16 Transfer power between Brake release (open) and Reel Servo (closed).
K4 5,6,7 Disable Reel Servo when transport is stopped.
Reel Servo
Stop
K5 5,6,7 Supply DC to Q2 (multivibrator) during fast rewind.
Rewind 8,9,10 Energize K7 coil.

11,12,13 Release takeup reel brake for fast rewind.

14, 15,16 Supply DC to Q1 (multivibrator) during rewind jog.
K6 5,6,7 Transfer SCR-3 gate to Rewind Jog relay K2.
Rewind 8,9,10 Transfer SCR-2 gate to Rewind Jog relay K2.

11,12,13 Open SCR-4 gate.

14, 15, 16 Open SCR-1 gate.
K7 5,6,7 Inhibit Stop switch S4 during fast rewind.
Delayed 11, 12,13 Drop actuator power during fast rewind.
Rewind 14, 15, 16 Hold K7 coil energized.
K8 5,6,7 Energize K5 and K6 coils.
Rewind 8,9,10 Energize vacuum dump solenoid.

11,12, 13 Transfer Loop Alarm switch VS6 during rewind.

14,15, 16 Transfer Loop Alarm switch VS5 during rewind.

Transport Switch to close START switch S3, which
applies -24 volts through diode CR23 to the coils of
relays K1 (Power Supply) and K4. Closing relay K1 starts
the capstan motor and energizes the vacuum transfer sole-
noid to apply vacuum to the chambers. The vacuum
causes Vacuum Safety switch VST to close and connect
the coil of Disable relay K3 to -24 volts through diode
CR17 and Start switch S3. Closure of relay K3 energizes
the reel servos, and tape is fed into the chambers.

3-78. As tape enters the chambers, Loop Alarm
switches VS5 and VS6 close and provide an alternate path
around Start switch S3 through diode CR18 to the coil of
relay K3. The Transport Switch may then be released.
Relays K1 and K4 are held in by an alternate path
through a K3 contact and Stop switch S4.

3-79.  After the transport has been started, it will
continue to operate until vacuum is lost (opening Vacuum
Safety switch VST7), a loop alarm sensing hole is crossed
by the tape (opening a Loop Alarm switch VS5 or VS6),
or the Transport Switch is moved to the BRAKES
position (opening Stop switch S4).

3-80. REEL SERVOS. The reel servo system consists
of two tape-storing vacuum chambers with two tape-
position sensing holes and switches in each chamber, reel
motors equipped with solenoid-actuated disc brakes, and
motor drive circuits using silicon-controlled rectifiers as
switches. When tape is driven in a direction which
removes tape from a chamber beyond the upper sensing
hole, the corresponding reel is caused to rotate in the
direction to feed tape into the chamber. When tape is fed
into the chamber so that the tape loop passes the lower
sensing hole, the reel is caused to rotate in a direction to
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remove tape from the chambers. When the tape loop is in
the center section of the chamber between the two
sensing holes, the reel motor is stopped and the brakes
are applied.

3-81.  Rectifiers CR1 through CR4 supply full-wave
rectified current to operate the reel motors and brakes.
Forward-conducting diodes CR5 and CR6 provide a small
shelf, or time delay, between each half-cycle to allow the
SCR’s to turn off and recover forward-blocking abilities.
Each reel motor has two field windings, one associated
with each direction of rotation. the windings are ener-
gized by SCR’s which are gated by the operation of the
vacuum switches connected to the chamber sensing holes.
Whenever either winding of a motor is energized, power is
also fed through a diode to the associated brake coil.
Damping diodes CR7, CR8, CR15, and CR16 absorb
energy from the collapsing filed of the motor, otherwise
current flow would be sustained and the SCR’s prevented
from turning off after each cycle of power.

3-82. TAPE DRIVE. Tape is driven in a forward or
reverse direction by being clamped against one of two
rotating capstans by a pinchroller. The clamping action is
the result of energizing an actuator through power
transistor drive circuits shown on the Drive Circuits
schematic diagram. A simplified schematic diagram of an
actuator and driver is shown in Figure 3-28.

0-24V
(RI,2,3)
360
ACTUATOR
coiL
ca
Y, CR2 R 250uf
50V
o COM
+lov

Figure 3-28. Actuator Drive Circuit

3-83.  One side of the actuator coil is connected to -24
volts through 6 ohms of resistance (R1, R2, and R3 in
the power supply) and the other side to the collector of
transistor Q7. When transistor Q7 is off, no current flows,
the actuator is open, and capacitor C4 charges to -24
volts. When transistor Q7 is turned on, one side of the
coil is clamped to ground, current flows, and a magnetic
field builds up in the coil which closes the actuator. The
charge on capacitor C4 provides an initial current surge
which decreases the pull-in time of the actuator. The
steady-state current, reached after 3 or 4 milliseconds, is
limited by the 6-ohm resistance and the coil resistance
(about 1-3/4 ohms).
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3-84. When transistor Q7 is again turned off, current
flow ceases, the magnetic field of the coil decays, and the
actuator opens. The collapse of the field produces a
transient voltage which adds to the supply voltage and
appears at the collector of transistor Q7. To prevent
damage to the transistor, a 51-volt Zener diode, CR2,
limits the voltage between the collector and emitter of
the transistor.

3.85.  Transistor Q6 serves as a driver for transistor Q7,
supplying base current through diode CR1. When
transistor Q6 is off, the base of transistor Q7 becomes
positively biased by the +10-volt supply through resistor
R24. Logic circuits, discussed in paragraph 3-106, provide
the input to the base of transistor Q6.

3-86. REWIND. (Refer to Rewind/Unload flow chart.)
The automatically controlled Rewind operation consists
of removing tape loops from both chambers, driving the
supply reel in reverse at full speed to rewind tape from
the takeup reel, decelerating both reels when the Tape
Pack sensing circuits indicate that about 1/8-inch
thickness of tape remains on the takeup reel, loading tape
loops into the chambers again, and driving the tape at
normal reverse speed to the Load Point tab position, at
which point the Rewind operation ceases. Refer to Table
3-2 for the functions of the relay contacts involved in the
Rewind operation and the Transport Control Schematic
Diagram in Section IIL

3-87. During reel-to-reel Rewind, power to the actuator
drive circuits is interrupted to prevent an actuator from
closing while the tape is moving at high speed. Also, a
Fast Rewind response signal is sent to the logic section to
indicate that a Rewind operation is being performed.

3-88. The order to initiate and terminate the Rewind
operation originated in the logic circuits of the Rewind
card and begins with the closing of relay K8. Relay K8,
in turn, causes relays K5, K6, and K7 to pull in, resulting
in the following actions: normal reel servo operation is
suspended, the Loop Alarm turn-off circuit is bypassed,
the Loop Alarm switches are connected in parallel to
supply -24 volts to transistor Q1, the Vacuum Dump
solenoid lessens the chamber vacuum, and power is
applied to the jogging multivibrator (transistors Q1 and
Q2). As the multivibrator oscillates, it opens and closes
relay K2.

3-89. Relay K2 applies alternate bursts of power to
the supply and takeup reel motors to jog the tape loops
out of the chambers. When the tape loops have cleared
both alarm holes, power is removed from transistor Q1,
leaving transistor Q2 turned on and relay K2 locked
closed to apply full power to the Reverse windings of
the supply reel motor. At the same time, Loop Alarm
relay K1 drops out and a normally closed contact releases
the takeup reel brake. The supply reel pulls tape at high
speed from the takeup reel, which is restrained from
complete free-wheeling by the drag brake.



3-90. Tape is wound onto the supply reel until the
Pack Sense circuit input to the Rewind card logic causes
relay K8 to drop out, opening relays K5 and K6. Relays
K2 and K7 remain closed for about 1 second after relays
K5 and K6 drop out as capacitor C2 discharges into the
base of transistor Q2. During the delay, the reels are
decelerated and tape loops restored into the chambers.

3-91.  The Rewind operation continues as an output of
Rewind card transistor Q11 supplies Drive card transistor
Q14 to energize the Reverse actuator driver. Tape is
driven at normal reverse speed until the Load Point tab is
detected by the Photosense head. The Load Point input
to the Rewind card resets the Rewind trigger (Q3, Q4,
Q5), removing the Reverse drive command.

3-92. PHOTOSENSE AMPLIFIERS. (Refer to Schem-
atic, page 4-6.) The Photosense card contains three photo-
cell amplifier circuits: two circuits connect with the
Photosense head assembly photocells which sense the
Load Point and End-of-Tape reflective tabs on the tape,
and the remaining circuit connects with the tape pack
sensing photocell in the Control Panel.

3-93.  Referring to the Photosense Amplifiers schematic
diagram and using the Load Point circuit as an example,
resistors R2 and R3 and the photocell form a voltage
divider between +10 volts and ground; and the base of
transistor Q1 connects to the junction of the resistors and
photocell. The photocell acts as a light-sensitive current
source: increasing light causes increasing current. The
voltage developed across the resistors and appearing at the
base of the transistor will be a function of the light
entering the photocell. To accommodate variations in
lamps and photocells, an adjustment, R2, is provided.
When properly adjusted, the transistor base voltage will be
+2.5 volts or more “on-tab” and +0.8 volt or less
“off-tab”. This voltage can be measured at test point
TP1.

3-94.  Transistor Q1 is connected as an emmitter-
follower and transforms the input voltage from high to
low impedance. A low-leakage silicon transistor is used
because of the high resistance of the sensing circuit. The
output of transistor Q1 is directly coupled to transistor
Q2 through resistor R4. Transistors Q2 and Q3 form a
conventional Schmitt trigger circuit. When the input is
below the trigger level, transistor Q2 is off and transistor
Q3 is on. When the input voltage rises above the trigger
level, the circuit flips to the opposite state. Transistor Q4
is an inverter and transistor Q5 drives output transistors
Q6 and Q7. When a tab is sensed, transistor Q6 is turned
off and transistor Q7 connects the output to -10 volts
through resistor R20. When a tab is not present, the
reverse occurs and the output is clamped to ground
by transistor Q6.

3-95.  The End-of-Tape sensing circuit is identical to the
Load Point sensing circuit. The pack sensing circuit,
however, differs only in the input portion: the photocell
and resistors are reversed so that the output goes negative
when the light source for the cell is interrupted. Since the
pack sensing photocell is a low-impedance device, the input
emitter-follower is eliminated.
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3-96.  Transistor Q8 is part of the lamp failure sensing
circuit. The photosense lamp current passes through
resistor R21 and provides turn-on current for transistor
Q8. If the lamp burns out, transistor Q8 turns off and the
Lamp Failure line rises to +10 volts.

3-97. CONTROL AND INTERFACE LOGIC.

3-98.  Control and interface functions are performed by
logic circuits on the Density, Auto/Local and End-
of-Tape, Rewind, Load Point, and Drive card. The basic
types of logic circuits are few in number; therefore, the
basic circuits are described as building blocks and the
functions performed when linked together are covered by
block diagrams.

3-99.  The types of basic circuits used on logic cards
include the gate, input trigger, bistable trigger, status line
driver, lamp driver, and bus driver. A description and
schematic diagram of each follows.

a. Gate: a simple NOR gate, as shown schematically
in Figure 3-29, is used extensively for both OR and AND
functions. Whe used as an OR gate, the output goes to
zero whenever A or B or C is made negative. As and AND
gate, the output goes negative whenever A and B and C
are zero.

INPUTS (O) OR (-) )
Ao-

OUTPUT

(+)

Figure 3-29. NOR Gate Circuit

b. Input Trigger: the input trigger, Figure 3-30, is
used as a threshold detector to sense command inputs and
convert them to standard logic for subsequent use. Its
function is similar to that of a Schmitt trigger, although
the circuit more closely resembles a conventional flip-flop
that is heavialy biased in one direction. In the absence of
an input, the circuit always returns to the same state. It is
arranged so that it can be wired to accept positive or
negative, true or false input logic. The dotted lines in the
figure show the configuration for a negative true input.
Transistor Q2 is biased off by resistor R4 connected to
+10 volts. To flip the circuit to a true state, a negative
voltage must be applied to input terminal E to overcome
the positive bias and turn transistor Q2 on. The output,
terminal R is taken from the collector of transistor Q1 so
that a true input results in a negative output. For negative
false input logic, transistor Q2 is biased on by resistor R3,

3-17



Section III

which connects to input resistor R1 and overcomes the
positive bias of resistor R4. For a true input, terminal E
must be brought to zero volts (clamped to ground) to
allow resistor R4 to turn off transistor Q2. The output
is taken from the collector of transistor Q2 so that a
true input still produces a negative output. From the
connection table in Figure 3-30, it can be seen that
positive true or positive false input logic can be made
to produce the same output.

INPUT
E H
CR9 R3
F
G o -0V
RS RIO
22K > 2 2K
P
b R
SRt Ré :\o OUTPUT
15KN
R7
K J oL 15K0
O
Ql Q2
« O O
< IN
IR4
© COM
R8 ¢ R9
82K T 82KN
-0 410V

INPUT TRIGGER LOGIC CONNECTIONS

NEGATIVE | NEGATIVE | POSITIVE | POSITIVE

TRUE FALSE TRUE FALSE

AN. F E E F

CR9

CATH E F F E
R3 &RI2 | NONE 4.7KQ I5KQ, I5KQ
R4 & RI3 I5KQ I5KQ NONE 47KO
K TO J 6 TOH H TO K G TO K
JUMPER | MTON K TO J MTOL HTOJ
WIRES PTOR M TON PTOR M TO L
QTOR QTOR

DASHED LINES SHOWN FOR NEGATIVE TRUE INPUTS

Figure 3-30. Input Trigger
3-18

c. Bistable Trigger: the bistable trigger, Figure 3-31, is
a form of flip-flop used as a latching circuit to store an
instantaneous command, such as an input pulse, or a
momentary operation of a pushbutton. Except for the RC
delays incorporated in the cross-coupling, transistors Q1
and Q2 form a conventional flip-flop. The delay is intro-
duced to desensitize the circuit against short spikes of
noise. To trigger the circuit, a pulse duration of from 6 to 8
microseconds is required. Transistor Q3 is used to force the
trigger in one direction when power is first applied. This is a
result of capacitor C3 charging through resistor R11, which
momentarily turns on transistor Q3 and clamps the
collector of transistor Q2 to ground. The trigger therefore
assumes a stable condition (transistor Q2 conducting and
transistor Q1 turned off) referred to as Reset. The reverse
condition (transistor Q1 conducting and transistor Q2
turned off) is called Set. Various methods are used to Reset
and Set the trigger; however, the trigger is generally Set by
applying a negative pulse to the base of transistor Q1. Reset
is accomplished by pulsing the base of transistor Q2, by
momentarily turning transistor Q3 on, or by clamping the
collector of transistor Q2 to ground.

d. Status Line Driver: a circuit such as shown in Figure
3-32 is used to provide status indications to the external
system controlling the tape unit. The circuit can be strap-
ped for any one of the four types of output logic tabulated
in the figure. A true output is obtained when the input to
the base of transistor Q1 is zero. Transistor Q1 can also be
used as an AND gate, in which case all inputs must be zero
to produce a true output. The output transistors (Q2 for a
negative output and Q3 for a positive output) switch the
output line either to ground through 100 ohms resistance
or to the +10-volt supply through 470 ohms resistance.

e. Lamp Driver: Control Panel indicator lamps are
turned on and off by the type circuit shown in Figure 3-33.
A negative voltage applied to the input terminal turns on
transistor Q1, which turns on transistors Q2 and Q3. Tran-
sistor Q3 clamps one side of the lamp to common through
resistor R8. The other side of the lamp connects to an
unfiltered full-wave supply rated at -15 volts RMS. Resistor
R8 protects transistor Q3 from an excessive inrush of
current when the lamp filament is cold.

f. Bus Driver: a bus driver circuit, Figure 3-34, is used
where the fan-out is too great to permit coupling directly
from the collector of a NOR circuit or where the load
mixture makes it desirable to clamp to both the common
and the supply. When the input is made negative, transistor
Q1 turns on and supplies base current to turn on transistor
Q3. The normal path for base drive to transistor Q2 is
through resistors R5 and R6; however, with transistor Q1
turned on, the junction of resistors R5 and R6 is clamped
to ground through diode CR1 and transistor Q1. The base of
transistor Q2 is slightly positive; therefore, transistor Q2 is
turned off. The output is connected to -10 volts through resis-
tor R8, transistor Q1, and diode CR2. When the input is made
zero, transistors Q1 and Q3 turn off, transistor Q2 turns on,
and the output is clamped to ground. Resistor R8 limits the
transient current through transistors Q2 and Q3 during the
slight overlap that occurs at the time of swithching.
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Figure 3-31. Bistable Trigger Circuit
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Figure 3-32. Status Line Driver Circuit

Figure 3-34. Bus Driver Circuit
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3-100. A complete logic block diagram of the system
is shown in Figure 3-37. The diagram includes all the
system inputs and outputs, the control and interface
logic cards, the four types of Data Electronics cards, the

magnetic head wiring, and the Control Panel push-
buttons and indicators. The blocks in the control and
interface logic section of the diagram represent the basic
circuits described in paragraph 3-97 and are identified
by function and by transistor reference numbers found
on the circuit cards and schematic diagrams. (The blocks
in the Data Electronics section are also identified by
function and transistor reference numbers; however, the
circuits involved in the Write, Write Control, Read, and
Read Control cards are described in paragraph 3-112.)

3-101. The inputs to each block are labeled according
to function and the logic level (voltage) present when
the stated condition is true. In general, internal logic
levels are ground potential (0) or minus (-). For any
line shown as (0), it may be assumed that the opposite
state is (-), and vice versa. The exceptions are input
and output lines labeled (T) to indicate a “true” level
which may be (+), (-), or (0), depending upon the
optional strapping of the circuit cards. Further, the
Photosense Lamp Fail line operates at a (+) or (0) level.
The system ‘“common” line is referred to as being at
ground, even though it may not be connected internally
to chassis ground.

3-102. A condition with a bar over it means “not
true”. For example, the Load Point photosense line is
shown in Figure 3-35 as an input to two separate
blocks, an OR gate and an AND gate. The OR gate in
this case makes use of the information that the tape is
not positioned at the Load Point. The combination of
the tape not at the Load Point AND some other
condition YY results in a true output from the AND
gate.

(-} XX

(-} AT LOAD POINT OR

(0) AT LOAD POINT

0) Yy AND

Figure 3-35. Sample Logic Block Diagram

3-103. AUTOMATIC/LOCAL OPERATION. (Refer to
Schematic on page 4-15.) Control of the tape unit is
transferred between the operator (LOCAL) and the data
processing system (AUTO) by the Auto-Local circuits.
As shown in Figure 3-37, the Auto-Local trigger is set
by the AUTO pushbutton. The trigger energizes the
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Auto-Local bus driver, the output of which is (0) for
AUTO (trigger set) and (-) for LOCAL (trigger reset).
The bus controls a number of functions within the
system, including the READY status driver (Q11, Q12,
Q13). When the input is (0), this driver produces a true
output on the READY status line. An inverted output,
(-) for AUTO and (0) for LOCAL, is taken from the
driver circuit and used as one input to AND gate Q7.
Inverted LOCAL (0) is combined with Not FAST RE-
WIND (0) to provide the input to enable the LOAD
POINT and REVERSE pushbuttons. The trigger also
feeds the AUTO pushbutton lamp driver to illuminate
that lamp when the trigger is set. The trigger will be
reset by the operation of the LOCAL pushbutton, by
the Photosense Lamp Fail circuit, or by an UNLOAD
command. The LOCAL pushbutton lamp driver is
energized by the AUTO-LOCAL bus so that the lamp is
illuminated when the tape unit is in the LOCAL mode
of operation.

3-104. DENSITY SELECTION. (Refer to Schematic on
page 4-17.) Density is selected manually by a single
pushbutton on the Control Panel which actuates a
stepping relay. As the relay steps, it connects one of three
Density lines to ground. One side of the relay coil
connects to -24 volts and the other side to the
ENABLE circuit (Q10, Q11, Q12) on the Desnity card
through the CHANGE DENSITY pushbutton. The input
to the ENABLE circuits is from the AUTO-LOCAL bus:
when the input is LOCAL (-), the circuit clamps the
pushbutton circuit to ground. Depressing the CHANGE
DENSITY pushbutton advances the relay one step
whenever the tape unit is in the LOCAL mode. The
CHANGE DENSITY pushbutton lamp driver is also
controlled by the AUTO-LOCAL bus so that the lamp
is illuminated and the switch enabled only when the
tape unit is in the LOCAL mode. When one of the
density lines (556, for example) is grounded, the
associated panel lamp is illuminated. The ground and
the AUTO signal supply AND gate Q4 to provide a
(-) output to the Data Electronics. The AND gate
also energizes the Density 556 status driver (Q5, Q6)
to produce a true output on the Density 556 status
line.

3-1056. FORWARD AND REVERSE DRIVE. (Refer
to Schematic on page 4-19.) The pinchroller actuators
are controlled by logic circuits on the Drive card. The
remote command for Forward drive is applied to the
Forward input trigger (Q1l, Q2). A true input produces
a (0) output which, along with Auto and Not Rewind,
is used as an input to AND gate Q3. If all three
conditions are true, a (-) output from AND gate Q3
is applied to OR gate Q4. The other input to the OR
gate is a signal from the Forward-to-Load Point
trigger. The (0) output of Q4 is fed to the actuator
drive circuit to close the Forward actuator, provided
that the Reverse actuator is not already closed. A
cross-interlock circuit between actuator drivers ensures
that both actoators can never be closed at the same
time, regardless of the input conditions.



3-106. The Reverse logic is similar to the Forward
logic. The command passes through a trigger (Q8, Q9)
to AND gate Q10. The conditions for an output from
Q10 are Reverse, Auto, Not at Load Point, and Not
Forward to Load Point. OR gate Q14 provides a true
output to the Reverse actuator driver for any of the
following conditions: Reverse (from Q10), REVERSE
pushbutton, Slow Rewind, or Backward to Load Point.
The REVERSE pushbutton, which is active only in the
Local mode, also energizes the Reverse lamp driver
(Q11, Q12, Q13). An output from AND gate Q10 is
also supplied to the Data Electronics to indicate that a
command for reverse tape motion is present.

3-107. REWIND. (Refer to Schematic on Page 4-21.) A
Rewind operation is initiated by the receipt of a Rewind
or Unload command when the tape unit is in the AUTO
mode or by depressing the REWIND pushbutton when
the unit is in the Local mode. The response of the tape
unit is the same in all cases, except that an Unload
command also switches the mode from AUTO to LOCAL.
When the command is received, the quantity of tape on
the takeup reel determines whether a fast (reel-to-reel) or
slow (Reverse) rewind will be enacted.

3-108.  If a slow rewind is to be performed, the tape is
driven in a reverse direction until the Load Point tab is
reached. If a fast rewind is to be performed, the
operation described in paragraph 8-86 begins. If the
Pack Sense circuit malfunctions, fast rewind continues
until the Load Point tab is detected. The tape over-
shoots the tab and stops; tape is loaded into the
chambers, then driven forward automatically to the tab
in a Load Point search. The tape will always be
positioned at the Load Point tab whether a normal fast/
slow rewind or abnormal rewind occurs.

3-109. LOAD POINT SEARCH. (Refer to Schematic on
page 4-25 and Flow Chart.) The Load Point search may
also be initiated by depressing the LOAD POINT push-
button when the tape unit is in the Local mode. Load
Point status is indicated to the external equipment when-
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ever the tape is positioned at the Load Point and the tape
unit is in the AUTO mode. When the tape unit is rewind-
ing or searching for Load Point, Rewind/Load Point
Search status is indicated. Details of the logical operation
can be traced on the overall logic block diagram, Figure
3-37 and the flow chart.

3-110. WRITE ENABLED. The Write circuits in the
Data Electronics are inoperative without a Write Enable
Ring installed on the file (supply) reel. The Write circuits
are also disabled whenever the tape unit is in the Rewind
mode or in a Load Point search operation, even though
the reel is equipped with a Write Enable Ring. These
interlocks are provided to exclude the possibility of
writing data or other extraneous signals under
conditions that would destroy data previously re-
corded on the tape.

3-111. The Write Enable Assembly switch closes
when a Write Enable Ring is sensed and provides a
grounded input to AND gate Q20. If the Tape Unit
is in the AUTO mode and is not rewinding, the output of
AND gate Q20 provides a Write Enabled indication to the
Write Data Electronics and a Write Enabled status output
to the data processing equipment. The status output is
dropped when any condition prohibits the operation of
the Write Enable circuits. The WRITE ENABLED indi-
cator on the Control Panel, however, is energized only by
the Write Enable Assembly.

3-112. END OF TAPE. The End-of-Tape indication is
initiated whenever the End-of-Tape photoreflective tab
passes the Photosense head. A (-) level from the
Photosense amplifier sets the EOT trigger (Q14, Q15,
Q16) on the Auto-Local and EOT card. The trigger out-
put and the Auto signal feed AND gate Q17, the output
of which is applied to the End-of-tape status driver (Q18,
Q19). The trigger controls the End-of-Tape lamp driver
directly so that the END OF TAPE indicator will be il-
luminated regardiess of the mode of operation of the tape
unit. The trigger is reset by a level indicating Rewind
status or by operation of the LOCAL pushbutton.
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Figure 3-36. Test Point Waveforms
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3-113. DATA ELECTRONICS.

3-114. The Data Electronics consists of nine Write
cards, a Write Control card, nine Read cards, and a Read
Control card located in the Card Rack. Also included are
Read and Write Power Regulator cards to supply +10
volts DC and -10 volts DC to the Read and Write
circuits. A Parity Jumper card is inserted in the Lateral
Parity card location. In the following paragraphs, the
operation of each type of card is briefly described. For
details of the circuits, see the schematic diagram for each
card in Section IV.

3-115. WRITE CARDS. (Refer to Schematic on page
4-25.) The nine Write cards are identical to one another
and are all controlled by the Write Control card. The
cards accept 9-channel parallel data, one channel per card,
convert the data to NRZI form, and drive the nine Write
heads to record the data on tape. The operation of a
typical Write card is shown in Figure 3-38, a block
diagram of the Write Card schematic diagram. The
positive true input to the card, pin 22, feeds an input
trigger (Q1, Q2), the output of which varies between
ground and a positive level and can be checked at test
point TP1. The trigger supplies a positive false output to
pin 21, the Register output, and the input to the strobe
gate, Q3. If the strobe gate is enabled by the input from
the input trigger, the positive-false Write Strobe (Write
Clock) input (pin 19) from the Write Control card
causes the strobe gate to generate narrow
positive-going pulse to start the skew delay rundown
by turning off Q5 and Q6. The rundown (Q5, Q6)
operates from a constant current generator, Q4,
which supplies capacitor C7. The skew delay ensures
that the recorded bit alignment will be within
tolerances for higher bpi densities. As the rundown
circuit drops from about +9.5 volts to ground, it
creates the skew time delay which can be checked
at test point TP2. At the end of the delay, Q5 and
Q6 snap on again and generate a sharp positive-going

Section 111

pulse to the write toggle (Q7, Q8). Depending upon
the state of the write toggle, Q7 will be turned off
and Q8 turned on (or vice versa) through a group
of steering diodes. The write toggle must be enabled
by a negative-false Write Permit (Write Enable) input
(pin V). The operation of the write toggle can be
checked at test point TP3. The write toggle is sent
to the write drivers (Q9, Q10) and to the reset gate
(CR23). The write drivers supply the associated Write
head track (checked at test point TP4) to write a
logical “one” or ‘zero”, corresponding to the input
signal at pin 22, on the tape. Balance adjustment
resistors in the write drivers circuit compensate for
any asymmetry -characteristics in the individual Write
heads. A negative-false Write Reset command from
pin 17 causes another skew delay rundown to reset
the write toggle. If the write toggle is in a set con-
dition, the Write Reset pulse switches it to a reset
condition, causing another one to be written.

3-116. WRITE CONTROL CARD. (Refer to Schem-
atic on page 4-27.) The Write Control card supplies
a Write Strobe (Write Clock) pulse to the Write
cards, when writing is permitted and enabled, to
cause all the Write card data to be written on tape
within the alignment tolerances required for 800 bpi
density. It also enables the Write Permit buss from a
Write Permit (Write Enable) input, which is a provision
for external on-off control of all head current. By
enabling the Write Reset bus upon receipt of a Write
Reset input, the card also causes all head current to
switch to a common direction for writing an inter-record
gap, or other gaps, on tape. The operation of the Write
Control card is shown in Figure 3-39, a block diagram of
the Write Control Card schematic diagram.

3-116. To generate the Write Strobe output to the
Write cards, a positive-false Clock input on pin 22 is
received by an input trigger (Q1, Q2). The output of
the trigger, checked at test point TP1, drives the

“F) -F)
+F) WRITE WRITE
REGISTER STROBE PERMIT
ouTPUT BUSS BUSS NMS N .
21 TPI 19 ™3 v 4 5
P8 T § 1 1
DATA
INPUT INPUT STROBE SKEW DELAY WRITE WRITE R55
22>  TRIGGER ’ GATE RUNDOWN TOGGLE DRIVERS %’
Qa2 Q3 = Q5 Q6 Q7 Qs Q9 QI0
CONSTANT RESET
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GENERATOR Q4 CR23
R25 l
0
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RESET
-lov BUSS
(-F)

Figure 3-38. Write Card Logic Block Diagram
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Figure 3-39. Write Control Card Logic Block Diagram

one-shot clock delay multivibrator (Q3, Q4). After a
nominal 4-microsecond delay, the clock delay multi-
vibrator provides an input to start the strobe generator
(@5, Q6). If an inhibit signal from the Reset input trigger
or the Write Permit input trigger is not present, the Write
Strobe bus is enabled momentarily by the strobe gener-
ator, the output of which can be checked at test point TP3.
A Write Permit input from the external control equipment
is supplied at pin 10 to the Write Permit input trigger (Q10,
Q11). The output of the trigger, checked at test point TP4,
is one of two inputs to the Permit AND gate (Q12, Q13).
The other input (pin 6) derives from the Write Enable
circuits (Write Enable Ring installed and tape unit in the
AUTO mode and not rewinding). When both inputs are
present, the Permit gate enables the Write Permit bus (pin
18) to supply current to the Erase head on pin 3. If a Write
Permit input is not present, an inhibit signal is sent to the
strobe generator to disable its operation. A Write Reset
input on pin 9 from the external equipment enables the
Write Reset bus (pin 17) through the Reset input trigger
(Q7, Q8) and the Reset driver (Q9). The output of the
Reset input trigger, checked at test point TP2, also sends an
inhibit signal to the strobe generator to disable it from
operating while the Write Reset bus is enabled.

3-118. READ CARDS. (Refer to Schematic on page
4-29.) The nine Read cards amplify the outputs of the
nine Read heads, detect the recorded “one” bits, and
store the ‘“one” bits temporarily in an output register.
The Read cards are controlled by the Read Control card,
and all Read cards are identical in configuration and
operation. The operation of a typical Read card is shown
in Figure 3-40, a block diagram of the Read Card
Schematic Diagram.

3-119. The impulses from the Read head are fed into a
preamplifier (Q4, Q5, Q6, Q13, Q14), the output of
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which can be sampled at test point TP1, and a full-wave
detector (Q15, Q16, Q17). A Threshold input (pin U) to
the detector circuit serves to change the detection level
from a normal 20 percent of full pulse amplitude to 40
percent during a Read-After-Write operation. The output
of the detector is a rectified signal, checked at test
point TP2, which becomes the input to a differentiator
and amplifier (Q18, Q19, Q20). These circuits detect
the “one” bits at the time of their pulse peaks to
reduce the time displacement error caused by pulse
amplitude variations. A crossing detector (Q21),
operating from the output of the amplifier, provides a
pulse to the skew delay rundown (Q22, Q23). The
rundown draws current from a constant current
generator (Q24) which has a trimming adjustment (R86
and R94) for forward and reverse tape motion. as
determined by a Forward (pin K) or Reverse (pin L)
input from the control logic circuits. The skew delay
rundown compensates for variations in pulse alignment
on tape. At the end of the delay rundown, the detected
“one” bit enters an input register (Q25, Q26). The
input register supplies an input to the OR bus (pin 5)
for the Read Control card character gate. A positive-
false pulse from the Read Strobe bus (pin 4) is detected
by the strobe amplifier (Q27), which causes the input
register to shift its contents to the output register. The
output register positive-true signal enables the output
driver which provides the positive-false Read output on
pin 1. A positive-false signal on the Reset bus (pin 6)
resets the register.

3-120. READ CONTROL CARD. (Refer to Schem-
atic on page 4-31.) The Read Control card generates
several enable signals to the Read Cards upon receipt
of command signals from the control logic circuits.
The operation of the Read Control card is shown in
Figure 3-41, a block diagram of the Read Control
Card schematic diagram.
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3-121. During a Read-After-Write operation, a
negative-false Threshold input (pin 17) energizes the
threshold driver to enable the Threshold bus (pin U),
which changes the detection level of the Read cards. A
negative-true Reverse input (pin 10) to the forward-
reverse drivers causes either the Forward bus (pin K) or
Reverse bus (pin L) to be enabled to set appropriate
delay circuits on the Read cards. A negative-true density
input on pin 21 (Density 556) or pin 22 (Density 800)
to the density select logic provides one input to the
character rage generator. The addition of a second
input, a positive-false OR bus input on pin E, energizes
the character gate generator. At the end of the
character gate time delay, the strobe generator is
energized: the strobe pulse momentarily enables the
Read strobe bus for all the Read cards. A negative-true
Read Reset input on pin 6 energizes the Read Reset
bus (pin F) through the Reset input trigger and Reset
driver. This signal resets all the Read Card registers and
provides an inhibit signal to the character gate generator
to disable it during a Reset operation. A positive-false
Trigger on pin 2 energizes the Read Clock generator to
provide a nominal 4-microsecond pulse to the Read
Pulse Gate bus (during pulse operations) and energizes
the Clock Output driver to provide a positive-false Read
Clock output on pin 1.
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Note

If the tape unit is being operated with a
Write Enable Ring and if it is desired,
for some reason, to disable the Write
process for a short time, disengaging the
Write Control card from its rack
connector prohibits the Write function.
Both the Write Control card and the
Write Power Regulator card may be
disengaged together for this purpose;
however, disengaging the Write Power
Regulator card alone is not advised: gen-
eration of a spurious threshold signal to
the Read cards will result.

3-122. TIMING. Typical overall timing of the Write
and Read Data Electronics operations are shown in
Figures 3-42 and 3-45. The sequences shown pertain
to a standard clocked level system operating in the
AUTO mode at a tape speed of 75 ips and bit-
-packing density of 800 bpi. Detailed timing sequences
of the internal operations of Write and Read data
cards are shown in Figure 3-44 (for systems without
Parity) and Figure 3-45 (for systems with Parity).
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Diagram shows typical timing of clocked level system for writing
one or several IBM-compatible record blocks in Automatic mode
at 75 ips, 800 bpi. Waveforms shown are symbolic; refer to
Section V for actual waveforms and detailed timing.

When Clock train needs to be provided only during Data Write
period. If present outside of Data Write period, Data inputs must
be false whenever Write Reset is false and Write Permit is true.
For systems with internal Lateral Parity generation and/or in-
ternal LRCC, refer to text.

Write Permit must be true at least from start of tape motion to
end of tape motion. If next record block is to be written
immediately, Write Permit may be maintained true and Write
Reset may be maintained true until beginning of following Data
Write period.

4 Record Gap length is equal to: Tape Start distance + Tape Stop

distance + Write-to-Read head gap distances + (Record gap gener-
ation period X Tape Speed).

Whenever Write Permit is made false with tape standing still,
noise will be written; if Write Permit is then made true before
tape motion begins, the noise will be erased. However, if next
tape motion is for a Read operation (such as “backspace, read’’),
the noise will remain and may or may not be erased by next
Write operation performed.

LRCC GENERATION —#~

Section I1I

Figure 3-42. Write Data Electronics Timing Diagram.
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1

Diagram shows typical Read-only timing of clocked level system
for reading 1BM-compatible tape at 75 ips, 800 bpi. Timing ac-
commodates Start and Stop distance tolerances and Inter-record
Gap length tolerance. For Read-After-Write operation, IRG
positioning period becomes 2.5 ms and time from end of start
period to first Data bit becomes 4.0 ms. Waveforms shown are
symbolic; refer to Section V for actual waveforms and detailed
timing.

Read “OR"’ signals shown are initiated by bits in other tracks.
Output registers hold last character read until Read Reset com-

mand is given {optional). Read Reset must be false before first
record bit and until after LRCC output.

Figure 3-43. Read Data Electronics Timing Diagram
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Figure 3-44. Detailed Timing Diagram for Write/Read Level System without Parity
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Figure 3-45. Detailed Timing Diagram for Write/Read Level System with Parity
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Figure 3-46. Power Up Sequence
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ENERGIZE
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Figure 3-47. Start/Brake Sequence
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Figure 3-48. Search Load Point
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Figure 3-49. Rewind/Unload Operation
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v |18 18 18 | 18| {18 | 118 | 118 | \'_3_ A1
w9 (=) 9 119] Rl 112 119 ] 19 | T !
19 ] = -
x [20 20 20 |20 |20 | 1207 120 | 120} D
— ¥ |2l 21 2! 124 ] 120 2L 121 2 l +10vDC
Z |22 22 — 22 22] 122 | 122 ] 122 122] 2
J10 NN Ji2 Ji3 Jig Ji5 Jie D‘;'KIE Lo
RELAY SERVO PHOTO- SENSE DENSITY AUTO- REWIND LOAD, o1 |wRiTe enasie
| [+1ovoe PHoTOSENSE
LAMP
5 O] |15V PANEL LAMPS
CO) t :
s2 _ PACK SENSING
o— [ =18 LAMP
s T8I0 . i S I 3| [-lovoc
BRAKES TBa TB7 [2la[e]715]slis[e]l ___ _ ______[olefeoledl i Jali7]ui] S| / -2av
REWIND o /_/_,___________,/
EV:JTBTLEE VACUUM T
o SOLENOID T
SOLENOIDS Bl 8?7 17 X ACTUATOR
T80 Tes PHOTOSENSE Fack f:::ws ‘ [io] | common
2|TB8 ) ACTUATOR
| Power
|
Lo
- 6 00— | '|
B —s S| Lo
& 3 | CLE:erING ol TB'
I SWITCH —
TR TO Al —o— o 17V, CLEAN SW.
, 28 il
[ F—rel -7 4 117V, CAPSTAN MTR
CAPSTAN 2—TB 4 25pf 220vac TBI3 —
SERVO = i | 7V. VACUUM MTR.
TBIA . -B£-9 VERSIONS| 2 [ VIB -18 VACUUM T84 ]
NC | 4 —TB7 -3 MOTOR > 13
FaN @ | 456 SEE DWG.10GS0 [B—TBII -2 2| [w7v. NEUTRAL
ol ] FOR ©SCHEMATIC. TBIU - VAGUU s |
S oy S ™M 5 N7 V. SERVO
SOLENOID
<g1'54 17 |
TRANSPORT WIRING

(For training purposes only)
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PACK
SENSE
PHOTOCELL 20

NOTE

ALL RESISTORS ARE LW, 5/
UNLESS OTHERWISE SPECIFIED

MARK PART Ne oN ‘B’ SIDE
OF ASSEMBLY

LOAD POINT

PHOTOCELL
4

LOAD POINT

ouT
3

8

/]\
|

LAMP

PHOTOSENSE

LAMP  +10
FAIL LampP
lo 15

A

R68
~/V|OV‘%22 +lov

RI2 RI7 Ree |
G- 7.5
Iw rR24
IK
RS! c2
220
2wy | R22 Qs L ooouf
330 12v
RZI
3
3w
14 COM
c3
+L
= 2onf
12v

¢
rR23
27K

Ré69
ﬁ/'\/o\/‘%Zl =10V

RS9
o. 8K

Re64
27K

Section IV

COMPONENT LAST USED OMITTED
R46 RESISTOR Re9 13,25, 60
CAPACITOR | CS
100 TRANSIST Q22
7 Q4 DIODE CR3
RS58
tex { CR4 %55;(
9 =) 2
PACK E.C.T. EOT.
SENSE  PHOTOCELL ouT
PHOTOSENSE CARD

(For training purposes only)
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OUTRUT DRIVER LOGIL CONNECTIONS
NEGATIVE | NEGATIVE | POSITIVE | POSITIVE
TRUE | FALSE TRUE FALSE
BTocC A ToB AToB | BTOC
LUMPER : : !
WIRES oToc (- | €TeD | CcTOD | O o 1Ca)
, \ |
| o To ) ‘ o To (+) |
i 1
DASHED LINES SHOWN FOR NEGATIVE TRUE OUTPUT

FAST LOAD POINT
PHOTOSENSE UNLOAD
R D
mﬁé{/?r'rou m"ﬁ';‘?{é f{g ST d’,}g si:%s A;uDs HREE\}’TETEzE READY
s 7 10 ) 4\ STalus
R87 N
° ° ° ® o - 2t =10
CR2
R3 cm’!z Rl ;T' g3 R25 ORe7 CRi0 R42  SR44
) 4 CR6 & 22K 2v 68K 22K 470 100
RB89 QIO
Riz ;
g.gx 2.2K 2.2K R26 R28 JR3I
a2 crs R22 zeex 10K R32 < R3S cs
D cri| 2.2k RIS 10 crepcre 15K 47 Faaln)
| AAA o ‘ [23 Pt /A |
2 @i ISK 22K R33 . | R36 i
RI N\ ) 15K | | 10K Q12 ‘1
c3| 47K AI3 @6 Q1 Q8 i
.ml— 47K | 2NI1414 Q9 |
: . T S 14 COMMON
|
. L3,
CR .
RIO Ri4 RI6 R2| R24 R29 R34 R37 Rss
27K 10K 82K 22K 82K 82K ISK 82K 10 22
4 ¢ * L *® - AN +10
00 22K
=c7 ]: CRi2
470
%fg’(‘ Y criz I AUTO
R68 R7l RT3 &K crzo R79 2R8I
470 15K 2.2K I5K S22K | ¢R2Z!
TOGKO Q2! 024
i ? ;1 R76 nez =
¥ . 2.7k QR84
— 330 330
QI8 R78 RB86
< 4 10 10
R4S Rél @20 | S 423 lgoe
22K 10K
ECRI8 ‘ o
R49 RS54 R58 R63 R72 R77 R80 R85
27K 27K 10K 82K 82K 22K 82K 22K
&
Q i
Y Y hrd k]
REWIND END OF TAPE END OF TAPE
PHOTOSENSE Eno_of Tare e N LOCAL

NOTES

}. UNLESS COTHERWISE
ALL RESISTORS

ALL CAPACITORS IN MICROFARADS

2. MARK PART N°

SPECIFIED
IN OHMS

COMPONENT [ LAST USED | OMITTED
RESISTOR R2G RSOP 56T
CAPACITOR CcC\2

TRANSISTOR | Q2g

DIODE CR21 R4,5

Section IV

oN’'8 SIDE OF ASSEMBLY

AUTO/LOCAL & E.O.T. CARD
(For training purposes only)
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200 2600 g5 556 800
_ DENSITY 556 8oo DENSITY 800
oﬁﬁg.w D;;f_fg D:;f‘ ; DENSITY STATUS DENSITY DENSITY STATUS DENSITY CHANGE
P o OATA . To STATUS To DATA STATUS TATUS To DATA STATUS DENSITY DENSITY
AUTO IN ELECTRONICS uT IN ELECTRONICS ouT IN ELECTRONICS ouT PUSHBUTTON LAMP
7 5 8 9 4 ] i 2 N2 /Ne /N7
Rs2
* » AN 2 o
CRI Ri2 RI3y: Ri9 R22 R24 RZS!:CRS R26 R31 R34 R36 CRIO o !
)6,8K 100 <Z6.8K 27K 470 100 68K 47K 27K 470 100
R20 R27 R32 Qi
LSK - 47K L.5K - Ci
o ~. “Jdo RA42 R5) et zoﬂf
o 470 10 12v
A A
B B
7 Q
A ' Q ¢ o8 ! Q)
= COMMON
(2]
cz2
@ @9 + 2548
. J ) +i2v
Rle Rr21 R23 R28 R33 R3S R38 R43 R4S RSO
47K 6.8K 2470 47K 6.8K 2470 82K 15K 82K 22K R53
.
& +- * * A4 % +10v
10
$ as s
o2.2K LOCAL SPEED 4 NOTES
—P——> 19 cuanee InpuT
he . UNLESS OTHERWISE SPECIFIED
Rs7 b ALL RESISTORS IN OHMS
— AN
) i > 1g SPEED CHANGE R74
RS2 ouTPUT W\}\'fw—% 3
AAAS Ro7 2. MARK PART N°
z.2K
AN ———
£ < -
Q7 Q10
REMOTE G
SPEED
CHANGE v
INPUT
3
e o
82K &2k 82K
INPUT  TRIGGER Loait CONNECTIONS COMPONENT | LAST USED | OMITTED
ouTR
EATVE TRes T NE TRes TN E [ FesTvE UT DRIVER Loeic CONNECTIONS RESISTOR R74 R4l 4B
TRUE FALSE TRUE FALSE CAPACITOR c2
ANODE F E E S NEGATIVE |NEGATIVE POSITIVE |POSITIVE TRANSISTOR | Q20
cR7 TRUE FALSE TRUE FALSE RIODE CRII
ICATHODE =3 F F E
Rebk NONE 4.7K ISK 15K 8 To C ATo B A TO B B 1o C
RS5 15k 15k NONE 4.7k JUMPER R - c 5
To (~ To cC To D O To/+
KTO d GTOH HTOJ G ToK WIRES ( \
JUMPER M TC N K To M 7O L HTO o © TO (=) o TO (+)
WIRES
P TOR MTO N P TOR M To L
i aTtoR aTo R | DASHED LINES SHOWN FOR NEGATIVE TRUE OUTPUT

Section IV

ON ‘B’ SIDE oF ASSEMBLY

DENSITY CARD

{(For training purposes only)
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Section IV

INPUT TRIGGER LOGIC. CONNECTIONS ]
NEGATIVE | NEGATIVE | POSITIVE [ PoSiTIVE | COMPONENT | LAST USED OMITTED
TRUE FALSE TRUE FALSE i
f RESISTOR R63 R48
CRE [ANCDE F 13 E F i
¢ | CAPACITOR c2 i
CRS ot E F F E ’
TRANSISTOR Qiz
R2 & R26| NONE 4.7K 15K 15K ” DIODE cr1o Il
R3 € R27| 1BK 15K NCNE |4.7 K
KTo J GTOH HToJ |G Tok
HUMPER] o N | KTo J [MTo L |HuTod
WIRES
PTc R MToON |PTORIMTOL
QroR QToR
[PASHED LINES SHOwN FOR NEGATIVE TRUE INPUTS| SLOW
REWIND REWIND FWD
AUTO FORWARD STATUS INHIBIT TO LOAD POINT
| 16 17 18 19
F N
R62
r * ® Mz: -10
R2 R4 1o
2.2K
20 FORWARD
R4 ACTUATOR
R9 2.2K RI6
15K
NOTES RIS 7l -24
5% R23,
I ALL RESISTORS lpw, 5% UNLESS R7 200
OTHERWISE SPELIFIED | Isﬁ low
R6 03 13 ACT COMMON
2. TQ{V Ycre2
CRI LYol
+112v
3. MARK PART N? ON B SIDE OF ASSEMBLY ] Q2 4 I
14 COMMON
l /
2
RS Re RI3 RI7 R22 _ $R24 =50ur
82K 82K 82K 22K 47K 12v
82K 6
d JG’VO§—>22 +i0
CR3
Yy
512 4CT
LOCK
CR4 x
R26 R28
2.2K
R52
———AAA 15K
R29
ISK
R30 32 REVERSE
15 K ACTUATOR
> !ZCR7
Q8
R3i R32 R38 R45 R50 RS54 R59 R61
82K 82K 82K 82K 22K 82K 22K 4.7K
A\ V V
& 3 7 g E 9 o
REVERSE LOAD BKWD REV REV  SLOW BKwD
POINT TO PUSH- LAMP RwbD. TO
BUSS D.E. BUTTON LOAD PT.
DRIVE CARD

(For training purposes only)
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Section IV

PNDuT TRIGGER LOGIC CONNECTIONS SUTRPUT DRIVER LOGIC CONNECTIONS
NEGATIVE [NEGATIVE [ POSITIVE | POSITIVE NEGATIVE |[NEGATIVE | POSITIVE | POSITIVE
TRUE FALSE TRUE FALSE TRUE FALSE TRUE FALSE
o Pore|  F E £ F BroC |[ATO B |[ATC B | BToC
JUMPER
cRio jcaTHo] B = F E WIRES OTe ()L TOoD |CTOD C To (+)
R3& RIZ | NONE 4.7 K 15K 15K o To(-y| oTo(+)
R4 & RIB I5K ISK NON E 4.7 K DASHED LINES SHCWN FOR NEGATIVE TRUE ouTPUT
KTO J G TO H H To TJ G To K
JUMPER M TO N KTo J M T0 L HTo J
COMPONENT [LAST USED [OMITTED
WIRES {PTOR |MToN |[PTOR |M 10 L RESISTOR RGO, lo]
SToQ |@ToR |STOQ | Q@ TOR CAPAC ITOR Cio
TRANSISTOR | Q27
sSToP S ToP DIODE CRI13
DASHED LINES SHOWN FOR NEGATIVE TRUE INPUTS
EWIND AUTO REWIND LOAD
REY UNLOAD RESET AUTC  PUSHBUTTON PT RESET
b4 7 ! 5 3 >
Y, N
RI06
’ ’ WA 21 -iov
RS R23 lc" !
RS2 s RSY
2.2K %Q'QK cz R34 2.2k YCRS 4,155'v 2.2
.01 IOK RS3
L he @] P'-”—'s/\/\/“ RIO7 2.2K
0l VA
15K R7 ’_‘ﬁ_‘ y 22K CR7
X R24 R25 vV Rag\ RasS Y OR4 P 15 ¢
22K 10K Yok A\ Q12 Teiav
cio > R50
AR ) |
Ql Qs 0047, 47K
| =G8a7 voaT= Q! RS54 as
R26 R35 ‘I I- 47K
10K 0K
* CHE . > 14 Com
1ldl
R4 RB  2R9 RI3 RI6  >RI8 R22 R27 R3 RSl < R56 L1905
82K 82K 82K 282K 82K 33K 82K 27K 27K RSS 82K Riz2v
10K RIOS
. ! o 2 ¢ VWAA— 22 +ioV
1o
LOAD 19
R Y
10K
SLoOw
RWD INHIBIT
REWIND
20g7ATUS
R920 Rgi
RG6S R69 R Ral Re3 R84 SRE7 33K 27K RIO9
R94
22k '0*% 2.2x 1306 10K S2.2K %lOK 2.2K < 270 15
R97
CR8 RrRg?2 15K
1.5K
R73 NOTES :
RG7 1OK A - \ -
3.3K R8s < o I ALL RESISTORS 5W, 5% UNLESS
Qo Qs B ~ OTHERWISE SPECIFIED
o
REWIND Rl?( @z 10K T RY6 2
PACK (o} Q24 oo :
SENSE o17
. 3.
R68 R71 R75 R78 R82 R93 RS,
22K 82K 82k 82K 82K 68K ¢ 470 4. MARK  PART N? ON SIDE ‘8" OF ASSEMBLY
N N N N
I 4 10 7 16 12
ACT. REWIND REV L.P SEARCH REWIND REWIND
INTERLOCK RELAY DRIVE STATUS SZATUS LAMP
uT

REWIND CARD
(For training purposes only)
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Section IV

COMPONENT LAST USED OMITTED CUTPUT PDRIVER LOGIC CONNECTIONS
RESISTOR R 29 R7! NEGATIVE NEGATIVE | POSITIVE POSITIVE
CAPACITOR T TRUE FALSE TRUE FALSE
TRANSISTOR Q 23 g 1o C A TO B ATo B |B ToC
- To D
oromE =19 .;’L:::ssa o To(-Y|cTOoD |CTO o TO (+)
0 To (=) | © To (+)
DASHED LINES SHOWN FOR NEGATIVE TRUE OuTPUT
FORWARD
LOAD POINT DRIWE REVERSE FORWARD
PUSH BUTTON 1e] RESET DRIVE RESET
o 2 1" NG
R28
470 CR8 Cﬁu
¢ bl R87 2!
* » > ¢ » VAAA
R3 R7 %RD’ % RI7 R22 R26 R28 R37 lca R49 CIII 1o =lov
2.2k z.2x S2.2k S22k 2.2K 2.2K 2.2k 22X 'i;,zzov“F
, .2, A { Q22
R29
;_c(» cri cr2 1?22: | 22 - R3S LR
Oluf RI4 c3 R23 S Tew] Rso 5% 22
10K 07){: 10K 2.2K I
Dbt : CRAY ol CRS TESf
st Q2 RIO Q@3 RIS G4 SRI8 ¢4 RI9 Qs @6 & R y R3S a9 i2v
STATUS gvin V4 2 a3 A SANA
N 10K | | 1ok Oluf 8.2K r27 foy | A7 47K @8 R39
L RI2 22K 47K
Ri oco:; 10K R0, { —$ Lcs Lle7
: /fT | 10K | T.0047.7  T.00471] . 2
CRé6 coMm
| Les
RA2 = zouf
?,",'K RI6 SR21 R25 2.2K % 23'2( zisx R40 27K R4g :ERSd RS2 ME%
82K 82K 82K 10K 27K $I0K ok
S RBg 22
vs —— - < VAAA
1o~
R93 R29 +iov
A AAAM > 6
47K 47K LOAD POINT
SEARCH STATUS
RS5S R60Z Rél R64 cais R76 ¢ R8C R8I R84
22K 33K S 27K NOTE 5 N914B 24TK SI3IK 227K NOTE 5
>
CRIG .
= RRC:
lok* R79 CRIS
> AAA
R2 K‘é 33K
K CRIS RB2 NOTES
R57 1 Ré62 S R72 l.SK ﬁ . ALL RESISTORS Y, W. 5% UNLESS OTHERWISE
sLow > 330 R96 R77 &- : A
RWD. < VWA LSK 10 N SPECIFIED.
RESET S 10K - 47K A 0/0__
i A o D + 2.
o~ | o o A e T R74 w0l f '_@ @
POINT 3 10K o‘f—‘ *+ 10 R75 A .
c Q19 r 6.8K
[T o 4 MARK PART N! ON B SIDE OF ASSS
H : | 2 M .
QG RGGLS CRWEI? 1 RBGS CcRB % 8Ly
00 f NOTE 57 * 100 5 NOTE si 5. ~O VERSION: USE RG& #R8G, 100 onMS, [CRIB (CRIT No‘rusgo)
eeeed Q22 Leen s QUTPUT DRIVER LOGIC OPTIONAL, SEE TABLE
! ) 'T RG4 ¢ R84 TO BE 470 OHMS
%RQS ~1 VERSION: USE uz\aec;zlr} IN270 (RGG ¢ RBG NOT USED
| { R ) OUTPUT DRIVER LOGIC TO BE NEGATIVE FALGE
RO RS8 S RS9 ReS Sres Rés R e 68K Re3 Res ONLY’, SEE TABLE
82K 10K 2 82K 6.8K 470 82K 68K $470 RC4 4 R84 TO BE 82K
,
\ \'% 12 3 15 \ 17 19 20 e
AUTO LOAD LOAD WwRITE WRITE WRITE REWIND WRITE
POINT POINT ENABLE ENABLE ENABLE STATUS ENABLE
STATUS LAMP  LAMP IN D.E. STATUS

LOAD POINT &
WRITE ENABLE CARD
(For training purposes only)
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LEVEL

REGISTER WRITE WRITE HEAD
PR § (= i . S ——
TE WRITEOR OuTRPUT STROBE + v WR: TVE PERMIT /: 5
\ 20 21 ) B N .
© v v Qe
R7 |
z2.7a |
12 -9~ 2
] o
RZ R4/ R2 RIS 2 R4 RI7 R22 Ri® R33 R39 ”s2
+1ioV § % 22Kk S0k S22k RS $ 8.2 CRIS W RIS ISk S8k 18K 9K > R&7
. y.Y CRIE @Ry 3ok K 3
50 sf NOTES
I ‘ I
a R53 _I_CI4
CROe A ][CR7 / PPN ;év 022
0a® RIO © Q5 : 0033 CRib crz3
e = » - < | <
RIG i [51-3
o oK i cris & 470§
RO o
J*’ CcRi CRZ
c17 L d €3 L
22 T . L 50 F" RSS
I1Sv 2 R35 . 10:
> R54 4
o o >3BK T ‘: 4
TR3 3 |/2w 1
22 M ¢ 1
DATA |NPU
el ol c2 RZ°§ ca R34 ¢ R36 as RoCS 15 =
R7 59',;'( 82 2100pf §No~re7 ISK 42=vev o022
Q2
// crio ¥ /% [
Q) B &
Acss a
4
{ CoOMMON) ! . > _1
cR2 A &S Ycrz :?E k7S
CRrR24 5
- — T T on
cio
a70pf $RIC s R4l | 1 RSO cR3e
S L P Tl B U R e
.CO33 R4 \ ' Cr2S ’ I
~L j .l
= - L gl ¢
<19 Q3 +
003 47
0033 o rag 1‘“27 e
cia _I* ‘03‘! cR26 ox 22
-y
22 T TPZ(:F—-—‘—‘V\NW——c ¢ VAAAA \Sv
15v
Q6 ¢7 S 74
Qa4 y » co g oK
—it » 47°PF p:
SEE cr2z 3}
TABLE i
o RA4G SRAGL < RS Q@ Qio
Rz3 820 $820 3 5K
2.2k S
&
-
% ‘ | r2s
, 20K
I
A CRi2 L L R S8
a2 R SR3 SRS Rt RIA R22 R28 RAC R22 p Ra7 rRIB 4 R4z 3 R43 R4% SRay Cil rRaAS 2.7
Sz 1 3 $ 330Kk %350’(%5.1& 5K 35.0% 68 33 % oK QK SAK 826 Jszo T470pf 4.7k Jyw
[T YO 3 by B i
—15v J\
/‘\ > WRITE RESET
D 3020 WRITE INPUT CKT. COMPONENT TABLE T 5
R |R2 |3 |R4 |RS |RG6 |R7 | Re |r9 |Ric |zr2 [cRE |cRe |cR4 NOTE
COMPONENT | LAST USED [ CMITTED
+ TRUE |27k |S.ek| — | — [lex [1.8x — [BSx |33 |iNero| — iNz70|ngrE nz70 i I FOR COMPONENTS WITH ASTERISKS 4 SHADED TRANSISTOR S ARE IN
E— r 27 [t : - NORMAL CN STATE.
+FALSE | — |bdk — liox |12 39% [3ex |~ 270 [iN270| N2T€ inzro RESISTO 4 59 THeU 7o SEE COMPONENT TABLE T
nore cAPACITOR ci9 5 CR4 INSTALLED ONLY IN PULSE SYSTEMS
- TRUE S - B2k j47k| — |12k — |33% [3e% INZ?0|iN20| N ETE (270 2 UNLESS OTHERWISE SPECIFIED WITHOWT SEPARATE CLOCK INPUT
—+ e TRANSISTOR (=21
TFALSE | ISK| — 8.zk|68K| — [1.8K| — | — |33k |35k iinz7o| — w270 g e Srone ese <1, 13,14, 17] ALL REBISTORS IN OHMS 6 CRIB IS REPLACED WI"H A JUMPER FoR
. R 28 THRG 35 RATED '/ZW' 50/’ ALL VERSIONS EXCERT -O AND —|
- . . — | — . — &= — = | = —
TTRUE [pEm]ex el il ool ALL CAPACITORS IN MICROFARADS 7 R34 1S BZK FOR -0 AND i vERSIONS
“FALSE | — A7k | - | — OK lisk (a7c | — |iEK S T e — s AND  IBOK |, W. FOR -Z THRJ -9 YERSIONS,
. —~4 -0, ~8VERS,
- - - J— — 3 SHEET | NOM-SWITCHER -0,-2-4,-C,-8
TRUE : 8.2+ |6.8K| 12K 4701 15K | 15k SHEET 2 SWITCHER -|,-3-5,-7,-9 YERS,
- FALSE 8K - BZK|[L.BK| - i.ZK | — ‘470 :5&\!5& _ - [

Section IV

TABLE 1L
VERS\ON

7
SPEED RANGE €7 oN-SwITCHER SWITCHER
75 REF 001 | -0 1
315 -57.3[0015] -2 -3
25.0 -37.41.0022] -4 5
6.7 -24.9].0039] ¢ -7
1.1 -16.6 0056 ~8 -9

WRITE CARD

(For training purposes only)
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Section IV

RESET PERMIT
- P2 INPUT INPUT
1 9 [J=] TPq 3 s
g e
Ro5
" 2.7 2w
12+ 10V >~
hhdd 4 N SN S . _ 5 © S [ * = q T T 1
°zz§ 2ra0g 12 Ri3 3 Rii Sra3 }»«u. SRz IR s ra3” SR3Z RA4e RSS rsa ¥ SRo2 R4 IR63 87
4 g 2.2K Ik : 2.2K ?cx Ez.zx :Eaz& %z.z& 4 azo 22K oK 2.z 8.2x
>
ca
R39 3 S0 pf o cr?
craz 85K 3 T‘ cRrRiIZ cRia R5S
4 = E _L RAO # cio ~ i z RO <4
' o
° ol "ls‘?K ;;\o 1 <) é,sg o 5“,#1 S RAT Jf‘ étSK g Rel
N ra®| re T, 5K T T eos ! =38 R348 cre 820 rs8® g 3'8% RBG
cRY | Sof3 47 (1 1 o T S opf 2 ﬂ ks %Iosf 180, 2W
22 ¢ VAMAA-4-AAY Pé s APAA = 2 o
/ TV % L gl
CLOCK INPUT 5‘) L4 o %
L 1.) Qt @2 RS’B a8 y cRZ4 R&O:; Rslo rE2 RS6 ] ° Qo Qi
9 % RS9
M Mg A j s A
RIC Re% =7 A Y
NOTES | Ra4 R4S R36°
i € R A CRI5 CRKo crR17
20 | eRz| = A z éasch cru & cesh | $amox § 3 X
“or” a7y
K
+
s » i+ (
— 10K
[-2% i | 2
CcRZD
7N (8
4 rS)
Rib %aza % #J_C"
7.2k3 cra 22.2K 470 V.0 %Rﬁs F G
S ol
%os Qs <} _Jssv oK
\%‘ SR67
rR20 hid 311: @5
22K < Qiz
C‘le -
cie ¥ cS '
22 T sopf k
iSv e
cRI3 +| e
ce 22
u:lopf ISV
— | Q3
RiICO
ca z.7 R74
NOTE 4 ow b8
S |f
< S 3 < >
R9G Ri4 RI7 SRS SRiB R1D Ra® 3 RA% S RSO ReS S SRee Re8 R . r75 S
I o—tovy ST e §55°K DA s G 5 RS ¢ w3 s TR ox $z.2x S 4.7k 3
- AA b
© L
o) . ZW
) A A
- i ™ 18
) Rlss (W) WRITE RESET WRITE  WRITE PERMIT
STROBE OQuT ouUTPUT
NOTES ENABLE
L FOR COMPONENTS WITH ASTERISKS 5. STRAP FOR "OR* INPUT INSTALLED ONLY /N
COMPONENT TABLE SEE COMPONENT TABLE PULSE SYSTEMS WITHOUT SEPARATE CLOCK
2. UNLESS OTHERWISE SPECIFIED INPUT. FOR SUCH SYSTEMS, STRAP WRITE
cLOCK R! RZ R3S RS RS RG R7 REB CLOCK INPUT FOR POSITIVE FALSE LOGIC
RESET R3| R32 R3S R34 R3S R3G R R&7 COMPONENT | LAST USED OMITTED \
PERMIT sz | msa R54 | R”SS RSe rs7 | rso | mss " ALL RESISTORS iN OMMS RATED Y4 w.S%
71,72, 75 76 ALL CAPACITORS IN MICROFARADS
+ TRUE 8.2k | 47K - 1.5K - ok | 470 — RESISTOR R b ]
+ FALSE - 4.7 - 1.5k - oK - 470 CAPACITOR c1e cra
= TRUE - - 0.8k 1.2k | 8.2k - = 470 OloDE cRzo CRI®BIGZI26
_ 14,16, 17, 18 3. SHADED TRANSISTORS ARE IN NORMAL
- FALSE ©.BK - 6.8K 43 8.2k 470 - TRANSISTOR Qs ', 2o, 21 oN  STATE
4, FOR LEVEL SYSTEMS Cda TO BE 470 pf,
FOR PULSE SYSTEMS C4 TO RBE & BO pf.

(For training purposes only)
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Section IV

TABLE 1
—0GIC |RY7 | RIIQ|RI2i [RI122 |RIZS RIVZS_ CRS4 [CR5T |CRS 6 l(?ﬂsll
+ TRUE - ILSK|Ioo | -~ B3| —— [IN2TO ‘1NZ7O
+FALSE[ 1OK | — |igo | — | — | — [INz70! — lin270! —
~TRUE | — | — | — | — [i00 |2.3K] — IN270] — Nz70
-faise ok | — | — oo 100 — |ne7o{ — linzrol — |
WKITE/READ
THRESHOLD |NPUT
Y RGD Re7
+2V 106 2.7
AN AMA—~ 12 1oV
! R53 I )
10
Qa3 R3G R32 R43 —— AN
8K FXARS 2.6IK 5.01K E ; % ;Rt&)
* * * * o Rag R4 2 RIB3 5.in 2 b )26)
i 8.2K h 52
3 IoK 150 s 3 RSS 68K SG8K
21K <
—4¢ c14 ci3 R52 J+
w80 pf oBopf 1K T 2 +
t— (— ) — ( 22 Tez
. 15V 22
R37 *
o0 ¥ 4 : | 920 1Sv
NOTES a2 AN (4 Qv <23
20K = Q4 fsz\/
I. UNLESS OTHERWISE SPECIFIED: [ i
. *r—
ALL RESISTOR VALUES ARE IN SrenAL .
OHMS RATED ! W.S5% L —cseT @2 57
4 ComMMON _E’MPF T330FF POWER
2. ALL CAPACITOR VALLES ARE I8 —— . 7 SuPPLY R
IN MICROFARADS _I_ ) Q4 Ri6 1 - NOTECIBB % ' U5 - w 220 COMMON VERSION TABLE NON-SWITCHER
~ Za 47K as | avk<ey S8 oK 4 QI8 R jc o ABEIAE
3. #wx SEE VERSION TABLE FOR VALUE. .00 > P T | ?ﬁ(s 33K EV wes.| C5 [C36)034 1033 |R73)C251C22 1028 €18 |C20|C27 [VER)
N
4. “‘ ‘}‘ _C!i J 1 ez T2 | 22 oo |msspooef| 8K |arigfl.oo1 ae3 fesog] 1 |4.7 |-O
5 % INDICATES (% PRECISION RESISTOR as —— I <28 52 !
,Cgﬂ Aol _— r42 26 \ e~ 1oy | 22 0050038 00pf 68K [470rLow2R. 0033 080, 1 | 10 |- 4
b %% INDICATES COMPONENT VALUE CHOSEN “E8er 348k oK i 22 2o < E—
. | < ; ! | ool |.ovz2.0082]. .
FOR OUTPUT LOGIC, SEE TABLE | EE?K - ‘ e JL / fPﬂ 5T R X ;7?“22 [.oozz Anoss‘mrg 68K ool |.0022.0082 00181 | | 10 |-G
B 1K ¢330 6.7 ]
7 SHADED TRANSISTORS ARE NORMALLY ON * B \‘}/ : T% Tesz g | 22 [coumeiamiflarc Lou Loos90iz joaz?) |10 | -8
8. ON CERTAIN VERSIONS C16,18,25,33 ARE TUB FILM, 238 + A e 2z, e |22 [osusemelate | 53 (cotz Loosh o8 30| 1 | 1o |- 1
AND MUST BE MOUNTED STANDING ON END. 501K L R4O CRi% CRA 8 o -
* o 511K ’ To' |22 jees2 | lime | oot | 33K (005 L0o82|.027 Loes|2.2 | 22 |- 2
Qe > Ko * o
i oK e ggs, H2et o 42122 o5 meon 33k som |05 | 039 amz|2 2 | 22 |4
%Y oK 33K 3 be q 5 -
(e - REg RGO SR 2 122 |08 liue) c01 | 330082 018 056 |.012(2.2 |22 |-
e sl Sres Te1 . ol £s0 54 8K 2330 233K ‘z,‘g,fg e3e | i
2‘:“‘ ‘-“’VT s;\K SRE ANE | -7 RGS 2678 S5a |47 (827 |JUMP a0l 33K 1002|027 |5 L022 |4.7 |47 (-8
4 - A 1 (~iov ]
+ v My AL i (=100) ‘zf“‘{ 47 047 | Jwwe cor | 33K .oz Loe7| 15 027147 |47 -0
READ B 112624 |is
15\ INPUT 20 1725 00 LASB;JHM’.OOI 33K |[.0331.0b8 (.22 |.039: 1D 1100 -2
—_— - !
+16v 8 5, "or"ouTPUT o, QESET INPUT 2, REG. OUTRUT NOTE: CR23 15 REPLACED WITH A JUMPER, AND
R75 15 NOT USED FOR ANY SPEED BELow 751.R.S.
CR23 CRZ5, R78 cR26 Qi3
[ 15 4 :EMS? 292 RI00 iZ‘-OZék 53 ‘f;‘;é S5%QRIOT RiLl Rii2 RUE RILS
x " 2
R70 c3a | 128 20K SI0K 224 22K 22K 2.2K 33K S > KK
18K e 4
L ¢ h 4
€37 2 ces3| cRs4| RNG
= ** | ¢80
= Teof S R7 [ cRss COMPONENT | LAST USED OMITTED
4.7 — 14 RESISTOR R3S | THRU 8,
75 L <Rac *¥ lcase 7 THRU 32
33K 4— (3 >y SRS L vk 26 , P
36 e WS T v R | 82 THRUL 85
*e Pf L f-50 w67 5K i 88 THRU 93
R8O Y B¢ % I 26, 97,
680 cR27 @22 | 128 THRV 131
L CAPACITOR c57 cl, 2, >
3s ' 7 THRU 12,21
C
R76 l.ocaa TRANSISTOR X3 RLZ,3,
R72 i-SK 7 THRU 12
oK \ P
™3 AN 4 ) CRITHRU 16,2
DELAY R119 PloDE CRS& 28 THRU 3]
33 THRU 39
Q24 P —A VWA 41, 42,43
cRa? cRac | 50pf * % RI23 i
; r A |
wog]l Revig, b ’ i *x
; SKEE R94. ' i
R77 ik ek | RIBS i
8.2k B i 47K '
. ‘
R73 SR74 r21 2.2K
*ha C5bk 6.8K . Y
@3 cos RIOD R RUT 2o R124 RIZ7
TS 100K * % 470 56K
| hw —
oo S
FORWARD 7 REVERSE 4 TinpuT PULSE 3 Y1 READ QUTPUT
INPUT INPUT GATE TP4
INPUT

READ CARD
(For training purposes only)

4-29/4-30



Section IV

NOTES COMPONENT LAST USED OMITTED
Ry TnRu 43
I. UNLESS OTHERWISE SPECIFIED RESISTOR R14C 47, 48, &7
Ve
ALL RESISTORS N CHMS, 74 w. CAPaciTOR caz < Tera 10,5
ALL CAPAC.TORS N MICROFARADS — —e -
TRANSISTOR X33 QL THRY 12
DioD® CR 40 | CR I THRU il
13,37
AD +
2. SHADED TRANSISTORS ARE NORMALLY ON READ nese READ RESET +lov
F © 1z,
3 FOR COMPONENTS Wi TH ASTERISKS SEE RS54 Tre ( \
COMPONENT TABLE. 1K R
2.72 igw
AARA
RaG R4S zg5z LRSS I
z.zwé; gzx $a.3K 3.3k g*“
- *
L]
QIS '
CRIS cRie :“'
B
COMPONENT TABLE cIn oy cRI7 3 s
jsc'f cia .M*M »i W
T R44 S s 470 Rec] ™
LOGIC | RSk | RS7 | R58 [ RS2 | Reo |Rel | Re2 | RE3 | RNUB | Rus | k17| RUB| RUS| Ri121 | R34 | cR3B ISK glozrf—_ oo
VWY
+TRUE | — (4708 | — |ok |i.5K |47k 8.2k | — 1.8k — lwoa| — [3.3k| — |ne270 Qs |+ PO
" [Cie
+faLsk la7on! — | — liok sk larx] — — lwx I — o — hooa] — | — lneze! — Acrz2 - Ry 22 @
Kcam 15V
-TRUE [470a| — |e.8x]| — |i2e| — |82k | — — | — | — | — |wor|3.3k ]| — [iN270
—FALSE| — |4704 | 6.8 | — 12K | — |B.2K| 6.8k| 0% — |ioon|{ — liooa| — |IN270| —
VERSIONS
-
SPEED | € 25 I ON-SWITCHER JSWITCHER |+
25.0 075 | .oor5 -0 -/ c7
/6.7 2 24.9 | . 0033 -2 -3 00 lzszv
o o . - -£
70 fo-6 |- oSG 4 = 13 | pas s ) ass rsed RS
4.95r0 /. O| 0O/ -G -7 ¢ 330K 330K g 82K 4 RG62 *
3,270 4.94] .0/5 -8 -9 $ 3 *
lforo3.28 | 022 -o -/ } 1130}
00 445 | 039 -2 -3
+loV 8
. REVERSE FORWARO
.
STROBE R106 $ GATE OUTPUT ouTPuLT SuTPUT
oUTPUT 5_5.(‘ 3 L K
R63 \4/ TPS b3
3.3x
E RilL Rile
RS Q2 cR40 RioC Rict $ RiO3 RI08, > RIZL [JEED: Ri28
. R72 R77 R8I % g o 433K ¢ a70 <
OR' INPUT 4.7¢ §Q74 5. %R,, ;4.7.<§ ]iczus 33k h 4 470 Yyw 47 K cra K 2.z% xia 4 S ypw RIT * széa K130 g 5.0 ¢ 3 5.0
7 k| — y 4
22K 100K 220 o Ty v aza e & five 4.7k 3
;szzK a ¢ %uax R2S CR34 CRASH | o33
¢ 1t f l.g RIZS A
224 2‘24 A CR26 L CRIIO 82K
23 c25 RI04 $8.bl o
\ [ " 33pf RO -2e1s ‘:27 5.6 3 ] Zag cze ‘“‘:f i Y3 l
' 4.7% < c 20, ouTPuT
e acv%.‘:zf 27st chza €Fe7 cres /}7 oot aze Yeras 2zorf ) J Yerae (41
s r Op —4 Ri07 , [ Q27 :35 a3l 5¢0PP
lma Acrwo %3 cR3Y — |
| | azs 1,35V 1, 35V
: > T 7 common
.32
e L czel R8 Riz4 S RI26 ’
) il B 3 * Ty 4.7 $ $ 1ok
2 4 1 . < S
RIS Lce Q/ Y craz - az2 f—
Qe | 18k 50pf 578 L) Qzs | aiz Q2s NS
| RIS R.26
RiZ0
<P22 !! " TR23 !’cnzs * 820
. 4 14
Qaz
4 i .
R76 czo RS Qs
e T5°Pf =88 rRac rRo2 LEL r9S /)
s rEO %mss 15K 2.2% 2.2 8.z L .
€. Q1K ow 109 RIN® 3 azo 3 R13Z
!ﬁ’on < v 100K %* g%x R‘g; 4 oK
—t 5% Zoc \ RI40
27 2.7 V2w
L p 5iop€_: aot R109 RU4 R120 Ri24 RiZ9 ¢ RI3SS Z:':i s
®71 SR NESs oRr78 Re3 res =5c§ rer | Jen L re T 100 | 330K 1% 470 0 s.8K 2.2 34 i
?5_3.(%:,2‘ Pl E..sx EZ;,K T ' $ 'S zow STk w | $ i " oV
" - L Rwb
© A A 5 e ® " 5 £
THRESHOL
TPa 22 856 DENSITY CLOCK TRIGGER “2:5:-095:0“( Rf;sﬁ}a VNHQUT o

BCO DENSIT Y

READ CONTROL CARD
(For training purposes only)

4-31/4-32



Section IV

WRITE HEAD (REF) NO‘\'EZ
e e e N A A _— Y e
§£S/ E )l ______ “1P8 (RER

D3 DI 02 C% AB 88 C7 A7 87 Ch Ala 8o CSASSS c4 A454 CSAS 83 C2 AZ 82 Ci AI SI D4 05 08 Db o7

C-- N NN
‘grr’ * =
(2) 1) ) 9) ’o) (9) (o)lo- (0) (s\ ’o\ (4) ) (o) (2) o) ()

4 b 54 665 4 65 46 54 b5 465465
Jzs  u2a 427 a2 J2s  gza Jz3
445
POWER az NETS) J20 s J4
REGULATOR _ ZN376A wR.S web, e SR WRITE (INPUT)
1 e, E g N I E I :it z 0 551'4) (4}) ] Track
2 Ql 8l [2 8l [z I 82 (2) Jz3-22 = 2 | 2
=2 LN =2 K3 18112 B LANES 1851 12|
i‘::’) ——ansy FEEYE s B Sleh B = IANEA A (3 sea-2z =13 s
g2 CENER : LANES =X 1=
14 s 1P (4] T WRITE 2, J23 THRU WRITE 8, 429 |P| |4 10} ]4] P14 N 14| 4
L(%‘ 1E| 5] NOT SHOWN: J22 AND J30 =218 |E | 5] o 1EJ 5] (5) J2w-22 5 5
] common  |F] i__] connecTioNs aRE TvPicaL  [E| o] (7] o= [F[e] inome e (&) 27-22 =6 e
7 HH7 W7 HH7 HH7 ;M9 7
— +loV — — — o { £ |
8] o Hsl // / o He| (o Ha| :—E;: ® J2o-22 =g 8
= < 2] ®] 19 %] 2] K| [ py—vzs-ze ) Sl .
1o -ov L] o] L fio] L] o] L | [lof=mv2e-z2 0y (D 51 common
us +1ov M 7/ MU IM ] M ] :;:)n WRITE CLOCK
B3 2} lri / / ' H2] IN M2} N H 2] . (53)'—2-4 WRITE RESET
@ 13y GANIES [P [12] 1P |13 2B (13] WRITE PERMIT
WRITE NEGATIVE supPLy|—| 2 = IC3 IR| |14] R |14) R | ] (R [14] J23-21 (3) 14|
+ 3 241 B sHs 7/ aHs sl 8 sl s J24-21 (4) oS
= = = = L= = 96) —
-1 5 116 | T—’I T Ji— (5)925-21 T |ie J26 -21(98) ) Ib] LATERAL PARITY SELECT
WRITE POSITIVE SUPPLY|4| 4 |3 7] i"i————i i mim T H ITI £l 71
i | I LY I8 74 v 18] LY 8l AARL- 927-21 () 18]
| | 19| W 119 / wH5! W9 e 19
. 29 [ % Hzo] ] x o] %} leof fo)28-21 = ] faol V2921 (3) [20
Lo 2| ] [er} / v ] Y] [21 vl i}
I X 22] 12 122 3y (2] 122 1 1z 22 NOTE
(o] (&)
WRITE ENABLE & (362) I. NUMBERS IN PARENTHESIS DENOTE
12 (3a3) WIRE COLORS.
13
2 HEADS NOT PART OF THIS ASSEMBLY
‘ | DATA ABOVE THIS LINE NOT USED ON -Z (READ ONLY) VERSION ‘ SHOWN  FOR REFERENCE ONLY.
_______ s ey eingty Pt ooy
(906) —1
56 DENSITY
:OO DDEEN5|TY 23 (307) | 3 THIS SCHEMATIC SHOWS ONLY THE
24 L L L T L T e DATA ELECTRONICS PORTION OF THE
REVERSE[ 21 [ 908 CARD RACK.
) |
i I
L “ 310 councTions Pagabte By paawy
1
Li::’ff‘“wss‘;sz (s 12§ e PIACE OF PARITY CARD (P 11530).
|
2nN376A
| I READ 2, J36 THRU READ 8, J42 [
1 NOT SHOWN: J35 AND J43 (A relm R \_(l) —
+ [ o 2 L ' EL ) [Al[1] AL Al T TRACK 1
BIAS SUPPLY [__ T B "l QibA el [2 CONNECTIONS ARE TYPICAL Bla ol [2lezee =G @ 3301 <t .
| B N3 cHs /’ /’ icHs cH3 13 @ 4s7-1 «d3] . 3
| i i{w oHa / "oHa] oH4] o H4] @) J38-t 4] Y
| : sffe eHs| / EHS El[s ; alg (508941 =q5] .« 5
7 1986 = 141 1 =1 1 .| € [~
L] ) (6) Ja0-1 S
| | 6] common  [ETTE! 7 F & F | e X [E] 6] & ) ~e]
| 7 HH7 HH7 HH7 H WH7 () g4y -1 -7 " -
| | ] +ibV — / L — 1= LA = 4 -
| 18] 1J 81 ] 7 19 18] Chuk-y 1 8] (8) 4421 Pani-l 8
L —] o) 7 4 K| ol | <] [s] SN
P = © L Hof 3 L Ho L] o] : 5 —{] [0 2{io] common
‘ | e Tio Eigill / / M MH | S wHil ! (01 coek
1 | 2 L NHR| // N2 N 2] ' i NHI2 i (ol reao rEsET
[ o H3) 1Pl 3 / / Plp3 EE i P 1312~ 13]
READ NEGATIVE SuPPLY [— © o 14| m / / E lia] ]| [®] [4] [ R] [14f2m 336-2 im
+ 7 5 sl s s|ls s|lis s | [ig8s s37-2
S 7) — = = 2 =212 1S | _5{“
- 16 T| |16 / ! T |y LATERAL P
READ POSITIVE SUPPLY [+ 8 L® 5] mi= / % 7% n %M % :_:(5) j:: e " :mn ::LECT
L] __‘_._‘ RS LA Y _“‘b LA RAL ARITY ROR
m ’T—E / / vHe] v li “ v [1812 sao-2
9] ! fiely [w] [ wife] |1 [peTyeee o] 19} 8- ve1-2
120] X |20] | X 20 1%} 20| ; !(READ oNLY) X j20] > vaz-2
l21] [21] Y] 2] 21 v (2] 1 | VERSION. Y] (21 |22 s
2, LR z] & -4 L2] 122 ' Z] 22 READ (ouTPUT)
A J35 -3 Jaz
= 3,
POWER RD. ® , PARITY
REGULATOR Jaz J4 J4ao J39 J38 -57 J Ab
—N NN N N
19 I8 20 191820 19 i8 20 19 18 20 19 & 20 IS 18 20 |s 8 20
&) (2) i{‘)\ 121 {3)(0} {67(01 i{ﬁ) /01 iﬂ)m\i {3) fﬁ\/t i!z) fmi m (0}
| su_ ] | sH
27 X7

| D3 B AB CB B7 AT C7 Bb Ab Co 85 AS CS B4 A4 CA BRAZCE BZ A2 C2 B Al CI _

READ HEAD (REF.) NOTE 2
CARD RACK (WRITE/READ)

(For training purposes only)

4-33/4-34



Section IV

s )
¢ i, M
9’
14 <-——OIQ % ) ‘g Rl RIS T
-10 UNREGULATED 2.2x gloo W 3%0 cre
IN7GZ
‘ TR
-0 REGULATED
i1
LAMP GE 344
:@ A A A A S
R12 +:: o3
cRy 47 |25o$
INZ270
Q7 Rik
200
2000-2 rRI14 ?
1.5k
Qe h_.‘r —AAAA
2004- R7
a2\ 1 azo
[=4] 5 >
L.018 R3 S Ra RS Ri3 [3%4 RI8
{ 180 2k 0 B.ZK VK 220 330
| . . 4 - *
5 ' NOTES
c . @1,2,3,4 NOT PART CF THIS UNIT
OMMON
TPO SHOWN FOR REFERENCE ONLY
p—> 7 H
R38 2. MARK PART N° ON ‘B SIDE OF ASSEMBLY
0.33 2w
Y hd v 3 UNLESS OTHERWISE NOTED:
s R23 R27 R29 R23 ALL RESISTORS IN OHMS, RATED /2w,
iN2T70 ree ’ w e ALL CAPACITORS IN MICROFARADS
+
4
Iz
LAMP GE 344 qa0
NS)) " ce
Pp—or rR28 o 200
CRG 1K 1SV
IN270
Qi3 (>3}
2003-2 2000-2 ki
' 737 200
1.5k
PS
s ()
2004- M R2S crz
i _L | i 8zo +10 REGULATED
I ca
; R2I _22 R26
+10 UNREGULATED 1-0‘51‘ 180 ™ %&z& 3 §;§2 % 2‘:‘0’
17,0 . . 23 . . 12,N
° s COMPCONENT LAST USED CMITTED
RESISTOR R38
K J CAPACITOR Clb
DICDE cR28
TRANSISTOR QIS 1Q4,2,3,4
i

POWER REGULATOR CARD
(For training purposes only)

4-35/4-36



(£uo sesodind Sururex; 10,])
TINVd TOHLNOD HOLVYUAdO

88-7/L8¥

TBI2
=
e
B
12|
£l
141
TB12 %
e (7]
2 O
B )
Bl |
TEN N Xd é }
112 [} Tace ® i ®)
I—.——— N AL 0 g%sg@ 3
— ® 0 sTapG
N wRITE. T8 Low @ ]
o Iu ENABLED o > D 1 © @]
Eo) B, Qb— z é%h el
d It oW TBI2 3 1|
i H i - =
2 1 E T RewinS s L‘_{.ﬂ ﬂ (]
H = -2 VERSION I VERSION
| S ———
o o (58 -0 -2 VERSION )
| I @ Locan 7
3l
=
(3]
L B2 53 ADORESS
o S, ” B ALARM
=P . )
b ApoaEss Tez
o1z @ auTo e 7 @ INDIcATOR PACK Stnse Q@@ L
e . o=
o o
Tois @ e é s
jo] fOINT 16
T NOTE
TrPICAL FOR -0 ¢ - 14|
VERSIONS ONLY i I TERMINAL STRIPS TBI\, TBIZ
SEE $B DETAIL FOR ARE SHOWN FOR REFERENCE ONLY
~2 VERSION S8 REWIND L AND ARE NOT PART OF THIS ASSEMBLY.
I
|z—-——®.q?p fo] 2. MECHANICAL VIEWS SHT 2.
i ——0» (578 . 17] 3. ~O VERSION ! NON-SWITCHER
IO_G 8 - | VERSION ! SWITCHER
34 % 51 - 2 VERSION : DUAL SPEED
n’. ¢ i -3 VERSION © SWITCHER / SWATCRWER
i =
I H
i seLecr '
i i
8 —@.Q@@
7+—@- (e
o—
%
4
3
2
]

-3 VERSION
(s7)

Al uo11o9g
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Section V

SECTION V
MECHANICAL AND ELECTRICAL ADJUSTMENT

5-1. VACUUM SYSTEM CHECK AND
ADJUSTMENT.

5-2. Equipment required:

a. Vacuum Gauge (0-25 or 0-50 inches of water, full
scale).

b. Plastic or rubber tubing (1/4-inch inner diameter).

5-3. Refer to Figure 5-1 for the location of com-
ponents associated with this adjustment.

. REWIND
VACUUM DUMP
SOLENOID

Figure 5-1. Vacuum Valve Adjustment Parts

a. Remove the screw from the vacuum test fitting.
Attach the vacuum gauge by means of the 1/4-inch
tubing.

b. Thread and load tape onto the unit.

c¢. Without tape movement the gauge should read 15
inches of water. If this reading is obtained proceed to
step “e”.

d. Loosen the hex head socket screw securing the
vacuum adjuster. Increase or decrease the size of the
bleed hole until the proper reading is obtained. Secure the
vacuum adjuster by tightening the hex head socket screw.

e. Drive tape Forward until a tape pack of at least
1/2 inch accumulates on the take-up reel.

f. Depress the REWIND button. The gauge should
read 10 inches of water. If this reading is not obtained,
proceed to step “g”. Otherwise, replace the screw in the
test fitting.

g. With the vacuum motor running and tape loops in
the chambers, press and hold the solenoid plunger all the
way into the solenoid. Loosen the solenoid position
adjusting screws and move the solenoid vertically until the
proper reading is obtained. Secure the solenoid and re-
place the screw in the test fitting.

5-4, PINCHROLLER ACTUATOR CHECK AND
ADJUSTMENT.

5-5. Refer to Figures 5-2 through 5-4 for this adjust-
ment.

5-6. There is an actuator assembly for both Forward
and Reverse drive. The following procedure should be per-
formed on both assemblies.

a. Thread and load a scratch tape on the unit. In-
itiate tape motion and check for a .002-inch clearance
between the clapper and the coil housing. If the setting
is correct, proceed to step ‘“‘e”.

b. Release the four hold down screws only enough
to permit movement of the actuator with some degree
of pressure.

T

BACK STOP
SCREW

POSITION
ADJUSTING

Figure 5-2. Actuator Adjustment Parts
5-1
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Figure 5-3. Energized Actuator Adjustment

c. Position the actuator while tape is moving, until
a .002-inch clearance is obtained. Tighten the hold
down screws.

d. Check the gap again and repeat steps “b” and
“c” until the proper gap is obtained.

e. Unload the tape from the unit. Establish a gap
of .004 inch between the capstan and the pinch roller
by adjusting the back stop screw.

57. TAPE TRAVEL CHECK AND ADJUSTMENT.

5-8. Refer to Figures 5-2 and 5-5 for this adjust-
ment.

59. This procedure must be performed on both the
Forward and Reverse assemblies.

a. Remove both head guide caps, taking care not to
drop the ceramic guide washers.

a. Thread and load a scratch tape on the unit. In-
itiate tape motion.

c. Depress the inner spring loaded ceramic washer.
If a change in tape travel is noticed, the following steps
must be performed. If a change in tape travel is not
detected, proceed to step “f”.

d. Stop tape motion and loosen the support post
adjusting screws. Initiate tape motion. While tape is
moving, tighten the adjusting screw nearer the spring
until the tape tracks are about 1/16-inch over the edge
of the guide.

Figure 5-4. De-energized Actuator Adjustment

5-2

Figure 5-5. Tape Tracking Adjustment



e. Tighten the second adjusting screw until the
inner edge of the tape just contacts the inner spring-
loaded washer. A few mils of tape should be hanging
over the outer edge of the head guide and both screws
should be tight and locked against each other.

f. Unload the tape and replace the guide head
washers .and caps insuring that the smoothest side of the
washer is next to the tape edge. If the washers are in-
correctly installed, damage to the tape may result.

5-10. HEAD AZIMUTH CHECK AND
ADJUSTMENT.

5-11.  The azimuth position of the Read/Write head may
be checked and adjusted as follows:

a. Thread and load a scratch tape.

b. Without tape motion there should be a visible gap
between the capstan and tape and between the tape and
pinch roller (both Forward and Reverse assemblies).

c. If necessary, loosen the head assembly screws
slightly and rotate the head assembly until the proper
clearances are attained.

5-12. REEL BRAKE GAP CHECK AND
ADJUSTMENT.

5-13.  Before performing this check the unit should be
allowed to operate a minimum of 30 minutes.

5-14. There are two immediate indications that brake
adjustment is required. They are:

a. During Forward and Reverse tape motion the
loops in the vacuum columns edge toward the lower
loop alarm sensing holes.

b. During Forward or Reverse tape motion excessive
brake “chatter” is heard.

5-15.  Another check of the brakes may be made by
holding the Transport Switch in the BRAKES position
and rotating both reels through a full 360°. If rubbing
or binding is detected at any point then the gap must
be adjusted.

5-16.  Adjust the brakes in the following manner:

a. Unload the tape from the unit. Loosen the set
screw holding the brake rotor to the shaft. Tighten the
stop nut until a slight amount of drag is detected while
the Transport switch is in the BRAKES position.

b. Loosen the stop nut only until brake drag is no
longer detected.

c. Tighten the set screw on the brake rotor.

d. Before adjusting the takeup reel brake, remove
the two springs from the sides of the drag brake and
slide the drag brake plate away from the rotor
assembly. Be sure to replace the drag brake assembly
after adjusting the reel brake.
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5-17. DRAG BRAKE TENSION CHECK AND
ADJUSTMENT.

a. Use a spring scale attached to the takeup reel
hub with a length of string wrapped around the hub.
Pull gently on the scale while holding the Transport
switch in the BRAKES position. The reel should barely
rotate when the scale indicates 6 ounces.

b. If adjustment of the drag brake is required, alter
the tension on the drag brake plate by moving the
spring retaining brackets equally on both sides of the
brake housing.

Figure 5-6. Drag Brake Tension Test

5-18. REWIND JOG SETTING CHECK AND
ADJUSTMENT.

a. Thread and load tape on the unit. Drive tape
Forward until a tape pack of at least 1/2 inch accumu-
lates on the takeup reel.

b. Set oscilloscope time base to 20 milliseconds per
centimeter, triggering mode to INT DC and connect the
probe on TP1 of the Relay circuit card.

c. Unpluyg P6 on the vacuum motor exhaust
housing located in the rear of the unit.

d. Depress the REWIND pushbutton. The oscillo-
scope trace should show several square waves. Total
cycle time should be 110 msec., 55 msec “on” and 55
msec “off”.

e. If necessary, adjust R11 and R15 on the Relay
card for the proper time periods.

f. Depress the LOCAL pushbutton and connect P6
on the vacuum exhaust housing.
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5-19. PHOTOSENSE CARD ADJUSTMENT.

5-20. Load and thread a tape on the unit. Use a
VTVM for the following measurements.

a. Connect meter to chassis ground and TP1 on the
Photosense card. Adjust R3 for maximum voltage, but
not over +.5 volts DC.

b. Move meter lead to TP2. Adjust R49 for maxi-
mum voltage, but not over .5 volts DC.

c. Move meter lead to TP3. Adjust R27 for maxi-
mum voltage, but not over .8 volts DC.

d. Position tape at Load Point. TP1 should read
+3.0 volts DC minimum.

e. Cover pack Sense lamp. TP3 should read +2.5
volts DC minimum.

f. Position tape at EOT. TP2 should read +3.0
volts DC minimum.

5-21. DATA ELECTRONICS ADJUSTMENTS.

5-22. The 3030 Diagnostic should be used to exercise
the tape unit. It may be initialized in the following
manner:

a. Load the binary tape using the ABC.
b. Set S.A. = 100B.

c. Set the mag tape data chennal select code in the
Switch Register. If a 2115 or 2114 Computer is being
used, set switch 15 to a “1”. Depress RUN.

d. Set the TTY select code in the Switch Register.
If a serial interface is being used, set switch 15 to a
“1”. Depress RUN.

e. Set the address of the last address (not last avail-
able address preceding the loader) in the Switch
Register. Depress RUN.

f. The program is now ready for execution.

5-23. READ GAIN ADJUSTMENT.

5.24. There are nine identical Read cards located in
the unit. Each card should be adjusted in the same
manner.

a. Thread & load a scratch tape (with a Write
Register installed) on the unit.

b. Switch the unit to AUTO.

c. Connect the oscilloscope to TP1 on the Read
card.
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d. Set the computer S.A. = 1000B.
e. Enter 000377B in the Switch Register. RUN.

f. Adjust R12(“G”) on the Read card for a 6.5V
peak-to-peak signal.

g. After all cards have been adjusted set switch 15
to a “1” to halt the program.

h. Switch the unit to LOCAL. Rewind the scratch
tape and remove it from the unit.

5-25. FORWARD AND REVERSE READ SKEW
ADJUSTMENT.

5-26. Remove the Write Control and Write Power
Regulator cards. This will insure that the master
alignment tape will not be destroyed. A high speed
rewind operation should never be performed while using
a master alignment.

a. Thread and load the 800 bpi master alignhment
tape (without a Write Ring) on the unit. Move tape to
load point and switch the unit to AUTO.

b. At the computer, set the S.A. = 1300B. Set
switch 3 to a “1”. RUN.

c. Connect channel B probe to TP3 of Read card
5. Adjust all Read card FWD potentiometers fully CCW.

d. Adjust the FWD potentiometer on Read card 5
for a 8 usec negative pulse width.

e. Set the oscilloscope vertical amplifier to the ALT
B TRIGGER mode.

f. Connect the channel A probe to TP3 on each of
the remaining Read cards in turn. Adjust the FWD
potentiometers for a display in phase with that on
channel B.

g. On the computer, set switch 3 to a “0” and
then switch 5 to a “1”.

h. Repeat steps “c”
the REV potentiometers.

through “f”, this time adjusting

i. Halt the program by setting switch 5 to a “0”.
Remove the master alignment tape and install the Write
Control and Write Power Regulator cards.

5-217. At this point, the Read electronics have been
aligned to a known standard. It is now necessary to ad-
just the Write electronics while monitoring the read
outputs.

5-28. WRITE SKEW ADJUSTMENT.

a. Adjust R25 on Write card 5 to mid-point
(approximately 10 turns from full CCW).



b. Thread and load a scratch tape on the unit.
Position the tape at Load Point and switch the unit to
AUTO.

c. Set the oscilloscope vertical amplifier to the ALT
B TRIGGER mode and connect the channel B probe to
TP3 on Read card 5.

d. At the computer, set the S.A. = 1000B and
000377 in the Switch Register. RUN.

e. Connect the channel A probe to TP3 on each of
the remaining Read cards in turn. Adjust R25 on each
corresponding Write card for a display in phase with
that on channel B.

5-29. WRITE BALANCE ADJUSTMENT.

a. Set the oscilloscope for A trace only and INT
sync. Connect the channel A probe to TP3 of Read
card 1. Adjust the horizontal sweep rate so that 3
character cycles can be observed.

b. If an unbalanced condition exists, the center
pulse will have a double image. Adjust R55 on Write
card 1 so that the center pulse has a clear and distinct
leading and trailing edge.

c. Repeat steps ‘“b” and ‘¢
remaining tracks.

for each of the

d. Halt the program by setting switch 15 to a “1”,

5-30. CHARACTER GATE ADJUSTMENT.

a. Set the S.A. = 1000B and the Switch Register to
000377.

b. Thread and load a scratch tape. Position the tape
at Load Point and switch the unit to AUTO.

c. Depress RUN. When the tape unit goes into
Rewind mode halt the computer. Set S.A. = 1300B and
switch 3 to a “1”.

d. After the tape has been rewound to Load Point,
depress PRESET and RUN.

e. Set the oscilloscope mode to A ONLY and con-
nect the channel A probe at TP3 on the Read Control
card. Adjust R87 for a 60% positive pulse width.

f. Halt the program by setting switch 3 to an “0”
and depressing the HALT button.

5-31. START-STOP TIME CHECK.

5-32.  The purpose of the check is to determine if the
tape unit is capable of accelerating the tape to full
speed within 5 msec of receipt of the drive command
and to stop tape movement within 2 msec of removal
of the drive command.
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a. Set the oscilloscope as follows:

1. Horizontal — 1 msec/em
2. Sync — EXT Negative
3. Mode — A ONLY

b. Connect the external syne to pin 16 of the
Drive card.

c. Connect the channel A probe to TP1 of the
Read card for track 5.

d. With the 3030 Diagnostic loaded into the com-
puter, and a scratch tape intalled on the unit, set the
S.A. = 1300B and the Switch Register to 000400. RUN.

e. The oscilloscope display should resemble the one
in Figure 5-7.

f. Change the oscilloscope to sync EXT Positive.

g. The oscilloscope display should resemble the one
in Figure 5-8.

h. Halt the program and remove the tape from the
unit.

Figure 5-8. Stop Characteristics






HP 12559A interface theory of operation




Section VI

SECTION VI
HP 12569A INTERFACE THEORY OF OPERATION

6-1. INTRODUCTION.

6-2. The Hewlett-Packard 12559A 9-Track Magnetic
Tape Interface Kit provides an interface between an HP
2116, 2115, or 2114 computer and an HP H01-D3030G
9-Track Magnetic Tape Unit. The Interface Kit consists of
the following:

a. Mag Tape 1 Interface Card (Part No. 02116-6159).
b. Mag Tape 2 Interface Card (Part No. 02116-6160).
c. Inter-Connecting Cable Assembly (Part No.
02116-6193).
d. SIO Magnetic Tape Unit Driver (Part No. 20331A).
e. BCS Magnetic Tape Unit Driver (Part No. 20022C).
f. HP 3030 Magnetic Tape Test — Binary Tape (Part
No. 20433C).

6-3. DESCRIPTION.

6-4. The Mag Tape 1 and 2 cards enable an HP 2116,
2115 or 2114 Computer to record on and read from one-
half inch, nine channel, NRZI, IBM compatible magnetic
tape with the HP 3030 Magnetic Tape Unit. This unit reads
at 200, 556, or 800 bpi and records at 800 bpi density.
Tape speed is 75 ips, providing a data transfer rate of
60,000 eight-bit characters per second. The magnetic tape
interface cards plug into any two adjacent I/O slots of the
computer. Both select codes are encoded with the Mag
Tape 1 card assigned the higher priority.

6-5. Data is written in records on the tape with each
record having a minimum of 12 characters. An inter-record
gap on the tape must be provided to prevent los of infor-
mation in the event the tape unit is required to stop and/or
start between records. The inter-record gap should be a
nominal 0.6 inches.

6-6. A character is recorded on channels or tracks
across the width of the tape, with each track containing one
bit of the character. There are nine tracks, of which eight
tracks contain data and one track is used for a parity bit.
The parity bit indicates the accuracy of the data and is a
logic “0” when the total number of “1” bits in a data char-
acter is odd. Conversely, a logic “1” represents an even
number of “1” bits in a data character. A parity error
occurs only where there is an even number of logical “1’s”
in the character.

6-7. SPECIFICATIONS.

6-8. Specifications for the 12559A Interface Kit are
as follows:

LOGIC LEVELS
Levels

Write Permit, Write
Reset, and Read Reset
Control Commands logic “0”, 0OV

Write Clock, Read Positive False, logic “1”, 0V
Clock, and Read
Track signals logic “0”, +10V

Negative True, logic “1”, -10V

Write Track signals Positive True, logic “1”, +10V

logic “0”, 0OV

6-9. Specifications for the Magnetic Tape Unit are as
follows:

Number of Tracks 9

Read/Write Speed 75 ips

Density 800 bpi (write)/200, 556 or

800 bpi (read)

Data Transfer Rate 60,000 characters per second max.

Start Time 5 milliseconds bidirectional max.

Stop Time 2 milliseconds bidirectional max.

Reel Capacity (10-1/2- 2400 feet of 1/2-inch tape
inch diameter reels with
IBM compatibie hub)

Rewind Time < 3 minutes

Magnetic Tape Unit Logic Levels:

Positive True — logic “1” +10V
logic “0” ov

Positive False — logic ““1” ov
logic “0” +10V

Negative True — logic “1” - 10V
logic ““0” ov

Negative False — logic “1” ov
logic “0” -10V

Ambient Temperature  32° to 115°F (0° to 46°C)

Relative Humidity 20 to 95%

An auxiliary HP 2160 Power Supply may be necessary
for installations which use several I/O devices with high
current requirements.
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6-10. INSTALLATION.

6-11.  Connect the magnetic tape unit to the computer as
follows:

a. Turn power off on the computer and the magnetic
tape unit.

b. Plug the three cable connectors into the appropriate
magnetic tape unit connector.

¢. Open the computer for access to the I/O cards.

d. Insert the two interface cards into adjacent I/O slots
assigned for the particular computer system. Card No.
02116-6159 must be in the lower numbered select code.

e. Pass the cable connector, which mates with the two
interface cards, through the cable slot from the rear of the
computer.

f. Slide the connectors onto the cards and close the
computer.

6-12.

PROGRAMMING.

Note

The two channels used by the magnetic
tape unit are labeled DATA and COM-
MAND for software purposes. The Data
channel is the higher priority channel and
corresponds to the address slot which the
interface card, MAG TAPE 1, is plugged
into. The Command channel is the lower
priority channel and corresponds to the
address slot which the interface card,
MAG TAPE 2 is plugged into. Therefore,
when referring to software, Command
Channel and Data Channel is used in lieu
of MAG TAPE 1 and MAG TAPE 2 cards,
respectively.

Table 6-1. Interface Cards to Magnetic Tape Unit Connector Pin Assignments

*FROM TO SIGNAL *FROM TO SIGNAL

MT1-1 MT2-A Ground MT1-M Spare

MT1-2 Spare MT1-N P1-11 End of Tape Status

MT1-3 MT2-3 CCP MT1-P Spare

MT1-4 MT2-4 WFM MT1-R P1-10 Write Enabled Status

MT1-5 MT2-5 WRS MT1-S Spare

MT1-6 MT2-6 WRT MT1-T P5-12 Read Reset

MT1-7 MT2-7 SRS MT1-U Spare

MT1-8 MT2-8 FWD MT1-V P4-13 Write Enable

MT1-9 MT2-9 REV MT1-W Spare

MT1-10 MT2-10 EOR MT1-X P1-3 Reverse Drive

MT1-11 Spare MT1-Y Spare

MT1-12 Spare MT1-Z P15 Unload

MT1-13 P1-8 Auto Status MT1-AA Spare

MT1-14 Spare MT1-BB MT1-24 Ground

MT1-15 P1-15 Rewind Status

MT1-16 Spare MT2-1 Spare

MT1-17 P1-9 Load Point Status MT2-2 Spare

MT1-18 Spare MT2-3 MT1-3 CCP

MT1-19 P4-12 Write Reset MT2-4 MT1-4 WFM

MT1-20 Spare MT2-5 MT1-5 WRS

MT1-21 P1-2 Forward Drive MT2-6 MT1-6 WRT

MT1-22 Spare MT2-7 MT1-7 SRS

MT1-23 P14 Rewind Drive MT2-8 MT1-8 FWD

MT1-24 P1-36 Ground MT2-9 MT1-9 REV
MT2-BB Ground MT2-10 MT1-10 EOR
MT1-BB MT2-11 Spare

MT1-A Spare MT2-12 Spare

MT1-B Spare MT2-13 P5-2 Read Track 2

MT1-C MT2-C A2 MT2-14 P5-8 Read Track 8

MT1-D MT2-D SPC MT2-15 P5-1 Read Track 1

MT1-E MT2-E ADSD MT2-16 P5-9 Read Track 9

MT1-F MT2-F ACI MT2-17 P5-3 Read Track 3

MT1-H MT2-H DTF MT2-18 P5-5 Read Track 5

MT1-d MT2-d SFB MT2-19 P5-6 Read Track 6

MT1-K MT2-K CLR MT2-20 P5-7 Read Track 7

MT1-L MT2-L wWTC MT2-21 P5-4 Read Track 4

Note: MT1 and MT2 refer to Magnetic Tape 1 and Magnetic Tape 2 Interface cards, respectively.
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Table 6-1. Interface Cards to Magnetic Tape Unit Connector Pin Assignments (Continued)

*FROM TO SIGNAL
MT2-22 P5-11 Read Clock
MT2-23 Spare
MT2-24 MT2-1 Bus Wire
MT2-24 MT2-A Ground
MT2-24 P5-10 Ground
MT2-24 MT2-BB Ground
MT2-A MT1-1 Ground
MT2-B Spare Ground
MT2-C MT1-C A2
MT2-D MT1-D SPC
MT2-E MTI1-E ADSD
MT2-F MT1-F ACI
MT2-H MT1-H DTF
MT2-3 MT1-J SFB
MT2-K MT1-K CLR
MT2-L MTi1-L WTC
MT2-M Spare
MT2-N Spare
MT2-P P4-2 Write Track 2
MT2-R P4-8 Write Track 8
MT2-S P4-1 Write Track 1
MT2-T P4-9 Write Track 9
MT2-U P4-3 Write Track 3
MT2-V P4-5 Write Track 5
MT2-W P4-6 Write Track 6
MT2-X P4-7 Write Track 7
MT2-Y P4-4 Write Track 4
MT2-Z P4-11 Write Clock
MT2-AA Spare
MT2-BB P4-10 Ground
MT2-BB MT2-24 Ground
P1-1 P1-36 Ground
P1-2 MT1-21 Forward Drive
P1-3 MT1-X Reverse Drive
P14 MT1-23 Rewind Drive
P1-5 MT1-Z Unload Drive
P1-6 Spare
P1-7 Spare
P1-8 MT1-13 Auto Status
P1-9 MT1-17 Load Point Status
P1-10 MT1-R Write Enabled Status
P1-11 MT1-N End of Tape Status
P1-12 Spare
P1-13 Spare
P1-14 Spare
P1-15 MT1-15 Rewind Status
P1-16 Spare
P1-17 Spare
P1-18 Spare
P1-19 Spare
P-20 Spare
P1-21 Spare
P1-22 Spare
P1-23 Spare

*FROM TO SIGNAL
P1-24 Spare
P1-25 Spare
P1-26 Spare
P1-27 Spare
P1-28 Spare
P1-29 Spare
P1-30 Spare
P1-31 Spare
P1-32 Spare
P1-33 Spare
P1-34 Spare
P1-35 Spare
P1-36 P1-1,
P1.5 MT1-24 Ground
P4-1 MT2-S Write Track 1
P4-2 MT2-P Write Track 2
P4-3 MT2-U Write Track 3
P4-4 MT2-Y Write Track 4
P4-5 MT2-V Write Track 5
P4-6 MT2-W Write Track 6
P4.7 MT2-X Write Track 7
P4-8 MT2-R Write Track 8
P4-9 MT2-T Write Track 9
P4-10 MT2-BB Ground
P4-11 MT2-Z Write Clock
P4-12 MT1-19 Write Reset
P4-13 MT1-V Write Permit
P4-14 Spare
P4-15 Spare
P4-16 Spare
P4-17 Spare
P4-18 Spare
P4-19 Spare
P4-20 Spare
P5-1 MT2-15 Read Track 1
P5-2 MT2-13 Read Track 2
P5-3 MT2-17 Read Track 3
P5-4 MT2-21 Read Track 4
P5-5 MT2-18 Read Track 5
P5-6 MT2-19 Read Track 6
P5-7 MT2-20 Read Track 7
P5-8 MT2-14 Read Track 8
P5-9 MT2-16 Read Track 9
P5-10 MT2-24 Ground
P5-11 MT2-22 Read Clock
P5-12 MT1-T Read Reset
P5-13 Spare
P5-14 Spare
P5-15 Spare
P5-16 Spare
P5-17 Spare
P5-18 Spare
P5-19 Spare
P5-20 Spare
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6-13. Al instructions require tape motion except for the
CLEAR (CLR) command. This command does not require
any participation on the part of the tape unit. Commands
and status information are transferred through the A- or
B-Register to the Command Channel with standard I/O
instructions. Data is transferred through the Data Channel
to or from the A- or B-Register. The Command Flag and
Interrupt signals indicate the completion of operations
requiring tape motion. If the Control FF in the Command
Channel is not set by an STC (Set Control) instruction,
interrupt requests from the magnetic tape unit will be
inhibited.

6-14. PROGRAM COMMANDS.

6-15.  Figure 6-1 identifies the functions to be performed
by the magnetic tape unit when the respective bit of the
8-bit command word is a logic ““1”. The WRITE command
bit (b3) and the MOTION bit (bg) result in forward motion
of the tape during a write operation so that the FORWARD
bit (b1) need not be programmed. Table 6-2 lists the
command bit combinations required for the listed magnetic
tape unit operations.

BITSI by | bg ] b | by I b3 l by ] by [ by |
Rewind Rewind & Reverse  Transfer Write File Forward  Motion
Standby Data Mark

Figure 6-1. Eight-Bit Command Word

Table 6-2. Encoded Magnetic Tape Unit Commands

COMBIEI;\JIZTIONS OCTAL | MNEMONIC COMMAND
bgbgby 31 weC Write Characters
bg by by 23 RCC Read Characters
bg bg 11 GAP Write 3" Blank Tape
bg by 3 FSR Forward Space Record
bq bg 41 BSR Back-Space Record
bg by 201 REW Rewind
bg bg 101 RWS Rewind and Stundby
b7 bg 300 CLR Clear
bg by bg by 35 WKFM Write File Mark

6-16. WRITE CHARACTERS (WCC). The Write Char-
acter operation (WCC) initiates forward motion and sets up
the necessary conditions for writing. This command pre-
pares the Data Channel for each character to be written on
tape. Only bits @ through 7 of the word loaded into the
Data Channel are written on tape. Computer words written
on tape have the following bit and track assignments (P
denotes Parity bit):

BIT o t 2 3 4 5 6 7 P

TRACK| 2 8 1 9 3 5 6 7 4
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6-17. A Clear Control (CLC) instruction immediately
after the last character of a record is written, performs
the following:

a. Initiates an end-of-record sequence by writing
Cyclic Redundancy Check and Logitudinal Redundancy
Check Characters.

b. Provides an inter-record gap.

c. Stops tape motion.

A typical programming sequence is as follows:

START CLC @C DISABLE ALL 1/O & TURN OFF INTER.

LDA COUNT

STA TEMP INITIALIZE COUNTER FOR 12 CHAR.

LB 1 INPUT DATA TO BE WRITTEN BITS -7

LDA CMND

OTA COMCH OUTPUT WRITE COMMAND TO CMND. CH.
01A SFS DATCH

JMP *-1 TEST FOR DATA CH. FLAG

OTB DATCH OUTPUT DATA TO DATA CHANNEL

ISZ  TEMP INCREMENT CHARACTER COUNTER

JMP 01A

CLC DATCH,C CLEAR DATA TRANSFER FF

LIA 1 INPUT SWITCH REGISTER

SSA SKIP IF BIT 15 = @ CONTINUE OPER.

HLT 778 NORMAL HALT

SFS COMCH CHECK COMMAND CHANNEL FLAG FOR

JMP 1 END OF OPERATION

LIA COMCH INPUT STATUS

AND MASK EXTRACT EOT STATUS BIT

SZA, RSS SKIP IF EOT DETECTED

JMP  START REPEAT

LDA REW

OTA COMCH,C OUTPUT REWIND COMMAND

SFS COMCH CHECK COMMAND CHANNEL FLAG
JMP *—1 FOR END OF OPERATION
JMP  START

COUNT OCT 177764
CMND OCT 3t
REW  OCT 201
MASK OCT 000040
TEMP OCT @

NEGATIVE 12 DECIMAL
WRITE COMMAND
REWIND COMMAND

NOTE: DATCH = LOWER SELECT CODE
COMCH = HIGHER SELECT CODE

6-18.  The read after write parity checks continue after
writing has been completed. Both the vertical and
longitudinal parity are checked. When tape motion stops
the Command Flag FF is set and the Command Channel
is ready for the next operation.

6-19. READ CHARACTERS COMMAND (RCC). The
Read Character operation initiates forward motion and
sets up the necessary conditions for reading. A Read
Clock Signal sets the Data Flag FF each time a character
is read from the tape. Data may be loaded into bits @
through 7 of the A- or B-Register with a Load or Merge
instruction. Forward motion continues until an inter-
record gap is detected. After forward motion ceases, the
Command Flag FF sets and the Command Channel is
ready for the next command. Records of less than 12
characters long are illegal.



6-20. GAP Command (GAP). The Gap operation erases
3 inches of tape. This is used for spacing over damaged
sections of tape or for file gap generation. The Command
Flag FF sets when the forward motion ceases and frees
the Command Channel for the next command.

6-21. FORWARD SPACE RECORD (FSR) and BACK
SPACE RECORD (BSR) Command. The FSR operation
spaces the tape forward until an inter-record gap is detec-
ted. The BSR operation moves the tape backward until an
inter-record gap or Load Point is detected. The Command
Flag FF is set after tape motion has ceased and the
Command Channel is ready for the next command.

6-22. REWIND COMMAND (REW). The Rewind
operation rewinds the tape and positions it at the Load
Point. The Command Flag FF is set when the operation is
completed and the Command Channel is ready for the
next command.

6-23. REWIND AND STAND-BY COMMAND (RWS).
The Rewind and Stand-by operation positions the tape at
Load Point and switches the tape unit to LOCAL mode.

6-24. CLEAR COMMAND (CLR). The Clear operation
resets the Command Channel and Data Channel to the
preset state. If the magnetic tape unit is rewinding, the
operation is completed. This command is also executed
by pressing the computer PRESET switch. When all
motion has ceased and the magnetic tape unit is not in
the LOCAL mode, the Command and Data Channels are
made ready to accept Data and the Command Flag FF is
set. In all cases the system will not be ready for ad-
ditional commands until at least 5 milliseconds after a
Clear Command is issued.

6-25. WRITE FILE MARK COMMAND (WFM). The
Write File Mark operation writes the File Mark Character (a
logic “1” bit in tracks 2, 3 and 8) and writes the accom-
panying longitudinal redundancy check character. When the
operation is completed, forward motion ceases, the Com-
mand Flag FF is set, and the Command Channel is made
ready for the next operation. A Cyclic Redundancy Check
Character is not written in a File Mark record.

6-26.  NINE BIT STATUS WORD.

6-27. The magnetic tape unit provides nine bits of
status information to the computer. Status information
corresponding to the individual bits of the status word is
shown in Figure 6-3. All bits of the status word except
BUSY (Bit 0), EOT (Bit 5), BOT (Bit 6) and WRITE
ENABLED (Bit 2) are reset to a logic “0” when a clear
command is given, or a command resulting in tape motion
is accepted by the tape unit. The EOT, BOT and WRITE
ENABLED bits are reset to a logic “0” when the
conditions they represent are no longer true. The BUSY
bit is reset upon completion of any operation. The nine
bit status word may be examined at any time with a
LIA or LIB instruction with the Command Channel
Select Code.
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Bits | 8 7 6 5 4 3 2 1 0

Local End BOT EOT Timing Reject Write Parity Busy
of Enabled Error
File

Figure 6-2. Status Word Format

6-28. BUSY (Bit 0). This bit is a logic “1” when the
tape is in motion or the magnetic tape unit is in the
LOCAL mode. If bit @ is a logic “0”’, the Command and
Data Channels are ready to accept a command.

6-29. PARITY ERROR (Bit 1). This bit is set to the
“1” state if a vertical or longitudinal Parity Error occurs
during a Read or Write operation. Parity is not checked
on Forward Space Record and Back Space Record oper-
ations. The longitudinal parity of the entire record is
checked on all Read operations. Vertical parity is checked
only during the data transfer portion of a record.

6-30. WRITE ENABLED (Bit 2). This bit is a logic
“1” if the Write Ring is not installed in the tape reel. The
Write Ring must be inserted in the tape reel before a
Write operation can be performed.

6-31. REJECT (bit 3). A command will be rejected
and bit 3 set to a logic “1” if tape motion is requested
and the I/O interface cards are busy, backward tape
motion is requested and the tape is at Load Point, or a
Write command is given and the tape reel does not have a
Write Ring.

6-32. TIMING (bit 4). This bit is set if the Data Chan-
nel Flag FF has not been reset before the next character
is transferred by the Data Channel.

6-33. END-OF-TAPE (bit 5). This bit is set when the
End-of-Tape reflective marker is sensed while the tape is
moving forward. Bit 5 remains set until a REWIND
command is given.

6-34. BEGINNING-OF-TAPE (bit 6). This bit is a logic
“1” while the Beginning-of-Tape reflective marker is
under the photo sense head.

6-35. END-OF-FILE (bit 7). This bit is a logic “1”
when a one character File Mark (23 octal) record is
detected while reading, forward spacing or backward
spacing. It is also set when a File Mark record is written.

6-36. LOCAL (bit 8). This bit is a logic “1” when the
magnetic tape unit is in the LOCAL mode.

6-37. NRZI RECORDING.

6-38. The Non Return to Zero Invert (NRZI) tech-
nique records a ‘“1” bit with a flux reversal. This means
that the tape is magnetized in one direction in all tracks
during a gap. Everytime a “1” is to be recorded in a
particular track, the magnetic tape head current is
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reversed and the tape track is magnetized in the opposite
direction. Since the nine track tape uses odd vertical
parity there is always at least one flex reversal per
character across the tape. Clock tracks are not necessary.

6-39. TRACK SPACINGS AND BIT LOCATIONS.

6-40. The nominal spacing from the center of one
track to the center of the next track is 0.055 inch. The
nominal bit width is 0.048 inch, with the bits on the
outer edge coming within 0.029 inch of the edge. Since
the bits on the outer edge of the tape are less reliable, the
least used bits were placed on the outer edges. Figure 6-3
illustrates the spacing, track location and corresponding
HP computer and IBM computer bit numbers.

INTER
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Figure 6-3. Tape Format
6-41. RECORD AND GAP LENGTHS.

6-42. A record must contain at least 12 data char-
acters. Each record contains a data block, Cyclic Re-
dundancy Check Character (CRCC), and a Longitudinal
Redundancy Check Character (LRCC). The Cyclic Re-
dundancy Check Character is spaced four characters from
the end of the data block. The Longitudinal Redundancy
Check Character is spaced four characters past the Cyclic
Redundancy Check Character. Between each record is a
0.6 inch nominal record gap.

6-43. VERTICAL PARITY.

6-44. Each nine bits recorded across the width of the
tape include eight data bits and a parity bit. Since the
number of logic “1’s” in the nine bits are always odd, the
parity is odd.

6-45. CYCLIC REDUNDANCY CHECK CHARACTER.

6-46. Each IBM compatible record has a Cyclic Re-
dundancy Check Character (CRCC) which is generated
during data transfer. The Cyclic Redundancy Check
Character, when used in conjunction with software,
provides an effective means of detecting the loss of data
within a record. It is possible to not only detect the loss,
but to restore the data to its original configuration. The
CRCC is generated in compliance with the following
rules: If the CRC bit 0 is equal to a logic ““0”", then a half
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add of all data bits and CRC bits is performed; after the
half add is complete, the CRC character is then rotated
right one position; if the CRCC bit 0 is equal to a logic
“1” then an addition with a carry into CRCC bits 3, 4, 5,
and 6 is accomplished. CRCC bits 0, 1, 2, 7, and 8 are
only half added. At the completion of the add precess the
CRC character is rotated right one position. Figure 6-4
shows the relationship between the CRCC bits and the
data bits during the addition phase of the CRCC gener-
ation. When the CRCC is to be written on tape, all bits
except 3 and 5 are inverted and gated to the data lines. A
vertical parity bit is not generated for the CRC character.
If an even number of characters have been written in the
record then the CRC character will have an odd vertical
parity. If an odd number of characters have been written,
then the vertical parity of the CRC character is even.

DATA 7 6 5 4 3 2 1 0O P

CRCC 8 7 6 5 4 3 2 1 0

6-4. Data-CRCC Bit Relationship

6-47. LONGITUDINAL REDUNDANCY CHECK
CHARACTER.

6-48.  The last character in a record is the Longitudinal
Redundancy Check Character and is nine bits wide. The
Longitudinal Redundancy Check Character (LRCC)
ensures that the number of logic “1’s” in each track is
even. A vertical parity bit is not generated for the LRCC,
since this would defeat the purpose of the LRCC. The
LRCC is sometimes referred to as the Longitudinal Parity
Character.

6-49. SIGNALS REQUIRED BY THE TAPE UNIT
(Refer to Figure 6-5).

6-50. FORWARD. When this negative true signal is
true, the forward actuator of the tape unit is pressed
against the capstan which moves the tape from the supply
reel, past the Read/Write head, toward the take-up reel at
a speed of 75 inches per second.

6-51. REVERSE. When this negative true signal is true,
the reverse actuator of the tape unit is pressed against the
capstan which moves the tape from the take-up reel, past
the Read/Write head, toward the supply reeel at a speed
of 75 inches per second.

6-52. REWIND. When this negative true signal is true,
the tape is wound on to the supply reel until a Load
Point marker is detected. Depending upon the amount of
tape on the take-up reel, the tape is moved to the Load
Point at 75 inches per second, or removed from the
vacuum chambers and rewound at high speed. The
Rewind operation is controlled by the magnetic tape
unit. The Command Channel Flag FF is set upon
completion of the operation.
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Figure 6-5. HP Computer Interface to H01-D3030G Magnetic Tape Unit
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6-53. UNLOAD. When this negative true signal is true,
the magnetic tape unit switches to the LOCAL mode and
rewinds the tape to the Beginning-of-Tape marker.

6-54. WRITE TRACKS. Each write track driver
controls the bit written in that track on the tape during a
Write operation. The write track singals are positive true.

6-55. WRITE CLOCK. The positive false Write Clock
signal provides the magnetic tape unit with the ap-
propriate data rate. An internal tape unit strobe is trig-
gered on the trailing edge of the Write Clock.

6-56. WRITE RESET. When this negative true signal is
true, the write cards in the magnetic tape unit are held in
the “0” state. When this signal is false, the write cards in
the magnetic tape unit are enabled for switching.

6-57. WRITE PERMIT (WRITE ENABLE). When this
negative frue signal is true, current flows in the write
head so the magnetic tape can be magnetized.

6-58. READ RESET. When this negative true signal is
true, the magnetic tape unit read cards are held in the
reset state in order to space over gaps.

6-59. SINGALS SUPPLIED BY THE TAPE UNIT.

6-60. READY. This positive false signal is true when
the magnetic tape unit is in the AUTO mode and false
when the magnetic tape unit is in the LOCAL mode.
When the tape unit is in the AUTO mode, the computer
can write or read from the unit. When the unit is in the
LOCAL mode, the magnetic tape will not move and the
writing or reading of data is inhibited.

6-61. LOAD POINT STATUS. When this positive false
signal is true, the tape is positioned so that the reflective
Beginning-of-Tape marker is under the photo cell.

6-62. WRITE ENABLED STATUS. This positive false
signal is true when there is a Write Ring in the tape
supply reel.

6-63. END-OF-TAPE STATUS. This positive false
signal is true from the time the photocell detects a
reflective End-of-Tape marker until the tape unit
receives a Rewind command.

6-64. REWIND STATUS. This positive false signal is
true during a Rewind operation.

6-65. READ CLOCK. The positive false Read Clock
is a data rate pulse generated from an “OR” function
of all read cards in the tape unit. A read Clock occurs
each time a single data bit is detected by the tape unit.

6-66. READ TRACKS. The positive false Read Data
is applied to the Mag Tape 2 Interface Card.
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6-67. THEORY OF OPERATION.

6-68. The 3030 interface consists of two physical cards,
MAG TAPE 1 (02116-6159) and MAG TAPE 2
(02116-6160). The major function of the MAG TAPE 1
card is to provide timing and control signals to the tape
unit and to the MAG TAPE 2 card. It accepts the com-
mand words from the computer, status signals from the
unit, provides status bits to the computer and controls
End-of-Operation interrupts.

6-69. The MAG TAPE 2 card performs data handling
functions. It buffers the Write Data characters, generates
the proper parity, generates the Cyclic Redundancy Check
Character and provides write timing signals to the tape
unit. During a Read operation, the data is buffered, the
parity is checked and End-of-Record (EOR) and End-
of-File (EOF) detection is performed.

6-70. Manu signals are transmitted between the two
cards. This is accomplished through the 48 Pin Con-
nectors (refer to Table 6-1).

6-71. WRITE OPERATION. Under program control a
Write command (31 octal) is issued to the Command
channel. In the command word bit 0 is a logic “1” indi-
cating motion, bit 3 is a logic “1” indicating a Write oper-
ation, and bit 4 is a logic “1” indicating there will be a
transfer of data. The motion bit is applied to the
MAG TAPE 1 card at Pin 35. It is buffered through
MC55C & D and applied to NAND gate MC56B. Here a
check is made to determine if the tape unit is in LOCAL
mode and if the interface is ready to accept the new
command. If the unit is in LOCAL mode or the interface
is not ready to accept the command, then the Reject FF
(MC66B) will be set providing a Reject status to the
computer. If the unit is in AUTO mode and the interface
is ready, then a motion level (MOT) is generated at
MC54D. The motion level is applied to NAND gate
MC62B. If the Write bit in the command word is a “1”
and a Write Ring is installed on the supply reel mounted
on the tape unit, then the NAND gate MC62B outputs a
logic “0” which is applied to the Write FF causing it to
become set. The MOT level is also applied to MC53D
where it is ANDed together with the set output of the
Write FF. MC53F inverts the level and applies it to MC75
and to the direct set input to the Forward FF MC115A.
The Forward FF now being set provides a Forward Drive
signal through Q5 to the tape unit. The signal applied to
Pin 6 of MC75 causes the generation of the signal Start
Reset (SRS). This signal accomplishes many different
things simultaneously and serves the function of setting
the control circuitry to the initial state. The SRS Signal
accomplishes the following:

a. Resets the divide-by-two counter MC102A.
b. Resets the divide-by-five counter MC102B, C & D.

c¢. Clocks the Ready FF MC22A to the reset state.



d. Sets the 3” Gap Control FF (MC116A) if the tape
is positioned at Load Point. If MC116A becomes set,
Write Timing Control is disabled at MC86D and the
clearing of the Read Reset FF (MC115B) is disabled at
gate MC117C. This will allow 3.5 inches of tape to be
moved prior to attempting to write data.

e. Resets the Timing FF (MC43) through gates
MC42B and MC42C.

f. ANDed with the Data Transfer bit (Bit 4 of the
command word) at MC32D. The output of which directly
sets the Data Transfer FF MC22B and generates the signal
SPC.

g. The SPC signal from pin D of the MAG TAPE 1
card is applied to pin D of the MAG TAPE 2 card, where
it will set the Parity Control FF (MC92C).

h. Resets the Data Flag Buffer FF (MC24B) through
gates MC34B, MC34C, MC23D and MC23C.

i. Resets the Data Flag FF (MC35A) through MC34B
and MC34C.

j. Resets Command Flag Buffer FF (MC24A) through
MC36D, MC36F, MC44A and MC44B.

k. Resets the Command Flag FF (MC45D) through
gates MC36D and MC36F.

1. The SRS signal is transmitted to the MAG TAPE
2 card through pin 7, where it is applied to NAND gates
MCA4T7A and MC47B, and resets the divide-by-16 counter
(MC63).

m. Resets the Cyclic Redundancy Check Character
Register which is made up ot MC25A and B, MC35A and
B, MC45A and B, MC55A and B, and MC65A.

n. Resets the Cyclic Redundancy Character FF
(MC524).

. 0. Resets the Write Clock Control FF (MC32).

p. Sets the Write Reset FF (MC33)

q. Resets the Parity FF (MC82).

r. Resets the Longitudinal Redundancy Check
Character Register which consists of MC75A and B,
MC76A and B, MC85A and B, MC95A and B, and
MC102B.

s. Resets the Read Record FF (MC102A).

t. Resets the End-of-Record Control FF (MC52B).

u. Resets the End-of-File FF (MC62A).

v. Resets the End-of-Record FF (MC65B).

6-72.  On the MAG TAPE 1 card the Write Reset level
and the Write level are ANDed together at MC94D, in-
verted by MC94F and MC104, then ANDed with the
Forward signal from the Forward FF at MC94B. The out-

put of MC94B is inverted by MC94C. The output of
MC94C removes the reset level from the spacing counters
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consisting of MC93, MC103, and MC113A, C and D. If the
3” Gap Control FF (MC116A) was set due to the fact that
the tape was positioned at Load Point it will be cleared by
the output of a gate MC117B and Clock Control Pulse after
3-1/2 inches of tape have been moved. It should be noted at
this point that the Clock Control Pulse is a 60 kilohertz
signal and determines the data transfer rate. Once the 3”
Gap Control FF has become reset, Writing Timing Control
is again enabled at MC86D and resetting of the Read Reset
FF will again be enabled at MC117C. The Read Reset FF
(MC115B) will be cleared on receipt of the next A2 timing
pulse. This will remove the Read Reset signal to the tape
unit allowing the read circuitry to detect the presence of
data on the tape. Even though a Write operation is being
executed, the unit is capable of reading data immediately
after it has been written. When the next 200 microsecond
Spacing Clock Pulse (SCP) is generated, Write Timing Con-
trol (WTC) is enabled through pin L of the MAG TAPE 1
card to pin L of the MAG TAPE 2 card. When the Clock
Control Pulse is generated, the Write Clock Control FF
(MC32) becomes set enabling write character timing
through gates MC23C, MC23D and transistor Q10. Simul-
taneously with the setting of the Write Clock Control FF,
the Write Reset FF is reset. The WRS Signal at pin 5 will
switch to a logic “0” disabling gate MC94D on the MAG
TAPE 1 card. This results in a reset level being applied to
the spacing counters. The false WRS signal also disables
Write Timing Control at MC86D, and removes the Write
Reset level applied to the tape unit through pin 19 allowing
the write circuitry to change states depending on the data
being written. At the same time that the Write Reset FF on
the MAG TAPE 2 card was reset, a Set Flag Buffer signal
was generated at MC12 and transmitted to the MAG TAPE
1 card through pin J of the 48 pin connector, where it
clocks the Data Flag Buffer FF (MC24B) to the set state
due to the fact that the Data Transfer FF is set. At the next
computer time period 2, the Data Flag FF (MC35B) will
become set, indicating to the software that the interface is
now ready to accept the first character of data. If an
End-of-Operation interrupt is desired, the program must
execute a Set Control operation to the Command Channel.
Each time a data character is output to the Data Channel
the Data Channel Flag FF must be cleared. The data
character is gated into Write Register 1 which consists of
MC28A and B, MC37A and B, MC38A and B, and MC57A
and B. While the data is in Write Register 1, it is applied to
the vertical parity generation network consisting of MC15A
and B, and MC16A and B. It is also applied to the Cyclic
Redundancy Check Character adder circuitry consisting of
MC26A and B, MC36A and B, MC46A and B, MC56A and
B, and MCG66A. When the next Clock Control Pulse is
generated, Write Register 1 is gated to Write Register 2
(MC27A, B, C, and D) and the data is gated to the tape
unit. The CRCC adders are clocked into the CRCC Register.
The Write Clock signal to the tape unit switches to a logic
“0” and a set Flag Buffer signal is generated and trans-
mitted to the MAG TAPE 1 card through pin J. The SFB
signal will set the Data Flag Buffer FF and at computer
time period 2, the Data Flag FF will become set, again
indicating to the software that the interface is ready to
accept another data character. Once the last data character
has been transmitted, it must be immediately followed by a
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Clear Control instruction to the Data Channel. This will
cause the Data Transfer FF (MC22B) on the MAG TAPE 1
card to be reset, indicating the end of the transmission of
data. When the next Clock Control Pulse occurs, the Write
Clock Control FF (MC32) on the MAG TAPE 2 card
becomes reset. This inhibits Write Clock timing to the tape
unit through gates MC23C, MC23D and Transistor Q10.
With the Write Clock Control FF reset and the Write Reset
FF reset, the reset input to the CMC divide-by-8 counter
(MC22) is removed, allowing it to begin counting Clock
Control Pulses. After two Clock Control Pulses have been
counted, the Cyclic Redundancy Character FF (MC52)
becomes set allowing the contents of the Cyclic Re-
dundancy Check Character Register to be gated to the

data lines. During this transfer all bits of the CRCC are.

inverted except bits 3 and 5. When the CMC Counter
(MC22) has counted 3 Clock Control Pulses, NAND gate
MC11A outputs a logic “0” which is inverted through
gate MC18B and the output clocks Write Register 1 into
Write Register 2. Write Register 1 is reset by the output
of MC11A. Therefore, both Write Registers are reset to
the “0” state. Write Clock timing is again enabled through
gates MC43A, MC23C, MC23D, and Transistor Q10. This
allows a Write Clock to be generated in order to write the
CRCC on the tape. When the fourth Clock Control Pulse
has been counted Write Clock timing is again disabled.
When the eighth Clock Control Pulse has been counted,
the Write Reset FF will be set. The WRS Signal at pin 5
of the MAG TAPE 2 card is applied to pin 5 of the MAG
TAPE 1 card. This true WRS signal will turn off Q3 al-
lowing the Write Reset level to be applied to the tape
unit. This will switch all write circuitry in the tape unit
to the “0” state, at which time the Longitudinal
Redundancy Check Character will be written. The true
WRS signal is ANDed together with a true WRT at
MC94D. The output of this gate is inverted twice through
MC94F and MC104. The output of MC104 is ANDed
with the set output of the Forward FF at MC94B. The
output of MC94B is inverted by MC94C. This will remove
the reset level that had been applied to the Spacing
Counters. When the pin 8 output of the divide-by-2
counter (MC93B, C and D) becomes true, NAND gate
MC95B will be made and the output will switch to the
“Q” state. The output of this gate is labeled SAW, Stop
After Write NOT. This level is inverted through MC105B
and provides a reset input to the Reverse, Forward and
Delay FF’s. Upon generation of the next Clock Control
Pulse the Forward FF (MC115A) will be reset, removing
the Forward Drive signal from the tape unit. Tape motion
will stop within 2 milliseconds. At the same time the
Delay FF (MC96B) is reset. When this occurs, the reset
input to the divide-by-16 counter (MC112) is removed
and it begins counting spacing Clock Pulses. After 16
spacing Clock Pulses have been counted, flip-flop MC96A
will become set. After an additional 9 spacing Clock
Pulses have been counted, NAND gate MC86A will be
“made” and the output will switch to a logic “0”. This
logic 0’ will be applied to the direct set input of the
Ready FF (MC22A). It is also inverted by NAND gate
MC76D, the output of which is labeled SRP (Stop Reset
Pulse). The Stop Reset Pulse is applied to the set input of
the Delay FF (MC96B). It is also applied to MC72A
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where it is buffered and inverted by MC72C. The output
of MC72C resets the Write FF (MC84A) and directly sets
the Read Reset FF (MC115B). Setting of the Read Reset
FF will cause Q1 to turn off and a negative true Read
Reset level will be applied to the tape unit. This will
cause the read circuitry in the tape unit to be held in the
“0” state. The clearing of the Write FF will cause NAND
gate MC94D to be disabled, thereby restoring the reset
input to the spacing counters. The Delay FF (MC96B)
will be set when the next Clock Control Pulse is
generated. The SRP level from MC76D is applied as a
clock input to the Command Flag Buffer FF (MC24A).
The set input to this flip-flop is tied to +4.5 volts,
therefore, it will switch to the set state. At the next
computer time period 2, the ENF signal is generated and
the Command Flag FF (MC45C) is set. If the End-
of-Operation interrupt feature has been selected the
Command Control FF (MC33B) will have been set by
program control. If the interrupt system is enabled and
the magnetic tape interface has the highest priority on the
interrupt chain, at computer time period 5, the SIR level
becomes true and NAND gate MC25 is “made” causing
the output to switch to a logic “0”. This logic “0” input
to the Command Interrupt FF (MC26C) will cause it to
set. Once this flip-flop becomes set, the necessary Flag
and IRQ signals are generated and transmitted to the I/O
Address card. The computer will then enter an interrupt
sequence.

6-73. It was previously mentioned that the Data
Channel flag should be cleared each time a data character
is output from the computer. If this sequence is not
followed, the Timing FF (MC43) will become set and
provide a Timing Error status indication to the computer.
The same holds true during a Read operation.

6-74. THE READ OPERATION. To initiate the Read
operation a Read command word is transmitted to the
Command Channel. This command word is an octal 23.
This means that the Motion bit, the Forward bit, and the
Data Transfer bit are set to a logic “1”. All other bits are
“0”. Here again, as in the Write operation, a check is
made to see if the unit is in the LOCAL mode. If so, the
command is rejected. Also a check is made to see if the
interface is ready to accept a new command. If not, then
the command is rejected. If the unit is in the AUTO
mode and the interface is ready to accept a new com-
mand, a Motion level is generated, as in the Write oper-
ation, at MC54D on the MAT TAPE 1 card. This MOT
level is ANDed together with the Forward bit (bit 1) and
sets the Forward FF (MC115A). With the Forward FF set
Q5 will turn off and a Forward Drive level is transmitted
to the magnetic tape unit. The same signal that set the
Forward FF is applied to pin 6 of MC75. This results in
the generation of the SRS (Start Reset) signal. The Start
Reset pulse, which is 200 nanoseconds wide, resets the
majority of control flip-flops in the interface circuitry. If
the tape is positioned at Load Point, the 3" Gap Control
FF (MC116A) will be set. This will cause the tape to be
moved forward 3-1/2 inches before any attempt is made
to detect the presence of data on the tape. If the tape is



not positioned at Load Point, the 3” Gap Control FF is
cleared directly at pin 3. The reset output of the 3”
Gap Control FF is ANDed together with an A2 pulse
from the frequency dividers. This will cause the Read
Reset FF to be reset upon generation of the next Clock
Control Pulse. With the Read Reset FF (MC115B) in
the reset state, the Read Reset level at pin T of the 48
pin connector is removed. This allows the read circuitry
in the tape unit to now attempt to detect the presence
of data on the tape. As tape is moved past the read
head, the detection of the first data bit will cause the
magnetic tape unit to generate a Read Clock. This is a
positive false signal and is transmitted to the MAG
TAPE 2 card through the 48 pin connector (pin 22). As
the pulse is received at the MAG TAPE 2 card, it is
delayed 8 microseconds by the circuitry consisting of
Q11, C1 and R43. The pulse is then narrowed and
applied to the NAND gate, MC105. The output of the
NAND gate is labeled RCD (Read Clock Delayed). The
Read Data is received at the MAG TAPE 2 card as
positive false signals. It is applied to the Longitudinal
Redundancy Check Character Register which is made up
of MC75A and B, MC76A and B, MC85A and B,
MC95A and B, and MC102B. It is also applied to the
Read Data Register which is made up of MC86A, B, C,
and D, and MC96A, B, C and D. At the same time the
data is applied to the vertical parity circuitry which
consists of MC83A and B, and MC93A and B. The
End-of-Record Control circuitry consisting of Q15, Q186,
and MC52B is disabled. The purpose of this circuitry is
to detect the absence of two consecutive Read Clocks.
Being that a Read Clock signal has been received, this
End-of-Record Control circuitry is disabled through
MC103C. The Read Clock Delayed signal also steps the
divide-by-16 counter (MC63) and generates a Set Flag
Buffer signal at MC12C. This Set Flag Buffer signal will
be transmitted to the MAG TAPE 1 card through pin J
of the 48 pin connector where it will set the Data Flag
Buffer FF (MC24B). At the next computer time period
2, the Data Flag FF is set indicating to the computer
that the data character is in the buffer register. The
data character received is checked for vertical parity,
which should always be odd. If a vertical parity error is
detected, the PTY FF (MC82) will be set on the trailing
edge of the current RCD pulse. If the first data char-
acter within a record consists of an octal 23, then it is
possible that the record being read is a File Mark
record. If this is a File Mark record, then the next two
consecutive frames will be blank causing the End-of-
Record Control FF to become set. If the next two
frames are not blank, then this is a normal data char-
acter and will be treated as such. When the next Read
Clock is received, again it is delayed and narrowed and
the next data character is handled in the same manner
as the first. If two consecutive blank frames are read,
then the End-of-Record Control FF becomes set. If less
than 12 data characters have been read prior to the
time that the two blanks are detected, then this is an
illegal record length, and parity errors will be generated
erroneously and more than one record of data will be
read. If 12 or more characters have been read, then the
ERC FF (MC52B) becomes set, vertical parity checks

Section VI

are inhibited along with the generation of the SFB sig-
nal from MC12C. The setting of the ERC FF enables
the divide-by-10 counter (MC53). After seven Clock
Control Pulses have been counted it is possible to set the
End-of-File FF (MC62B) if this is truly an End-of-File
record. In any case, a longitudinal parity check is made.
If an error exists, the PTY FF (MC82) becomes set. This
will enable the Parity Error status bit on the Command
Channel. The End-of-Record FF (MC65B) is set. This
causes the ERC FF to reset on generation of the next
Clock Control Pulse. When the ERC FF resets the
divide-by-10 counter is reset and the Parity Control FF
(MC103B) is also reset. The set output of the EOR FF
(MC65B) is transmitted to the MAG TAPE 1 card
through the 48 pin connector pin 10. The EOR level
coming infto the MAG TAPE 1 card is ANDed together
with a WRT level at MC42E. The output of MC42F dir-
ectly clears the Data Transfer FF (MC22B). The EOR
level is also ANDed with a WRT level at MC94E. The
output of MC104 pin 3 is then ANDed with a Forward
level and the output of MC94C removes the reset from
the spacing counters. When the first Spacing Clock Pulse
is generated, MC105A will output a logic “0”. The output
of MC105A is labeled SAR (Stop After Read NOT). This
“0” level is inverted by MC105B and the output provides a
reset input to the Forward, Reverse and Delay FF’s. On
generation of the next Clock Control Pulse the Forward
and the Delay FF’s will be reset. By resetting the For-
ward FF, the Forward Drive level to the magnetic tape
unit is removed and tape motion will stop within two
milliseconds. When the Delay FF (MC96B) was reset, the
reset level to the divide-by-16 counter was removed. This
allows it to begin counting Spacing Clock Pulses. After 16
SCP’s have been counted, MC96A becomes set. After nine
more SCP’s have been counted NAND gate MC86A out-
puts a logic “0” which will directly set the Ready FF.
The output of MC76D is a logic “1” which is labeled
SRP, Stop Reset Pulse. This provides a set input to the
Delay FF which will be clocked to the set state on the
trailing edge of the next Clock Control Pulse. The SRP
level is applied through MCT72A inverted by MC72C, the
output of which directly sets the Read Reset FF. With
the Read Reset FF set, the Read Reset level at pin T of
the 48 pin connector will cause the read circuitry in the
magnetic tape unit to be disabled. The SRP Signal serves
as a clock input to the Command Flag Buffer FF
(MC24A) causing it to set. The set output of MC24A is
ANDed with the ENF signal and sets the Command Flag
FF (MC45C) at the next computer time period 2. If the
Command Control FF (MC33B) has been set by program
control, the magnetic tape interface card has the highest
priority on the interrupt chain, and the interrupt systém
is enabled, then upon receipt of the SIR signal at the
computer time period 5, the output of MC25 will set the
Control Interrupt FF (MC26C). This will allow the
generation of the appropriate IRQ and Flag Signals to the
I/O Address card and the interrupt sequence will be
entered.

6-75. A complete timing chart of a Read Operation for
a 12 character record has been provided. A careful study
of this timing chart will show that the RRC FF (Read
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Record Control) on the MAT TAPE 2 card may be set
and reset until 12 consecutive data characters have been
read. After the 12th data character is read, the RRC FF
remains in the reset state. Up until this time it is there-
fore possibie to disable the End-of-Record Control
circuitry. This is why a data record must contain a
minimum of 12 data characters. It should be noted that
during a Write operation a Cyclic Redundancy Check
Character was generated and written on the tape 4 frames
after the last data character was written. During a Read

6-12

operation, the Cyclic Redundancy Check Character is
completely ignored by the interface. The only reason the
Cyclic Redundancy Check Character is generated is in or-
der to make the tape compatible with IBM standards.

6-76. The two major functions of the magnetic tape
unit interface have been covered in detail. All other
functions are derivations of these. To analyze any
secondary functions, utilize the flow charts provided in
Section 7.



magnetic tape interface diagrams
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Figure 7-2. Magnetic Tape 2 Interface Card Logic Diagram
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Figure 7-4. Write Operation Flow Chart
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Figure 7-7. Write File Mark Flow Chart
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Section VIII

SECTION Vil
HO01-D3030 DIAGNOSTIC PROGRAM 20433E

8-1. 9-TRACK MAGNETIC TAPE.

8-2. This diagnostic program checks the capability of
the HP 3030 Magnetic Tape Unit to write and read data
correctly with the HP Computer. The program is entered
into the Computer by either the Punched Tape Reader or
Teleprinter. If an error occurs a diagnostic (code or
description) will be printed. Contained on the tape is a
main program and four secondary programs. Five additional
tests can be added to the main program by manual selection
of front panel switches. Secondary programs provide de-
tailed analysis of malfunctions detected by the main pro-
gram or the five tests added to it.

8-3. MAIN DIAGNOSTIC PROGRAM.

8-4. This program checks the standard operations of
the tape unit and interface cards. Refer to Table 8-1, Mag-
netic Tape Troubleshooting Chart, for the tests performed.
Figure 8-1 depicts the test pattern, halt position numbers,
and the location within the pattern at which they occur.
With all switches of the Switch Register down, the main
diagnostic program is continually repeated.

8-5. OPERATING PROCEDURES.

8-6. To initialize the diagnostic program, perform
the following:

a. Enter octal 100 into S-Register.
b. Press LOAD ADDRESS.
c. Use S-Register bits 0 through 5 and enter octal

address of the I/O slot containing the Mag. Tape 1 board
(02116-6159).

d. If a 2.0 usec Computer is being used, set S-Register
bit 15 to 1. If a 1.6 usec Computer (2116A/B) is being
used, set S-Register bit 15 to 0.

e. Push RUN,
f. Use the S-Register bit 0 through 5 and enter the

octal address of the I/O slot containing the teleprinter
interface card.

g. If a serial teleprinter card is being used, set the
S-Register bit 15 to 1. If a buffered teleprinter card is being
used, set the S-Register bit 15 to 0.

h. Push RUN.

i. Enter top memory location into S-Register

4K — 077717
8K — 177717
12K — 27777
16K — 37777
24K — 57777
32K — 77777
j.  Push RUN.

Note

If an error occurs during the above pro-
cedures, reload the diagnostic tape. After
the diagnostic tape is loaded into
memory, the starting address of the
program is 2000.

Table 8-1. Magnetic Tape Troubleshooting Chart

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
1 CLR Command Clear Command should reset all CONTROL LOGIC

1. If busy, check DLY, RDY, Timing logic.
2. Check individual status FF’s.

2-5 Check Computer control of Data Flag

*2 Clear Data Flag and give SFC data Either flag not cleared or SFC data instruction does
not work.

*3 Give SFS data If 2 and 3, Data Flag not clear. If 3 only, SFS Data
Instruction malfunction.

#4 Set Data Flag and give SFS data Either flag not set or SFS data instruction mal-
function.

*Use Switch 14 as explained in Table 8-2.
Data is mnemonic for higher priority magnetic tape address.

Command is mnemonic for lower priority magnetic tape address.
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Table 8-1. Magnetic Tape Troubleshooting Chart (Continued)

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
*5 Give SFC data If 4 and 5, Data Flag not set. If 5 only, SI'S Data
instruction malfunction.
6-13 Command Flag and Interrupt check
6 Turn on INTRPT SET CMND Flag but no Should not interrupt without CCC flip-flop set.
Control Bit
7 STC CMND Should interrupt. Check if Flag set, Control FF set.
*10 Clear CMND Flag and give SFC Either flag not cleared of SFC CMND malfunction.
*11 Give SFS CMND If 10 and 11, flag not clear. If 11 only, SFS CMND
malfunction.
*12 Set CMND Flag and give SF'S CMND Either flag not set of SFS CMND malfunction.
*13 Give SFC CMND If 12 and 13, flag not set. If 13 only, SFC CMND
malfunction.
14-17 Check Timing Logic
14 Give CLR Command after 4.9 msec A CLR command should set controller busy for 5
msec. RDY either not cleared or set too soon.
15 after 5.1 msec DLY should count 5 msec and set RDY. Check
oscillator, timing circuits, DLY FF and RDY FF.
16 Give GAP Command after 44.9 msec A GAP command should take 40 msec of spacing +5
msec of RDY. Check GAP FF and timing circuits.
17 after 45.1 msec Check timing circuits.
20 Check REJ status If controller is busy (with a CLR command) it should
REJ a command from computer. Check REJ FF.
21-26 Initial Data Transfer Check Write various tracks and read back as data passes
under Read Head.
*21 Write all tracks Either not writing bits or reading them back in er-
roneous tracks.
1. Is there a write clock?
2. Is WRT set, WRS cleared?
3. Read, write cards in transporter?
*22 Write Track 4 Same as above
*23 Write Tracks 1, 2, 3, 4, and 6 Same as above

*Use Switch 14 as explained in Table 8-2.

8-2
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Table 8-1. Magnetic Tape Troubleshooting Chart (Continued)

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
*24 Write Tracks 4, 5, 7, 8, and 9 Either not writing bits or reading them back in

erroneous tracks.

1. Is there a write clock?

2. Is WRT set, WRS reset?

3. Read, write cards in transporter?

*25 Write Tracks 1, 3,4, 5,7,and 9 Same as above
*26 Write Tracks 1, 2, 4, 6, and 8 Same as above
27-45 Write Records for Later Read Checks
*27 Write All Tracks Status should be clear after write.

1. If parity error, check parity generation for this bit;
parity check for this bit; check longitudinal parity.
2. If other, check individual status.

*30 Write Parity Bit Same as above
31 Write Bit 0 Same as above
32 Write Bit 1 Same as above
33 Write Bit 2 Same as above
34 . Write Bit 3 Same as above
35 Write Bit 4 Same as above
36 Write Bit 5 Same as above
37 Write Bit 7 Same as above
40 Write Bit 8 Same as above
41 Write all Tracks; 12 Character RECORD Twelve characters is minimum length record. If

parity,

1. Check character counter MC63.
2. Check parity circuits.
If other, check individual status.

*42 Write CRC Check Record Eleven data characters should make CRCC vertical
parity even-force parity error. If no parity error,
check CRCR.

*43 Write Non-Valid File Mark If FM status, check EOF detection, EOR detection.

*44 Write Checkerboard All tracks except 2 are alternate 1’s and 0’s. Check

individual status.

*45 Write File Mark If no FM, check EOR, EOF detection. Check
individual status.

*Use Switch 14 as explained in Table 8-2.
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Table 8-1. Magnetic Tape Troubleshooting Chart (Continued)

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
46-63 Backspace over records.
Initial Read Control Stop of Tape.
46 Backspace over FM. If not FM, check EOR, EOF detection on backspace.
If SOT, check read clock, EOR detection.
47 Backspace A Record If SOT, check read block, EOR detection.
50 Backspace A Record Should not stop on non-valid tape mark record. This
will show up by the tape being misplaced at HALT
71.
51 Backspace A Record If SOT, check read clock, EOR detection.
52 Backspace A Record Same as above
53 Backspace A Record Same as above
54 Backspace A Record Same as above
55 Backspace A Record Same as above
56 Backspace A Record Same as above
57 Backspace A Record Same as above
60 Backspace A Record Same as above
61 Backspace A Record Same as above
62 Backspace A Record Same as above
63 Backspace A Record Same as above
64 Forward Space over all ones record Check read clock, EOR detection. Check individual
status.
65 Backspace If SOT, check read clock, EOR detection.
66 Check for CMND INTRPT on READ If no interrupt, check EOR detection CMND flag and
interrupt circuit.
67 Check Status After Read Check individual status.
70 Backspace A Record If SOT, check read clock, EOR detection
71-103 Read Data Checks
71 Read all ones record If data error check writing circuits
reading circuits
read clock, write clock
If status, check individual status.
Read Parity or only record If data error check writing circuits
72 reading character
reading clock, write clock
If status, check individual status
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Table 8-1. Magnetic Tape Troubleshooting Chart (Continued)

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
73 Read Bit 0 Record If data error check writing circuits
reading character
reading clock
write clock
If status, check individual status.
74 Read Bit 1 Record Same as above
75 Read Bit 2 Record Same as above
76 Read Bit 3 Record Same as above
(i Read Bit 4 Record Same as above
100 Read Bit 5 Record Same as above
101 Read Bit 6 Record Same as above
102 Read Bit 7 Record Same as above
103 Read 12 Character Record Same as above
104 FSR Command Should move over 11 character record. No parity
error on FSR. Check individual status.
105 Backspace A Record If SOT, check read block, EOR detection.
106 Read CRC Record If data character 12 wrong, check CRCC generation.
If no parity error, check parity generation, clock, and
CRC generation. If short, check for EOR detection.
107-110 Check Inter-Record GAP Length Read 2 character non-valid tape mark record. Count
the time until data from checkerboard record (past
IRG) encountered.
107 Gap too small:
1. tape unit not 75 ips, or
2. Tgaw or TWAS too short.
110 Gap too long; either
1. tape unit not 75 ips, or
2. Tgaw or TwAs too long,or
3. actuators slipping.
111 Check Status for Forced TM Error If no TM error, check TIM flip-flop
112 Backspace A Record If SOT, check read clock, EOR detection.
113 Read Checkerboard Record Status Should be clear.
Data Errors — check write and read circuits.
Parity Errors — check parity generate and check.
Length Errors — check read clock.
114 Detect EOF on FSR Check EOR and EOF detection circuits.
115 Detect EOF on BSR Check EOR and EOF detection circuits.
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Table 8-1. Magnetic Tape Troubleshooting Chart (Continued)

HALT DIAGNOSTIC PROBABLE CAUSE AND/OR REMEDY
NUMBER OPERATION
116 Read EOF Check write and read electronics.

117-120 Check WAS Time First flag on write is given 5.2 msec after command.
117 Flag Too Late Check if Timing circuits working WTC, A9 generated.
120 Flag Too Early Check if gates forming WTC work. Check WCC and

WRS off.
121-122 Check RAS Time Write a long record, backspace into it, stop, and then
give read command to check RAS time.
121 Data Flag Too Early Check if RRS set too soon.
122 Data Flag Too Late Check if RRS not set. Read clock delayed circuit.

123-124 Check SAW Time Stop a write operation and count when flag returned.
123 SAW Time Short Check counter circuits.

124 SAW Time Long Check if WRS clear. Check counter circuits.
125 Backspace A Record If SOT, check read clock, EOR detection.

126-127 Check SAR Backward; RAS Forward Having backspaced over record, now read it.

126 Data Flag Too Soon Check reverse actuator stop time or forward actuator
starting time.

127 Data Flag Too Soon Check reverse actuator stop time or forward actuator
start time.

130-131 Check RAS Time Count time from last data character read to CMND

flag returned.

130 SAR Time Short Check counter for too soon CMND flag.

131 SAR Time Long Check if CMND flag set. Check counter.

132 Write a File Mark Check for EOR and EOF detect circuits.
141-152 Rewind Test Sub-Program Check listing.
161 Write Ring Test Sub-Program Check listing.
171-175 DMA Test Sub-Program Check listing.
200-532 Extensive Read/Write Test Sub-Program Check listing.
700 Command Flag Wait Check listing.
701 Controller Busy Check listing.
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Figure 8-1. Main Diagnostic Test Pattern

8-7. ADDITIONAL TEST PROGRAMS.

8-8. Five additional tests can be added to the main
program. These tests are selected by five switches of the
Switch Register. Table 8-2 lists the switch settings and the
options. Figure 8-2 depicts the relationship between the
main diagnostic program and the tests selected by the
Switch Register. Switches 13, 14, and 15 are not shown in
Figure 8-2. These switches are checked by one overall error-
checking subroutine which is entered after each test is
made. This subroutine, called CHECK, detects errors and
selects proper Teleprinter printouts. The positions of
switches 13, 14, and 15 are checked by the program each
time the CHECK subroutine is entered.

8-9. The five additional tests are as follows:

Extensive Read/Write.

Direct Memory Access (DMA)
Write Ring

Rewind and Start of Tape
Rewind and Unload.

Lt

8-10. EXTENSIVE READ/WRITE.

8-11.  When Switch 1 of the SWITCH REGISTER is in
the up position “1”, the Extensive Read/Write tests are
added to the diagnostic cycle, see Diagnostic Listing, page
0037. These tests consist of writing 26 records (1982 char-
acters each) followed by 26 records (1983 characters each).
The 52 records are then backspaced. The records are
read, checking for data errors, length errors, and parity er-

rors. If an error is detected while reading, the erroneous
record is backspaced and reread. The data pattern for each
record is as follows:

RECORD ODD CHARACTER EVEN CHARACTER

(OCTAL) [P by bg bg bg bz byby bg[P by bg bg bg b3 by by by

0= =200= = 0000000~ 0000000CO0O0O
== 0= E D e a0 0000000000000
= = w02 =200 0000000000000 0O0O
- == w00 === 0000000 = =00==000
- e =2 a0 20000000 =200000 =00
O = = 2 =2 @2 w0000 0O0O0~==000C00 =
== e e s 0w 0000000000000 0CO0O0 =0
OO0 =2 0000000000 =-0000000O0O00O0O0C
COO0O~L 0000000000000 00CCO0D0O0O0O
CO0OO0O0 =2 =200000=00000000000CO0O0O
CO0OO00O0O0 2000000000000 O0O0ODOO0O O
0000000000000 O0OO0O0O0OO0ODODOODODOOO
CO0OO0O0D0CO0O0O0 = 000000~ 00000000 OC
OO0 0000000 —-00000D0O0O0OO0OO0OO0DO0OBOOO
OCO0OO0O0DO0O0O0—-000000=000000O0CO0O O

S O = m e o e e e 000000000 = m e -
CO0O0O0O = =000 0CO0O0 2000 = = = & 0 =2t =

®
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Table 8-2. Switch Register Selections

SWITCHES
15 14 13 12 4 3 2 1

OPTION SELECTED

1
1 X
1 X X

Rewind at end of main diagnostic program and
perform Start of Tape (SOT) tests.

Perform extensive Read-Write tests prior to operation
specified by Switches 0, 2, and 3.

Perform Write-Ring (Write Enabled) test after the
main diagnostic program.

Rewind and unload after operations performed by
switches 0, 1, and 2.

DMA test performed.

Halt after current diagnostic cycle; print number of
cycles completed.

Halt after error detected; Computer halts with Halt
Position No. in the B-Register and tape unit status in
the A-Register.

|
"

0 1 0 - - - - - Recycle through current test continually, bypassing
error typeout.

1 X X - - - - - Halt after current test; Computer halts with Halt
Position No. in the B-Register and tape unit status in
the A-Register.

NOTES: 0 = Switch in down (off) position.
1 = Switch in up (on) position.
X = Switch is on or off as required to form multiple options.

Position of switch is immaterial. It has no effect on option selected.

8-12. DIRECT MEMORY ACCESS (DMA) TEST.

8-13. When switch 4 of the SWITCH REGISTER is in
the up position, the DMA test is added to the diagnostic
cycle, see Diagnostic Listing, page 0037. A 700 character
record is written using a DMA channel. The character
record is backspaced over and read using the DMA channel.

8-14. WRITE RING TEST.

815. When switch 2 of the SWITCH REGISTER is in
the up position, the Write Ring Test is added to the
diagnostic cycle, see Diagnostic Listing, page 0039. The
Teleprinter types out when to remove the plastic write ring
from the tape supply reel. When the plastic write ring is
removed and the Magnetic Tape Unit is in AUTO, press
Computer RUN. If an error message is not printed the write
enable test is completed. Replace the plastic write ring, put
the Magnetic Tape Unit in AUTO mode and press
Computer RUN.

88

8-16. REWIND AND START OF TAPE TEST (SOT).

8-17. When switch 0 of the SWITCH REGISTER is in
the up position, the Rewind and SOT tests are added to the
cycle, see Diagnostic Listing, page 0040. The reel of tape is
rewound and a rewind command and backspace command
is given at the Start of Tape.

8-18. REWIND AND UNLOAD.

8-19. When switch 3 of the SWITCH REGISTER is in
the up position, the Rewind and Unload test is added to the
diagnostic, see Diagnostic Listing, page 0041. The tape reel
is rewound and the magnetic tape unit is switched to
LOCAL and the Computer halts,

8-20. TELEPRINTER PRINTOUTS.
8-21. A Teleprinter must be connected to the Computer

during use of the diagnostic program to provide printouts
of detected errors. When an error occurs, the Teleprinter
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PRINT
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Figure 8-2. Main Diagnostic and Switch Register Flow Chart
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prints the number of the diagnostic cycle, the Halt Position
Number preceded by “H=", and the status of the tape unit.

(Performance of the main diagnostic program, with or

without the five switch-selectable tests, constitutes a
diagnostic cycle. The Halt Position Number identifies the
specific operation being performed when the error
occurred. These numbers, their operation, and trouble-
shooting information is provided later in this test.) The
Teleprinter printouts are as follows:

(5-digit diagnostic (3-digit Halt (Status)
cycle no.) Position No.)
00062 H =026 *RJ, BY

*The following status abbreviations may appear:

BY (Busy)

PT (Parity Error)

WS  (Write Ring missing; Write not enabled)
RJ  (Reject)

TM (Timing Error)

ET (End of Tape)

ST  (Start of Tape)

FM (End of File Mark)

LS (Local)

822. If a data error occurs during a read test, the
Teleprinter prints the number of the first character in the
record to show a data error (preceded by “C=""), the
character which should have been read (preceded by “G="),
and the data character which was read (preceded by “B="").
Also if the record is of erroneous length, the Teleprinter
prints the number of extra or missing characters in the
record (preceded by “L=").

EXAMPLE:
00071 H =430
| p— N —

Cycle Halt Position

C=00005 G=01110111 B=11110111 L=00001
PN P “ e e Wy o’ mm— p—
Data Error Data Character Data Character Extra
which should Read Characters
have been read

8-23.  Therefore, on diagnostic cycle 71, a data error was
flagged on the extensive read/write test. The fifth character
in the record picked up a bit in the most significant position.
The record was also one character too long.

8-24. SECONDARY PROGRAMS.

8-25. Four Secondary Programs which provide more
detailed troubleshooting analysis are as follows:

Write/read reflection test.

Magnetic tape command repertoire test.
Data pattern test.

D-3030 Set-up an exercise test.

ac o

8-10

8-26. WRITE/READ REFLECTION TEST.

8-27. This program is entered into memory location
1000 (see Diagnostic Listing, page 0018). The program
writes the Switch Register bits 0-7 onto tape and reads
the information back into the B-Register. With switch 15
of the SWITCH REGISTER in the up position, 1, the
Computer halts.

8-28. MAGNETIC TAPE COMMAND REPERTOIRE
TEST.

8-29. This program is entered into memory location
1100 (see Diagnostic Listing, page 0019). The program
outputs the Switch Register every 1 millisecond, 5 milli-
seconds or 150 milliseconds depending on the position of
switches 14 and 15 of the SWITCH REGISTER.

PERIOD SWITCH 14 SWITCH 15
1 ms 0 0
5 ms 1 0

150 ms 1 1

8-30. DATA PATTERN TEST.

8-31.  This program is entered into memory location
1200, see Diagnostic Listing, page 0019. This program
writes the bits located in the Switch Register. Bit 0
through 7 are written on tape, then bits 8 through 15 are
written on tape. This alternating procedure continues.
With switch 15 of the SWITCH REGISTER in the up
position, the Computer halts.

8-32.  D-3030 SET-UP AND EXERCISE TEST.

8-33.  This program is entered into memory location
1300 (see Diagnostic Listing, page 0020). The program
can be used to set-up the Magnetic Tape Unit. Switches 0
through 9 are used to test the various operations. Only one
switch at a time can be in the up position. To stop the
operation, put the switch down. The end of tape is auto-
matically checked. The various operations and switches are
as follows:

SWITCH O Write

SWITCH 1 Write a file mark record
SWITCH 2 Gap

SWITCH 3 Read

SWITCH 4 Forward space
SWITCH 5 Backspace

SWITCH 6 Rewind

SWITCH 7 Unload

SWITCH 8 Start stop forward
SWITCH 9 Start stop backward

8-34. CONDENSED OPERATING PROCEDURES.

8-35.  The following is a condensed operating procedure
for this diagnostic.

a. Load diagnostic tape using the ABL.
b. S.A.=100B.



C.

Sw Reg = select code of data channel. Set bit 15 if

HP 2115 or 2114 computer.

d.

k.

L

RUN

HLT Q. P Reg = 000121.

Sw. Reg = Select code of TTY. Set bit 15 for serial.
RUN

HLT Q. P Reg = 000127.

Sw. Reg = last memory address.

RUN

HLT (. P Reg = 000134.

Thread and load a scratch tape with Write Ring on

tape unit. Set to 800 bpi and switch to AUTO.

m. Switch Options:

1) Bit 0 = 1 Rewind and BOT Test

2) Bit 1 =1 Extensive Read/Write Test

3) Bit 2 =1 Write Ring Test

4) Bit 3 =1 Rewind & Unload Test (refer to step
GGr”

5) Bit 4 =1 DMA Test

n. Set Sw. Reg options and RUN.

o. If no options selected, program will loop through
the basic test.

p. During execution the following switch options are
available:

Section VIII

1) Bit 12 =1 Print cycle count

2) Bit 13 = 1 Halt after errors

3) Bit 14 = 1 Recycle through current test

4) Bit 15 = 1 Halt after current test (restart address
2000B)

The following secondary programs are available:

1) S.A.=1000B Write Sw. Reg bits 0-7 and read
back into B Reg. Bit 15 halts pro-
gram.

2) S.A.=1100B Output command in Sw. Reg bits
0-7 every 1 ms (bits 14 + 15=10), 5
ms (bit 14 = 1) or 150 ms (bits 14 +
15 = 1). Depress HALT to stop pro-
gram. (Refer to step “r”.)

3) S.A.=1200B Write entire Sw. Reg continuously.
Bit 15 halts program.

4) S.A.=1300B Set up & exercise test. Only one bit
in Sw. Reg. may be set at one time.
Program loops in specified test until
switch cleared.

Bit @ = Write

Bit 1 = Write File Mark

Bit 2 = Gap

Bit 3 = Read

Bit 4 = Forward Space

Bit 5 = Backspace

Bit 6 = Rewind

Bit 7 = Unload (Refer to step “r”)
Bit 8 = Start-Stop Forward

Bit 9 = Start-Stop Reverse

If an UNLOAD operation is performed, in order to

restart the tape unit must be switched to AUTO and the
computer PRESET. Restart address is 2000B.
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START

_,®

&

7

7

Figure 8-3. Diagnostic, Main Program

1 CR, LF ZERO CHECK SET CLEAR DATA COMMAND FLAG CLEAR WRITE
CLNALKAELL'Z$T%A;£D — ?hgé\:a{g: —> T0 ) ALL UNIT HLT # > COMMAND $] FLAG & INTERRUPT |-—p, AND AND GAP > ALL “1%5”
COMPUTER SYSTEM TTY COUNTERS STATUS T09 TO UNIT TEST INTERRUPT TEST TEST 10,000 CHARACTERS
|
—_ |
IF UNIT IS IN LOCAL _}
HLT Il AND STATUS |~ — — — —
IN A REGISTER
—
WRITE TRACKS WRITE TRACKS WRITE WRITE WRITE 1 TRACK WRITE CHECK MINIMUM WRITE F.M. AS
| WRITE TRACKS WRITE TRACKS DATAINA 2
pARv|v1ByToEN|_y > 1,2,348&6 ] 457,889 —> 1,3,57&9 »  1,2346&8 1024 CHARACTERS |—p{ 1024 CHARACTERS AT A TIME FOR ${ MINIMUM (12) | —pi CHARACTERS AND anRAcTAén
10,000 CHARACTERS 10,000 CHARACTERS 10,000 CHARACTERS 10,000 CHARACTERS 10,000 CHARACTERS OF ALL “1's” OF PARITY ONLY 1024 CHARACTERS #OF CHARACTERS CRC RECORD
WRITE WRITE BACKSPACE FORWARD BACKSPACE FORWARD READ CHECK CHECK LENGTH CHECK WRITE-
CHECKERBOARD | FILE b OVER -—p SPACE 1 SPACE —$]  BACKSPACE TEST e —p OF INTER- ${ AFTER-START
FOR 1024 MARK TEST RECORDS 1 RECORD RECORD UNDER INTERRUPT RECORDS ¢ RECORD GAP TIME
CHARACTERS
CHECK STOP- PERFORM NOTE: At the end_of eacl) basic functign a test is
CHECK CHECK STOP- AFTER-READ CHECK o WFZIJECI:(ND OPERATIONS RETURN made of the switch register to determine:
ADSTART  [—{ AFTERWRITE || BACKWARD & READ |—| STOP-AFTERREA -
A E TiME AFTER-START TIME FILE MARK SibTED N TO START a.  Halt after errors?
FORWARD ' b.  Recycle through current test?
¢.  Halt after current test?
At the end of the Main Program a test is made
of the switch register to determine:
a.  Perform extensive read/write test?
b.  Perform DMA test?
c.  Perform Write ring test?
d.  Perform rewind and start-of-tape test?
e.  Perform rewind and unload test?
1. Print cycle count?
WRITE 26 WRITE 26
BACKSPACE TO READ 26 READ 26 ODD CHECK FOR T
START ST g PETASARRL S B ¥ EvencraracTer (—B)  cHaRacTER OTHER 7O START
RECORDS RECORD:! OPTIONAL TEST
CHARACTERS(1982 ) (1983} FILE MARK E

Figure 8-4. Sub-Program, Extensive Read/Write
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‘ START H
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‘ START H

‘ START ’._.

‘ START H

WRITE 700
BACKSPACE READ DMA CHECK FOR
RETURN
clrjazécg;:s —> OVER P! RECORD USING OTHER YO START
CHANNEL 1 DMA RECORD CHANNEL 1 OPTIONAL TEST
REMOVE ISSUE WRITE _@
HLT 74g WRITE L RUN WRITE |—§{ COMMAND SHOULD
RING COMMAND BE REJECTED
REPLACE CHECK
HLT 75g —P WRITE — RUN FOR OTHER T%E;TUAR;'T
RING OPTIONAL TESTS
Figure 8-5. Diagnostic Sub-Program, DMA & Write Ring Test
REWIND CHECK STATUS ISSUE AN .( )
— —p BACKSPACE SHOULD BE
TO B.O.T. FOR B.O.T. COMMAND REJECTED
CHECK CHECK FOR
GAP FOLLOWING |—pi OTHER
B.O.T. OPTIONAL TESTS TO START
REWIND ~ RETURN
AND

Figure 8-6. Diagnostic Sub-Program, Rewind &
Rewind Unload Tests
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G

Cm

STARTING SET SWITCH CLEAR SEND
ADDRESS L Rgﬁﬂﬁ%%é > RUN 1/0 & INTERRUPT | i WRITE COMMAND
1000 =
8 WRITTEN SYSTEMS TO UNIT
INPUT NO OuTPUT READ DATA
SWITCH DATA TO —p FROM UNIT
REGISTER UNIT INTO B
REGISTER
YES
TERMINATE
REWIND WRITE
OPERATION
HLT 778
Figure 8-7. Diagnostic Subsidiary Debugging Program,
Write Switch Register Bits 0 - 7
Read Into B Register
STARTING SET SW. REGISTER SET SW. REGISTER INPUT
ADDRESS BITS 0-7 TO BITS 14 & 15 FOR > RUN SWITCH
1100g TAPE COMMAND REPETITION RATE REGISTER
1
: |
e |
Bit 14 Bit 15 |
Tms 0 0 4
5ms 1 0 — ===
150ms 0 1
——
ESTABLISH INPUT ouTPUT DELAY
REPETITION SWITCH COMMAND SPECIFIED
RATE REGISTER TO UNIT TIME PERIOD

Command Test

Figure 8-8. Diagnostic, Subsidiary Debugging Program,
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START

START |

STARTING roiali g WRITE INPUT DATA FLAG ouTPUUT INPUT NG UPoeR B BTS
ADDRESS PALM RUN K COMMAND SWITCH . LOWER SWITCH TO LOWER
12008 REGISTER TO UNIT REGISTER : 8BITS REGISTER At

—_————— ———
YES
TERMINATE
WRITE
OPERATION
HLT 77
]
SWITCH REGISTER
“ADDRESS CONTENTS RUN ANY ANY BT 0= 1" BIT 2=1"
1300 SPECIFIES COMMANDS BIT 0.7 = “1” A ?
8 FUNCTION ? ? ?
ISSUE
ISSUE FORWARD ISSUE ISSUE
REWIND CLEAR START-STOP WRITE ettt GAP
COMMAND TIME CHECK COMMAND COMMAND COMMAND
REVERSE DELAY
START-STOP 5
TIME CHECK vsC.
DELAY
15
MSEC.
ISSUE
CLEAR
COMMAND
DELAY
15
MSEC.
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REWIND
YES
DATA TO BE YES NPUT NO ROTATE , OUTPUT NO
WRITE INPUT DATA FLAG ouTPUUT ! UPPER 8 BITS DATA FLAG
RUGALLALI 3 RUN H COMMAND | SWITCH A LOWER — SWITCH o LOWER . LOWER
n?'é'é?'éa 3 TO UNIT REGISTER ! 8BITS REGISTER B BITS 8BITS
YES
——————
TERMINATE
WRITE
OPERATION
HLT 77g

Figure 8-9. Diagnostic, Subsidiary Debugging Program,
Write Switch Register Contents on Tape

SWITCH REGISTER

YES

ISSUE
CONTENTS RUN ANY BITO="1" UNLOAD |
SPECIFIES » COMMANDS > COMMAND
FUNCTION ?

ISSUE FORWARD ISSUE WRITERILE ISSUE ISSUE ISSUE (SSUE ISSUE
REWIND CLEAR START-STOP WRITE o GAP READ FORWARD SPACE BACKSPACE REWIND
COMMAND TIME CHECK COMMAND N D COMMAND COMMAND COMMAND COMMAND COMMAND
# v v v v
REVERSE DELAY
START-STOP 15 -
TIME CHECK - MSEC.
DELAY
15
MSEC.
1SSUE
CLEAR
COMMAND
DELAY
15
MSEC.

Figure 8-10. Diagnostic, Subsidiary Debugging Program,
Unit Alignment
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