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FOREWORD

This manual provides operating and service instructions for the Synchronous Write/
Synchronous Read Tape Drive, Models T9640 and T9660, manufactured by Pertec
Peripherals Corporation (PPC™), Chatsworth, California.

The content includes a detailed description, specifications, installation instruc@ions, and
checkout of the drive. Also included are theory of operation and preventive maintenance
instructions. Section VIl contains photo parts lists and schematics.

All graphic symbols used in logic diagrams conform to the requirements of ANSI Y32.14
and all symbols used in schematic diagrams are as specified in ANSI Y32.2.

WARNING

This equipment generates, uses, and can radiate radio frequency energy and,
if not installed and used in accordance with the instruction manual, may
cause interference to radio communications. It has been tested and found to
comply with the limits for Class A computing devices pursuant to Subpart J
of Part 15 of FCC Rules, which are designed to provide reasonable protection
against such interference when operated in a commercial environment.
Operation of this equipment in a residential area is likely to cause
interference, in which case the user at his own expense will be required to
take whatever measures may be required to correct the interference.

PROPRIETARY NOTICE

This document contains information proprietary to Pertec Peripherals
Corporation (PPC). No reproduction or use of the information contained is
authorized except as PPC may agree in writing.

COPYRIGHT NOTICE

Information contained in this document is copyright by Pertec Peripherals
Corporation (PPC) and may not be duplicated in full or in part by any person
without prior written approval of PPC. Its purpose is to provide the User
with adequately detailed documentation so as to efficiently install, operate,
maintain, and order spare parts for the equipment supplied. Every effort has
been made to keep the information contained in this document current and
accurate as of the date of publication or revision. However, no guarantee is
given or implied that the document is error-free or that it is accurate with
regard to any specification.



SERVICE AND WARRANTY

This Pertec Peripherals Corporation (PPCTM) product has been rigorously checked out by capable quality control personnel. The design has been
engineered with a precise simplicity which should assure a new level of reliability. Ease of maintenance has been taken into consideration during the
design phase with the result that all components (other than mechanical components) have been selected wherever possible from manufacturer’s off-
the-shelf stock. Should a component fail, it may be readily replaced from PPC or your local supplier. The unit has been designed for plug-in replacement
of circuit boards or major components which will ensure a minimum of equipment down time.

PPC warrants products to be in accordance with its applicable specifications and to be free from defect in workmanship and material under normal use
and service for a period of twelve (12) months from the date of shipment to Buyer or for such shorter period as may be set forth by contract.

PPC’s sole and exclusive obligation under this warranty is limited to repair or replace, at PPC’s option, at its authorized repair centers, all Products that
are returned to said repair centers within the applicable warranty period and found by PPC to be defective, excluding those Product parts that are
subject to normal wear. In the event PPC’s inspection discloses that returned Product is not defective, the Buyer shall reimburse PPC for shipment
costs to return Product to Buyer.

Buyer is responsible for properly packaging Product to be returned, at Buyer’s expense, in accordance with applicable user manual instructions and
shall ship Product prepaid at Buyer’s expense. PPC shall return Product to Buyer prepaid at PPC’s expense.

This warranty shall immediately be null and void if, in PPC’s sole judgement, the Product has been altered or repaired other than with authorization from
PPC and by its approved procedures, has been subjected to misuse, abuse, negligence or accident, damaged by excessive current, damaged in
shipment, subjected to improper environmental conditions, or had its serial numbers and/or other Product markings altered, defaced or removed.

Adjustments of the Products, as set forth in PPC’s Operating and Service Manuals, are the responsibility of the Buyer and excluded from this warranty.

This warranty will remain in effect notwithstanding Buyer’s shipment to third parties, but warranty remedies defined herein are applicable only to Buyer
and are not transferrable.

Buyer shall disclose to third parties, prior to sale, the precise terms of this warranty and all the disclaimers and limitations set forth herein and shall
indemnify PPC from any failure to make such disclosure and from any warranties made by Buyer beyond those set forth herein.

THIS WARRANTY IS IN LIEU OF, AND BUYER WAIVES ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARISING BY LAW OR OTHERWISE,
INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTY OR MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. THE REMEDIES
STATED IN THIS WARRANTY CLAUSE ARE EXCLUSIVE.

Please read the instruction manual thoroughly as to installation, operation, maintenance, and component reference list.

Contact your local PPC Sales office for servicing and maintenance on all PPC equipment except D8000 disk drives. D8000 disk drives must be returned
to the PPC factory repair center for servicing.

Please contact the following groups for assistance with your specific problem.

NORTH AMERICA
SERVICE SUPPORT NEW EQUIPMENT ORDERS
e For all servicing requirements on PPC equipment, please contact e For price quotation, order placement, and delivery schedules on new
your local PPC Sales office. equipment orders contact your local PPC Sales office.
PPC MARKETING SUPPORT

9600 trondale Avenue, Chatsworth, California 91311, (213) 882-0030
Mailing Address: P.O. Box 2198, Chatsworth, CA 91311

Our Chatsworth facilities are staffed to provide assistance in the following areas.

EMERGENCY SPARES
e For spare parts that are required immediately to repair a down unit at
a customer (end-user) site, and warranty replacement.

ORDER ADMINISTRATION
e For spare parts price quotation, spare parts order placement and
delivery schedules.

REPAIR ADMINISTRATION

e For all questions related to equipment sent back or being sent back
to the factory repair center. This includes schedules, repair costs, or
refurbishments and authorization to return equipment for repair.

e Paperwork sent with the equipment being returned for repair should
include the Returned Goods Authorization (RGA) number.

SPARES SUPPORT
e For part number identification, recommended spare parts lists and
other questions on spare parts.

TECHNICAL SUPPORT

e For equipment troubleshooting assistance.

e For applications information.

e Forany other information or questions, or if you need assistance and
you just don’t know who to call.

TRAINING SUPPORT

e Contact the Training Coordinator for class schedules, for classes to
be held at your facilities, or for having a customized training program
developed.

EUROPE AND INDIA

10 Portman Road, Reading, Berkshire RG3 1DU, England
Phone Reading (734) 591441 /| TWX 847-101

Users of PPC equipment in Europe and India should direct all inquiries on the subjects listed for North America to the Reading office.

Servicing of all PPC equipment is coordinated through the Reading office, including U.S. OEMs that ship systems to Europe.

PACIFIC
Users of PPC equipment in Australia, Japan, New Zealand, and South America should direct all inquiries on the subjects listed for North America to their

local PPC representatives.
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SECTION |
GENERAL DESCRIPTION AND SPECIFICATIONS

1.1 INTRODUCTION

This section provides a physical description, functional description, and specifications for
the Synchronous Write/Synchronous Read Tape Drive, Models T9640 and T9660,
manufactured by Pertec Peripherals Corporation (PPC™), Chatsworth, California.

The manual includes installation instructions and parts list information applicable to
Models FT9640A and FT9660A. (FT in a model number identifies a drive equipped with a
Microformatter.)

1.1.1 MODEL IDENTIFICATION

The model code employed within the T9000 family of tape drives is given in Figure 1-1. For
example, Model T9840-9-75 is a vacuum column tape product with 32 ¢/mm (800 cpi)
packing density. The drive is equipped with a 9-track read-after-write magnetic head; tape
speed is 1.905 m/s (75 ips).

1.2 PURPOSE OF EQUIPMENT

The tape drive has the capability of recording digital data on 9-track magnetic tape at
speeds from 0.953 m/s to 1.905 m/s (37.5 to 75 ips), in 63 ¢/mm (1600 cpi) Phase Encoded
IBM compatible format. The data can be recovered when the tape is played back on an IBM
digital tape drive or its equivalent. :

TOXXX —X—XX

TTT T

Tape Speed
0.953 m/s (37.5 ips)
1.143 m/s (45 ips)
1.905 m/s (75 ips)

Tracks and Additional Data Densities

72 7-track with 8 c/mm (200 cpi) capability
75 7-track with 22 ¢/mm (556 cpi) capability
9 O-track
98 9-track dual format (NRZI and PE), 63/32 c/mm (1600/800 cpi)
500 9-track, 32 c/mm (800 cpi) and 7-track 32/22 c/mm
(800/556 cpi) Read Only
850 9-track, 63/32 c/mm (1600/800 cpi) and 7-track
32/22 c/mm (800/556 cpi), Read Only
852 9-track, 63/32 c/mm (1600/800 cpi) and 7-track
22/8 c/mm (556/200 cpi), Read Only

Head Type

60 Read/Write (Single Stack)

40 Read After Write (Dual Stack)

12 Read Only Multiple Format (Dual Stack)
11  Read Only Multiple Format (Single Stack)

Highest Data Density Handled

5 22 c¢/mm (556 cpi)
6 63 ¢/mm (1600 cpi)
8 32 c/mm (800 cpi)

9000 Series (Vacuum Column)

Tape Product

Figure 1-1. Model Identification

1-1
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The drive can also synchronously read 9-track Phase Encoded magnetic tape at a speed up
to 1.905 m/s (75 ips), which has been recorded in Phase Encoded IBM compatible format.

1.3 PHYSICAL DESCRIPTION OF EQUIPMENT

The Model T9640 Drive is shown in Figure 1-2 (Model T9660 is identical in appearance). Tape
reels up to 266.7 mm (10.5 inches) in diameter may be used. All electrical and mechanical
components necessary to operate the drives are mounted on the baseplate which is
designed to be hinge mounted in a standard 482.6 mm (19-inch) EIA rack.

The drive operates directly from 95v to 125v ac, or 200v to 250v ac, single phase, 50 =2 or
60 +2 Hz power, which is supplied through a standard cord and 3-pin plug at the rear of the
drive. Three printed circuit interface connectors are also located at the rear of the unit.

The door protects the magnetic tape, heads, capstan, and other tape path components
from dust and other contaminants. The door should be closed during normal operation to
achieve maximum data reliability.

The T9640 drive is equipped with a dual-stack head which has the read and write heads
separated by 3.8 mm (0.15 inch). The dual-stack head enables simultaneous write and read
operations to be performed so data just recorded by the write head can be read by the read
head after the tape has moved on approximately 3.8 mm (0.15 inch). This technique allows
writing and checking of data in a single pass.

The T9660 drive utilizes a single head for both reading and writing data. Therefore,
changing from the Read to the Write mode is accomplished through internal switching
logic when one mode or the other is selected.

The operator controls are located in the upper left corner of the equipment and are
accessible with the door closed. The controls are illuminated when the associated
functions are being performed.

A 3-position Maintenance switch is provided at the rear of the drive for off-line forward and
reverse operation.

Access to the printed circuit boards is from the rear of the unit, as shown in Figure 1-3.

1.4 FUNCTIONAL DESCRIPTION

Figures 1-4 and 1-5 are block diagrams of the T9640 and T9660 models, respectively. A
single capstan drive is used for controlling tape motion. Tape tension is maintained at
2.224 newtons (8 ounces).

Capstan motion is controlled by a velocity servo. Velocity information is generated by adc
tachometer that is directly coupled to the capstan motor shaft. This velocity feedback
voltage is proportional to the speed of the capstan; it is compared to a reference voltage
and the difference is used to control the capstan motor. This technique provides precise
control of tape accelerations and velocities.

Prior to writing data, tape is accelerated at a constant rate to the required velocity. This
velocity is maintained constant and data characters are written on the tape at a constant
rate such that: Bit Density = Character Rate + Tape Velocity. When data recording is
complete, tape is decelerated to zero velocity in a controlled manner.

1-2



Figure 1-2. Model T9640 Tape Drive, Figure 1-3. Model T9640 Tape Drive,
Front View Rear View

Since the writing operation relies on a constant tape velocity, Inter-Block Gaps (IBGs)
(containing no data) must be provided to allow for tape acceleration and deceleration
distances. Control of tape motion to produce a defined IBG is provided externally by the
customer controller.

When performing a Read operation, tape is accelerated at a constant rate to the
synchronous velocity. When the end of a record is detected in the customer’s controller,
tape is decelerated to a stop. The drive can be operated in the Read mode in either the
forward or reverse direction.

Nine data channels are presented to the interface.

The end of a record is detected in the customer’s controller by using Missing Pulse
Detector circuits and the tape is commanded to decelerate in a controlled manner.

The unit uses a vacuum column tape storage system to buffer the fast starts and stops of
the capstan from the high inertia of the supply and takeup reels. Tape position information
in the column is provided to the reel servo by pressure switches located behind each
column. Tape velocity information in each reel servo is generated by a tachometer
connected to a roller guide at each column inliet.

A photoelectric sensor is provided to detect the Beginning of Tape (BOT) tab and the End
of Tape (EOT) tab.

A tape cleaner is provided to minimize tape contamination. Air is pulled by the rear of the
tape cleaner blade to maximize the cleaning efficiency.
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Figure 1-4. Model T9640 Tape Drive, Block Diagram
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1.5 MECHANICAL AND ELECTRICAL SPECIFICATIONS

Table 1-1 details the mechanical and electrical specifications for the T9640 tape drive;
Table 1-2 details the mechanical and electrical specifications for the T9660 drive.

1.5.1 INTERFACE SPECIFICATIONS

Levels: True = Low = 0to + 0.4v (approximately)
False = High = + 3v (approximately)

Pulses: Levels as above. Edge transmission delay over 6 metres (20 feet) of cable is not
greater than 200 nsec.

The interface circuits are designed so any disconnected wire results in a false signal.

Figure 1-6 shows the configuration for which the drivers and receivers have been designed.

DRIVER RECEIVER

I-_CUSTOMER __l '—' PPC _1
| I I +5VOLTS I
e S | e
= i J I |
l__ = ] At resistors inonms L "____I
DTL 944 SERIES HIGH = FALSE DTL 936 OR 946 SERIES
OR EQUIVALENT LOW = TRUE OR TTL EQUIVALENT
_DRIVER _ RECEIVER
’_ PPC —I CUSTOMER
| l | +5VOLTS t |
IEs L
= e 1 I 1
l__ = | auresistorsinowms | _L__J
DTL 944 SERIES “L'g\;'/ = ?QLLJSEE DTL 936 OR 944 SERIES
OR TTL EQUIVALENT OR TTL EQUIVALENT

3375

Figure 1-6. Interface Configuration
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Table 1-1

Model T9640 Mechanical and Electrical Specifications

Tape (computer grade)
Width
Thickness
Tape Tension
Reel Diameter
Recording Mode (IBM Compatible)
Magnetic Head
Tape Speed, Standard
Instantaneous Speed Variation
Long-Term Speed Variation
Rewind Time 731.5 m (2400 feet)
Tape Cleaner
Interchannel Displacement Error (Skew)
Read
Write

Stop/Start Time at 1.905 m/s (75 ips)
(inversely proportional to tape speed)

Stop/Start Displacement

Beginning of Tape (BOT) and
End of Tape (EOT) Detectors (Note 3)

Weight (maximum)

Dimensions (maximum)
Height
Width
Depth (from mounting surface)
Depth (Total)

Operating Temperature
Non-operating Temperature
Cooling Air Flow

Operating Altitude

Non-operating Altitude

Power
Volts ac
Frequency

Watts (average) (Note 6)
Standby (Unloaded)
Standby (Loaded)
Tape In Motion, 1.9 m/s (75 ips)
Maximum

Conforming to ANSI X3.40-1976

12.6492 +0.0508 mm (0.498 +0.002 inch)
0.0381 mm (1.5 mil)

2.224 N +0.139 N (8 +0.5 ounces)

266.7 mm (10.5 inches) maximum

63 c/mm (1600 cpi) Phase Encoded

Dual Stack (with Erase Head)

1.905, 1.143, 0.953 m/s (75, 45, 37.5 ips)
+3%

+1%

115 seconds nominal

Perf. Plate Type Connected to Vacuum Supply
400 microinches maximum (Note 1)

200 microinches maximum (Note 2)

5 +0.35 millisecond

4.826 +0.5080 mm (0.19 +0.02 inch)
Photoelectric IBM Compatible

70.31 kg (155 pounds)

609.6 mm (24 inches)

482.6 mm (19 inches)

406.4 mm (16 inches)

508.0 mm (20 inches)

4° to 43°C (40° to 110°F) (Note 4)
—45° to 71°C (- 50° to 160°F)
150 cfm at sea level

0 to 1219.2 m (0 to 4,000 feet)
1219.2 to 2133.6 m (4000 to 7000 feet) (Note 5)

15,240 m (50,000 feet) maximum

95, 105, 115, 125, 190, 200, 210, 220, 230, 240, 250

50 +2 or60 +2 Hz

75

325
450
805

Mounting Standard 482.6 mm (19-inch) EIA Rack
Electronics All Silicon
NOTES:

1. The maximum displacement between any two bits of a character when reading a PPC-approved
master tape using the read section of the read-after-write head.

2. The maximum displacement between any two bits of a character on a tape written with all 1s
using the write section of the read-after-write head.

3. Approximate distance from detection area to head gap equals 35.6 mm (1.4 inches).
4

. Temperature specifications listed are equipment specifications. Actual operating temperature
will be limited by specifications of media used, and may be lower.

oo

formatter Addendum.

. Blower pulley, belt change, and vacuum pressure readjustment are required.
. Tape Drive only. For power consumption of Microformatter, refer to Section | of the Micro-

135
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Table 1-2

Model T9660 Mechanical and Electrical Specifications

Tape (computer grade)

Width

Thickness
Tape Tension
Reel Diameter
Recording Mode (IBM Compatible)
Magnetic Head
Tape Speed, Standard
Instantaneous Speed Variation
Long-Term Speed Variation
Rewind Time 731.5 m (2400 feet)
Tape Cleaner
Interchannel Displacement Error

Stop/Start Time at 1.905 m/s (75 ips)
(inversely proportional to tape speed)

Stop/Start Displacement

Beginning of Tape (BOT) and
End of Tape (EOT) Detectors (Note 2)

Weight (maximum)

Dimensions
Height
Width
Depth (from mounting surface)
Depth (Total)

Operating Temperature
Non-operating Temperature
Cooling Air Flow

Operating Altitude

Non-operating Altitude

Power
Volts ac
Frequency

Watts (average)
Standby (Unloaded)
Standby (Loaded)
Tape In Motion, 1.9 m/s (75 ips)
Maximum

Conforming to ANSI X3.40-1976

12.6492 +0.0508 mm (0.498 +0.002 inch)
0.0381 mm (1.5 mil)

2.224 N £0.139 N (8 =0.5 ounces)

266.7 mm (10.5 inches) maximum

63 c/mm (1600 cpi) Phase Encoded
Single Stack (with Erase Head)

1.905, 1.143, 0.953 m/s (75, 45, 37.5 ips)
+3%

+1%

115 seconds nominal

Perf. Plate Type Connected to Vacuum Supply
200 microinches maximum (Note 1)

5 +0.35 milliseconds

4.826 +0.508 mm (0.19 +0.02 inch)

Photoelectric — IBM Compatible

70.31 kg (155 pounds)

609.6 mm (24 inches)

482.6 mm (19 inches)

406.4 mm (16 inches)

508.0 mm (20 inches)

4° to 43°C (40° to 110°F) (Note 3)
—45° 10 71°C (- 50° to 160°F)
150 cfm at sea level

0 to 1219.2 m (0 to 4,000 feet)
1219.2 to 2133.6 m (4000 to 7000 feet) (Note 4)

15,240 m (50,000 feet) maximum

95, 105, 115, 125, 190, 200, 210, 220, 230, 240, 250

50 £+20r60 +2 Hz

75

325
450
850

Mounting Standard 482.6 mm (19-inch) EIA Rack
Electronics All Silicon
NOTES:

1. The maximum displacement between any two bits of a character when reading a PPC-approved

master tape on the drive.

2. Approximate distance from detection area to head gap is 35.56 mm (1.4 inches).

3. Temperature specifications listed are equipment specifications. Actual operating temperature
will be limited by specifications of media used, and may be lower.

4. Blower pulley, belt change, and vacuum pressure readjustment are required.
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SECTION I
INSTALLATION AND INITIAL CHECKOUT

2.1 INTRODUCTION

This section contains a summary of interface lines, information for uncrating the drive, and
the procedure for electrically connecting and performing the initial checkout of the unit.

2.2 UNCRATING THE DRIVE

The drive is shipped in a protective container which meets the National Safe Transit Specifi-
cation (Project 1A, Category 1). The container is designed to minimize the possibility of
damage during shipment. The following procedure describes the recommended method for
uncrating the unit.

(1) Place the shipping container on a low, flat surface. Ensure that the carton is
positioned so that the model and serial number information are visible on the
entrance surface of the carton.

(2) Remove or cut tape from around top of carton and open flaps. Refer to Figure 2-1(A).
(3) Fold outer carton flaps out and away from carton.

(4) Remove Operating and Service Manual from carton.

(5) Slit tape holding inner carton flaps together.

(6) Remove the four corner blocks and fold the inner flaps out and away from the
carton. Rotate packing assembly 90 degrees to position shown in Figure 2-1(B);
rotate another 90 degrees until the entire packing assembly is in the position
shown in Figure 2-1(C).

(7) Lift outer and inner carton together up and away from the steel framework
securing the equipment.

ana HB/H.LO N340

/

dOL
TOP

?//

doL l

(A) (B) (C)
3004

Figure 2-1. Carton Placement for Removal of Drive
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(8) Cut the tape holding the protective corrugated wrapper and remove the wrapper
from the top of the mounting frames.

(9) Remove tape from the unit door and head cover.

(10) Check the contents of the shipping container against the packing slip; investigate
the contents for possible damage — notify the carrier immediately if any damage
is noted.

(11) Check the identification label for correct model number and line voltage
requirement.

CAUTION

IF THE ACTUAL LINE VOLTAGE AT THE INSTALLATION
DIFFERS FROM THAT ON THE IDENTIFICATION LABEL,
REFER TO SECTION |IV.

2.3 POWER CONNECTIONS

A fixed, strain-relieved power cord is supplied for plugging into a polarized 115v output.
For other power sockets, the power plug supplied must be removed and the correct plug
installed. Table 2-1 lists, in several languages, the color code for the supplied power cord.

2.4 INITIAL CHECKOUT PROCEDURE

Section Il contains a detailed description of all controls. To check for proper operation of
the drive before placing it in the system, perform the following.

(1) Ensure proper primary connection to the power transformer; refer to Paragraph
43.4.1.

(2) Connect the power cord (replace the power plug if necessary).
(3) Load tape as described in Paragraph 3.3.

(4) Turn the power on by depressing the POWER control. Note that the POWER
indicator, as well as the lamp in the EOT/BOT sensor, are illuminated.

NOTE

If the drive is equipped with the Door Safety Switch Option,
ensure that either the dust cover door is closed or the Door
Safety Switch plunger is pulled to its outermost (detented)
position. Refer to Paragraph 3.4.9.

Table 2-1
Power Cord Color Code

Black or Brown

Nero o Marrone

Noir ou Brun

Negro o Moreno

Schwarz oder Braun

AC ‘Hot’ (Vivo) (haut Voltage) (Vivo) (Heiss)
(Live)
White or Blue Bianco o Blue Blanc ou Blue Blanco o Azul Weiss oder Blau
AC Return AC Ritorno AC Retour AC Neutro AC Zurlick
(Neutral) (Neutro) (Neutre) (Neutro) " (Neutral)
(Common) (Comune) (Commun) (Comun) (Gemeinsamer)

Green or Green
with Yellow Stripes
Chassis
(Ground)

Verde o Verde
con le Righe Gialle
Telaio
(Terra 0 massa)

Vert ou Vert
avec Rayure Jaune
Chassis
(Terre)

Verde o Verde con
Rayas Amarillas
Chasis
(Tierra)

Griin oder Griin
mit Gelben Streifen
Chassis
(Grund)
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(5) Depress the LOAD/RESET control momentarily one time to initiate the load
sequence. The tape will move forward until it reaches the BOT tab — at which
point it stops. The LOAD/RESET indicator should illuminate when the BOT
reaches the photosensor and remain illuminated until the tape moves off the Load
Point. Additional pressing of the LOAD/RESET control will terminate any
automatic sequence.

NOTE

If the BOT is not detected within 7 seconds, an automatic
rewind will be initiated.

(6) Check On-Line by depressing the control repeatedly and observe that the ON LINE
indicator is alternately illuminated and extinguished.

(7) With the drive Off-Line (ON LINE indicator not illuminated), run from 1 to 2 metres
(several feet) of tape onto the takeup reel; this is done by activating the
Maintenance switch on the Tape Control PCBA. Return the Maintenance switch to
the off position. Check that, when the unit is On-Line, the action of the
Maintenance switch is inhibited in all positions.

(8) Perform tape tension check and adjustment procedures detailed in Paragraph 6.7.4.

(9) Place the Maintenance switch in the reverse position; tape will move in the reverse
direction until the BOT tab reaches the photosensor.

(10) Visually check tape path components for correct tape tracking (tape rides
smoothly in the head guides, etc.).

(11) Using the Maintenance switch, run 60 to 90 metres (several hundred feet) of tape
onto the takeup reel. Place the Maintenance switch in the off position. Depress
the REWIND control momentarily to initiate a rewind. Check for illumination of the
REWIND indicator. Tape will rewind past the BOT tab and stop with the
LOAD/RESET indicator illuminated. If the REWIND control is momentarily
depressed when the tape is at BOT, the LOAD/RESET indicator will be
extinguished and an unload sequence will be executed.

(12) Remove the write enable ring from a reel of tape and thread the tape. Initiate a load
sequence. At the BOT, confirm that the FPT indicator is illuminated.

2.5 INTERFACE CONNECTIONS

It is assumed that interconnection of PPC and Customer equipment uses a harness of
individual twisted pairs, or a PPC-approved flat ribbon cable; either with the following
characteristics.

(1) Maximum length of 6 metres (20 feet).
(2) Characteristic impedance of 110 to 150 ohms.
(3) 22- to 28-gauge conductor with specified insulation thickness.

It is important that signal lines are capacitively shielded, i.e., by an arrangement of ground-
signal-ground wire routing, either as twisted pairs or in the flat ribbon cable.

Three printed circuit edge connectors are required. ELCO Part No. 00-6007-036980-002, or
PPC Part No. 503-0036 should be used and must be supplied and wired by the customer. A
strain relief is provided at the rear of the card cage to support the interface cables.

Details relating to the interface signals are contained in Section Ill.
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2.6 RACK MOUNTING THE DRIVE

The physical dimensions of the drive are such that it may be mounted in a standard 482.6
mm (19-inch) EIA rack; 609.6 mm (24 inches) of panel space is required. A depth of at least
406.4 mm (16 inches) behind the mounting surface is required; 457.2 mm (18 inches) when
a Multiple Transport Adapter (MTA) is installed. Figure 2-2 illustrates the outline
dimensions of T9000 Series Drives; Figure 2-3 illustrates the outline dimensions of FT9000
Series Drives.

CAUTION

COOLING AIRFLOW OF 0.07 CUBIC METRES/SECOND
(150 CFM) AT SEA LEVEL IS REQUIRED FOR RELIABLE
TAPE DRIVE OPERATION. THE TEMPERATURE OF THE
HEATSINK BETWEEN THE CAPSTAN SERVO TRANSIS-
TORS MUST BE LESS THAN 75°C (167°F) WHILE OPER-
ATING IN THE WORST CASE SHUTTLE MODE (MINIMUM
RECORD LENGTH).

All hardware required to rack mount the unit is included in the shipping kit supplied with
each unit. Figure 2-4 illustrates the mounting procedure and should be referenced in
conjunction with the following procedure.

(1) Install the hinge blocks on the EIA rail. Insert the %4-20 screws through the stiffener
bar and EIA rail as shown in Figure 2-4, then thread into the hinge block. Place the
1.02 mm (0.04 inch) thick brass washer over the pivot pin on the lower hinge block.

(2) With the unit in the vertical position, remove the left side of the shipping frame.
CAUTION

THE UNIT WEIGHS APPROXIMATELY 70 KILOGRAMS
(155 POUNDS). A LIFTING RING HAS BEEN PROVIDED AT
THE REAR OF THE BASEPLATE FOR HANDLING WHEN
OVERHEAD EQUIPMENT IS AVAILABLE.

(3) Lift the drive to the hinge blocks. The lower hinge pin will always engage before
the upper pin. When the equipment weight has settled, note that the lower hinge
block provides the primary means of supporting the weight.

(4) Remove the right-hand shipping frame from the baseplate.
(5) Install a No. 12 panhead screw adjacent to the pawl latch.

(6) Open the tape deck to approximately 90 degrees and install the safety blocks
using the 10-32 hardware provided.

(7) Ensure that the pawl engages behind the EIA rail.
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Figure 2-2. T9000 Installation Diagram
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SECTION il
OPERATION

3.1 INTRODUCTION

This section explains the manual operation of the drive and defines the interface functions
with regard to timing, levels, and interrelationships.

3.2 CLEANING THE HEAD, GUIDES, AND BUFFER BOX

The brief operation described in Paragraph 6.4 should be performed daily to realize the
data reliability capabilities of the drive.

3.3 LOADING TAPE ON THE DRIVE

The supply reel (reel to be recorded or reproduced) is located at the top of the unit. The
tape must unwind from the supply reel when the reel is turned in a clockwise direction.
Note that a write enable ring is required on the supply reel to close the interlocks which
allow writing.

To load a tape reel, position the reel on the quick-release hub and depress the hub
actuator. Thread the tape along the tape path shown in Figure 3-1. Wrap the tape leader
onto the takeup reel so that the tape will be wound onto the reel when it is rotated
clockwise. Wind at least 3 turns onto the takeup reel. Remove all slack in the tape path.

3.3.1 BRINGING TAPE TO LOAD POINT (BOT)

If the unit is equipped with the Door Safety switch option, the dust cover door must be
closed during normal operation, thus permitting tape motion. For temporary, test, or
maintenance purposes, tape can be moved with the dust cover door open by pulling the
Door Safety switch plunger to its outermost (detented) position. Refer to Paragraph 3.4.9.

After tape has been manually tensioned and checked for correct seating in the guides,
bring tape to Load Point as follows.

(1) Turn power on by depressing the POWER control.

(2) Depress and release the LOAD/RESET control. A load sequence will be initiated.
Recheck the tape tracking in the guides and close the dust cover door.

CAUTION

THE DUST COVER DOOR SHOULD REMAIN CLOSED AT
ALL TIMES WHEN TAPE IS ON THE TAKEUP REEL. DATA
RELIABILITY MAY BE IMPAIRED BY CONTAMINANTS IF
THE COVER IS LEFT OPEN.

When the load cyclé is complete the tape will stop at load point. The unit is now ready to
receive additional commands.

3.3.2 UNLOADING THE TAPE

To unload a recorded tape, complete the following procedure if power has been switched
off; if power is on, start at Step (4).

(1) Turn power on by depressing the POWER control.
(2) Rotate the takeup reel to remove all slack tape.

(3) Depress and release the LOAD/RESET control; a load sequence will be initiated. If
a BOT tab is not encountered, the unit will run for 7 seconds, then automatically
rewind.
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Figure 3-1. Tape Path
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(4) With the drive in an Off-line mode, depress and release the REWIND control; the
tape will rewind to the BOT tab then stop.

(5) Depress the REWIND control a second time and release it; this initiates an unload
sequence.
NOTE
It is not necessary to wait for the tape to rewind to BOT if

an unload is desired. An unload can be accomplished by
depressing the REWIND control twice in succession.

(6) Open the tape access door and remove the reel. Close the door.

3.4 MANUAL CONTROLS

The operational controls with indicators are located on the control panel on the front of the
drive, as shown in Figure 3-1. The following paragraphs describe the functions of these
controls.

3.4.1 POWER ON/OFF

The ON/OFF power control is an alternate action switch/indicator which connects line
voltage to the power transformer. When power is turned on, all power supplies are
established and a reset signal is applied to the logic.

3.4.2 LOAD/RESET

The LOAD/RESET control is a momentary switch/indicator. Depressing and releasing the
control energizes the servo system and initiates a load sequence. Vacuum is applied and
tape enters the vacuum column (buffers). A forward command is initiated which causes
tape to move to and stop at the Load Point. The drive is now ready to receive additional
commands. While the BOT tab is located over the photosensor, the LOAD/RESET indicator
is illuminated. Subsequent activation of the LOAD/RESET control terminates any
automatic sequence (including Load).

3.4.3 REWIND

The REWIND control is a momentary switch/indicator which is enabled only in the Off-line
mode. Depressing and releasing the control causes tape to rewind. On reaching the BOT
tab, the tab will overshoot the photosensor, reverse direction, then stop at the Load Point.

If the REWIND control is depressed twice in succession or depressed when the tape is at
Load Point (LOAD/RESET indicator illuminated), an unload sequence will be initiated. The
REWIND indicator is illuminated throughout any rewind operation.

3.4.4 ON LINE

The ON LINE control is a momentary switch/indicator which is enabled after an initial Load
or Rewind sequence has been completed. Depressing and releasing the switch changes
the unit to an On-line mode and illuminates the indicator. In this condition, the drive can
accept external commands provided it is also Ready and Selected.

The equipment will revert to the Off-line mode if the following occur.
(1) ON LINE is depressed a second time.
(2) An external REWIND UNLOAD command (IRWU) is received.

(3) Vacuum column interlock is broken.
(4) AC power is lost.
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3.45 FPT (FILE PROTECT)

This is an indicator which is illuminated whenever power is on, tape is in the vacuum
column, and the supply reel has a write enable ring removed.

3.4.6 1600 CPI
This is an indicator which is illuminated whenever power is applied to the drive.

3.4.7 SELECT (OPTIONAL)

The Select switch is an option which must be specified when the equipment is ordered. It
is an 8-position rotary switch which provides selective addressing of four drives. The
address can be changed only when the drive is in the Off-line mode.

3.4.8 MAINTENANCE SWITCH

In addition to the manual controls and indicators located on the front panel, a 3-position
toggle switch is provided on the Tape Controi PCBA. This switch provides manual control
of tape motion when the unit is in the Off-line mode.

When the switch is positioned toward the drive, tape will move in the forward direction at
nominal speed; when the switch is in the center position, tape motion will cease; when the
switch is positioned away from the drive, tape will move in the reverse direction at nominal
speed.

3.4.9 DOOR SAFETY SWITCH (OPTIONAL)

The Door Safety switch, located beneath the control panel on units equipped with this
option, is a spring-loaded interlock that stops tape motion when the dust cover door is open.

The switch has three positions. When the dust cover door is closed, the switch plunger is
pushed in to permit tape motion. When the dust cover door is open, spring action moves
the plunger to its center position. This stops the capstan and reel motors. To override the
interlock, for test and adjustment purposes, use the PPC Switch Retractor Tool, Part No.
617-0010. Hook the end of the tool under the plunger lip and pull the plunger out. It will
remain detented in its override (outermost) position. Tape can then be moved by either the
Maintenance switch, front panel controls, or interface control.

3.5 INTERFACE INPUTS (CONTROLLER TO DRIVE)

All waveform names correspond to the logical true condition. Drivers and receivers belong
to the TTL family where the true level is Ov and the false level is between + 3v and + 5v.
Interface signals are described in the following paragraphs and are summarized in Table 3-1.

3.5.1 SELECT 0 (ISLTO)
This is a level which, when true, enables all the interface drivers and receivers in the drive,
thus connecting the unit to the controller.

3.5.2 SELECT 1, 2, 3 (ISLT1, ISLT2, ISLT3)

SELECT lines 1, 2, and 3 are used in conjunction with ISLTO in multiple drive
configurations. This signal is a level which, when true and the Select switch setting
corresponds, enables all the interface drivers and receivers in the unit, thus connecting
the selected drive to the controller.

It is assumed that all of the interface inputs discussed in the following paragraphs are
gated with SELECT.
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Table 3-1

Interface Lines

Drive Connector 36 Pin Etched PC Edge Connector
Mating Connector 36 Pin ELCO 00-6007-036-980-002

Connector Live Pin Gnd Pin Signal
J101 B 2 OVERWRITE (IOVW)
Tape J 8 SELECT 0 (ISLTO)
Control A 8 SELECT 1 (ISLT1)
PCBA 18 8 SELECT 2 (ISLT2)
\' 8 SELECT 3 (ISLT3)
C 3 SYNCHRONOUS FORWARD COMMAND (ISFC)
E 5 SYNCHRONOUS REVERSE COMMAND (ISRC)
H 7 REWIND COMMAND (IRWC)
L 10 REWIND & UNLOAD (IRWU)
K 9 SET WRITE STATUS (ISWS)
T 16 READY (IRDY)
M 11 ON-LINE (IONLINE)
N 12 REWINDING (IRWD)
U 17 END OF TAPE (IEOT)
R 14 LOAD POINT (ILDP)
P 13 FILE PROTECT (IFPT)
S — + 5V POWER (Optional)
15 — WRITE AMPLIFIER RESET (IWARS)*
J102 A 1 WRITE DATA STROBE (IWDS)
Data C 3 WRITE AMPLIFIER RESET (IWARS)
PCBA E 5 READ THRESHOLD 1 (IRTH1) (Model T9660)
F 6 READ THRESHOLD 2 (IRTH2)
L 10 WRITE DATA PARITY (IWDP)
M 11 WRITE DATA 0 (IWDO)
N 12 WRITE DATA 1 (IWD1)
P 13 WRITE DATA 2 (IWD2)
R 14 WRITE DATA 3 (IWD3)
S 15 WRITE DATA 4 (IWD4)
T 16 WRITE DATA 5 (IWD5)
U 17 WRITE DATA 6 (IWD6)
\ 18 WRITE DATA 7 (IWD7)
J103 1 A READ DATA PARITY (IRDP)
Data 3 C READ DATA 0 (IRDO)
PCBA 4 D READ DATA 1 (IRD1)
8 J READ DATA 2 (IRD2)
9 K READ DATA 3 (IRD3)
14 R READ DATA 4 (IRD4)
15 S READ DATA 5 (IRD5)
17 U READ DATA 6 (IRD6)
18 v READ DATA 7 (IRD7)

*This signal must be connected externally to J102 pin C on the Data PCBA.
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3.5.3 SYNCHRONOUS FORWARD COMMAND (ISFC)

This is a level which, when true and the drive is Ready (Paragraph 3.6.1), causes tape to
move forward at the specified velocity. When the level goes false, tape motion ceases. The
velocity profile is trapezoidal with nominally equal rise and fall times.

3.5.4 SYNCHRONOUS REVERSE COMMAND (ISRC)

This is a level which, when true and the drive is Ready (Paragraph 3.6.1), causes tape to
move in the reverse direction at the specified velocity. When the level goes false, tape
motion ceases. The velocity profile is trapezoidal with nominally equal rise and fall times.
An ISRC will be terminated upon encountering the BOT tab, or ignored if given when the
tape is at Load Point.

3.5.5 REWIND COMMAND (IRWC)

This is a pulse (minimum width of 2 microseconds) which, if the drive is Ready, causes
tape to move in the reverse direction at approximately 6.35 m/s (250 ips). Upon reaching
BOT, the tape overshoots the tab, reverses direction, then comes to rest at BOT. An IRWC
is ignored if tape is already at BOT.

The REWIND indicator is illuminated for the duration of the rewind.

3.5.6 SET WRITE STATUS (ISWS)

This is a level which must be true for a minimum of 20 microseconds after the front edge of
an ISFC when the Write mode of operation is required. The front edge of the delayed ISFC
is used to sample the ISWS signal and set the Write/Read flip-flop to the Write state.

If the Read mode of operation is required, the ISWS signal must be false for a minimum
period of 20 microseconds after the front edge of an ISFC (or ISRC), in which case the
Write/Read flip-flop will be set to the read state.

3.5.7 WRITE DATA LINES (IWDP, IWDO—IWD7, 9-CHANNEL; IWDP, IWD2—IWD?,
7-CHANNEL)

These are levels which, when true at WRITE DATA STROBE (IWDS) time (when the unitis in
the Write mode), result in a flux reversal being recorded on the corresponding tape track.
These lines must be held steady during the IWDS and for 0.5 microsecond before and after
the IWDS pulse.

3.5.8 WRITE DATA STROBE (IWDS)

This is a pulse (2 microseconds minimum) for each character to be recorded. The
frequency of the IWDS is equal to twice the character transfer rate. The IWDP,
IWDO—IWD?7 levels must be steady during and for 0.5 microsecond before and after the
IWDS. The trailing edge of IWDS is used to copy the PE waveform into the drive.

3.5.9 WRITE AMPLIFIER RESET (IWARS)

This is a pulse (2 microseconds minimum) which, when true, turns off the write current in
the drive. It is used in conjunction with the Overwrite mode of operation. The leading edge
of IWARS must be coincident with the last flux transition of the postamble.

3.5.10 REWIND AND UNLOAD (IRWU)

This is a pulse (2 microseconds minimum) which resets the On-line flip-flop to the false
state and initiates a rewind operation. Upon completion of the rewind, an unload sequence
is automatically executed.
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3.5.11 OVERWRITE (IOVW)

This is a level which, when true, conditions appropriate circuitry to allow updating
(rewriting) of a selected record. The drive must be in the Write mode of operation to utilize
the IOVW feature. ,

3.5.12 READ THRESHOLD (IRTH2) (T9640 DRIVE)

This is a level which, when true, seiects a low level for the read circuits in the T9640 drive.
This level is selected only when it is required to recover very low amplitude data. IRTH2
must be held steady for the duration of each record being read.

3.5.13 READ THRESHOLD (IRTH1) (T9660 DRIVE)

This is a level which, when true, conditions the read electronics of the T9660 drive to
operate in the high read threshold mode. When false, the read electronics of the unit
reverts to the normal read threshold. The true level will normally be used only when it is
required to perform a read-after-write data check.

3.5.14 READ THRESHOLD (IRTH2) (T9660 DRIVE)

This is alevel which, when true and the T9660 drive is in the Read mode and IRTH1 is false,
selects an extra low threshold level for the read circuits in the unit. This level will normally
be made true only when it is required to recover very low amplitude data. IRTH2 must be
held steady for the duration of the record.

3.5.15 +5V POWER

This line is used to supply + 5v to the interface for use with Multiple Transport Adapters
(MTAs).

3.6 INTERFACE OUTPUTS (DRIVE TO CONTROLLER)

It is assumed that all interface outputs discussed in the following paragraphs are gated
with SELECT (refer to Paragraphs 3.5.1 and 3.5.2).

3.6.1 READY (IRDY)

This is a level which is true when the unit is ready to accept any external command, i.e.,
when

(1) Tape is under tension in the vacuum column.

(2) A LOAD or REWIND command has been completed.
(3) There is no UNLOAD command in progress.

(4) The drive is On-line.

3.6.2 READ DATA (IRDP, IRDO—IRD7)

The signals on these 9 lines are the outputs of the 9 peak detectors individually gated with
the outputs of an envelope detector associated with each channel. These signals are a
replica of the PE waveforms used to drive the write amplifiers.

The characteristics of any threshold detector are such that the signal from approximately
four successive bits must exceed the threshold level before the detector will enable the
output gate for its channel. If the signal suddenly ceases (e.g., due to a dropout) the
threshold detector disables the output gate to its channel approximately two bits after the
dropout.
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3.6.3 ON-LINE (IONLINE)

This is a level which is true when the On-line flip-flop is set. When true, the drive is under
remote control; when false, it is under local control.

3.6.4 LOAD POINT (ILDP)

This is a level which is true when the unit is Ready and tape is at rest with the BOT tab
under the photosensor. The signal goes false after the tab leaves the photosensor area.

3.6.5 END OF TAPE (IEOT)

This is a level which, when true, indicates that the EOT reflective tab is positioned under
the photosensor.

3.6.6 REWINDING (IRWD)
This is a level which is true when any Rewind operation is in progress.

3.6.7 FILE PROTECT (IFPT)

This is a level which is true when power is on and tape is loaded and under tension in the
vacuum column and the supply reel has the write enable ring removed.

3.7 INTERFACE TIMING

3.7.1 WRITE AND READ WAVEFORMS

Figure 3-2 shows typical Write and Read waveforms. The controller generates all command
waveforms.

DIGIT CELL VALUE 0 1 1 0 0 1 0 1 1

I I |
! I I
RECORD HEAD MAGNETIC FIELD __J | l l
I I I I
I I I I
| I I I
ARV aVe VARNVERVA
REMANENT FLUX ON TAPE ‘ |
I | |
I | I I
I I |
I I I
|

READ HEAD SIGNAL

I
I
|
I
|
I
l
I
|

1345

Figure 3-2. PE Write and Read Waveforms
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SECTION IV
THEORY OF OPERATION

4.1 INTRODUCTION
This section provides a description of the operation of the T9640 and T9660 Tape Drives.

These units have the mechanical and electronic components necessary to handle
magnetic tape in such a manner that data can be reproduced from a tape recorded on an
IBM digital tape drive or its equivalent; and, a tape can be generated from which data can
be completely recovered when played back on an IBM drive or its equivalent.

4.2 FUNCTIONAL ORGANIZATION

The following paragraphs describe the organization of the drive. Figure 4-1 shows this
organization and should be referred to in conjunction with the text.

For purposes of discussion, the unit can be considered as being made up of five functional
electronic areas:

(1) Capstan Servo
(2) Reel Servos

(3) Control Logic
(4) Power Supply
(5) Data Electronics

All Input/Output (I/0) and manual controls are processed by the Control Logic. The Control
Logic activates the servos in an appropriate manner and enables the Data Electronics. The
Capstan Servo acts as the prime tape mover and pulls the tape across the magnetic head
assembly for data recording and reproduction. The Supply and Takeup Reel Servos respond
to this motion in such a way as to ensure smooth tape supply and takeup operations. The
Reel Servos sense the position of the tape in the chamber via vacuum switches as well as
sensing the velocity of the tape across the supply and takeup tachometers.

The vacuum chambers act as a low-inertia storage device, similar in function to the arms
on a tension arm drive. This vacuum action takes up tape slack and acts to buffer the initial
speed differences between the capstan and reel motors. Thus, as the reel motor catches
up to the capstan motor, the tape speed into and out of the chamber is equalized and the
tape loop assumes a stationary position.

The Power Supply converts the ac line input voltage into the required secondary dc voltage
used by the drive motors and electronics.

4.3 FUNCTIONAL SUBSYSTEM DESCRIPTION

4.3.1 CAPSTAN SERVO

The Capstan Servo is a dc velocity servo which acts as the prime tape mover and pulls tape
across the magnetic head assembly for data recording and reproduction. The capstan
servo consists of the functional blocks shown in Figure 4-2.

The heart of the servo is the summing amplifier. It receives current signals from five
sources, sums them, and forces the power amplifier to the proper voltage. The power
amplifier applies this voltage to the capstan motor, which responds with the appropriate
speed. The capstan tachometer is shaft-coupled to the capstan motor and produces a dc
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output voltage proportional to the speed of the capstan motor. This voltage produces the
tachometer feedback current required for constant velocity operation.

The primary inputs to the capstan servo are the logic control signals. These signals enter
via the Run and Rewind Ramp Generators and initiate either a positive or negative ramp for
forward and reverse operation, or a long rewind ramp used to accelerate the capstan motor
to rewind speed. The ramp slopes and final velocities for forward and reverse are adjusted
to achieve the desired start/stop characteristics. In rewind, only the speed is adjustable;
the ramp profile cannot be adjusted.

Figure 4-3 illustrates typical capstan servo waveforms. The following sequence of events
describe the normal operation of the capstan servo.

(1) With power applied and tape loaded, relay K1 (Figure 4-2) is energized, connecting
the Capstan Motor to the Power Amplifier.

(2) Upon receipt of a SYNCHRONOUS FORWARD COMMAND (ISFC), the Run Ramp
Generator produces a ramp input to the Summing Amplifier.

(3) The Summing Amplifier controls the Power Amplifier which applies voltage to the
Capstan Motor.

(4) The Capstan Motor turns as a function of the applied voltage and accelerates at a
constant rate (controlled by the ramp slope) to its nominal running speed.

(5) The dc Capstan Tachometer generates a voltage proportional to the capstan
speed. This voltage produces a current which is compared by the Summing
Amplifier with the input control voltage to achieve constant velocity.

(6) An electrical feedback, Zf, is also provided. This impedance represents the
electrical feedback used to control servo bandwidth and amplifier gain.

(7) When an ISFC is terminated, the servo is decelerated to a stop with the same type
of ramp profile.

(8) For Rewind operation, the rewind ramp is used in conjunction with a reverse ramp
to provide the current necessary for high-speed rewind motion.

SYNCHRONOUS |
FORWARD
COMMAND (ISFC)

SYNCHRONOUS
REVERSE
COMMAND (ISRC)

RUN RAMP
GENERATOR

TACHOMETER
VOLTAGE

|
|
|
|
|
|
|
!
|
|
|
|
|

1966

Figure 4-3. Typical Capstan Servo Waveforms
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4.3.2 REEL SERVOS

The Reel Servos are basically velocity servomechanisms whose task is to always seek the
long-term velocity of the capstan system. Although both reel servos receive velocity
information from the Capstan Tachometer, each acts independently of the other.

Each servo uses an independent tachometer feedback for control of tape velocity. The
tachometers are located at the entrance to each vacuum chamber as shown in Figure 4-4
and are driven by the tape as it enters each chamber.

The tachometer used to sense tape velocity is an ac drag-cup rate generator. Although the
generator is an ac device, a dc voltage signal is derived from its output which is similar to
that obtained from a conventional dc tachometer. The advantage of this technique is that it
provides tape position information when in the standby mode and eliminates the need for
dc brushes, hence increasing reliability. This information is used to eliminate loop drift in
the vacuum chamber when the capstan is stationary.

The velocity that each reel servo seeks at any point in time is that of the capstan motor.
This is done by comparing the output of the Capstan Tachometer and the reel
tachometers. The difference obtained by this comparison is an error signal which is used
to control the reel motors. This error signal is modified by the physical position of the tape
loop in the chamber. The loop position is sensed at discrete points in the column by
vacuum switches attached to small ports in the column floor. These ports organize the
column into the working zones shown in Figure 4-4.

When the capstan velocity is zero, each tape loop comes to rest within its parking zone. As
the capstan accelerates to the nominal forward speed, the tape loops begin to move
upward. When the loop passes into the FORWARD 90% ZONE, the reel begins to
accelerate linearly to a tape speed that is 90 percent of the capstan speed. Because of the
10 percent difference between capstan and reel speeds, the tape loop continues to move
up in the chamber until it enters the FORWARD 110% ZONE. When the tape loop enters
this zone, the reel is accelerated to 110 percent of the capstan speed, thus driving the tape
loop back across the vacuum switch port between the FORWARD 110% ZONE and the
FORWARD 90% ZONE.

Thus, it can be seen that a Synchronous Forward operation will cause the tape loop to
continuously cycle up and down across the vacuum switch port between the 90 and 110
percent zones. Reverse operation is accomplished in the same manner except that the
tape loops are positioned at the opposite end of each chamber.

The functional blocks of the supply reel servo and the takeup reel servo are shown in

Figures 4-5 and 4-6, respectively. Both supply and takeup operation of the servos are
basically the same except that auxiliary inputs such as Load Loop and Tension are
injected at different points.

Referring to Figures 4-5 and 4-6, it can be seen that the Capstan Tachometer provides a
reference input to each reel servo. The Vacuum Switches initiate an input signal to the
Ramp Generator. The output of the Ramp Generator is supplied to the Summing Amplifier
whose output controls the Power Amplifier and subsequently the Reel Motor.

When the capstan begins to rotate forward, tape is pulled out of the supply chamber until
the first vacuum switch is activated. At this point, a 90-percent ramp is applied to the
power amplifier and the reel motor begins to accelerate. As the reel turns, tape is pulled
across the reel tachometer producing a voltage which is proportional to the tape speed.
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Since the tachometer is an ac device, demodulation techniques are employed to recover a
dc signal. The dc signal out of the Demodulator is summed at the Summing Amplifier and
provides for constant velocity control.

Briefly, normal operation of the Reel Servos can be summarized as follows.

(1) The Capstan Tachometer input to Vacuum Switches is converted to a 90 or 110
percent ramp.

(2) The Ramp signal via the Summing Amplifier and the Power Amplifier provides
power to the reel motor.

(3) The reel motor motion causes tape to pass over the tachometer.

(4) The tachometer motion produces an amplitude modulated signal which is applied
to the Demodulator.

(5) The Demodulator takes the amplitude modulated signal and converts it to a dc
voltage which is proportional to the reel tachometer speed.

(6) This voltage acts to add or subtract current from the Summing Amplifier until the
reference velocity (90 or 110 percent of the capstan speed) is achieved.

4.3.2.1 Reel Servo Circuits, Load Operation

Auxiliary circuits are provided to load tape into the vacuum chamber. This circuitry receives
its commands directly from the Control Logic. The functional blocks used for loading are the
Current Limiter, Unload, Load Loop, and Tension, shown in Figures 4-5 and 4-6.

During a load operation, the following sequence of events occurs in the reel servo
circuitry; refer to Figure 4-7.

(1) When the LOAD/RESET control is depressed, a Tension (NTNA) signal is received
from the control logic and is converted to the appropriate signal level by the
Tension circuitry.

(2) The Tension signal to the supply servo (Figure 4-5) provides a constant current
input to the Summing Amplifier.

(3) The Tension signal to the takeup servo (Figure 4-6) provides a constant current to
the Ramp circuitry which, in turn, provides a constant current to the Summing
Amplifier.

(4) Concurrent with the Tension signal, the Current Limit (CURLIM) signal is applied
to the Power Amplifier. This signal prevents saturation of the Power Amplifier from
the application of the constant current into the Summing Amplifier.

(5) The current into the two summing amplifiers (supply reel and takeup reel) provides
positive tape tension by driving the supply and takeup reels in opposite directions.

(6) A few seconds after the tape is tensioned, the Load Loop circuitry is activated.

TENSION (NTNA) l—_.l
CURRENT LIMIT (CURLIM)__—]-——-I.____
LOAD LOOP (NLDLOOP) l '
INTERLOCK (LOCK A) l

1952

Figure 4-7. Load Timing
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(7) The Load Loop (NLDLOOP) signal injects a constant current into the Ramp
generator and hence the Summing Amplifier on the supply reel servo (Figure 4-5)
and also directly into the Summing Amplifier of the takeup reel servo (Figure 4-6).

(8) The current supplied to the Summing Amplifiers causes a voltage inversion in the
Power Amplifiers that forces the reel motors to reverse, and simultaneously load
tape into the vacuum chambers. The Tension signal is removed when Load Loop is
applied.

(9) The Load Loop and Current Limit signals are removed when vacuum interlock is
accomplished.

4.3.2.2 Reel Servo Circuits, Unload Operation

The same auxiliary circuits employed to load tape into the vacuum chambers are used
during an unload operation. Refer to Figures 4-5 and 4-6.

During an unload operation the following sequence of events occurs in the reel servo
circuitry. Refer to Figure 4-8.

(1) The control logic removes power from the ac blower motor and sends a Tension
(NTNA) signal to the reel servos. The application and use of this signal is identical
to that described in Paragraph 4.3.2.1.

(2) The Current Limit circuitry is activated in a manner similar to that described for
Load in Paragraph 4.3.2.1 except that the presence of the Unload (UNLOAD) signal
inhibits the Current Limit on the takeup reel amplifier. Thus, the takeup reel is
placed in a free-wheeling mode.

(3) With tension applied to the supply reel, and the takeup reel free-wheeling, tape is
pulled from the vacuum chambers and wound onto the supply reel.

(4) The Unload signal is removed 0.5-second after the tape leader clears the EOT/BOT
sensor. The reel motors then come to rest.

4.3.2.3 Reel Servo Circuits, Position Control

To stabilize the tape loop in the vacuum column during standby operation (i.e., capstan
stationary), an auxiliary circuit is used in the reel servos. This circuitry is represented by
the Position block in Figures 4-5 and 4-6. The position control circuitry senses tape
position information from the tachometers and vacuum switches when there is no capstan
motion. The Demodulators recognize the tachometer positional information and produce a
current nulling effect at the Summing Amplifiers.

Operation of the position control circuitry can be summarized as follows.

(1) A capstan stop condition is indicated from the control logic circuitry, thus
enabling tachometer position information (interpreted by the Demodulator) to be
fed into the Summing Amplifier.

TENSION (NTNA) ——_l____]_——
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UNLOAD (UNLOAD) _____'——L_____
EOT/BOT (TIP) _l____—
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Figure 4-8. Unload Timing
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(2) If the nulling current causes tape to seek a position past a vacuum switch port, the
switch closure provides a counteracting signal to reposition the tape to another
nulling point further in the parking zone.

4.3.2.4 Reel Servo Circuits, Oscillator/Demodulator

An 800-Hz oscillator, shown in Figures 4-5 and 4-6, provides the ac reference signal to the
reel tachometer field windings. When the tachometer is rotating, an 800-Hz secondary
signal is produced by the tachometer. This signal is amplitude modulated according to the
speed of the tachometer. A synchronous demodulator circuit is used to sense this
amplitude variation. Use of this circuit alleviates the offset problem associated with bi-
directional speed detection. Normal amplitude modulation detection would detect out-of-
phase, as well as in phase, signal leading to zero crossover distortion. The velocity signal
from the synchronous demodulator is not rectified but the low bandwidth of the reel servo
limits the frequency response and reacts to the peak amplitude information.

When the tachometer is stopped, it acts as a transformer with a variable reluctance
characteristic dependent on shaft position. An AM detector rectifies this signal and uses it
in controlling the position circuitry.

4.3.3 CONTROL LOGIC

The Control Logic electronics processes all /0 and manual commands and activates the
drive servos and data electronics in the appropriate manner. Figure 4-9 is a simplified
block diagram of the control logic and should be referred to in conjunction with the
following discussion.

The primary commands to the Control Logic circuitry originate at the manual operator
controls. The first command recognized by this logic is the Power On signal. The logic
senses power turn-on and generates a Master Reset signal which clears the logic. The
logic is now capable of receiving the second required manual command, LOAD. Until the
tape is loaded and the necessary interlocks are made, the logic will ignore all other
commands except RESET, which will stop the Load operation.

Assuming that the tape has been properly threaded, a LOAD command causes the Load
control logic to initiate the sequence required to load the tape into the vacuum chamber
and bring it to Load Point (BOT). The logic sequence for a LOAD command is as follows.

(1) LOAD command initiated.
(2) Vacuum motor turned on.

&  L0AD -
»| CONTROL 70 REEL
Vo SERVOS
DRIVERS _ | momon
AND Yl CONTROL
RECEIVERS MODE/ § TIMING I - TO CAPSTAN
STATUS CONTROL SERVO
CONTROL
[ 1
b L READ/
manuaL, ] REWIN WRITE TO DATA
CONTROLS ] controL CONTROL ELECTRONICS

1961

Figure 4-9. Control Logic Block Diagram
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(3) Signal reel servos to tension tape.

(4) After 7 seconds, signal reel servos to load tape into the vacuum chambers.
(5) Upon sensing interlock, stop the tape load.

(6) Run forward until BOT is reached, or until 7 seconds have elapsed.

(7) If the BOT was not detected within 7 seconds, initiate an automatic rewind.

Upon completion of a successful load operation, the control logic will now accept all other
commands except LOAD. In order to execute another LOAD command, one of the vacuum
interlocks must have been opened. Any subsequent activation of the LOAD/RESET control
terminates any automatic sequences.

Assuming that the tape is loaded and positioned between the BOT and EOT, a REWIND
command may be initiated via the interface or manual operator control. Receipt of the
REWIND command by the Rewind control logic causes the following.

(1) REWIND command initiated.

(2) A high speed reverse signal is sent to the capstan servo.

(3) Tape is wound onto the supply reel at high speed until the BOT tab is sensed.
(4) The tape overshoots the BOT tab as the servos slow to a halt.

(5) A forward signal is generated to bring the tape back to the BOT tab.

If an unload operation is desired, the Rewind Control logic will accept a manual REWIND
command while the tape is positioned at BOT, or will accept two successive REWIND
commands if the tape is not at BOT. The Rewind Control logic will then initiate an unload
sequence as follows.

(1) An unload operation is initiated.
(2) The vacuum motor is turned off.

(3) A slow reverse signal is sent to the supply reel servo and a free-wheel signal is
sent to the takeup reel servo.

(4) The tape is slowly wound onto the supply reel until 0.5-second after the loss of
tape in path is sensed at the BOT/EOT sensor.

Additionally, an UNLOAD command can be initiated from the interface. If the tape is not at
the BOT, a rewind will be executed, then the unload operation. If the tape is at the BOT,
only the unload operation will be executed.

4.3.3.1 Motion Control

The Motion Control logic processes the signals from the other functional blocks shown in
Figure 4-9 and directs the commands to the proper servos. The basic operations performed
by the servos under control of the Motion Control logic are: Forward, Reverse, Tension (no
motion), Load Loop, Rewind (fast reverse), and Unload (slow reverse).

4.3.3.2 Status Control

The Status Control logic controls all of the various functions that direct internal logic
action. The following is a list of these functions and their associated responsibilities.

(1) EOT/BOT. The EOT and BOT signals indicate the two reference positions on the
tape. The BOT (Beginning of Tape) indication is used to stop the normal LOAD
sequence, the reverse motion and the rewind operation. It also conditions the
Rewind Control logic for an unload operation. The EOT indication marks the End
of Tape and stops only a manual forward operation.
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(2) ON LINE. The ON LINE switch/indicator conditions the Control Logic to accept
either interface (On-line) commands or manual (Off-line) commands.

(3) READY. The Control Logic will accept commands only when the logic is
interlocked, the initial load sequence has been completed, the drive is On-line and
is not rewinding or unloading. This condition is signaled by a true condition on the
READY line.

(4) INTERLOCK. The drive is interlocked to ensure proper logic operation. The |
interlocks provided are:

* VACUUM INTERLOCK. Indicates that the tape is properly positioned in. the
vacuum chamber (see Figure 4-4).

e POWER INTERLOCK. Indicates that primary (ac) power has been applied and
that servo power is applied.

e WRITE LOCKOUT. Indicates whether or not the loaded tape reel is write
protected, i.e., Write Enable ring present, or not present.

(5) WRITE STATUS. Controls the write power to the Write Electronics.

4.3.3.3 Timing Control

The Control Logic employs two basic frequencies to control the internal logic timing. Two
oscillators provide these frequencies. A high frequency oscillator operates at 1 MHz and
provides timing pulses for edge detection and write status strobe. The critical timing
which determines the range for the high frequency is the strobing by the Motion signal of
the OVERWRITE and SET WRITE STATUS lines. The Motion signal is delayed nominally by
the period of the 1 MHz clock pulse and the associated sampling error. The second
oscillator operates at 2 Hz and provides half-second timing intervals for use in the time-
outs associated with the Load, Unload, and Rewind operations. The critical timing which
determines the range for the low frequency is the maximum time-out for BOT search
during LOAD and minimum delay for relay K2 activation during REWIND.

4.3.3.4 Interface Drivers and Receivers

The /O driver and receiver portion of the Control Logic is operable only when Selected,
Ready, and On-line. Details of the electrical and signal characteristics required for proper
operation are described in Paragraph 1.5.1.

4.3.4 POWER SUPPLY

The Power Supply consists of a power transformer mounted to the base plate, a chassis
assembly, and an optional 5v microformatter regulator. The chassis assembly portion of
the supply contains filter capacitors and the regulator PCBA. The power supply receives
primary ac line voltage and converts it to the required secondary ac and dc voltages
necessary for equipment operation. The power supply may contain either a Power Supply
G1 PCBA or a Power Supply G2 PCBA. Functional differences between the two PCBAs are
explained in the following paragraphs.

4.3.4.1 Power Transformer and AC Motor Primary Connections
WARNING

DANGEROUS VOLTAGES ARE PRESENT IN THE POWER
SUPPLY. DISABLE THE PRIMARY AC LINE VOLTAGE
BEFORE REMOVING THE POWER SUPPLY COVER.

Primary connections to the power transformer are shown in Figure 4-10. Line voltages of
95v to 125v ac and 190v to 250v ac at 50 or 60 Hz can be used as primary power input. All
voltages listed are accommodated through use of two coded plugs, one of which (PPC Part
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No. 104586) routes primary power to the appropriate taps on the power transformer, and
the other (PPC Part No. 104587) which routes primary power to the appropriate windings on
the ac vacuum motor and start capacitors. One set of coded plugs, corresponding to the
source voltage used by the drive, is provided with the unit as specified by the user in the
purchase order. Additional coded plugs for other voltages shown in Figure 4-10 can be
obtained by ordering the relevant PPC part number.

CAUTION

ELECTRICAL DAMAGE CAN OCCUR IF THE DRIVE IS
OPERATED AT A LINE VOLTAGE OTHER THAN THE ONE
FOR WHICH THE CODED PLUGS ARE SPECIFIED.

NOTE

It is necessary to change the ac blower motor pulley and
belt when changing the unit from 60 to 50 Hz, or from 50
to 60 Hz operation. Refer to Paragraph 6.7.9 for details.

Figure 4-11 is a block diagram of the power supply and should be referred to for the
remainder of the power supply discussion.

4.3.4.2 Power Rectifier

Primary line voltage is received by the transformer in the Power Rectifier circuitry and is
converted to 12.7 and 23.7v ac (fully loaded values). These voltages are then rectified by
bridge rectifiers and converted to unregulated + 12 and —12v dc and + 23 and —23v dc.

NOTE

Unregulated voltages will be referred to in the text as 12
and 23v, respectively. These voltages may range from 12
to 18v and 23 to 32v, respectively.

4.3.4.3 +5v Regulator and — 5v Regulator

The + 12v dc unregulated voltage is received by the + 5v regulator and converted to + 5v
regulated dc. The —12v dc unregulated voltage is received by the —5v regulator and
converted to — 5v regulated dc. Regulated + 5v dc is used primarily in the logic and lamp
drive circuitry. Regulated — 5v dc is used in biasing circuitry and for lamp drivers. Both the
+5v and — 5v regulators contain current limiting circuitry to provide overcurrent protection.

On the Power Supply G1 PCBA, the + 5v regulator uses a Type 723 IC to control the series
power transistor and has a full load capacity of 4 amperes. The — 5v regulator is referenced
to the + 5v regulator and uses a Type 741 IC to control its series power transistor. The —5v
regulator has a full load capacity of 1 ampere.

On the Power Supply G2 PCBA, the + 5v regulator uses a Type LM317 IC to control the
series power transistor and has a full load capacity of 4 amperes. The -5v regulator
consists of an LM337 IC and its associated circuitry and has a full load capacity of 1 ampere.

4.3.4.4 +10v Regulator and — 10v Regulator

The + 23v dc unregulated voltage is received by the + 10v regulator and converted to
regulated + 10v dc. The —23v dc unregulated voltage is received by the — 10v regulator
and converted to regulated —10v dc. The regulated +10v dc and - 10v dc are the
reference voltages used in the capstan and reel servos. Special reference lines are
provided for the capstan reference voltages to ensure noise immunity.
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Figure 4-11. Power Supply Block Diagram
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On the Power Supply G1 PCBA, the + 10v regulator uses a Type 723 IC to control the series
power transistor and has a full load capacity of 1.5 amperes. The — 10v regulator is
referenced to the + 10v regulator and uses a Type 741 IC to control its series power
transistor. It also has a full load capacity of 1.5 amperes. The regulated —10v dc is
adjustable to achieve proper symmetry with the regulated + 10v dc.

On the Power Supply G2 PCBA, the + 10v regulator uses a Type LM317 IC and has a full
load capacity of 1.5 amperes. The — 10v regulator uses a Type LM337 IC and is referenced
to the + 10v regulator by a Type 741 IC. It also has a full load capacity of 1.5 amperes.
Symmetry is achieved by adjusting the reference between the two regulators.

4.3.4.5 AC Motor Control

The AC Motor Control circuitry controls a triac which provides line voltage to the ac
vacuum motor. Logic signals are received and combined with a zero crossover detector to
activate the vacuum motor at the proper time. The ac zero crossover detector is also used
to sense loss of ac power and provide a logic Power Supply OK signal to the control logic.

An internal thermal protect switch will open power circuitry to the start-and-run windings
of the ac vacuum motor in the event that the ambient temperature exceeds the specified
value. When this occurs, the motor will stop, then, when the temperature drops to the
specified operating ambient range, the thermal protect switch will close and the motor will
resume normal operation.

4.3.4.6 Protection Circuitry

Overvoltage protection is provided on the + 5vand — 5v lines. A voltage over 6.2v crowbars
an SCR and forces the output voltage to 1.2v, nominal. Prime power must be removed for a
short period of time in order to reset the crowbar circuitry. In addition, on the Power Supply
G2 PCBA, the regulator inputs are fuse protected and the regulators incorporate
overcurrent protection.

WARNING

DANGEROUS VOLTAGES ARE PRESENT ON THIS PCBA.
DISABLE THE PRIMARY LINE VOLTAGE BEFORE RE-
MOVING THE COVER FROM THE AC MOTOR CONTROL.

4.3.4.7 Relays and Drivers

Two relays (three on the Power Supply G2 PCBA) provide power to the reel motors. Relay
K1 (K1 and K2 on the Power Supply G2 PCBA) ties the motors to ground in their inactive
state and connects the reel and capstan motors to their associated power amplifiers in
their active state. Relay K2 (K3 on the Power Supply G2 PCBA) is used only by the reel
servos during a Rewind operation to apply + 23v to the reel motors. The relay drivers are
Type 75452 ICs and receive their appropriate control signals from the Logic Control
circuitry. A + 5v signal is also supplied through relay K1 and indicates the condition of the
power interlock to Control Logic circuitry. The + 5v is also used via the Control Logic to
supply the write power circuitry.

4.3.5 DATA ELECTRONICS

Information is recorded in the Phase Encoded (PE) mode. The PE system interprets a flux
change toward the magnetization direction of the Inter-Block Gap (IBG) as a 1 bit. A flux
change in the opposite direction represents a 0 bit. A flux reversal is written between
successive 1 bits or successive 0 bits to establish proper polarity. Thus, up to two flux
changes are required per bit for the PE method of data decoding.
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The PE method of recording data differs from the NRZI method in that the NRZI employs

only one flux change in either direction to represent a 1 bit, and the lack of a flux change to
represent a 0 bit.

Figure 4-12 illustrates the basic recording waveform components of the NRZI and PE
modes. Note that in the PE mode there is a flux shift within each cell period indicative of a
1 or 0 bit. The direction of magnetic flux change on the tape at the center of the bit cell
determines its value (0 or 1).

Figure 4-13 illustrates the relevant 9-track allocation, spacing, and format of 1600 cpi PE
tape. Consecutive data channels are not allocated to consecutive tracks. This organization
increases tape system reliability because the most used data channels are located near

the center of the tape. Consequently, they are least subject to errors caused by
contamination of the tape.

The data block is preceded by a preamble consisting of 40 bytes of all Os and one byte of
all 1s. Note that the data block is followed by a postamble which is the mirror image of the
preamble, i.e., one byte of all 1s followed by 40 bytes of all 0s.

NOTE

The preamble and postamble bursts are configured so
that during a Read Reverse operation their functions are

interchangeable.
MIPATTERN |10 01 o] :
! | ! | I ! | |
NRZI | | 1 | | | t | |4 |
| | | | | |
PHASE ENCODED V 1 & 17 3 ¥ | F£F1 F£ 13 | §F£
FLUX POLARITY | l [ ; W | ‘ |
INTERBLOCK GAP |, BIT | oRA | | |
BIT
TRANSITION
NOTES:
NRZI - ANY CHANGE IN POLARITY IS A "1" BIT  PHASE ENCODED - DATA BIT TRANSITION N DIRECTION
NO CHANGE IS A "0" BIT OF IBG IS A "1" BIT
- DATA BIT TRANSITION OPPOSITE IN
DIRECTION OF IBG IS A "0" BIT 1255

Figure 4-12. Comparison of NRZI and PE Recording Modes

9 TRACK PHASE ENCODING

44— FORWARD MOTION (TAPE RELATIVE TO HEAD) ¢———
CHANNEL 4 (NI N [N
: 6 I UELUEL IR e i
IDENTIFICATION R IR IR IR IR AR TR RN RN
T e ik IRl
BURST 2 U T R vt
menn e P [N N N NN NN [N
55753 IR R i
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(1.7 inch) ¢ > l—— |
PREAMBLE POSTAMBLE

3202

Figure 4-13. 9-Track PE Allocation, Spacing, and Format
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During a read operation, as the tape passes over the read/write head, any flux pattern
recorded on the tape (1 or 0) generates a waveform in its appropriate data track. It is
important to note that during a Read Reverse operation the read signal is inverted, i.e.,a 1
bit is a negative transition and a 0 bit is a positive transition.

lllustrated in Figure 4-14* are waveforms that occur on a channel during a Write and Read-
back operation. Magnetization transitions recorded on the tape are not perfectly sharp
because of the limited resolution of the magnetic recording process.

During a read-back, the voltage induced in the head is amplified, differentiated, and then
applied to a Schmitt trigger and an envelope detector. The differentiator and Schmitt
trigger form a peak detector. The envelope detector performs a gating function. Thus, the
output is present on the interface line only when a data block is present.

Figures 4-15* and 4-16* are functional logic diagrams of one channel of data electronics
and the relevant common control logic for the T9640 and T9660, respectively. This diagram
is to be used only for purposes of describing system operation.

4.3.5.1 Operation with Dual- and Single-Stack Heads

A dual-stack head, used on the T9640, enables simultaneous Read and Write operations to
take place, thus allowing writing and checking of data in a single pass.

Gap scatter in both the write and read heads is held within tight limits so that correction is
not necessary. Conversely, the azimuth angles of both heads are not held within such tight
limits, and correction is therefore necessary.

The read head azimuth adjustment is provided by shimming the fixed head guides adjacent
to the head so that the tape tracks at 90 degrees to the read azimuth. Since the write and
read heads are constructed in the same block, an independent method of azimuth
adjustment is required for the write head. This is achieved electronically by triggering the
write waveform generators for different channels sequentially and at such times that the
azimuth error in the write head is nullified.

The T9660 utilizes a single gap head for both read and write operations. Azimuth alignment
for the single-stack head is accomplished by shimming the fixed head guides adjacent to
the head so the tape will track at exactly 90 degrees to the head gap. Since the same gap is
used for both reading and writing, no additional azimuth compensation is required.

4.3.5.2 Data Recording (Dual-Stack Model T9640)

Figure 4-17* shows a timing diagram for data recording. Assume that the drive is Selected,
Ready, On-line and has a write enable ring installed. The WRT PWR control line will
therefore be at + 5v, providing power for the head driver circuits.

When a SYNCHRONOUS FORWARD COMMAND (ISFC) is received, the MOTION signal
generated on the Tape Control PCBA goes high, removing one input of OR gate U8. See
Figure 4-15.

In operation, the front edge of the ISFC is delayed and differentiated and the resulting
pulse is used to sample the condition of the SET WRITE STATUS (ISWS) line. If this is true,
the following action takes place.

(1) The Write/Read mode flip-flop is set.

*Foldout drawing, see end of section.
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(2) The NWRT waveform becomes low.
(3) Erase driver Q3 is energized.
(

4) Both the Sp and Cp inputs of flip-flop U4 go high. The action of the stretcher
circuit is to delay the rise of the Cp input relative to the Sp input, ensuring that the
flip-flop is in the reset state before a recording starts.

The polarity of the field from the erase and write heads under these conditions is
such that tape will be erased in an IBM-compatible direction.

(6) The Cp input of control flip-flop U9 goes high, unclamping the flip-flop.

The ISFC (Plot 1 on Figure 4-17) enables the ramp generator, which causes tape to
accelerate to the prescribed velocity (Plot 2). After a time (T1) determined by the required
IBG displacement, the WRITE DATA (IWD) inputs (Plot 4), together with the IWDS (Plot 3),
are supplied to the interface connector. Preamble, data block, and postamble are recorded.

The IWD input is received by interface receiver U1 and is strobed into flip-flop U3 at the
trailing edge of the WRITE DATA STROBE (IWDS). On the IWD lines (IWDP—IWD?7), a one
is a positive going edge at data flux reversal time and a zero is a negative going edge. The
phase edge can be positive or negative going. Both outputs of flip-flop U3 are fed to head
driver transistors Q1 and Q2, which cause current to flow in one half or the other of the
center-tap head winding. Consequently, magnetization on the tape is maintained in the
appropriate direction between change-overs and changes direction in accordance with the
input signal IWD.

At the completion of the postamble, ISFC goes false after the post-record delay time (T2).
The ramp generator is disabled and the tape velocity decelerates to zero.

The IBG displacement consists of the following.

(1) The stop distance: the distance traveled during the tape deceleration period to
zero velocity.

(2) The start distance: the distance traveled while the tape is accelerating to the
prescribed velocity.

(3) An additional distance determined by the pre-record time (T1), from the ISFC
command going true to the time of the first IWDS and the post-record time (T2),
from the end of the postamble to ISFC going false. (Time delays T1 and T2 are
provided by the customer’s controller.)

4.3.5.3 Data Recording (Single-Gap Model T9660)

Assume the drive is Selected, Ready, On-line, and has a write enable ring installed. The WRT
PWR control line will therefore be at + 5v, providing power for the head driver circuits.

When an ISFC is received, the MOTION signal generated on the Tape Control PCBA goes
high removing one input of OR gate U7 via U6.

In operation, the front edge of the ISFC is delayed and differentiated and the resulting
pulse is used to sample the condition of the ISWS line. If this is true, the following action
takes place.

(1) The Write/Read mode flip-flop U41B on the Tape Control PCBA is set.
(2) The NWRT waveform becomes low.

(3) The —5v driver (Q3) is turned on.

(4) The erase head is energized through Q4.
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(6) The Cp input of U3 goes high. The polarity of the field from the erase and write
heads under these conditions is such that tape will be erased in an IBM-
compatible direction.

Figure 4-17 is a timing diagram illustrating relationships of signals during data recording
and should be referred to in conjunction with Figure 4-16. The ISFC enables the ramp
generator, which causes tape to accelerate to the prescribed velocity. After a time (T1)
determined by the required IBG displacement, the IWD inputs together with the IWDS are
supplied to the interface connector. Preamble, data block, and postamble are recorded.

The IWD input is received by interface receiver U1 and is strobed into flip-flop U3 at the
trailing edge of the IWDS. On the IWD lines (IWDP—IWD7), a one is a positive going edge
at data flux reversal time and a zero is a negative going edge. The phase edge can be
positive or negative going. Both outputs of flip-flop U3 are fed to head driver transistors Q1
and Q2, which cause current to flow in one half or the other of the center-tap head winding.
Consequently, magnetization on the tape is maintained in the appropriate direction
between change-overs and changes direction in accordance with the input signal IWD.

At the completion of the postamble, ISFC goes false after the post-record delay time (T2).
The ramp generator is disabled and the tape velocity decelerates to zero.

The IBG displacement consists of the following.

(1) The stop distance: the distance: the distance traveled during the tape deceleration
period to zero velocity.

(2) The start distance: the distance traveled while the tape is accelerating to the
prescribed velocity.

(3) An additional distance determined by the pre-record time (T1), from the ISFC
command going true to the time of the first IWDS and post-record time (T2), from
the end of the postamble to ISFC going false. (Time delays T1 and T2 are provided
by the customer’s controller.)

4.3.5.4 Overwrite (IOVW) (T9640, T9660)

The Overwrite function allows updating (rewriting) of a selected record. The new data
block to be inserted must be exactly the same length as the data block being replaced.
This restriction is necessary since replacing a block of data with a block longer than the
original could result in an IBG distance which is less than the minimum allowed, or in
writing over the next record. If the new data is shorter than the existing block, errors could
result since some unerased portion of the old data would remain.

Additionally, when write and erase currents are switched off abruptly, there is a small area
of tape which is influenced by the collapsing magnetic fields of the heads. This
constitutes flux transients on the tape which appear as spurious signals when read back.
The Overwrite feature of the drive has effectively eliminated this problem by turning the
write current off slowly while tape is still in motion.

To update a previously recorded record, the drive must be Selected, Ready, On-line, and
have a write enable ring installed. Additionally, the IOVW signal from the controller must
be true and coincident with ISWS and ISFC.

Overwrite operation is terminated by the IWARS signal disabling the WRT PWR circuitry.
This action causes the write current to ramp down to zero as the tape decelerates to rest.
The transient pulse, generated when the write current is switched off, is spread over a
longer distance on the tape and produces a negligible signal on replay.
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4.3.5.5 Data Reproduction (T9640)

When an ISFC is received, the MOTION signal generated on the Tape Control PCBA goes
true so that NAND gate U4 (Figure 4-15) is enabled. Also, the Forward ramp generator is
enabled and tape accelerates to the prescribed velocity.

Figure 4-18* illustrates typical PE read timing and waveforms and should be referred to in
conjunction with Figure 4-15. Data signals from the magnetic head are fed by a shielded
cable to the read amplifier. The read amplifier gain is adjusted so that the output of the
differentiator is 4v peak-to-peak.

. The differentiated signal is fed to a Schmitt trigger which squares the signal and outputs it

to Line Driver U4. The signal is also applied to the envelope detector which requires four
successive characters greater than the threshold before its output goes high to enable the
Line Driver U4. The output of the envelope detector goes false when the differentiated read
signal envelope goes below the threshold for more than two successive characters.

When the drive is in the Read While Write mode, a threshold level of approximately 45
percent of the nominal peak output is generated regardless of the IRTH2 waveform levels.
When the drive is in the Read mode and IRTH2 is high, the threshold level is approximately
15 percent of the nominal peak output.

The IRTH2 line, when low and the unit is in the Read mode, will generate a read threshold
of approximately 7.5 percent of the nominal peak output to enable the user to recover very
low amplitude data. Operation at this threshold is recommended only after an attempt has
been made to read the data at the normal read threshold level.

4.3.5.6 Data Reproduction (Single-Stack Model T9660)

When an ISFC is received, the MOTION signal generated on the Tape Control PCBA goes
true so that NAND gate U4 (Figure 4-16) is enabled. Also, the Forward ramp generator is
enabled and tape accelerates to the prescribed velocity.

Figure 4-18 illustrates typical PE read timing and waveforms, and should be referred to in
conjunction with Figure 4-16. Data signals from the magnetic head are fed by a shielded
cable to the read amplifier. The read amplifier gain is adjusted so that the output of the
differentiator is 4v peak-to-peak.

The differentiated signal is fed to a Schmitt trigger which squares the signal and outputs it
to Line Driver U4. The signal is also applied to the envelope detector which requires four
successive characters greater than the threshold before its output goes high to enable the
Line Driver U4. The output of the envelope detector goes false when the differentiated read
signal envelope goes below the threshold for more than two successive characters.

When the drive is in the Read mode, and both IRTH1 and IRTH2 waveforms are high, a
threshold level of approximately 15 percent of nominal peak output is generated. During
the Write mode, IRTH1 is low. When IRTH1 is low, the threshold level is 45 percent of the
nominal peak output regardless of the IRTH2 level.

When the IRTH2 line is low, the IRTH1 line is high, and the drive is in the Read mode, aread
threshold of approximately 7.5 percent of the nominal peak output is generated to enable
the user to recover very low amplitude data. Operation at this threshold is recommended
only after an attempt has been made to read the data at the normal read threshold level,
i.e., when both IRTH1 and IRTH2 are high.

*Foldout drawing, see end of section.
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Figure 4-14. PE Write and Read Waveforms
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NOTES:
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SECTION V
PRINTED CIRCUIT BOARDS THEORY OF OPERATION

5.1 INTRODUCTION

This section contains the theory of operation of the printed circuit boards used in the
Models T9640 and T9660 Tape Drives. The schematic and assembly drawings for each
board are contained at the end of Section VII.

5.2 THEORY OF OPERATION

Refer to Drawing No. 103894 contained at the end of Section VI for the interconnections
between the various PCBAs. Note that one of two Power Supply PCBAs is installed in the
drive. The Power Supply G1 PCBA is described in Paragraph 5.2.2 and the Power Supply G2
PCBA is described in Paragraph 5.2.3.

5.2.1 TAPE CONTROL K PCBA

The following is a description of the Tape Control K PCBA (refer to Schematic No. 103882
and Assembly No. 103883).

The Tape Control K PCBA contains the logic necessary for primary operational control of
the drive. Figure 5-1 shows the placement of each connector and test point on the PCBA.
The PCBA is 406.4 mm (16 inches) long. Interface edge connector J101 is located at one
end and is slotted to mate with a key in the mating plug. The functions of J501 through
J514 are shown in Figure 5-1.

Prior to the execution of any command, the logic must be conditioned to accept the
command. Additionally, the high and low frequency oscillators must be enabled. The
Master Reset signal (NMR1 and NMR2, sheet 4, zone E2) is used to partially accomplish
this conditioning.

The Master Reset circuitry has four basic modes of operation: initial power on, interlock
fault, ac power fault, and sequence termination. Upon initial application of power, NMR1 and
NMR2 are held low until the threshold of the Schmitt trigger U2 (sheet 4, zone E5) is reached
via the charging action of R222 and C37. In this condition, relay K1 is normally de-energized
and the PS signal (J501 pin 1) is high. The action of the Master Reset signal causes the logic
to be put into a known stable state. In the case of an interlock fault condition, K1 de-
energizes and the K1 relay contact at pin 4 of J510 is changed from + 5v to ground. Thus, a
negative pulse appears at the base of Q56 (sheet 4, zone E6) discharging C37 and forcing a
Master Reset condition. The ac fault condition occurs when ac power is no longer sensed by
the power supply, causing the PS signal to go low, inducing a Master Reset. Manual
activation of the LOAD/RESET control, after the drive has entered the Load sequence,
induces a Master Reset and terminates any automatic sequence in progress.

When power is applied to the unit, the two oscillators on the Tape Control K PCBA are
enabled. The high frequency Schmitt trigger oscillator (sheet 5, zone D7) is designated
Phase A (¢p) and produces a 1 MHz nominal clock signal. The Phase B (¥pg) oscillator
(sheet 5, zone C7) operates as a low frequency unijunction relaxation oscillator and
produces a 2 Hz (nominal) clock signal.

The high frequency oscillator is primarily used for edge detection and microsecond
delays. Its critical timing application is its use in delaying the SYNCHRONOUS FORWARD
COMMAND (ISFC) or SYNCHRONOUS REVERSE COMMAND (ISRC) to strobe the SET
WRITE STATUS (ISWS) or OVERWRITE (IOVW) signal. The maximum length of this delay is
20 microseconds (defined by the interface specification).
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The low frequency oscillator is primarily used for timing and timeouts. Its basic 0.5-second
period is used to delay activation of the relay K2 (NK2ENERG) and Fast Reverse signal
(NREWRI) to the capstan during a rewind. ¢pg is also counted to provide the 7-second
timeout for vacuum motor acceleration during a load sequence and the maximum
7-second search for BOT timeout (also during a load sequence). A 0.5-second delay is also
used to delay MOTION immediately after making interlock, and to delay Stop during the
unload after tape is sensed to be out of the tape path.

Subsequent to conditioning the logic, but prior to the execution of any other command,
tape must be properly loaded into the vacuum chamber. Assuming the tape is properly
threaded, depressing the LOAD/RESET switch/indicator initiates this load sequence.

Flip-flop U44-5 (TENCNT) (sheet 6, Zone EB) goes high causing flip-flop U22-5 (sheet 5, zone
B3) to set. U22-6 forces VPA high at pin 2 of J510. This high is sensed by the Power Supply
PCBA and turns on the vacuum motor. The set of U44-5 forces U44-6 (NTENCNT) low. This,
in turn, forces NPICK K1 low enabling the K1 relay connecting the servo amplifiers to the
motors. Setting TENCNT forces CURLIM high via U13 and NTNA low via U13 and U11.
CURLIM is used in the reel servos to current limit and NTNA causes the servo summing
amplifier to saturate. The net effect of this action is to tension the tape. TENCNT also
enables counter U26 (sheet 5, zone 7B) to timeout for 7 seconds. This timeout provides for
proper vacuum power to be achieved. At the end of the U26 count, NLDLOOP (sheet 5, zone
B1) goes low forcing the reel servos to load tape for 0.5 second, or until vacuum interlock is
achieved. Making vacuum interlock sets LOCK A and LOCK B which creates a negative
pulse on NLOCKTIME (sheet 4, zone 2F) which, in turn, resets TENCNT. Resetting
TENCNT sets U44-9, U43-5, and U43-9. U44-9 and U43-9 going high causes NFWD (sheet 6,
zone G1) to go low via U38-6, U39-8, and U24-6. NFWD going low signals the capstan to go
forward and search for the BOT. U43-5 enables counter U41 (sheet 6, zone D4) to timeout
for 7 seconds and stop the search for BOT if BOT is not reached in 7 seconds. This is done
via U48-8 which resets U44-9, U43-5, and U43-9. If the BOT is detected before 7 seconds
have elapsed, U44-9, U43-5, and U43-9 are reset and tape motion stops. If the BOT Is not
detected in 7 seconds, an automatic rewind is initiated via U48-8 (NSKTO).

Resetting U43-5 sets U54-9, thus denoting that the unit is loaded. Completion of the Load
sequence is signaled via the READY (IRDY) line via U19-8 and SRO. The true condition on
this line indicates that the unit is loaded, interlocked, not rewinding and not unloading.

Two reflective tab sensors, BOT and EOT, are used to detect the beginning or end of tape.
The signals are received from the sensors via J504 (sheet 4, zone H8) and are amplified by
Q1002 and Q2002 and digitized via Schmitt triggers U18-8 and U18-6.

Another sensor set, the vacuum switches, indicates the relative position of the tape in the
vacuum chamber. These switches are used differentially and are either open or closed
(tied to ground) depending on the pressure differential applied to the switch. There are 6
holes in each chamber of the vacuum column which are connected to the vacuum
switches. The two extreme (outermost) holes represent vacuum interlock and indicate a
fault if the tape loop position ever exceeds these limits. The next two holes representa 110
percent signal to the reel servos and the innermost two holes represent a 90 percent signal
to the reel servos. In continuous forward operation the tape should just ride on the upper
110 percent hole in the top chamber and on the upper 110 percent hole in the lower
chamber. When operated in reverse, the tape should just ride on the lower 110 percent hole
in the upper chamber and on the lower 110 percent hole in the lower chamber.

The Vacuum Interlock switches are connected in series and connect the Tape Control K

PCBA via J506 and J507 (sheet 4, zone F8). When tape is in the proper position in both the
upper and lower chambers, the switches are closed and ground is felt at the base of Q55
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(sheet 4, zone F7). The circuitry associated with Q55 controls the rise and fall times of the
interlock signal and hence its noise immunity and pulse duration. It can be seen that,
except for NTENCNT and NUNLOAD1, the Interlock directly controls the K1 relay driver via
U6-8 (IL2), U14-12, U14-6, and NPICK K1. Loss of interlock forces a master clear to all of the
logic either directly via LOCK A (sheet 4, zone G2) or indirectly via the K1 relay contact
initiating a Master Reset.

The File Protect/Write Enable microswitch is used to sense the presence of a write enable
ring on the supply reel. If the ring is present, the microswitch (sheet 4, zone F8) is closed
and transistor Q57 (sheet 4, zone B6) is turned on. Thus the driver circuit causes the
sensing arm of the switch to be retracted, preventing it from rubbing on the ring. The
switch closure also acts to present + 5v to the Write Power circuitry via J503 pin 4 which,
in turn, is enabled by the logic.

Another basic manual input is the ON LINE command. Activating the ON LINE switch/
indicator changes the state of flip-flop U54-5 (sheet 6, zone C7). Assuming tape is properly
loaded and U54-5 is set, gate U53-8 enables the ON LINE signal to appear at the output of
OLD (sheet 6, zone D1). With OLD high, all manual controls (except ON LINE) are inhibited
and the interface lines are enabled. Depressing the ON LINE switch again resets U54-5 and
returns the unit to the Off-line state.

Tape motion is accomplished logically in three basic ways.
(1) Automatic control initiated by an external command other than ISFC or ISRC.
(2) Manual control using the Maintenance Switch.
(3) Interface control using ISFC or ISRC.

All of these methods control the capstan motion control signals originating at NFWD
(sheet 6, zone G1) or NREV (sheet 6, zone H1). NFWD represents a Forward command and
NREV represents a Reverse command. They are mutually exclusive. The automatic control
is initiated via a command such as LOAD or REWIND and the prescribed logical sequence
of signals cause NFWD or NREV to provide the proper motion.

This motion is exclusive of the reel servo controlled motion described for the LOAD
Operation. During LOAD, the motion is represented by U38-6 going low causing the search
for BOT. In REWIND the motion is activated by NR1 going low causing the initial reverse
direction motion and later NLDLOOP going low causing the search for BOT after rewind.

Manual control is achieved via the Maintenance switch located at the top of the Tape
Control PCBA. It is active only in the Off-line, Ready condition. Positioning the switch
toward the machine causes the tape to move forward; positioning the switch away from
the machine causes the tape to move in reverse.

Interface control is accomplished via the ISFC and ISRC lines. These lines are active only
in the On-line, Ready and Selected conditions.

A MOTION (sheet 6, zone G1) signal is generated whenever the capstan is signalled to
move via the interface. GO (sheet 6, zone G1) is used to strobe the ISWS and the IOVW
commands. Another motion signal, MOT (sheet 6, zone G1), is used to tell the reel servos
when the capstan is stopped or is stopping.

A REWIND command may be initiated automatically, manually, or via the interface, or
automatically as a result of loading. Tape Rewind is automatic if BOT is not sensed in 7
seconds, during the Tape Load mode. A manual command is accomplished by activating
the REWIND switch/indicator when the unit is Off-line and not at BOT. An interface
command to rewind is accomplished via IRWC when the unit is On-line, Ready, Selected,
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and not at BOT. Either method activates the rewind control logic by setting U50-5, U50-9
(RW1), U51-9 (sheet 5, zone F6, F7). RW1 high and U51-9 low creates a negative puise at
U53-11 (sheet 5, zone F5) which activates the rewind status logic by setting U29-5 and
U299 (sheet 5, zone D5). Setting U29-5 (NRS1) activates a reverse motion command to the
capstan (NREV, sheet 6, zone H1) and tape begins to move in the reverse direction.

If the BOT is encountered, U29-9 is reset on the trailing edge of the BOT thus resetting
U29-5 via U23-8, U11-6, U32-6 and U28-5, and U28-9 directly. If the BOT is not encountered
within 1 second, U36-9 sets and enables NK2ENERG to go low. U11-6 going high activates
U30-9 and U30-5 (sheet 5, zone B4) and enables NRWFWD to go low at U23-6. NRWFWD low
causes a Forward command to the capstan to search for the BOT. When the BOT is
encountered the second time, NRWFWD goes high and tape motion ceases. U50-5, U50-9
and U51-9 are reset and the rewind is complete.

If the BOT was not encountered within 1 second, U36-9 (sheet 5, zone D3) is set and
enables NK2ENERG to go low. NK2ENERG low activates relay K2 and + 23v dc is applied
to the reel motors. If the BOT is encountered before another 0.5 second elapses, the
terminating sequence described in the preceding paragraph occurs. If not, U36-5 is set
enabling NREWRI low. NREWRI low signals the capstan to go into fast reverse via the
rewind ramp. The tape proceeds in fast reverse until the BOT is encountered which resets
U29-9, U28-5, U28-9 and U36-5. U36-5 reset causes NREWRI to go high shutting off the fast
rewind signal to the capstan.

An'UNLOAD command may also be initiated either manually or via the interface. A manual
command is accomplished by activating the REWIND switch/indicator when tape is at
BOT. If the tape is not at BOT, depressing the REWIND switch/indicator once executes the
Rewind operation; depressing it twice causes an Unload to occur after the Rewind.

An interface command is executed via IRWU (sheet 4, zone B8) when the unit is On-line,
Ready, and Selected. - :

Either method activates the Rewind control logic in a similar manner. If the tape is not at
BOT arewind operation is executed as previously described in the discussion of a rewind
operation. If the tape is at BOT, the unload is started with RW1 (sheet 5, zone G1) reset and
U51-5 (sheet 5, zone F5) set. This forces NDUN (sheet 5, zone F1) low via U27-6. NDUN
going low resets the vacuum signal via U37-6 (sheet 5, zone F4), U20-4, U22-6, and U20-6
(VPA). If the command is executed via the interface, the unit is immediately taken off-line
via NOLUNL, U53-6 and U52-6 which resets U54-5 (sheet 6, zone C7).

When U46-9 (sheet 5, zone F4) sets (delayed via U51-5 and U46-5) approximately 0.5 second
after Unload is started, UNLOAD (sheet 5, zone G1) goes high and signals the supply reel
motor to run slowly in reverse. NUNLOAD going low turns on the current limit (CURLIM) on
the reel motors and supplies tension through NTNA. The condition is similar to the Load
condition except that the UNLOAD signal allows tension to be applied only to the supply
reel while the takeup reel free wheels.

Tape is wound onto the supply reel and finally pulled through the tape path. With no tape in
path, both EOT and BOT sensors go high because of a reflector opposite the sensor in the
tape path. This causes TIP (sheet 5, zone H8) to go low, resetting U51-5 via U53-3 and
U52-12. Approximately 0.5 second later, U46-5 resets and relay K1 is de-energized, thus
stopping the supply motor.

WRITE/READ commands are accomplished only via the interface by use of ISWS, IOVW,
IWARS, and the data lines. The control signals generated for writing data are based on the
unit being On-line, Ready and Selected, a write enable ring installed to the supply reel, and
the proper interface signals for writing are received.
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It is important to note that the unit is always reading except when writing, and requires no
special signals to enable the Read mode other than the ones required to take the unit out
of the Write mode.

A Write operation is accomplished via IOVW or ISWS (sheet 4, zone C8) as defined by the
interface specification. The IOVW/ISWS signal is strobed into the write enable logic U15-9
and U15-5 by the GO signal (sheet 4, zone G8). This enables the Write Enable signal to go
low (U4-5) via U21-8 or U21-3 and U21-11. U4-5 going low activates the Write Power circuitry
associated with Q59 (sheet 4, zone B5) and power is applied to the data electronics write
circuitry. In the Overwrite mode, the turn-off of the Write Enable is controlled by the IWARS
pulse which resets U22-9 and disables U21-8.

Capstan operation is initiated via the Motion Control portion of the logic. Forward motion
is obtained when NFWD (sheet 6, zone G1) is low and reverse motion is obtained when
NREV (sheet 6, zone H1) is low. Rewind occurs when NREWRI (sheet 5, zone D1) from the
Rewind Status portion of the logic and NREV are low together.

Forward motion is activated by NFWD turning off Q43 (sheet 3, zone G7) which allows
current to flow out of the non-inverting input of U68. This forces U68-6 negative but
clamped to approximately 6.6v as determined by zener diode VR2 and the diode bridge.
U67 goes positive according to the time constant established by R168, R169, and C25.
R158 provides U69 with a sense of the ramp output voltage to fix it at a constant voltage
determined by the divider R156, R157 and R165, approximately 5v. U66 also senses this
voltage and turns on the appropriate FET to feed the proportional current to the summing
junction of U64. For Forward motion this voltage is positive, causing U66 to go negative,
turning Q47 on. Q47 in its on state applies + 10v to the gate of FET Q45, allowing positive
current into the summing junction as determined by the adjustment of R172.

Potentiometer R172 is used to adjust the steady state forward speed and potentiometer
R174 is used to adjust the reverse speed.

Capstan rotation produces a voltage which is proportional to the speed of the capstan
tachometer. This voltage (pin 2 of J508) appears across the network associated with R152
and R153 (sheet 3, zone H5) and injects a current to produce constant velocity control. It
should be noted that, for forward motion, the tachometer input to the board is negative
and, for reverse motion, this input is positive.

In the execution of a Rewind operaton, a REVERSE command is first received by the
capstan via NREV. Approximately one second later NREWRI is forced low, activating the
rewind ramp. The rewind ramp output is added to the currents at the summing junction of
U64. This occurs when NREWRI goes low turning off Q53 and subsequently turning on
Q54. Q54 saturates to —5v which draws current out of the non-inverting input of U65
according to the time constant established by R208, R209, and C32. This ramp time
constant is several seconds in duration. The output of U65 going negative causes a
negative current to flow from the summing junction of U64 as determined by R213. R213 is
adjusted to achieve the desired rewind speed.

Zero bias is achieved by adjusting R179 (sheet 3, zone F5). This compensates for any
constant offset found in the capstan servo when it is stopped.

For Forward motion the net current into the summing junction of U64 is positive and the
output goes negative. U64 going negative turns on Q50 which turns on Q52 and causes the
output of the power amplifier to go negative. This negative voltage at J6 causes forward
tape motion by the capstan.
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The reel servos respond to tape motion initiated by the capstan or they can initiate their own
tape motion via auxiliary circuitry which is used for Load, Unload, and Stop stabilization. The
normal velocity control mode for the reel servos utilizes the vacuum switches, reel
tachometers, reel ramp generators, summing amplifiers, and power amplifiers.

For normal velocity control operation, tape motion is initiated by the capstan. As the tape
moves on the vacuum chamber it crosses into the 90 percent region and opens the
appropriate vacuum switch. The switch opening ungrounds J506-5 (sheet 2, zone G8) and the
resistors in the network preceding U71.

NOTE

The operation principle is identical for both reel servos and
directions of motion; therefore, only the supply servo in
forward motion will be described.

Figure 5-2 shows the equivalent operating circuit of U71 (sheet 2, zone G6). The percentage
regions are defined according to this equivalent circuit. The 100 percent current is defined
as that current which flows into the summing junction of U71 with the 90 percent switch
open, the 110 percent switch closed and TP16 shorted to TP17.

With 2v at TP17 this current is approximately 82 microamperes. The 90 percent current exists
when the 90 percent switch is open, the 110 percent switch is closed, and TP16 and TP17 are
not tied together. The 110 percent switch current exists when the 90 percent switch is open,
the 110 percent switch is open and TP16 and TP17 are not tied together. In the parking zone
both switches are closed. To prevent the reel servos from allowing tape to be moved out of
the parking zone (when the capstan is stopped) a current source is provided via R13 and CR1.
This current is enabled whenever the 90 percent switch opens and there is insufficient
voltage from the capstan tachometer to reverse-bias CR1.

U71 responds to the vacuum switch and capstan tachometer input with a ramp output. This
reel ramp is determined by R15, R18, R19, and C2 (sheet 2, zone G6). Potentiometer R18 is
adjusted to achieve the proper ramp as observed at TP19. The current from the ramp is
established by R20 and is fed to the summing junction of U69 (sheet 2, zone F4). For forward

R7 R8 R12 R16
P16 4.64K 16.2K 3.83K 26 n<v
|
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| FORWARD
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Figure 5-2. Equivalent Circuit Tape Velocity Control
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motion this ramp is negative which causes the output of U69 to go positive, turning on Q5,
which turns Q2 on, which turns Q4 and Q3 on. With Q4 and Q3 conducting, a positive voltage
is felt at the amplifier output J3 (sheet 2, zone F1). This positive voltage produces forward
reel motion.

Reel tachometer feedback is used to control the reel motor speed. The supply tachometer
output (ac) is received by the power supply, demodulated and sent to the Tape Control PCBA
as adc signal at J502 pin 2 (sheet 2, zone E8). U72 amplifies the speed proportional signal by
a factor of two and potentiometer R38 (sheet 2, zone F5) is adjusted to achieve constant
velocity operation at 100 percent ramp current.

The auxiliary circuitry used to control the reels during Load and Unload receive commands
directly from logic control signals. Functionally, this circuitry consists of the current limiter,
tension, throw loop, and unload circuitry.

For a Load operation, CURLIM (sheet 2, zone D8) goes high and NTNA (sheet 2, zone D8)
goes low. The high CURLIM turns Q23 off which turns Q20 and Q39 off and allows the
power amplifiers to be current limited. This current limiting is accomplished by sensing
the output volitage with R53 (sheet 2, zone F3) and R151 (sheet 2, zone B1) and feeding it
back to Q18 and Q38. With NTNA low, Q13 turns on, saturating the supply summing
amplifier and produces a negative voltage at the Supply Power Amplifier Output J3 (sheet
2, zone F1). This negative voltage is sensed by Q18 which controls Q17 until an equilibrium
point is established with approximately 0.7v across the supply motor. NTNA low also turns
Q21 on, saturating the takeup reel ramp generator. This, in turn, saturates the takeup
summing amplifier and produces a positive voltage at the Takeup Power Amplifier Output
J4 (sheet 2, zone C1). This positive voltage is sensed by Q38 which controls Q24 until an
equilibrium point is established via zener VR3 with nominally 3v across the takeup motor.
At this point the tape is lightly tensioned and approximately 3 turns of leader are slowly
wound onto the takeup reel.

Next, the signal to load loops is activated and the tension signal is removed. The Load Loop
signal, NLDLOOP (sheet 2, zone H8), goes low which turns Q1 on. Q1 then drives the supply
ramp to the appropriate load voltage which then drives the supply summing amplifier and
power amplifier to the proper voltage and a positive voltage appears across the supply reel
motor. Thus, the supply reel motor is forced to load tape into the vacuum chamber.

NLDLOOP low also turns on Q35 (sheet 2, zone B3) which drives the takeup ramp to the
appropriate load voltage. This, in turn, drives the takeup summing amplifier and power
amplifier to the proper voltage and a negative voltage appears across the takeup reel

motor. Thus, the takeup reel motor is forced to load tape into the vacuum chamber.

As soon as both the upper and lower interlocks are made, the Load Loop and current limit
signal is removed. At this point, tape should be properly loaded into the vacuum chamber.

For an unload operation, tape is tensioned and current limited as described in the
preceding paragraphs. In addition, UNLOAD (sheet 2, zone D8) goes high. UNLOAD high
modifies the current limit on the reel power amplifiers to allow the supply motor to rewind
at approximately 60 rpm and the takeup motor to free wheel as tape is pulled off of it and
onto the supply reel. This is done by UNLOAD high turning Q22 off which allows Q18 to be
referenced to the zener voltage of VR1, which enables the sense voltage via R53 to go
higher before current limiting is enabled. An equilibrium point is achieved with an output
on the supply motor of nominally 5v. UNLOAD high also turns Q37 (sheet 2, zone A3) on
which inhibits the action of Q38 and the current limiting action. Thus, the output voltage of
the power amplifier is only the back-emf generated by the takeup motor being turned.
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Position stabilization control uses the position output of the reel tachometers. The reel
tachometer outputs are rectified in the power supply and sent to the Tape Control PCBA as
Supply Position and Takeup Position (sheet 2, zone B,E8) at J502 pins 6 and 3, respectively.

When the tape is stopped in the vacuum chamber parking zone, the Position signal is
position sensitive. The amplitude of the signal varies with the tachometer rotational
position. This positional signal is received by R30 (sheet 2, zone E7) and gated through FET
Q10 to the summing junction of U69.

Q10 (sheet 2, zone EB) is turned on whenever U70 senses that the capstan has stopped via
MOT (sheet 2, zone F8) low and the tape in the parking zone. With capstan motion or tape
out of the parking zone, U70 goes negative turning Q7 on which turns on Q9. Q9
conducting turns off Q10.

In order to ensure that the positional output does not try to correct the tape position outside
of the parking zone and thus become trapped into alternately switching across the parking
zone boundary, an additional FET is used to short the reel tachometer feedback briefly to
ensure a positional kick far enough into the center of the parking zone away from the
boundary. This is accomplished by differentiating the boundary sense generated by U70
with C9 (sheet 2, zone E6) and feeding this pulse to the gate of Q8. To prevent activation of
this signal during a normal run operation, Q12 (sheet 2, zone E5) senses the negative
Position signal, turning on Q12 which then turns on Q11 and prevents the pulsing of Q8.

To eliminate all constant offsets and bias associated with the reel servo stop,
potentiometer R27 (sheet 2, zone E7) is adjusted to achieve zero drift in the parking zone
and potentiometer R82 is used for this purpose in the takeup servo.

Three FETs, Q73, Q74, and Q75 (sheet 2, zones E1 and E2) are used to clamp the power
amplifiers off while switching the relays in or out. This prevents high current surges
through the relays from the amplifiers thus prolonging relay life. U76 is a one-shot which is
used to turn on the reel amplifier FETs while the K2 relay switches in or out during the
rewind operation.

5.22 POWER SUPPLY G1 PCBA

The following is a description of the T9000 Power Supply G1 PCBA which may be installed
in the drive (refer to Schematic No. 104582 and Assembly No. 104579).

The power supply converts the primary ac line voltage into the proper dc voltage levels
required for operation. Additionally, auxiliary circuits are provided for control of the ac
motor used in the drive. Figure 5-3 shows the placement of each connector and test point
on the PCBA.

Primary line voltage is received from the primary power plug through the power switch (S1)
and line fuse F401 at J604 (zone G22) and is routed via the transformer coded plug to the
chassis-mounted power transformer. The coded plug is wired to facilitate various line
voltage implementations. The ac motor coded plug connects the ac blower circuitry either
in parallel (95v—125v) or in series (190v—250v). Details of the primary power
configurations are given in Paragraph 4.3.4.

The power transformer secondary is rectified to produce the four basic unregulated
voltages, +23v, —23v, +12v, — 12v. These unregulated voltages are processed by four
regulators to produce + 10v, — 10v, + 5v, and - 5v regulated supplies.

Unregulated +12v is used to obtain the + 5v regulated voltage used in the unit. This
unregulated + 12v is obtained by rectifying the 12v ac from the power transformer with the
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bridge rectifier CR30 (zone G17) and filtering it with chassis mounted capacitor C403. R14
acts as a bleeder resistor to speed the turnoff discharge. Capacitors C4 and C5 reduce the
crossover noise associated with the bridge rectification.

A Type 723 temperature compensated IC regulator U4 (zone F15) is used to control the
series regulator transistor Q4 (zone G14) and to produce + 5v at its emitter. Regulated + 5v
is supplied to J404 pin 8, J407 pin 4, and J408 pin 2. The voltage is established via the
reference resistor divider network R31 and R32. Current foldback is employed to limit the
maximum current passed by Q4 to 4 amps. This current is sensed by R29 and compared to
the current limit established by the resistor reference network R34 and R35.

Overvoltage protection of the regulated + 5v supply is provided by an SCR crowbar circuit.
When the voltage on the emitter of Q6 (zone F14) exceed the zener voltage on its base by
more than 0.7v, SCR Q30 (zone F13) is fired, providing a short circuit path to ground for the
+ 5v supply. U4 senses this excess current drain and reduces the voltage at the emitter of
Q4 until an equilibrium value is established, nominally approximately 1.2v. This crowbar
condition will remain until power is removed which allows the SCR to reset.

Unregulated —12v is used to obtain the — 5v regulated voltage used in the unit. This
unregulated —12v is obtained by rectifying the 12v ac from the power transformer with
CR30 (zone G17) and filtering it with board-mounted capacitor C3. R11 acts as a bleeder
resistor to speed the turnoff discharge.

A Type 741 operational amplifier U2 (zone E15) is referenced to the + 5v regulator
reference and is used to control the series regulator transistor Q10 (zone E14). The voltage
is established via the reference resistor divider network R39 and R40, R41. Current
foldback is employed to limit the maximum current passed by Q10 to 1 amp. This current is
sensed by R49 and compared to the current limit established by the resistor reference
network R42 and R45.

Overvoltage protection is provided to the regulated — 5v supply by an SCR crowbar circuit.
When the voltage on the base of Q7 (zone F13) exceeds — 0.7v, SCR Q31 (zone F13)is fired,
providing a short circuit path to ground for the —5v supply. U2 and its associated
transistors Q8 and Q9 sense this excess current drain and reduce the voltage at the emitter
of Q10 until an equilibrium value is established, nominally approximately 1.2v. This
crowbar condition remains until power is removed which allows the SCR-to reset.

Unregulated + 23v is used to obtain the + 10v regula{ed voltage used in the unit. This
unregulated + 23v is obtained by rectifying the 23v ac from the power transformer with the
chassis mounted bridge rectifier CR401 (zone F20) and filtering it with chassis mounted
capacitor C402. R9 acts as a bleeder resistor to speed the turnoff discharge.

Fuse F1 (zone E16) is a 15 amp slowblow fuse which protects all circuitry using the + 23v
unregulated voltage (in the power supply and on the Tape Control PCBA).

A Type 723 temperature compensated IC regulator U3 (zone D15) is used to control the
series regulator transistor Q12 (zone D14) and to produce + 10.5v at its emitter. Regulated
+ 10v is supplied to J404 pins 6 and 7, and J407 pin 3. The + 10v can be measured at TP5.
The voltage is established via the reference resistor divider network R55, R56, and R62.
Current foldback is employed to limit the maximum current passed by Q12 to 1.5 amps.
This current is sensed by R54 and compared to the current limit established by the resistor
reference network R60 and R61.

Unregulated —23v is used to obtain the — 10 regulated voltage used in the unit. This
unregulated — 23v is obtained by rectifying the 23v ac from the power transformer with the
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chassis mounted bridge rectifier CR401 (zone F20) and filtering it with chassis mounted
capacitor C401. R10 acts as a bleeder resistor to speed the turnoff discharge.

Fuse F2 (zone D16) is a 15 amp slowblow fuse which protects all circuitry using the — 23v
unregulated voltage both in the power supply and on the Tape Control PCBA.

A Type 741 operational amplifier U1 (zone B15) is referenced to the + 10v regulator
reference and is used to control the series regulator transistor Q16 (zone B14). Regulated
—10v is supplied to J404 pins 3 and 4, and J407 pin 1. The — 10v can be measured at TP6.
The voltage is established via the reference resistor divider network R58, R64, R65, and
R67. R64 is a potentiometer which allows the —10v to be adjusted to achieve precise
symmetry required between + 10v and — 10v.

Current foldback is employed to limit the maximum current passed by Q16 to 1.5 amps.
This current is sensed by R77 and compared to the current limit established by the resistor
reference network R71 and R73.

Three separate functional areas are provided within the Power Supply G-1 PCBA for control
of the ac and dc motors; these are: ac motor control, oscillator-demodulator, and relay and
relay driver circuitry.

The ac vacuum motor is controlled by the logic via a TRIAC and its associated firing
circuitry. VPA is the enabling signal received from the logic via J406 pin 2 (zone H11). This
signal allows the enable signal generated by the zero-crossover circuitry via U9 (zone F11)
to fire the TRIAC firing circuit Q1, Q2 and related components. The zero crossover
circuitry, CR3, CR4, R15, and R16 (zone C18) detects when the ac line voltage is
approximately zero and, at this time, enables the TRIAC to turn on without having a large
surge of current flow through it. The crossover pulses are sensed by a line voltage dropout
detector U12 (zone C16), which signals the logic via the PS signal at J406 pin 1 that more
than 3 cycles of the ac line are missing. U12 is a retriggerable one-shot whose output is
high as long as it is retriggered within the time constant determined by R19, R20, and C7.

The vacuum motor control TRIAC Q29 (zone E19) is turned on by Q1. Q1 is controlled by Q2
and the opto-isolator U8. U8 is used to separate line voltages from the logic and servo
ground systems. The motor also uses twc chassis mounted starting capacitors C404 and
C405 (zone B21). These capacitors, as well as the motor windings, are connected in parallel
for low voltage (95—125v ac) operation and in series for high voltage (190—250v ac)
operation.

The reel servos use ac tachometers to supply velocity and position information. The field
exitation for these tachometers is provided by an 800-Hz squarewave oscillator located on
the Power Supply PCBA. A Type 741 operational amplifier U7 (zone D12) is used as the
preamplifier and oscillates at a rate determined by C27, R79, R80 and R78. U7 drives a
push-pull power amplifier Q18, Q19 whose output power transistors Q17 and Q20 saturate
to +10v and — 10v, respectively. The power amplifier drives the two ac tachometer fields
and the pulse transformer (T1) primary (zone D11).

Two forms of signal processing are used to recover the information from the tachometers.
A quadrature detector, or synchronous demodulator, is used to recover the velocity
information, and a rectifier is used to recover the position information.

The synchronous demodulator uses the secondary windings of the pulse transformer T1 to

control the base currents of Q21, Q22, Q23, and Q24 (zone D10) in the supply tachometer
and Q25, Q26, Q27, Q28 (zone C10) in the takeup tachometer. The outputs at J403-2 and
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J403-1 represent the 800-Hz fullwave rectified signal depicted in Figure 5-4. The amplitude
of the signal is proportional to the speed of the generator and the polarity indicates
forward or reverse direction.

The rectifiers use Type 741 operational amplifiers U5 and U6 (zone D9, C9) to overcome the
diode’s dead zone and rectify the null output signal during standby. The signal, shown in
Figure 5-5, is halfwave rectified and is provided at J403-6 for supply position, and J403-3 for
takeup position. The amplitude of the signal is proportional to shaft position on the
generator with 4 maximum and minimum points per 360 degrees of mechanical rotation.

Two relays are used to control the operation of the three dc motors used in the drive. K1
(zone F9) is used by the reel motors and the capstan motor and connects the motors either
to their respective amplifiers or to ground. K1 is driven by a Type 75452 driver U10-5 (zone
G10) which is activated by the logic signal NPICKK1 at pin 3 of J406. When NPICKK1 is low
and PS signal is high, the relay is activated and the motors are tied to their respective
amplifiers on the Tape Control PCBA.

K2 is used only by the reel motors to supply the additional voltage required for fast rewind
operation. K2 is driven by a Type 75452 driver U10-3 (zone F10) which is activated by the
logic signal NK2ENERG at pin 6 of J406. When NK2ENERG is low, the reel motors have
their negative side tied to + 23v instead of ground.

The diodes associated with the relays are used to protect the relay contacts from voltage
spikes during connect and disconnect. The resistor-capacitor network reduces contact
arcing. R88 provides for controlled current takeup motor stopping should the relays open
while the motors are operating, e.g., loss of ac power during a rewind operation. This
ensures that the supply motor will stop before the takeup motor thereby preventing the
possibility of tape stretch.

5.2.3 POWER SUPPLY G2 PCBA

The following is a description of the T9000 Power Supply G2 PCBA which may be installed
in the drive (refer to Schematic No. 110620 and Assembly No. 110621).

The power supply converts the primary ac line voltage into the proper dc voltage levels
required for operation of the drive. Additionally, auxiliary circuits are provided for control
of the ac and dc motors used in the drive. Figure 5-6 shows the placement of each
connector and test point on the PCBA.

Iy /\/\/\
ov
625 MSEC
+ 12%

1978

Figure 5-4. Sync Demodulator, Rectified Signal Output

1.25 M SEC
+ 12%
- 1979

Figure 5-5. Tachometer Position Information, Rectified
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Primary line voltage is received from the primary power plug through the power switch (S1)
and line fuse F401 at J604 (sheet 2 zone D5) and is routed via the transformer.coded plug to
the chassis-mounted power transformer. The coded plug is wired to facilitate various line
voltage implementations. The ac motor coded plug connects the ac blower circuitry either
in parallel (95v—125v) or in series (190v—250v). Details of the primary power
configurations are given in Paragraph 4.3.4.

The power transformer secondary is rectified to produce the four basic unregulated
voltages, +23v, —23v, +12v, — 12v. These unregulated voltages are processed by four
regulators to produce + 10v, — 10v, + 5v, and — 5v regulated supplies.

Unregulated +12v is used to obtain the + 5v regulated voltage used in the drive. This
unregulated + 12v is obtained by rectifying the 12v ac from the power transformer with the
bridge rectifier CR29 (sheet 3 zone D5) and filtering it with chassis mounted capacitor
C403. R56 acts as a bleeder resistor to speed the turnoff discharge. Capacitors C33 and
C34 reduce the crossover noise associated with the bridge rectification.

A Type LM317 temperature compensated IC regulator VR4 (sheet 3 zone D4) is used to
control the series regulator transistor Q19 (sheet 3 zone D4) and to produce + 5v at its
collector. Regulated + 5v is supplied to J404 pin 8 and J407 pin 4. The voltage is
established via the reference resistor divider network R49 and R38. A current limiting
circuit internal to VR4 is employed to limit the current through the regulator to 2.2 amperes
and the total output current to 4 amperes. Additional overcurrent protection is provided by
4 ampere, fast blow fuse F6.

Overvoltage protection of the regulated + 5v supply is provided by an SCR crowbar circuit.
When the voltage on the emitter of Q15 (sheet 3 zone D2) exceeds the base voltage by more
than 0.7v, SCR Q14 (sheet 3 zone D2) is fired, providing a short circuit path to ground for
the + 5v supply. This crowbar condition will remain until power is removed which allows
the SCR to reset. '

Unregulated —12v is used to obtain the —5v regulated voltage used in the drive. This
unregulated —12v is obtained by rectifying the 12v ac from the power transformer with
CR29 and filtering it with board-mounted capacitor C35. R57 acts as a bleeder resistor to
speed the turnoff discharge.

A Type LM337 IC, VRS, is used, in conjunction with reference resistor divider network R39
and R48, to produce — 5v. A current limiting circuit internal to VR3 is employed to limit the
maximum current to 2.2 amperes. Additional overcurrent protection is provided by 1
ampere, fast blow fuse F5. If the current level goes to a point where regulator limiting
occurs, and remains at that level, the fuse will blow.

Overvoltage protection is provided to the regulated — 5v supply by an SCR crowbar circuit.
When the voltage on the base of Q16 (sheet 3 zone C3) exceeds —0.7v, SCR Q13 (sheet 3
zone C2) is fired, providing a short circuit path to ground for the — 5v supply. This crowbar
condition remains until power is removed which allows the SCR to reset.

Unregulated + 23v is used to obtain the + 10v regulated voltage used in the drive. This
unregulated + 23v is obtained by rectifying the 23v ac from the power transformer with the
chassis mounted bridge rectifier CR401 (sheet 2 zone C3) and filtering it with chassis
mounted capacitor C402. R10 acts as a bleeder resistor to speed the turnoff discharge.
Fuse F1 (zone E16) is a 15 amp slowblow fuse which protects all circuitry using the + 23v
unregulated voltage (in the power supply and on the Tape Control PCBA).
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A Type LM317 temperature compensated IC regulator VR2 (sheet 3 zone C4) is used to
provide the + 10.5v output. Regulated + 10v is supplied to J404 pins 6 and 7, and J407 pin
3. The + 10v can be measured at TP6. The voltage is established via the reference resistor
divider network R33 and R35. A current limiting circuit internal to VR2 is employed to limit
the maximum current to 2.2 amperes. Additional overcurrent protection is provided by 1.6
ampere, fast blow fuse F4. If the current level goes to a point where regulator limiting
occurs, and remains there, the fuse will blow.

Unregulated —23v is used to obtain the — 10v regulated voltage used in the drive. This
unregulated — 23v is obtained by rectifying the 23v ac from the power transformer with the
chassis mounted bridge rectifier CR401 (sheet 2 zone C3) and filtering it with chassis
mounted capacitor C401. R9 acts as a bleeder resistor to speed the turnoff discharge. Fuse
F2 (sheet 3 zone B5) is a 15 amp slowblow fuse which protects all circuitry using the —23v
unregulated voltage both in the power supply and on the Tape Control K PCBA.

A Type LM337 IC regulator VR1 (sheet 3, zone B4) is used to provide the — 10v output.
Regulated —10v is supplied to J404 pins 3 and 4, and J407 pin 1. The —10v can be
measured at TP1. The voltage is established via the reference resistor divider network R37
and R22. A current limiting circuit internal to VR1 is employed to limit the maximum
current to 2.2 amperes. Additional overcurrent protection is provided by 1.6 ampere, fast
blow fuse F3. If the current level goes to a point where regulator limiting occurs, and
remains there, the fuse will blow.

Tracking between the + 10v regulator and the — 10v regulator is accomplished using a
comparator circuit that consists of a Type 741 operational amplifier U4 (sheet 3, zone B4), a
pair of matched resistors R23 and R34, and +10v adjustment potentiometer R36. The
regulator adjustment terminals are connected to the output of U4. U4 provides a potential
on which the regulator adjustment terminals float. The summed regulator outputs are then
compared to the power supply common. Thus, any change in the output of one regulator
causes an opposite change at the adjustment terminal and a corresponding change in the
output of the other regulator. The balance between the two regulator outputs is adjusted
by means of R36.

Three separate functional areas are provided within the Power Supply G2 PCBA for control
of the ac and dc motors; these are: ac motor control, oscillator-demodulator, and relay and
relay driver circuitry.

The ac vacuum motor is controlled by the logic via a triac and its associated firing circuitry.
VPA is the enabling signal received from the logic via J406 pin 2 (sheet 4 zone D6). This
signal allows the enable signal generated by the zero-crossover circuitry via U9 (sheet 4 zone
C6) to fire the triac firing circuit Q17, Q18 and related components. The zero-crossover
circuitry, CR31, CR32, R66, and R67 (sheet 3 zone B7) detects when the ac line voltage is
approximately zero and, at this time, enables the triac to turn on without having a large surge
of current flow through it. The crossover pulses are sensed by a line voltage dropout
detector U6 (sheet 3 zone A5), which signals the logic via the PS signal at J406 pin 1 that
more than 3 cycles of the ac line are missing. U6 is a retriggerable one-shot whose output is
high as long as it is retriggered within the time constant determined by R52, R53, and C30.

The vacuum motor control triac Q20 (sheet 3 zone B7) is turned on by Q18. Q18 is controlled by
Q17 and the opto-isolator U5. U5 is used to separate line voltages from the logic and servo
ground systems. The motor also uses two chassis mounted starting capacitors C404 and C405
(sheet 2 zone AB6). These capacitors, as well as the motor windings, are connected in parallel
for low voltage (95—125v ac) operation and in series for high voltage (190—250v ac) operation.
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The reel servos use ac tachometers to supply velocity and position information. The field
excitation for these tachometers is provided by an 800-Hz squarewave oscillator located
on the Power Supply PCBA. A Type 741 operational amplifier U3 (sheet 4 zone B7) is used
as the preamplifier and oscillates at a rate determined by C6, R16, R17 and R18. U3 drives a
push-pull power amplifier Q5, Q10 whose output power transistors Q11 and Q12 saturate
to +10v and — 10v, respectively. The power amplifier drives the two ac tachometer fields
and the pulse transformer (T1) primary (sheet 4 zone B6).

Two forms of signal processing are used to recover the information from the tachometers.
A quadrature detector, or synchronous demodulator, is used to recover the velocity
information, and a rectifier is used to recover the position information.

The synchronous demodulator uses the secondary windings of the pulse transformer T1 to
control the base currents of Q1, Q2, Q6, and Q7 (sheet 4 zone B4) in the supply tachometer,
and Q3, Q4, Q8, and Q9 (sheet 4 zone A4) in the takeup tachometer. The outputs at J403-2
and J403-1 represent the 800-Hz fullwave rectified signal depicted in Figure 5-4. The
amplitude of the signal is proportional to the speed of the generator and the polarity
indicates forward or reverse direction.

The rectifiers use Type 741 operational amplifiers U1 and U2 (sheet 4 zone B4,A4) to
overcome the diode’s dead zone and rectify the null output signal during standby. The
signal, shown in Figure 5-5, is halfwave rectified and is provided at J403-6 for supply
position, and J403-3 for takeup position. The amplitude of the signal is proportional to
shaft position on the generator with 4 maximum and minimum points per 360 degrees of
mechanical rotation.

Three relays are used to control the operation of the three dc motors used in the drive. K1
and K2 (sheet 4 zone C3,D3) are used by the reel motors and the capstan motor and
connect the motors either to their respective amplifiers or to ground. K1 and K2 are driven
by a Type 75452 driver U7-5 (sheet 4 zone D5) which is activated by the logic signal
NPICKK1 at pin 3 of J406. When NPICKK1 is low and PS signal is high, the relays are
activated and the motors are tied to their respective amplifiers on the Tape Control PCBA.

K3 is used only by the reel motors to supply the additional voltage required for fast rewind
operation. K3 is driven by a Type 75452 driver U7-3 (sheet 4 zone D5) which is activated by
the logic signal NK2ENERG at pin 6 of J406. When NK2ENERG is low, the reel motors have
their negative side tied to + 23v instead of ground.

The diodes associated with the relays are used to protect the relay contacts from voltage
spikes during connect and disconnect. The resistor-capacitor network reduces contact
arcing. R19 provides for controlled current takeup motor stopping should the relays open
while the motors are operating, e.g., loss of ac power during a rewind operation. This
ensures that the supply motor will stop before the takeup motor thereby preventing the
possibility of tape stretch.

5.2.4 DATA F PCBA

The following is a description of the Data F PCBA, used with the Model T9640 (dual stack)
drive. (Refer to Schematic No. 101345 and Assembly No. 101346).

The Data F PCBA is 406.4 mm (16 inches) long and 220.7 mm (8.69 inches) wide with edge
connectors at each end along one edge. Figure 5-7 illustrates the placement of each
connector and test point. J102 and J103 are the interface connectors. There are three
additional connectors on the Data F: J8 is used to connect power and control signals from
the Tape Control PCBA, J1 and J2 are the connectors into which the write and read head
cables plug.
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The PCBA operation is described with reference to circuit 100, which is identical to
circuits 200 through 900. All interface signals relevant to writing data (nine WRITE DATA
signals, (IWDO, etc.), and WRITE DATA STROBE (IWDS)), enter via J102 and are terminated
by a resistor combination and an IC inverter.

Referring to circuit 100, the WRITE DATA PARITY (IWDP) data line is terminated by resistors
R101, R102, and inverter U6-E. IWDP (TP3) and its complement are applied to the J and K
inputs of write buffer flip-flop U8-A. At the trailing edge of IWDS, which is applied to the
toggle input of U8-A from power gate U10-A, flip-flop U8-A copies in the inverse of IWDP.

The outputs of the write buffer flip-flop drive write amplifier transistors Q101 and Q102,
whose emitters are taken to +5v when the WRT PWR line (J8-4) is high. The transistor
connected to the low (approximately Ov) output of the flip-flop will conduct and a current
will flow in the associated half of the head winding. The center taps of all the windings are
connected to the collector of Q3 which goes to —5v when the NWRT signal is false, i.e.,
the drive is in the Write mode. When the WRT PWR line is low (approximately Ov) or the
NWRT signal is true, writing is inhibited because the write amplifier transistors cannot
conduct. Similarly, the erase current supplied by transistor Q1 is inhibited when the WRT
PWR line is low or the NWRT signal is true. In operation, the write current is defined by
resistors R107 and R108. R109 is the associated damping resistor.

To improve the writing characteristics at 126 fr/mm (3200 frpi) the write compensation
capacitors C101 and C102 are used to cause an overshoot of current on each leading edge.

The head windings are phased so that the output of the write buffer flip-flops, when reset,
cause current to flow in the standard erase direction. The write buffer registeris held reset
unless the drive is in the Write mode (NWRT is low) and the tape is moving (MOTION, J8-6,
is high).

The IWARS signal is received by resistors R22 and R23 but is not used on the Data F PCBA.
A jumper from J102-C (Data PCBA) to J101-15 (Tape Control PCBA) routed IWARS to the
Overwrite circuitry on the Tape Control PCBA. IWARS is issued at the end of writing the
postamble and is used in conjunction with IOVW to reset the WRT flip-flop on the Tape
Control PCBA. The purpose of this is to turn off the write and erase current so that the
adjacent record will not be erased during an overwrite operation.

When reading data from tape, signals from the read head at a level of 5 to 15 millivolts are
fed, via connector J2, to the read amplifier (U16-B) which is one-half of a dual operational
amplifier IC. The amplifier output is maintained close to Ov in the absence of an input
signal by the feedback path of resistors R114 and R116. The cutoff frequency of the
amplifier is determined by C104 and R114. The operating gain of the ampilifier is defined by
resistor network R114, R116, and R117. R117 is a variable resistor used in the initial setup
to set the differentiator output peak-to-peak amplitude.

Figure 5-8 illustrates typical read signal and timing relationships and should be referred to
in the following discussion.

Amplifier U21-B is connected as a differentiator so that a peak in the output voltage of
U16-B (TP103) is changed to a zero crossing at the output of amplifier U21-B (TP104). The
gain of U21-B is determined by R118, R119, and C105. Since the capacitive reactance of
C105 decreases as frequency increases, the gain of U21-B increases with frequency until
cut off by C106 and R119. Therefore, the amplitude of the envelope at TP104 is essentially
independent of the data pattern. R117 should be adjusted so that the amplitude at TP104 is
4v peak-to-peak.
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Figure 5-8. Timing and Signal Relationships, One Channel Read Electronics
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The differentiated signal is fed to U30-A, a Schmitt trigger (an amplifier with a small
amount of positive feedback) which squares and inverts the signal (TP105). The read data is
then applied to the power NAND gate U35-A.

The output of the differentiator (U21-B) is also fed to the input of the Envelope Detector
(U30-B). The envelope detector compares the positive halves of the differentiator signal
(TP104) on pin 9 of U30-B against the divided threshold level on pin 8 of U30-B. The
threshold level, when the drive is in the Write mode, is 45 percent of the nominal peak
output and is determined by R18 and R19. Q4 and Q5 are cut off during a Write operation.
During a normal Read operation Q4 is conducting and the threshold is approximately 15
percent of the nominal peak output. If IRTH2 is true during a Read operation, Q5 also
conducts and the threshold drops to 7.5 percent of the nominal peak output.

During the portion of the positive peak of the differentiated signal, the output at pin 12 of
U30-B goes to approximately — 2v; this also pulls C111 to approximately — 1.3v through
CR104 and causes Q103 to cut off. When the peak falls below the threshold, the output of
U30-B goes positive and C111 is charged by R131 until Q103 conducts. The charge time for
C111 is one and one-half to two times the period for a single character. While Q103 is cut
off, C109 is charging through R132. When the voltage on C109 reaches approximately
+ 2v,the conduction level of emitter follower Q104 enables power NAND gate U35-A. Read
data from U30-A is presented to the interface line when U35-A is enabled by the outputs of
U30-B, and the MOTION signal being high. The charge time for C109 is about four character
times. If no positive peaks exceed the threshold for one and one-half to two consecutive
character periods, C111 will charge to +0.7v and cause Q103 to conduct. C109 will
discharge, until Q104 conducts, and disables U35-A. Since C109 requires four character
periods to enable U35-A, there must have been four continuous peaks of the differentiated
signal before U35-A was enabled.

5.2.5 DATA G PCBA

The following is a description of the Data G PCBA, used with the Model T9660 (single
stack) drive. (Refer to Schematic No. 101375 and Assembly No. 101376.)
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The Data G PCBA is 406.4 mm (16 inches) long and 220.7 mm (8.69 inches) wide with edge
connectors at each end along one edge. Figure 5-9 illustrates the placement of each
connector and test point. J102 and J103 are the interface connectors and are slotted to
mate with keys in the mating plugs. There are two additional connectors on the Data G: J8
is used to connect power and control signals from the Tape Control PCBA, J1 is the
connector into which the read/write head cable plugs.

J8 POWER AND

CONTROL o o0
,OOO'
°09]
102 INTERFACE ?e
CONNECTOR | e
1
]
I 3@ Tps@
]
]
TP902 TPgp2 TP702 TP602 TP502 TP302 TP202 TP102
© 000000 009000000 *TF
Y TP901 TP8O1 TP701 TP6O1TP501@ @  TP301TP201 TPIOI P @
7 TP401
P8 @
|_— J1 READ/WRITE
HEAD CONNECTOR
)
@ TP803 ®TP603 ®TP403 @ 7P203
TP903 @ TP703@ P503@ TP303@® 1p103
)
R917 R817 R717 R&17 R517 R417 R317 R217 R117
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®1P%04 1pge @ e0s@ O TP Liie @TP ey
® TPI04
™00
e TPl
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1103 INTERFACE— | | TP905 TP705 1205 TP305 .
CONNECTOR o ¢ o ¢ o ¢ o
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]
1 ®TP806 @ TP606 ® TP406 ® TP206
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2134

Figure 5-9. Data G PCBA, Test Point and Connector Placement
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The PCBA operation is described with reference to Circuit 100, which is identical to
Circuits 200 through 900. All interface signals relevant to writing data (nine WRITE DATA
signals (IWDO, etc.) and WRITE DATA STROBE (IWDS)), enter via J102 and are terminated
by a resistor combination and an IC inverter.

Referring to Circuit 100, the WRITE DATA PARITY (IWDP) data line is terminated by resistors
R101, R102, and inverter U6-E. IWDP and its complement are applied to the J and K inputs of
write buffer flip-flop U8-A. At the trailing edge of IWDS (TP3), which is applied to the toggle
input of U8-A from power gate U10-A, flip-flop U8-A copies in the inverse of IWDP.

The outputs of the write buffer flip-flop drive write amplifier transistors Q101 and Q102,
whose emitters are taken to +5v when the WRT PWR line (J8-4) is high. The transistor
connected to the low (approximately Ov) output of the flip-flop will conduct and a current
will flow in the associated half of the head winding. The center taps of all the windings are
connected to the collector of Q3 which goes to — 5v when the NWRT signal is low (i.e., the
drive is in the Write mode). When the WRT PWR line is low (approximately Ov) or the NWRT
signal is high, writing is inhibited because the write amplifier transistors cannot conduct.
Similarly, the erase current supplied by transistor Q1 is inhibited when the WRT PWR line
is low or the NWRT signal is high. In operation, the write current is defined by resistors
R107 and R108.

To improve the writing characteristics at 126 fr/mm (3200 frpi) the write compensation
capacitors C101 and C102 are used to cause an overshoot of current on each leading edge.

The head windings are phased so that the output of the write buffer flip-flops, when reset,
cause current to flow in the standard erase direction. The write buffer register is held reset
unless the drive is in the Write mode (NWRT is low) and tape is moving (MOTION, J8-6, is
high).

The IWARS signal is received by resistors R25 and R26 but is not used on the Data PCBA. A
jumper from J102-C (Data PCBA) to J101-15 (Tape Control PCBA) routes IWARS to the
Overwrite circuitry on the Tape Control PCBA. IWARS is issued at the end of writing the
postamble and is used in conjunction with IOVW to reset the WRT flip-flop on the Tape
Control PCBA. The purpose of this is to turn off the write and erase current so that the
adjacent record will not be erased during an Overwrite operation.

When reading data from tape, signals from the read head are fed via connector J1 to the
read amplifier (U16-B) which is one-half of a dual operational amplifier IC. The amplifier
output is maintained close to Qv in the absence of an input signal by the feedback path of
resistors R114 and R116. The cutoff frequency of the amplifier is determined by C104 and
R114. The operating gain of the amplifier is defined by resistor network R114, R116, and
R117. R117 is a variable resistor used in the initial setup to set the differentiator output
peak-to-peak amplitude.

Figure 5-10 illustrates typical read signal and timing relationships and should be referred
to in the following discussion.

Amplifier U21-B is connected as a differentiator so that a peak in the output voltage of
U16-B (TP103) is changed to a zero crossing at the output of amplifier U21-B (TP104). The
gain of U21B is determined by R118, R119, and C105. Since the capacitive reactance of
C105 decreases as frequency increases, the gain of U21-B increases with frequency until
cut off by C106 and R119. Therefore, the amplitude of the envelope at TP104 is essentially
independent of the data pattern. R117 should be adjusted so that the amplitude at TP104 is
4v peak-to-peak.
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Figure 5-10. Timing and Signal Relationships, One Channel Read Electronics

The differentiated signal is fed to U30-A, a Schmitt trigger (an amplifier with a small
amount of positive feedback) which yields a square signal (TP105). The read data is then
applied to the power NAND gate U35-A.

The output of the differentiator (U21-B) is also fed to the input of the Envelope Detector
(U30-B). The envelope detector compares the positive peaks of the differentiator signal
(TP104) on pin 9 of U30-B against the voltage-divided threshold level on pin 8 of U30-B.
During a normal Read operation Q4 is conducting and the threshold is approximately 15
percent of the nominal peak output.

If IRTH2 is low during a Read operation, Q5 also conducts and the threshold drops to
approximately 7.5 percent of the nominal peak output. If IRTH1 is low, the threshold is 45
percent of the nominal peak output regardiess of the condition of IRTH2.

During the portion of the positive peak of the differentiated signal the output at pin 12 of
U30-B goes to approximately — 4v; this also pulls C111 to approximately — 3v through
CR104 and causes Q103 to cut off. When the peak falls below the threshold the output of
U30-B goes positive and C111 is charged by R131 until Q103 conducts. The charge time for
C111 is approximately one and one-half to two times the period for a single character.
While Q103 is cut off, C109 is charging through R132. When the voltage on C109 reaches
approximately —2v, emitter follower Q104 enables power NAND gate U35-A. Read data
from U30-A is presented to the interface line when U35-A is enabled by the outputs of
U30-B, and the MOTION signal being high. The charge time for C109 is about four character
times. If no positive peaks exceed the threshold for one and one-half to two consecutive
character periods, C111 will charge to +0.7v and cause Q103 to conduct. C109 will
discharge, until Q104 turns off, and disables U35-A. Since C109 requires four character
periods to enable U35-A, there must have been four continuous peaks of the differentiated
signal before U35-A was enabled.
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SECTION VI
MAINTENANCE AND TROUBLESHOOTING

6.1 INTRODUCTION

This section provides information necessary to perform electrical and mechanical
adjustments, parts replacement, and troubleshooting. Sections IV and V contain the
theory of operation of components and circuits for reference.

6.2 FUSE IDENTIFICATION
Fuses are located at the rear of the tape drive and are identified in Table 6-1.

6.3 SCHEDULED MAINTENANCE

The drive is designed to operate with a minimum of maintenance and adjustments. Part
replacement is planned to be as simple as possible. Repair equipment is kept to a
minimum and only common tools are required in most cases. A list of the special
equipment required to service the unit is given in Paragraph 6.5.2.

6.3.1 MAINTENANCE PHILOSOPHY

The objective of any maintenance program is to provide maximum machine readiness with
a minimum of downtime. To provide this type of reliability it is necessary to perform
preventive maintenance at specific intervals; a preventive maintenance schedule for the
drive is given in Table 6-2.

In general, it is not necessary to alter any adjustment on equipment that is performing in a
satisfactory manner.

6.3.2 GENERAL MAINTENANCE

Perform a visual inspection of the equipment for loose electrical connections, dirt, cracks,
binding, excessive wear, and loose hardware while conducting any maintenance function.

Cleanness is essential for proper operation. Minute particles of dirt trapped between the
head and the tape can cause data errors.

Table 6-1
Fuse ldentification

Location Function Type
F401 Power Supply Chassis Line Fuse 15 Amp FB, 125v and below
or
8 Amp FB, 190v and above

F1 Power Supply G1 or G2 PCBA +23v (Unreg.) 15 Amp SB

F2 Power Supply G1 or G2 PCBA —23v (Unreg.) 15 Amp SB

F3 Power Supply G2 PCBA —-10v 1.6 Amp FB, 250v

F4 Power Supply G2 PCBA +10v 1.6 Amp FB, 250v

F5 Power Supply G2 PCBA —5v 1.0 Amp FB, 250v

F6 Power Supply G2 PCBA + 5v 4.0 Amp FB, 250v

165
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Table 6-2
Preventive Maintenance Schedule

Interval Item Paragraph Ref.

Daily Clean Head 6.4.1
Clean Fixed Guides (2) 6.4.2
Clean Tape Cleaner 6.4.2
Clean Capstan 6.4.2
Clean Vacuum Chamber 6.4.2
Clean Rotating Tape Guides (3) 6.4.3

2500 Hours Check Head Wear 6.7.7

or 6 Months Check Tape Tracking 6.7.11
Check Capstan Speed 6.6.3
Check Reel Servo Adjustments 6.6.6—6.6.9
Check Skew (T9640) 6.7.2
Check Skew (T9660) 6.7.3
Replace Plug-in Relays K1 and K2 (Power Supply G1 PCBA) Figure 5-3
Replace Plug-in Relays K1, K2, and K3 (Power Supply G2 PCBA) Figure 5-6
Check EOT/BOT Adjustment* 6.6.12

5000 Hours Replace Air Filter* 6.7.11

or 12 Months Check Blower Belt for Wear and Proper Tracking 6.7.8
Check Tape Tension 6.7.4

24,000 Hours Replace Reel Motors 6.7.12
Replace Capstan Motor 6.7.14
Replace Blower Motor and Belt 6.7.8
Replace Delrin Roller Guide Assy 6.7.10

*More frequent servicing may be required if operating in an abnormally dirty environment.

124

6.3.3 DOOR SAFETY SWITCH

The optional Door Safety switch is an interlock that prevents tape motion when the dooris
open. To override the interlock, a PPC Switch Retractor Tool, Part No. 617-0010, is used to
pull the switch plunger to its outermost position. Tape can then be moved by either the
Maintenance switch, front panel controls, or interface control. Refer to Paragraph 3.4.9.

6.4 CLEANING THE DRIVE

The head, fixed and rotating tape guides, tape cleaner, capstan, and vacuum chamber
require special attention to realize the maximum data reliability of the unit. Details for
cleaning are given in the following paragraphs; cleaning intervals are specified in Table 6-2.

6.4.1 CLEANING THE HEAD

To clean the head, use a lint-free cloth or cotton swab moistened in 91 percent isopropyl
alcohol or Freon TF. Wipe the head carefully to remove all accumulated oxide and dirt.

CAUTION

DO NOT USE ROUGH OR ABRASIVE CLOTHS TO CLEAN
THE MAGNETIC HEAD. USE ONLY 91 PERCENT ISOPRO-
PYL ALCOHOL OR FREON TF. OTHER SOLVENTS, SUCH
AS CARBON TETRACHLORIDE, MAY CAUSE SEVERE
DAMAGE TO THE HEAD LAMINATION ADHESIVE.
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6.4.2 CLEANING THE FIXED GUIDES, TAPE CLEANER,CAPSTAN,AND VACUUM CHAMBER

To clean the fixed guides, tape cleaner, capstan, and vacuum chamber, use only a cotton swab
moistened with 91 percent isopropyl alcohol or Freon TF to remove accumulated oxide and
dirt. The vacuum column door may be opened to gain access to the chamber surfaces.

6.4.3 CLEANING THE ROTATING TAPE GUIDES

To clean the rotating tape guides, use a lint-free cloth or cotton swab moistened in 91 percent
isopropy! alcohol or Freon TF. Wipe the surfaces carefully to remove all oxide and dirt.

CAUTION

DO NOT SOAK GUIDES WITH EXCESSIVE SOLVENT. IT
MAY SEEP INTO GUIDE BEARINGS, CAUSING CONTAM-
INATION OR BREAKDOWN OF BEARING LUBRICANT.

6.5 PART REPLACEMENT ADJUSTMENTS

Table 6-3 indicates the adjustments that may be necessary after a part has been replaced.
The details of the adjustments are given in Paragraphs 6.6—6.8.

6.5.1 ADJUSTMENT PHILOSOPHY

Acceptable limits are defined in each adjustment procedure, taking into consideration the
assumed accuracy of the test equipment specified. When the measured value of any
parameteris within the specified acceptable limits, NO ADJUSTMENTS should be made. If
the measured value falls outside the specified acceptable limits, adjustment should be
made in accordance with the relevant procedure; the value set should be the exact value
specified (to the best of the operator’s ability). Adjustment procedures detailed in this
section should be performed at room temperature, 18° to 24°C (65° to 75°F).

6.5.2 SPECIAL EQUIPMENT
The following equipment (or equivalent) is required to service the drive.

(1) Oscilloscope, Tektronix 465 (vertical and horizontal sensitivity specified to
+ 2 percent accuracy).

(2) Digital Multimeter, Fluke Model 8030A-01 (= 0.1 percent specified accuracy).
(3) Tapes used for test and adjustment

¢ Performance evaluation and checkout, PPC Part No. 516-0078 (177.8 mm [7-inch]
reel), 516-0088 (216 mm [8.5-inch] reel), or 516-0108 (266.7 mm [10.5-inch] reel).

¢ Master Skew Tape, PPC Part No. 516-0002 (177.8 mm [7-inch] reel), 516-0003 (216
mm [8.5-inch] reel), or 516-0004 (266.7 mm [10.5-inch] reel).

¢ Master Output Tape, PPC 516-0007 (177.8 mm [7-inch] reel), or 516-0008 (216 mm
[8.5-inch] reel).
(4) Exerciser, Hand Held, Wilson Laboratories Inc. Model No. TX500 (PPC Part No.
110180).

(5) Differential Pressure Gauge, 0 to 762 mm (0 to 30 inch) Water Range (Dwyer
Instruments, Inc. Model No. 2030 with portable case).

(6) Tension Spring Gauge, range 0 to 178 newton-metres (0 to 40 pounds).
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Table 6-3

Part Replacement Adjustments/Checks

906M

Part Replaced Auxiliary Adjustments/Checks Paragraph Ref.
Blower Blower Belt Tension 6.7.8
Tape Tension 6.7.4
Blower Belt Blower Belt Tension 6.7.8
Blower Motor Blower Belt Tension 6.7.8
Tape Tension 6.7.4
Blower Pulley Height 6.7.8
Capstan Motor Capstan Servo Offset 6.6.2
Capstan Forward Speed 6.6.3
Capstan Reverse Speed 6.6.3
Capstan Rewind Speed 6.6.4
Control Switch None —
Data PCBA Read Amplifier Gain 6.6.10
Write Skew 6.7.2,6.7.3
Read Skew (T9640 only) 6.7.2
Head Read Amplifier Gain 6.6.10
Read Skew (T9640 only) 6.7.2
Write Skew 6.7.2,6.7.3
Flux Gate (T9640 only) 6.7.6
Photosensor EOT/BOT Mechanical Alignment 6.7.7
EOT/BOT Amplifier 6.6.12
Power Supply Assy Power Supply Regulators 6.6.1
Power Supply PCBA Power Supply Regulators 6.6.1
Reel Tachometer Reel Tachometer Pulley Height 6.7.11
Reel Servo Position Bias 6.6.9
Reel Servo Speed 6.6.8
Reel Drive Motor Reel Servo Position Bias 6.6.9
Reel Servo Speed 6.6.8
Reel Hub Height 6.7.12
Tape Control PCBA Power Supply Regulators 6.6.1
Tape Tensicn 6.7.4
EOT/BOT Amplifier 6.6.12
Capstan Servo Offset 6.6.2
Capstan Forward Speed 6.6.3
Capstan Reverse Speed 6.6.3
Capstan Rewind Speed 6.6.4
Capstan Ramp Timing 6.6.5
Reel Servo Position Bias 6.6.9
Reel Servo Speed 6.6.8
Reel Servo Ramp 6.6.7
(Check) Option Jumpers 6.8
Delrin Roller Guide Read Skew (T9640 only) 6.7.2
Write Skew 6.7.2,6.7.3
Vacuum Switch None —
124
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6.5.3 TAPE LOOP FABRICATION
During certain test and adjustment procedures, particularly if a malfunction prevents tape
loading, the use of a 6-foot tape loop is recommended as an alternative to loading a reel of
tape on the drive. Fabricate and load a tape loop as follows.
(1) Join the ends of a 6-foot piece of tape that is undamaged and free of contaminants.
Ensure there are no twists in the loop.
(2) Thread the 6-foot loop through the tape path. Do not place the tape over the capstan;
thread the tape outside the flux gate to avoid contaminating the head surface.
NOTE
When the drive is able to load tape from a reel, it may be
necessary to recheck certain adjustments that were per-
formed using the tape loop. This will be specified in the in-
dividual procedures when required.

6.5.4 ADJUSTMENT SEQUENCE

Some adjustments interact and require performance of related adjustment procedures in a
certain order. When related adjustments are required, they are listed in the subject
procedure. When it is necessary to adjust a tape drive which is grossly out of adjustment,
refer to the recommended adjustment sequences given in Table 6-4.

Table 6-4
Recommended Adjustment Sequence

Sequence Paragraph
No. Adjustment Procedure Reference
1 Power Supply Regulators 6.6.1
2 Tape Tension 6.7.4
3 Photosensor 6.7.7
4 EOT/BOT Amplifier 6.6.12
5 Capstan Servo Offset 6.6.2
6 Capstan Forward and Reverse Speed 6.6.3
7 Capstan Rewind Speed 6.6.4
8 Capstan Ramp Timing 6.6.5
9 Reel Servo Ramps 6.6.7
10 Reel Servo Speed 6.6.8
1 Reel Servo Position Bias 6.6.9
12 Read Amplifier Gain 6.6.10
13 Threshold Generator 6.6.11
14 Skew Measurement and Adjustment (T9640) 6.7.2
15 Skew Measurement and Adjustment (T9660) 6.7.3
16 Flux Gate 6.7.6
17 Erase Efficiency Check 6.7.15

135
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6.6 ELECTRICAL ADJUSTMENTS

Paragraphs 6.6.1—6.6.12 describe the test configurations, test procedures, adjustment
procedures, and related adjustments for all electrical adjustments. Refer to Figure 5-1 for
location of Tape Control test points and adjustments.

NOTE

Before these adjustments are made, remove Keeper screw
from card cage end plate (Figure 2-2). This allows the card
cage to be pivoted on its vertical axis to facilitate access to
test points and components on the PCBAs.

NOTE

Some adjustments may require corresponding ad-
justments in other parameters; ensure that adjustments
are made as specified in the individual procedures. The
— 10v regulator must be checked prior to attempting any
electrical adjustment.

If the drive cannot bring the tape to the Load Point after the operator has properly loaded a
reel of tape, make the following initial adjustments.

NOTE
Attempt to bring the tape to Load Point after making each
adjustment. If the attempt is unsuccessful, continue with
the initial adjustment sequence until the Load sequence is
successful; then perform the standard test and adjustment
procedures as required.

(1) On the Tape Control PCBA, set R38 (SUS, supply speed adjust) and R118 (TUS,
takeup speed adjust) fully clockwise.

(2) On the Tape Control PCBA, set R18 (ramp, supply reel servo adjust) and R113
(ramp, takeup reel servo adjust) fully counterclockwise.

(3) On the Tape Control PCBA, set R172 (FWD, capstan motor, forward speed adjust)
and R174 (REV, capstan motor, reverse speed adjust) fully clockwise.

(4) On the Tape Control PCBA, set R179 (COS, capstan offset adjust) to the center of
its range, i.e., 10 turns from either end of the potentiometer.

(5) On the Tape Control PCBA, verify and adjust (if necessary) the EOT/BOT sensor
potentiometers R1008 and R2008 according to the procedure outlined in
Paragraph 6.6.14.

(6) On the Power Supply G1 PCBA, verify and adjust (if necessary) R64 (Figure 5-3) so
that the —10v is within 0.05v of the + 10v value. On the Power Supply G2 PCBA,
the adjustment control is R36 (Figure 5-6).

(7) On units equipped with the Power Supply G2 PCBA only, verify and adjust (if
necessary) R38 (+ 5v) and R39 (- 5v) so that these voltages are within 0.25v of the
nominal value (Figure 5-6).

NOTE
If operational difficulties are still encountered after com-
pleting the foregoing, refer to Paragraph 6.10 (Trouble-
shooting), for possible causes and corrective action.

6.6.1 POWER SUPPLY REGULATORS

The drive may be equipped with either the Power Supply G1 PCBA or the Power Supply G2
PCBA. On units with the G1 PCBA, the only regulator adjustment is for — 10v. Units with the
G2 PCBA require three regulator adjustments; +10v, + 5v, and — 5v. Adjustment procedures
for both power supply PCBAs are given in the following paragraphs.
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6.6.1.1 —10v Regulator

The — 10v regulator on the Power Supply G1 PCBA is referenced to the + 10v regulator.
The -10v regulator is adjusted by means of potentiometer R64. The difference in
magnitude between the + 10v and — 10v must be less than 0.05v.

6.6.1.1.1 Test Configuration
(1) Load a 6-foot tape loop or reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.

6.6.1.1.2 Test Procedure

(1) Using a digital voltmeter, measure and note the voltage between TP5 (+ 10v) and
TP9 (Ov) on the Power Supply G1 PCBA.

(2) Using a digital voltmeter, measure and note the voltage between TP6 (- 10v) and
TP9 (Ov) on the Power Supply G1 PCBA.

(3) Acceptable Limits
O +10v Regulator
¢ +10v minimum
e + 11v maximum
0 —10v Regulator
¢ Difference in magnitude between + 10v and — 10v must be less than 0.05v.

6.6.1.1.3 Adjustment Procedure

When the acceptable limits are exceeded, adjust potentiometer R64 on the Power Supply
G1 PCBA and monitor the — 10v at TP6 (using TP9 as ground) until the voltage equals that
recorded for the + 10v and the acceptable limits are achieved.

6.6.1.2 +10v Regulator

The + and - 10v regulators on the Power Supply G2 PCBA are referenced to each other.
The difference in magnitude between the + 10v and — 10v must be less than 0.05v. The
difference between the two outputs is adjusted by means of potentiometer R36.

6.6.1.2.1 Test Configuration
(1) Load a 6-foot tape loop or reel of tape.
(2) Apply power to the unit.
(3) Depress and release the LOAD/RESET control to load tape into the vacuum column.

6.6.1.2.2 Test Procedure

(1) Using a digital voltmeter, measure and note the voltage between TP6 (+ 10v) and
TP9 (Ov) on the Power Supply G2 PCBA.

(2) Using a digital voltmeter, measure and note the voltage between TP1 (- 10v) and
TP9 (Ov) on the Power Supply G2 PCBA.

(3) Acceptable Limits
O -10v Regulator
e —9.8vminimum
* —11.2v maximum
O + 10v Regulator
e Difference in magnitude between + 10v and — 10v must be less than 0.05v.
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6.6.1.2.3 Adjustment Procedure

When the acceptable limits are exceeded, adjust potentiometer R36 on the Power Supply
G2 PCBA and monitor the + 10v at TP6 (using TP9 as ground) until the voltage equals that
recorded for the — 10v and the acceptable limits are achieved.

6.6.1.3 5v Regulators

The 5v regulators are located on the Power Supply G2 PCBA. The +5v regulator is
adjusted by means of potentiometer R38. The —5v regulator is adjusted by means of
potentiometer R39.

6.6.1.3.1 Test Configuration
(1) Load a 6-foot tape loop or reel of tape.
(2) Apply power to the unit.
(3) Depress and release the LOAD/RESET control to load tape into the vacuum column.

6.6.1.3.2 Test Procedure

(1) Using a digital voltmeter, measure and note the voltage between TP4 (+ 5v) and
TP9 (Ov) on the Power Supply G2 PCBA.

(2) Using a digital voltmeter, measure and note the voltage between TP11 (- 5v) and
TP9 (Ov) on the Power Supply G2 PCBA.

(3) Acceptable Limits
0 +5v Regulator

* +4.68v minimum

e +5.38v maximum
O -5v Regulator

® —4.68v minimum

e —5.38v maximum

6.6.1.3.3 Adjustment Procedure

When the acceptable limits are exceeded, adjust potentiometer R38 (+ 5v) or R39 (— 5v) on
the Power Supply G2 PCBA and monitor the + 5v at TP4 and the —5v at TP11 (using TP9 as
ground) and adjust the voltage to its optimum level.

6.6.1.4 Related Adjustments

The following areas must be checked and adjusted subsequent to adjusting the — 10v,
+ 10v, + 5v or —5v regulators.

(1) Capstan Servo Offset (Paragraph 6.6.2).

(2) Capstan Forward Speed (Paragraph 6.6.3).
(3) Capstan Reverse Speed (Paragraph 6.6.3).
(4) Capstan Rewind Speed (Paragraph 6.6.4).
(5) Capstan Ramp Timing (Paragraph 6.6.5).
(6) Reel Servo Position Bias (Paragraph 6.6.9).

6.6.2 CAPSTAN SERVO OFFSET

The drive is provided with an adjustable capstan offset. This adjustment serves to
precisely null the capstan servo output when the capstan is stopped. A perfectly nulled
output will assure that the capstan will remain stationary when the unit is stopped. The
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capstan offset is adjusted by R179 on the Tape Control PCBA and is accessible from the
top of the card cage through the hole designated COS.

NOTE

The — 10V Regulator must be within acceptable limits
prior to adjusting the Capstan Servo Offset.

6.6.2.1 Test Configuration
(1) Load a 6-foot tape loop or reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.

6.6.2.2 Test Procedure

(1) Connect a digital voltmeter probe to the capstan amplifier output (the output is
located at TP23 on the Tape Control PCBA).

(2) Connect the digital voltmeter ground to TP9 on the Power Supply PCBA and note
the voltage.

(3) Acceptable Limits
s +0.05v
e —0.05v

6.6.2.3 Adjustment Procedure

When the acceptable limits are exceeded, the following adjustment is made.
(1) Establish the test configuration described in Paragraph 6.6.2.1.
(2) Perform the test procedure described in Paragraph 6.6.2.2.
(3) Adjust potentiometer R179 on the Tape Control PCBA for 0.0v.

6.6.2.4 Related Adjustments

The following areas must be checked and adjusted subsequent to adjusting the Capstan
Servo Offset.

(1) Capstan Forward Speed (Paragraph 6.6.3).
(2) Capstan Reverse Speed (Paragraph 6.6.3)
(3) Capstan Rewind Speed (Paragraph 6.6.4).

6.6.3 CAPSTAN FORWARD AND REVERSE SPEED

Both the synchronous forward and synchronous reverse speeds are adjustable in the drive.
The following paragraphs provide the procedures for both coarse and fine speed
adjustments on the Tape Control PCBA. R172 adjusts the forward speed; R174 adjusts the
reverse speed. These potentiometers are accessible at the top of the card cage through
the holes designated FWD and REV, respectively.

NOTE

The — 10v Regulator and Capstan Servo Offset must be
within acceptable limits prior to adjusting the Capstan
Speed.

6.6.3.1 Test Configuration (Coarse Speed Adjustment)
(1) Load a 6-foot tape loop or reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.
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6.6.3.2 Test Procedure (Coarse Speed Adjustment)
(1) Connect a digital voltmeter probe to TP11 on the Tape Control PCBA.
(2) Connect the digital voltmeter ground to TP25 or TP26 on the Tape Control PCBA.
(3) Place Maintenance switch in the forward position; tape will move forward.
(4) Monitor the voltage reading at TP11.
(5) Acceptable Limits
[0 1.905 m/s (75 ips)
¢ —2.43v minimum
e —2.97v maximum
0 1.143 m/s (45 ips)
e —1.46v minimum
e —1.78v maximum
3 0.953 m/s (37.5 ips)
e —1.22v minimum
e —1.49v maximum
(6) Place Maintenance switch in the reverse position; tape will move in reverse.
(7) Monitor the voltage at TP11.
(8) Acceptable Limits
3 1.905 m/s (75 ips)
e +2.43v minimum
e +2.97v maximum
O 1.143 m/s (45 ips)
e +1.46v minimum
e +1.78v maximum
[0 0.953 m/s (37.5 ips)
e +1.22v minimum
* +1.49v maximum

(9) When the voltages representative of forward and reverse speeds fall within the
limits specified in Steps (5) and (8), respectively, the Fine Speed adjustments
(Paragraph 6.6.3.5) may be made.

When the voltages representative of forward and reverse speeds fall outside the

limits specified in Steps (5) and (8), proceed to the Coarse Speed adjustment in
Paragraph 6.6.3.3.

6.6.3.3 Adjustment Procedure (Coarse Speed Adjustment)

When the forward or reverse tape speed exceeds the specified limits, the following
adjustments are performed.

(1) Establish the test configuration described in Paragraph 6.6.3.1.
(2) Perform the test procedure described in Paragraph 6.6.3.2, Steps (1)—(4).
(3) Adjust potentiometer R172 on the Tape Control PCBA for the following voltage.
0 1.905 m/s (75 ips)
o —2.70v
0 1.143 m/s (45 ips)
* —1.62v
0 0.953 m/s (37.5 ips)
e —1.35v
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(4) Place Maintenance switch in the reverse position; tape will move in reverse.
(5) Monitor the voltage at TP11.
(6) Adjust potentiometer R174 on the Tape Control PCBA for the following voltage.
0 1.905 m/s (75 ips)
o +2.70v
0 1.143 m/s (45 ips)
e +1.62v
[ 0.953 m/s (37.5 ips)
e +1.35v

6.6.3.4 Related Adjustments

Subsequent to making coarse speed adjustments, the fine speed adjustment must be
made (Paragraph 6.6.3.5).

6.6.3.5 Capstan Forward and Reverse Speed Adjustments (Fine Speed Adjustment)

The capstan-mounted strobe disk may be used when making fine adjustments to the tape
speed.

Tape speed adjustments made using the strobe disk are accomplished by illuminating the
capstan hub from a fluorescent light source and adjusting the capstan servo until the disk
image (created by the pulsating light source) becomes stationary. Table 6-5 lists the
available disks, synchronous tape speeds, and light source frequencies.

Some strobe disks have two or three concentric sets of strobe markings on each disk. The
following rules apply to disks marked with multiple sets of strobe markings.

(1) Part No. 101744-03 (0.953 m/s, 37.5 ips). There are three sets of strobe markings on
this disk. The outer ring is used when checking and adjusting synchronous tape
speeds of 0.953 m/s (37.5 ips) from a 60 Hz fluorescent light source. The middle
ring is used at a tape speed of 0.953 m/s (37.5 ips) from a 50 Hz light source. The
inner ring is not used on this equipment.

(2) Part No. 101744-05 (1.143 m/s, 45 ips). The outer ring of strobe markings is used
when checking and adjusting synchronous tape speeds from a 60 Hz fluorescent
light source. The inner rings are not used on this equipment.

(3) Part No. 101744-13 (1.905 m/s, 75 ips). The outer ring of strobe markings is used
when checking and adjusting synchronous forward speeds from a 60 Hz fluorescent
light source. The inner ring is used with a 50 Hz fluorescent light source.

The use of the capstan-mounted strobe disk should be limited to fine adjustments of the
synchronous tape speed. When coarse speed adjustments are necessary (e.g., when
replacing the Tape Control PCBA or capstan motor), refer to the procedures described in

Table 6-5
Strobe Disks
Light Source
PPC Part No. Tape Speed Frequency (H2)
101744-03 0.953 m/s (37.5 ips) 60/50
101744-05 1.143 m/s (45 ips) 60
101744-13 1.905 m/s (75 ips) 60/50

124
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Paragraphs 6.6.3.1—6.6.3.4. When a strobe disk is not available for a particular model (e.g.,
1.143 m/s, 45 ips, 50 Hz), fine speed adjustments may be accomplished by observing the
data frequency when reading a frequency certified all-1s tape.

6.6.3.6 Test Configuration (Fine Speed Adjustment)
(1) Load a reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.

(4) Nluminate the strobe disk with a fluorescent light source at the appropriate
frequency.

6.6.3.7 Test Procedure (Fine Speed Adjustment)

(1) Establish the test configuration described in Paragraph 6.6.3.6.

(2) Place Maintenance switch in the forward position; tape will move forward.

(3) Observe the appropriate strobe disk image; the image should appear stationary.
(4) Place Maintenance switch in the reverse position; tape will move in reverse.

(5) Observe the appropriate strobe disk image; the image should appear stationary.

6.6.3.8 Adjustment Procedure (Fine Speed Adjustment)
(1) Establish the test configuration described in Paragraph 6.6.3.6.

(2) Adjust potentiometer R172 on the Tape Control PCBA until the strobe disk image
appears stationary for the forward direction.

(3) Adjust potentiometer R174 on the Tape Control PCBA until the strobe disk image
appears stationary for the reverse direction.

6.6.3.9 Related Adjustments (Fine Speed Adjustments)
¢ Reel Servo Speed (Paragraph 6.6.8).
¢ Read Amplifier Gain (Paragraph 6.6.10).
e Capstan Rewind Speed Adjustment (Paragraph 6.6.4).

6.6.4 CAPSTAN REWIND SPEED ADJUSTMENT

The rewind speed is controlled by R213 on the Tape Control PCBA. The test configuration
is common to all models; use a 732-metre (2400-foot) reel of tape. Refer to the appropriate
paragraph for the model under test.

6.6.4.1 Test Configuration
(1) Load a 732-metre (2400-foot) reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.

(4) Place the Maintenance switch in the forward position and run approximately 90
metres (300 feet) of tape onto the takeup reel.

(5) Connect a digital voltmeter between TP11 on the Tape Control PCBA and either
TP25 or TP26 (both are servo grounds).

6.6.4.2 Test Procedure, 1.905 m/s (75 ips) Drives
(1) Place the Maintenance switch in the reverse position.

(2) Observe and record the voltage indicated on the digital voltmeter, while the tape is
traveling in reverse, at 1.905 m/s (75 ips).
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(3) Place the Maintenance switch in the forward position and run tape to the EOT tab.

(4) Depress and release the REWIND control. When the full rewind speed is reached,
the voltage at TP11 should indicate 3.33 times the voltage noted in Step (2).

6.6.4.3 Test Procedure, 1.143 m/s (45 ips) Drives
(1) Place the Maintenance switch in the reverse position.

(2) Observe and record the voltage indicated on the digital voltmeter, while the tape is
traveling in reverse, at 1.143 m/s (45 ips).

(3) Place the Maintenance switch in the forward position and run tape to the EOT tab.

(4) Depress and release the REWIND control. When the full rewind speed is reached,
the voltage at TP11 should indicate 5.56 times the voltage noted in Step (2).

6.6.4.4 Test Procedure, 0.953 m/s (37.5 ips) Drives
(1) Place the Maintenance switch in the reverse position.

(2) Observe and record the voltage indicated on the digital voltmeter, while the tape is
traveling in reverse, at 0.953 m/s (37.5 ips).

(3) Place the Maintenance switch in the forward position and run tape to the EOT tab.

(4) Depress and release the REWIND control. When the full rewind speed is reached,
the voltage at TP11 should indicate 6.67 times the voltage noted in Step (2).

6.6.4.5 Adjustment Procedure

When the rewind time is incorrect, as indicated by the voltage measurement obtained in
Step (4) of the appropriate paragraph for the model under test, proceed as follows.

(1) Adjust variable resistor R213 on the Tape Control PCBA to obtain the correct
voltage during rewind.

(2) For all models, verify rewind time for a full 732-metre (2400-foot) reel of tape.
(3) Acceptable Limits

* 110 seconds minimum

* 125 seconds maximum

6.6.4.6 Adjustment Procedure, Alternate Method

When the rewind time exceeds the limits specified in the appropriate paragraph for the
model under test, the following alternate adjustment may be performed.

(1) Establish the test configuration described in Paragraph 6.6.4.1.

(2) Perform the test procedure described in the appropriate paragraph for the model
under test, as follows:

* 1.905 m/s (75 ips) drives: Paragraph 6.6.4.2
* 1.143 m/s (45 ips) drives: Paragraph 6.6.4.3
® 0.953 m/s (37.5 ips) drives: Paragraph 6.6.4.4

(3) For all models, adjust variable resistor R213 on the Tape Control PCBA to obtain
the nominal rewind time of 115 seconds.

6.6.4.7 Related Adjustments
* None.
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6.6.5 CAPSTAN RAMP TIMING

The capstan ramp timing is adjusted by variable resistor R168 on the Tape Control PCBA.
Access to the resistor is through the top of the card cage at the hole designated RMP.

Two test configurations are given for the Capstan Ramp Timing procedure; Paragraph
6.6.5.1 gives the test configuration for use with the Wilson Tape Drive Exerciser, Model
TX500. Paragraph 6.6.5.2 gives an alternate test configuration. Note that the test and
adjustment procedures (Paragraphs 6.6.5.3 and 6.6.5.4) are relevant to both test
configurations.

NOTE

The —10v Regulator must be within acceptable limits
prior to adjusting the Capstan Ramp Timing (refer to
Paragraph 6.6.1).

6.6.5.1 Test Configuration
(1) Connect the tape drive exerciser to the interface connectors.
(2) Connect an oscilloscope probe to TP11 on the Tape Control PCBA.

(3) Connect the oscilloscope probe ground to TP25 or TP26 on the Tape Control
PCBA.

(4) Connect the oscilloscope external trigger to RAMP SYNC (+) on the exerciser.

(5) Set the exerciser to write 8192-length records in the forward direction (READ
BKWD and READ FWD switches off).

(6) Load a reel of tape.

(7) Apply power to the unit.

(8) Depress and release LOAD/RESET control to load tape into the vacuum column.
(9) Depress and release the ON LINE control.

6.6.5.2 Test Configuration (Alternate)
(1) Load a reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.
(4) Depress and release the ON LINE control.
(5) Connect an oscilloscope probe to TP11 on the Tape Control PCBA.

(6) Connect the ground connection of the oscilloscope probe to either TP25 or TP26
(both are servo ground) on the Tape Control PCBA.

(7) Connect the oscilloscope external trigger to TP12 on the Tape Control PCBA.
(8) Place the Maintenance switch in the forward position.
NOTE

To generate a forward capstan ramp, depress and release
the ON LINE control repeatedly.

6.6.5.3 Test Procedure

(1) Adjust the oscilloscope variable vertical (volt/div) control to display 0 to 100 percent
of the ramp waveform height over the full height of the oscilloscope graticule.

(2) Adjust the trigger position to the extreme left line on the oscilloscope graticule.
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(3) With the time base set to 1.0 msec/div, observe that the ramp waveform crosses

the 10 percent graticule of the oscilloscope, as shown in Figure 6-1A.

(4) Acceptable Limits

(6)
(7)

@)

6.6.5.4

O 1.905 m/s (75 ips) drives
e 4.1 milliseconds minimum
e 4.7 milliseconds maximum
J 1.143 m/s (45 ips) drives
* 6.9 milliseconds minimum
* 7.9 milliseconds maximum
[0 0.953 m/s (37.5 ips) drives
¢ 8.2 milliseconds minimum
* 9.4 milliseconds maximum

Change the oscilloscope external trigger to RAMP SYNC (-) on the exerciser or

adjust the oscilloscope trigger slope and level as required if the alternate test
configuration was used.

Repeat Steps (1)—(4) for the stop ramp with tape moving in the forward direction.
Set the exerciser to write in the reverse direction or set the maintenance switch to
the reverse position to provide tape motion in the reverse direction. If using the
alternate test configuration, change the external trigger point for the oscilloscope

to TP13 (NREV) on the Tape Control PCBA. Depress and release the ON LINE
control repeatedly to generate the reverse capstan ramp.

Repeat Steps (1)—(6) for the capstan start and stop ramps with tape moving in the
reverse direction.

Adjustment Procedure

When the acceptable limits are exceeded, the following adjustments are performed.

M)
@

Establish the test configuration described in Paragraph 6.6.5.1.
Perform the test procedure described in Paragraph 6.6.5.2, Steps (1)—(3).

ISFC
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‘ ™ 1 "
0
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/| g
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\_ / GRATICULE U ~
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A. FORWARD START/REVERSE STOP RAMP B. FORWARD STOP/REVERSE START RAMP 1973

Figure 6-1. Ramp Timing (Idealized Example)
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(3) Adjust variable resistor R168 on the Tape Control PCBA to obtain ramp adjustment
time as follows.

[J 1.905 m/s (75 ips) drives
* 4.4 milliseconds

[J 1.143 m/s (45 ips) drives
e 7.4 milliseconds

7 0.953 m/s (37.5 ips) drives
* 8.8 milliseconds

6.6.5.5 Related Adjustments
e None.

6.6.6 REEL SERVO, GENERAL ADJUSTMENT PROCEDURE

The supply and takeup reel servo mechanisms are designed to operate at an optlmum
performance level at all capstan forward and reverse speeds. At slower tape speeds the
tape loop will stay in or near the parking zone of each column. ,

6.6.7 REEL SERVO RAMPS

The supply and takeup reel servos have adjustable ramps. These ramps control the servo
response to capstan speed information as switched by the vacuum switches. The ramps
are controlled by top adjust potentiometers R18 and R113 on the Tape Control PCBA.

NOTE

The — 10v Regulator must be within acceptable limits prior
to adjusting the Reel Servo Ramps. The Capstan Forward
and Capstan Reverse Speeds must be within acceptable
limits (refer to Step (5) of Paragraph 6.6.3.2).

6.6.7.1 Test Configuration
(1) Fabricate two jumper assemblies as shown in Figure 6-2.
(2) Remove J506 from the Tape Control PCBA and install jumper J506 in its place.
(3) Remove J507 from the Tape Control PCBA and install jumper J507 in its place.
(4) Remove the supply reel and apply power to the unit.
(5) Connect a jumper from TP17 to TP16.
(6) Place the Maintenance switch in the reverse position.
(7) Insert tape segment between EOT/BOT sensor and the reflector plate.

6.6.7.2 Test Configuration (Alternate)
(1) Load a 6-foot tape loop.
(2) Apply power to the unit.
WARNING

PERSONAL INJURY CAN RESULT IF HANDS ARE NOT
CLEAR OF THE REEL HUBS WHEN THE THROW LOOP IS
INITIATED.
(3) Depress and release LOAD/RESET control; when vacuum motor is up to speed,
allow tape to move into vacuum chambers.
(4) Depress and release LOAD/RESET control once more to reset the seek load point
sequence.
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Figure 6-2. J506 and J507 Test Jumper Assemblies

(5) Connect a jumper from TP17 to TP16.
(6) Place the Maintenance switch in the reverse position.

6.6.7.3 Test Procedure
(1) Connect an oscilloscope probe to TP19 on the Tape Control PCBA.
(2) Connect the ground connection of the oscilloscope to TP25 or TP26 on the Tape
Control PCBA.
(3) Connect an external trigger probe from the oscilloscope to the top (upper) side of
R17 on the Tape Control PCBA.

(4) Set the external trigger to positive edge trigger and monitor TP19 on the Tape
Control PCBA.

(5) Adjust the oscilloscope variable vertical (volt/div) control to display 0 to 100
percent of the ramp waveform over 100 percent of the vertical divisions of the
oscilloscope graticule; amplitude should be approximately 2v.

(6) Depress the pushbutton switch on jumper J506, or manually move the tape loop
across the supply reverse 90 percent port (Figure 4-4) if using the alternate test
configuration, and observe the ramp timing.
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(7)

(12)

(13)
6.6.7.4

Acceptable Limits
J 1.905 m/s (75 ips)
e 50 milliseconds minimum
* 65 milliseconds maximum
0 1.143 m/s (45 ips)
e 29.7 milliseconds minimum
e 38.7 milliseconds maximum
J 0.953 m/s (37.5 ips)
e 24.8 milliseconds minimum
¢ 32.3 milliseconds maximum
Move the oscilloscope signal probe from TP19 to TP10.

Move the oscilloscope trigger probe to the top (upper) side of R111 on the Tape
Control PCBA.

Remove jumper between TP17 and TP16.

) Connect jumper between TP17 and TP8.

With the oscilloscope adjusted as specified in Step (5), observe that the takeup
servo ramp timing is within the limits specified in Step (7). Limits should be as
specified when the pushbutton switch on jumper J507 is depressed, or the tape
loop is moved across the takeup reverse 90 percent port (Figure 4-4) if using the
alternate test configuration.

Terminate the test sequence by removing ac power.

Adjustment Procedure

When the acceptable limits are exceeded, the following adjustments are made.

M
@)
@)

Establish the test configuration described in Paragraph 6.6.7.1 or 6.6.7.2
Perform the test procedure described in Paragraph 6.6.7.3, Steps (1)—(7).

Adjust the variable resistor R18 on the Tape Control PCBA to obtain aramp time as
follows.

[J 1.905 m/s (75 ips)
¢ 57 milliseconds
J 1.143 m/s (45 ips)
¢ 34.2 milliseconds
[J 0.953 m/s (37.5 ips)
e 28.5 milliseconds
Perform the test procedure described in Paragraph 6.6.7.2, Steps (8)—(11).

Adjust variable resistor R113 on the Tape Control PCBA to obtain a ramp time as
follows.

[0 1.905 m/s (75 ips)
e 57 milliseconds
J 1.143 m/s (45 ips)
* 34.2 milliseconds
J 0.953 m/s (37.5 ips)
* 28.5 milliseconds
Remove power from the drive.
Remove all jumpers and return the drive to normal configuration.
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6.6.7.5 Related Adjustments
* None.

6.6.8 REEL SERVO SPEED

The supply and takeup reel servos have an adjustable tachometer velocity control. The
tachometer inputs to the reel servos are adjusted by R38 and R118 on the Tape Control
PCBA. These adjustments are accessible at the top of the card cage through the holes
designated SUS and TUS, respectively. See Figure 5-1 for location of test points and
adjustments.

NOTE

The — 10v Regulator must be within acceptable limits prior
to adjusting the Reel Servo Ramps. The Capstan Forward
and Reverse Speeds must be within acceptable limits
(refer to Step (5) of Paragraph 6.6.3.2).

6.6.8.1 Test Configuration
(1) Load a reel of tape.
(2) Apply power to the unit.
(3) Depress and release LOAD/RESET control to load tape into the vacuum column.

6.6.8.2 Test Procedure

(1) Place the Maintenance switch in the forward position; run the tape forward until
the tape on the supply hub has a pack diameter of 172.72 mm (6.8 inches).

(2) Connect a jumper from TP17 to TP16 on the Tape Control PCBA.
(3) Place the Maintenance switch in the reverse position; tape will move in reverse.
(4) Observe the position of the tape in the upper vacuum chamber.

(5) Tape position should remain stationary between ports 4 and 5, or drift slowly
taking at least 1 second to drift from port-to-port.

(6) Return the Maintenance switch to center position.
(7) Remove the jumper from TP16 and connect it to TP8.

(8) Place the Maintenance switch in the reverse position and hold until the tape on
the takeup reel has a pack diameter of 172.72 mm (6.8 inches).

(9) Observe the position of the tape in the lower vacuum chamber.

(10) Tape position should remain stationary between ports 8 and 9, or drift slowly
taking at least 1 second to drift from port-to-port, while in the reverse mode.

(11) Return the Maintenance switch to the center position.
(12) Disconnect the jumper.

6.6.8.3 Adjustment Procedure
(1) Establish the test configuration described in Paragraph 6.6.8.1.
(2) Perform the test procedure described in Paragraph 6.6.8.2, Steps (1)—(3).

(3) Adjust R38 on the Tape Control PCBA until the tape position remains stationary
between ports 4 and 5 (in the reverse mode).

(4) Return the Maintenance switch to the center position.
(5) Remove the jumper from TP16 and connect it to TP8.

(6) Place the Maintenance switch in the reverse position and hold in the reverse mode
until a tape diameter of 172.72 mm (6.8 inches) is on the takeup reel.

(7) Adjust R118 on the Tape Control PCBA until the tape position remains stationary
between ports 8 and 9 (in the reverse mode).
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(8) Return the Maintenance switch to the center position.
(9) Disconnect the jumper and return the drive to normal configuration.

6.6.8.4

Related Adjustments

e None.

6.6.9 REEL SERVO POSITION BIAS

Two adjustments are provided on the Tape Control PCBA to stabilize the tape when itis in
the standby or parking mode. R27 provides adjustable position bias for the supply reel

servo;

R82 provides adjustable position bias for the takeup reel servo. These

potentiometers are accessible at the top of the card cage through the holes designated
SUP and TUP, respectively. See Figure 5-1 for location of test points and adjustments.

6.6.9.1

N

6.6.9.2
M

3)
(4)
(5)

(6)

Test Configuration

(1) Load a reel of tape.

(2) Apply power to the unit.
3)

(4)

Depress and release LOAD/RESET control to load tape into the vacuum column.

Place the Maintenance switch in the forward position; run tape forward until equal
amounts of tape are on the supply and takeup reels.

Test Procedure

With the capstan stopped, observe the tape loop in both vacuum chambers. Tape
should remain stationary in the parking zone between the two 90 percent holes in
both the upper and lower vacuum chambers. Recheck this condition with supply
reel full and then with the takeup reel full.

If the tape does not remain in the position indicated in Step (1), perform the
following adjustment procedure.

Adjustment Procedure
Establish the test configuration described in Paragraph 6.6.9.1.

Place the Maintenance switch in the forward position; run the tape forward until
equal amounts of tape are on the supply and takeup reels.

Connect a digital voltmeter probe to TP20 on the Tape Control PCBA.
Connect the digital voltmeter ground to TP25 or TP26 on the Tape Control PCBA.

Adjust R27 (SUP) cw until the tape in the upper chamber starts to move; note the
voltage as V4.

Adjust R27 (SUP) ccw until the tape in the upper chamber starts to move in the
opposite direction; note the voltage as Vo.

(7) Calculate the center voltage via the following formula.

Vi + Vo

= VCenter
> en

(8) Adjust R27 (SUP) to achieve the value calculated for Voenter =5%.
(9) Connect the digital voltmeter probe to TP21 on the Tape Control PCBA.
(10) Adjust R82 (TUP) cw until the tape loop in the lower chamber starts to move; note

the voltage as V4.

(11) Adjust R82 (TUP) ccw until the tape in the lower chamber starts to move in the

opposite direction; note the voltage as Vo.

(12) Calculate the center voltage using the formula in Step (7).
(13) Adjust R82 (TUP) to achieve the value calculated for Voenter +5%.

6.6.9.4

Related Adjustments

e None.
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6.6.10 READ AMPLIFIER GAIN

The gain of each of the read amplifiers located on the Data PCBA is independently
adjustable.

NOTE

The Tape Speed must be checked and adjusted prior to
adjusting the Read Amplifier Gain.

In considering the overall gain of the read system, it is important to note that the output of
the read head is particularly dependent upon the type of magnetic tape used and the
condition of the tape, i.e., new or used. Use good quality tape.

A read amplifier gain adjusted too high will result in amplifier saturation; gain set too low
will increase the susceptibility to data errors due to drop-outs.

Read amplifier gain may be determined by reading (in the Read Only mode) an all-1s tape
which was recorded on the drive. An all-1s tape may be generated by using a Wilson Tape
Drive Exerciser, Model TX500.

6.6.10.1 Test Configuration
(1) Clean the head assembly and tape path as described in Paragraph 6.4.
(2) Load a master output tape (Paragraph 6.5.2).
(3) Apply power to the unit.
(4) Depress and release LOAD/RESET control to load tape into the vacuum column.

6.6.10.2 Test Procedure

(1) Place the Maintenance switch in the forward position; tape will move forward at
the specified velocity.

(2) Using the signal probe of an oscilloscope, measure and record the peak-to-peak
amplitude of the read amplifier waveforms viewed at the output of each
differentiator (TP104—TP904) on the Data PCBA.

(3) Acceptable limits (peak-to-peak when utilizing an all-1s tape generated on the
drive).

e 3.25v minimum
e 4.75v maximum

6.6.10.3 Adjustment Procedure

When the acceptable limits are exceeded, the following adjustments are performed.
(1) Establish the test configuration described in Paragraph 6.6.10.1.
(2) Perform the test procedure described in Paragraph 6.6.10.2.

(3) Observe TP104—TP904 on the Data PCBA and adjust variable resistors
R117—R917 associated with these test points to 4v peak-to-peak.

6.6.11 THRESHOLD GENERATOR

The output voltage of the threshold generator can be checked at TP6 on the Data PCBA in
the different modes of operation. The following values are included as a check only; no
adjustment procedure is applicable. If the listed limits are exceeded, this is indicative of a
fault in the threshold circuitry.

(1) Write Mode
e 3.8v minimum
¢ 5.0v maximum
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(2) Read Mode
O IRTH2 False
® 1.8v minimum
e 2.4v maximum
U0 IRTH2 True
¢ 0.8v minimum
¢ 1.4v maximum

6.6.12 EOT/BOT AMPLIFIER

The EOT/BOT Amplifier is located on the Tape Control PCBA. Before performing the follow-
ing procedure, examine the PCBA and determine the value of resistors R1002 and R2002.

6.6.12.1 Test Procedure
(1) Apply power to the unit.

(2) With the head cover installed and no tape in path, measure and note the voltage
across resistor R1002 (EOT).

(3) Measure and note the voltage across resistor R2002 (BOT).
(4) Acceptable Limits

* Resistor value 3300 ohms: >0.5v

* Resistor value 10k ohms: >1.5v

(5) Place tape in the tape path (between the sensor and reflector) and measure and
note the voltage across resistor R1002 (EOT). Ensure that reflective tab is not
under the sensor.

(6) Measure and note the voltage across R2002 (BOT).
(7) Acceptable Limits
* Resistor value 3300 ohms: <0.2v
* Resistor value 10k ohms: <0.6v
NOTE

If the voltage is 0.6v (nominal) with 3300 ohm resistor or 1.5v
(nominal) with 10k ohm resistor with no tape in path, and
greater than 0.2v with 3300 ohm resistor or 0.6v with 10k
ohm resistor with no tape in path, the sensor is defective.

6.6.12.2 Adjustment Procedure
When the acceptable limits are exceeded, make the following adjustments.
(1) Apply power to the unit.

(2) If resistor value of R1002 and R2002 is 3300 ohms, perform Steps (3), (4), and (7). If
resistor value of R1002 and R2002 is 10k ohms, perform Steps (5), (6), and (7).

(3) With no tape in path, adjust R1008 (EOT) until the voltage across R1002 is 0.6v.
(4) With no tape in path, adjust R2008 (BOT) until the voltage across R2002 is 0.6v.
(5) With tape in path (off tab), adjust R1008 (EOT) until the voltage across R1002 is 0.55v.
(6) With tape in path (off tab), adjust R2008 (BOT) until the voltage across R2002 is 0.55v.
(7) Verify Steps (2)—(7) of the test procedure in Paragraph 6.6.12.1.

6.6.12.3 Related Adjustments
¢ None
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6.7 MECHANICAL ADJUSTMENTS AND PARTS REPLACEMENT

Paragraphs 6.7.1—6.7.14 describe the mechanical adjustment procedures and related
adjustments.

6.7.1 TRIM ASSEMBLY REMOVAL AND REPLACEMENT

The trim assembly, shown in Figure 3-1, refers to the overlay and the hinged door. The door
remains attached to the overlay when the assembly is removed. Six screws, accessible
from the rear, hold the assembly in place. Some adjustments may require removal of the
trim assembly for access to the front of the drive base plate. This is accomplished as
follows.

(1) Remove ac power from the unit.
(2) Remove the head cover set.

(3) Remove the fixed takeup reel by loosening two screws on the reel hub face
(approximately two turns), then pull the reel forward.

(4) Close the hinged door and remove six 6-32 screws which attach the trim to the drive
(three screws along the left rear and three screws along the right rear side).

(5) Slide the entire trim assembly forward and away from the unit.

The trim assembly is installed as follows.
(1) Position the trim assembly on the drive so that the six screw holes are aligned.
(2) Install and tighten the six 6-32 attaching screws.

(3) Install the takeup reel and torque the two screws on the reel hub face to 0.28
newton-metres (2.5 inch-pounds).

6.7.2 SKEW MEASUREMENT AND ADJUSTMENT (T9640)

Drive skew is adjusted by first checking and, if necessary, adjusting write skew, then
checking the read skew. The requirements on PE read skew are not severe since the
system uses a multiple buffer register per channel for read data recovery.

6.7.2.1 Write Skew Measurement (T9640)

An indication of the write skew may be obtained by observing the algebraic sum of the
peak detectors at TP10 on the Data PCBA with the write head connector (P1) plugged into
the read head receptacle (J2).

Figure 6-3 illustrates an example of correctly adjusted skew. This method of determining

2297
Figure 6-3. Skew Waveform (Typical)
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(1) Disconnect the write head and read head connectors from J1 and J2, respectively,
on the Data PCBA.

(2) Plug the write head connector into the read head connector (J2) on the Data PCBA.

(3) Set the vertical sensitivity on the oscilloscope to 1vicm.

(4) Set the oscilloscope to trigger on Channel 1, negative slope, alternate mode.

(5) Load a 32 c/mm (800 cpi) Master Skew Tape (Paragraph 6.5.2), bring to BOT and
position the Maintenance switch to the forward position.

(6) Observe the oscilloscope waveform and adjust the horizontal time/division fixed
and variable controls to display one complete cycle.

NOTE

With an 800 cpi tape, each cycle represents 1250 micro-
inches. The scope graticule is divided into 10 major divi-
sions each of which is divided into 5 divisions; therefore,
1250 microinches + 50 divisions = 25 microinches/division.

(7) Observe that the fall time of the waveform viewed at TP10 is less than eight small
divisions of the oscilloscope graticule, i.e., 200 microinches. This measurement
should be taken between the 95- and 5-percent points of the waveform.

(8) Disconnect the write head connector from the read head receptacle (J2). Connect
the write and read head connectors to J1 and J2, respectively, on the Data PCBA.

6.7.2.2 Write Skew Adjustment (T9640)
Reduction of skew to within acceptable limits is accomplished as follows.

(1) Perform skew measurement procedure described in Paragraph 6.7.2.1, Steps
(1)—(@).

(2) While observing the waveform at TP10 on the Data PCBA, and with tape moving in
the forward direction, ease the edge of the tape off the head guide cap toward the
spring-loaded ring guide. This should be done first on one guide, then the other.

NOTE
Moving the tape one- to two-thousandths of an inch from
one of the guides will reduce the skew to within the
specified range.

(3) Observe the waveform and determine which movement (upper or lower) improves
the display. If moving the tape off the upper guide improves the display, the lower
guide should be shimmed.

NOTE

The shims are one-half-thousandth-inch (0.0005) thick
berrylium copper (PPC Part No. 100298-01).
(4) Observe and note the fall time of the waveform observed at TP2 with an
oscilloscope set up as described in Paragraph 6.7.2.1, Step (4).

(5) Since the character spacing at 800 cpi is 1250 microinches, the actual skew can be
calculated. The skew correction provided by the addition of one shim (500
microinches thick)is 500 + 12 = 42 microinches. The number of shims used must
satisfy the following.

e Skew must be reduced to a minimum consistent with the maximum number of
shims allowable.

¢ The maximum number of shims used must not exceed four.

Therefore, if, for example, the measured skew is 250 microinches, four shims will
yield a skew correction of 168 microinches (i.e., 4 x [500 + 12] = 168
microinches). This satisfies the requirements listed above.
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(6) Move the Maintenance switch to the reverse position. When the BOT tab is
encountered, tape motion will cease. Remove tape from the drive.

(7) Remove the head guide retaining screw (accessible from the rear of the deck) and
remove the guide assembly that is to be shimmed.

(8) Insert the required number of shims and reinstall the head guide assembly.
NOTE
Shim only one head guide.

(9) Recheck skew measurement as described in Paragraph 6.7.2.1, Steps (1)—(6) in
both the forward and reverse directions.

(10) Reinstall connectors J1 and J2 in their correct positions on the Data PCBA.

6.7.2.3 Read Skew Measurement (T9640)

Measurement of read skew is accomplished by reading an all-1s or all-Os tape with the read
head connector plugged into the read head receptacle (J2) on the Data PCBA. This
measurement is accomplished as follows.

(1) Set the oscilloscope vertical sensitivity to 1v/icm.

(2) Set the oscilloscope to trigger on Channel 1, negative slope, alternate mode.
(3) Load an 800-cpi Master Skew Tape (Paragraph 6.5.2) and bring to BOT.

(4) Position the Maintenance switch to the forward position.

(5) Observe oscilloscope waveform and adjust the horizontal time/division fixed and
variable controls to display one complete cycle.

NOTE

With an 800 cpi tape, each cycle represents 1250 micro-
inches. The scope graticule is divided into 10 major divi-
sions each of which is divided into 5 divisions; therefore,
1250 microinches = 50 divisions = 25 microinches/division.

(6) Observe that the fall time of the waveform viewed at TP2 is less than 16 small
divisions of the oscilloscope graticule; i.e., 400 microinches. This measurement
should be taken between the 95- and 5-percent points of the waveform.

6.7.3 SKEW MEASUREMENT AND ADJUSTMENT (T9660)

Drive skew is adjusted mechanically as outlined in the following paragraphs. The
requirements on PE read skew are not severe since the system uses a multiple buffer
register per channel for read data recovery.

6.7.3.1 Skew Measurement (T9660)

An indication of the skew may be obtained by observing the algebraic sum of the peak
detectors at TP10 on the Data PCBA.

Figure 6-4 illustrates an example of correctly adjusted skew. This method of determining
the system write head skew is accomplished as follows.

(1) Set the vertical sensitivity on the oscilloscope to 1vicm.

(2) Set the oscilloscope to trigger on Channel 1, negative slope, alternate mode.
(3) Load a 32 c/mm (800 cpi) Master Skew Tape (Paragraph 6.5.2) and bring to BOT.
(4) Activate the Maintenance switch so that tape moves in the forward direction.
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2297

Figure 6-4. Skew Waveform (Typical)

(5) Observe the oscilloscope waveform and adjust the horizontal time/division fixed
and variable controls to display one complete cycle.

NOTE
With an 800 cpi tape, each cycle represents 1250 micro-
inches. The scope graticule is divided into 10 major divi-

sions each of which is divided into 5 divisions; therefore,
1250 microinches = 50 divisions = 25 microinches/division.

(6) Observe that the fall time of the waveform viewed at TP10 is less than eight small
divisions of the oscilloscope graticule, i.e., 200 microinches. This measurement
should be taken between the 95- and 5-percent points of the waveform.

(7) Acceptable Skew Limits
* The maximum displacement between any two bits of a character when reading

an IBM master tape using the write head is 200 microinches.

e The maximum displacement between any two bits of a character on an all-1s
tape written with the write section of the read-after-write head, and read with the
read section of the read-after-write head is 400 microinches.

6.7.3.2 Skew Adjustment (T9660)
Reduction of skew to within acceptable limits is accomplished as follows.
(1) Perform skew measurement procedure described in Paragraph 6.7.3.1.

(2) While observing the waveform at TP10 on the Data PCBA, and with tape moving in
the forward direction, ease the edge of the tape off the head guide cap toward the
spring-loaded washer. This should be done first on one guide, then the other.

NOTE
Moving the tape one- to two-thousandths of an inch from
one of the guides will reduce the skew to within the
specified range.

(3) Observe the waveform and determine which movement (upper guide or lower
guide) improves the display. If moving the tape off the upper guide improves the
display, the lower guide should be shimmed.

NOTE

The shims are one-half-thousandth-inch (0.0005) thick
berrylium copper (PPC Part No. 100298-01).
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(4) Observe and note the fall time of the waveform observed at TP10 with an
oscilloscope set up as described in Paragraph 6.7.3.1, Step (5).

(5) Since the character spacing at 800 cpi is 1250 microinches, the actual skew can be
calculated. The skew correction provided by the addition of one shim (500
microinches thick) is 500 + 12 = 42 microinches. The number of shims used must
satisfy the following.

e Skew must be reduced to a minimum consistent with the maximum number of
shims allowable.

¢ The maximum number of shims used must not exceed four.

Therefore, if, for example, the measured skew is 250 microinches, four shims will
yield a skew correction of 168 microinches (i.e., 4 x (500 = 12) = 168
microinches). This satisfies the requirements listed above.

(6) Move the Maintenance switch to the stop position.

(7) Remove the head guide retaining screw (accessible from the rear of the deck) and
remove the guide assembly that is to be shimmed.

NOTE

When removing the guide, care should be taken not to
drop the spring and washer.

(8) Insert the required number of shims and reinstall the head guides.
NOTE
Shim only one head guide.
(9) Recheck skew measurement as described in Paragraph 6.7.3.1.

6.7.4 TAPE TENSION

Tape tension is adjusted by adjusting the airflow through the variable orifice located on
the rear of the blower housing cover.

Tape tension should always be checked upon initial installation of the unit and each time
the unit is relocated to a different site. This is necessary since tape tension may change
with changes in altitude above sea level.

6.7.4.1 Test Procedure
Tape tension is checked as follows.

(1) Connect the low pressure side of a differential pressure gauge to the tape cleaner
hose port on the blower housing cover.

(2) Load tape on the unit and bring to Load Point.

(3) Observe that the water level indication of vacuum pressure is within the following
limits.
® 457.2 mm (18 inches) minimum
® 482.6 mm (19 inches) maximum

6.7.4.2 Adjustment Procedure
When the acceptable limits of vacuum pressure are exceeded, perform the following.

(1) Remove the sound barrier material from the blower intake and loosen the screws
(one or two turns) at the bottom of the intake.

(2) Connect the low pressure side of a differential pressure gauge to the tape cleaner
hose port on the blower housing cover.

(3) Load tape on the unit and bring to Load Point.
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(4) Rotate the orifice plate until a pressure gauge reading of 469.9 mm (18.5 inches) is
indicated.

(5) Tighten the screws at the bottom of the intake and reinstall the sound barrier
material.

(6) Remove the pressure gauge and reconnect the tape cleaner hose.

6.7.5 HEAD REPLACEMENT

The head may require replacement because of internal faults, faulty cabling, or from wear.
Internal faults can be verified by reading a master tape; wear can be verified by measuring
the depth of the wear pattern on the head crown. On heads having guttering (grooves cut
on the crown on either side of the tape path), the heads should be replaced. Replacement
should take place when the guttering is worn down to a depth in excess of 0.254 mm (0.01
inch). In those heads showing guttering, the head wear should be measured with a brass
shim that is 0.254 mm (0.01 inch) thick. The shim width should be less than the minimum
tape width 12.598 mm (0.496 inch). The shim is placed in the worn area of the head crown
with one side butted against the worn step. When the upper surface of the shim is below
the unworn surface of the head crown (i.e., the head has worn to a depth greater than 0.254
mm or 0.01 inch), the head should be replaced.

6.7.5.1 Head Replacement Procedure
Replacement of the head is accomplished as follows.
(1) Remove the head cover.
) Disconnect the head connectors from the Data PCBA.
(3) Remove the two screws that attach the head to the head plate.
(4) Ease the head cables through the hole in the baseplate.
(5) Check the replacement head for cleanliness of the mounting surface.
NOTE

The mounting surface must be free of all foreign sub-
stances or excessive skew may result.

(6) Route the head connectors and cables through the baseplate.

(7) Plug the write head connector into J1, and the read head connector into J2 on the
Data PCBA.

(8) Attach the head with the two screws removed in Step (3).
NOTE

Two sets of screw holes are provided for mounting the
head. The upper set (nearest the switch housing) is used
for dual-stack heads.

(9) Load an all-1s tape and bring to Load Point.

(10) Operate the drive in a shuttling mode (i.e., forward, then reverse) and observe the
oscilloscope signal amplitude at the output of the read amplifiers.

(11) While operating in the shuttling mode, mechanically rotate the head assembly
until the observed amplitude difference between forward and reverse operation is
minimum and the erase head is in contact with the tape.

6.7.5.2 Related Adjustments

Read Amplifier Gain (Paragraph 6.6.10).

Read Skew (Paragraph 6.7.2.3, T9640; Paragraph 6.7.3, T9660).
Write Skew (Paragraph 6.7.2.1, T9640).

Flux Gate (Paragraph 6.7.6, T9640).
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6.7.6 FLUX GATE ADJUSTMENT (T9640 ONLY)

Crosstalk can be checked and, if necessary, reduced to within acceptable limits by
mechanically adjusting the flux gate. Refer to Figure 5-1 to locate Tape Control test points
and adjustments. The check and adjustment procedure is as follows.

6.7.6.1
(1)

6.7.6.3

Test Configuration

Connect the Wilson Hand Held Exerciser, Model TX500 (PPC Part No. 110180), to
the drive.

NOTE

If a Wilson Exerciser is not available, the customer can use
an alternate method to generate an all-1s pattern, writing
short record lengths in a Forward/Stop program mode.

Load a reel of tape and bring to Load Point.

Test Procedure
Depress the ON LINE switch/indicator.

Configure the exerciser to write short record lengths in a Forward/Stop Program
mode.

Place the trigger probe of an oscilloscope on the Synchronous Forward Command
(SFC) test point (TP12) on the Tape Control PCBA.

Using the signal probe, observe the waveforms at TP103—TP903 on the Data PCBA.

Note the large data waveform and the smaller crosstalk waveform side by side as
shown in Figure 6-5.

Observe and note the amplitude of the crosstalk waveform.
Acceptable Limits
¢ 1v peak-to-peak maximum

Adjustment Procedure

If acceptable crosstalk limits are exceeded, perform the following adjustment procedure.

(1)
@2

Perform an unload operation and remove the reel of tape from the unit.

Adjust the small setscrew in the flux gate base until the flux gate surface is
parallel to the head surface.

Partially loosen the screw which secures the flux gate assembly to the head plate.
Take care to ensure that the flux gate spring does not move the assembly.

Place a white card (e.g., business card) between the flux gate and the magnetic
head and press the flux gate assembly lightly against the head.

Figure 6-6 illustrates the correct relationship between the magnetic head and the

flux gate.
CROSSTALK
WAVEFORM—\

DATA
WAVEFORM

2135

Figure 6-5. Crosstalk Waveform
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Figure 6-6. Flux Gate Adjustment

(6) Tighten the flux gate assembly screws.

(7) Load areel of tape and bring to Load Point; repeat the Test Procedure described in
Paragraph 6.7.6.2.

NOTE

It may be necessary to move or rotate the assembly slightly
to achieve the best compromise between all tracks.

6.7.7 PHOTOSENSOR REPLACEMENT
- Replacement of the photosensor is accomplished as follows.
(1) Disconnect the cable that connects the photosensor to the Tape Control PCBA
(P504).
(2) Remove the screw that attaches the sensor assembly to the head plate (the screw
is accessible from the rear of the baseplate).
(3) Feed the connector forward through the hole in the baseplate, then through the
hole in the trim.
(4) Insert the cable of the replacement sensor through the trim and the baseplate.
(5) Replace the connector in the Tape Control PCBA.
(6) Align the surface of the sensor parallel to the tape and tighten the retaining screw.

(7) Adjust the Tape-In-Path reflector so that its surface is parallel to the tape without
touching it.

6.7.8 BLOWER DRIVE SYSTEM

The vacuum blower drive is composed of an ac induction motor, a motor pulley, and a drive
belt. To obtain sufficient vacuum pressure under various conditions of line frequency and
altitude, four different pulley/belt combinations are available; refer to Table 6-6 for these
combinations. All new units are factory set for 50 or 60 Hz operation at low altitude (0 to
1219 metres or 0 to 4000 feet); for operation above 1219 metres (4000 feet), the pulley and
belt must be changed and the tape tension rechecked. The belt should also be checked at
regular intervals for wear and proper tracking.

NOTE

The blower drive system must also be tested and adjusted
in accordance with the procedure in Paragraph 6.7.4.
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6.7.8.2

Table 6-6
Pulley/Belt Combinations

Frequency/Altitude Motor Pulley Part No. Belt Part No.

60 Hz 0—1219 metres 103899-01 102634-03
(0—4000 feet)

60 Hz 1219—2438 metres 103899-02 102634-04
(4000—8000 feet)

50 Hz 0—1219 metres 103899-03 102634-05
(0—4000 feet)

50 Hz 1219—2438 metres 103899-04 102634-06
(4000—8000 feet)

124

Blower Belt Tension Check and Replacement Procedure

Remove the trim assembly for access to the blower drive components (refer to
Paragraph 6.7.1).

A circular notch is provided in the deck plate, below the supply reel hub assembly,
for checking blower belt tension. Move the blower belt back and forth to check for
looseness.

NOTE
Blower belt slippage causes excessive belt wear.
If looseness of the belt was noted in Step (2), replace the blower belt.

Remove the four 1/4-20 screws and nuts holding the blower housing to the base
plate. The screws are removed from the front of the drive, the nuts from the rear.
Do not remove the blower housing.

CAUTION

TWO OF THE FOUR BLOWER HOUSING RETAINING
NUTS, LOCATED NEAR THE HEAT SINK OF THE TAPE
CONTROL PCBA, MAY FALL INTO THE POWER SUPPLY
ASSEMBLY UNLESS CARE IS TAKEN.

Loosen the three screws retaining the blower motor assembly. The assembly is
now free to slide vertically, thus relieving blower belt tension.

Remove and replace the blower belt.

Exert approximately 178 newton-metres (40 pounds) of downward pressure on the
blower motor assembly while tightening the three mounting screws. This will
tension the blower belt to approximately 89 newton-metres (20 pounds).

Replace the four 1/4-20 blower housing screws and nuts removed in Step (4).
Replace the trim assembly (refer to Paragraph 6.7.1).

Blower Motor Assembly Removal

Refer to Figure 7-3 for parts location in conjunction with this procedure.

Q)
)

Remove four screws from the rear of the blower housing cover.
Remove blower housing cover.

(3) Remove filter from inside the blower housing.
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(4) Remove the four screws and nuts holding the blower housing to the baseplate.
The screws are removed from the front of the drive, the nuts from the rear.

CAUTION

TWO OF THE FOUR BLOWER HOUSING RETAINING
NUTS, LOCATED NEAR THE HEAT SINK OF THE TAPE
CONTROL PCBA, MAY FALL INTO THE POWER SUPPLY
ASSEMBLY UNLESS CARE IS TAKEN. '

) Remove the blower housing. ,
) From the front of the unit, remove three screws holding the blower motor assembly.
) Remove the blower motor assembly.

6.7.8.3 Blower Motor Assembly Installation -
(1) Reverse the procedure given in Paragraph 6.7.8.2.

(2) Exert approximately 178 newton-metres (40~‘ipounds) of downward pressure on the
blower motor assembly while tightening the three mounting screws. This will
tension the blower belt to approximately 89 newton-metres (20 pounds).

(3) Replace the trim assembly (refer to Paragraph 6.7.1).

6.7.8.4 Related Adjustments
* Tape Tension (Paragraph 6.7.4).

6.7.9 AIR FILTER REMOVAL AND REPLACEMENT
(1) Remove the four screws retaining the blower housing cover.
(2) Pull the cover away; remove the filter.
(3) Install a new filter and replace the cover and screws.

6.7.9.1 Related Adjustments
¢ Tape Tension (Paragraph 6.7.4).

6.7.10 DELRIN ROLLER GUIDE ASSEMBLY REPLACEMENT AND TRACKING CHECK

The Delrin roller guide assembly is located at the upper left side of the vacuum chamber.
This roller guide should be checked periodically for freedom of rotation and for tape
tracking accuracy. The roller barrel should rotate freely when turned by hand; if any
roughness is detected, replace the assembly. The assembly is removed by loosening the
No. 10 screw at the rear of the baseplate.

NOTE

The replacement roller assembly is factory set to the
proper height.

After installation of a replacement roller guide assembly, check for proper tape tracking as
follows.

(1) Load a reel of tape.
(2) Move the Maintenance switch to the forward position.

(3) Sight down the inside column wall adjacent to the roller guide and note the
position of the tape in relation to the floor of the column and the glass cover.
Observe that the gaps between the tape edges and the column wall and glass are
approximately equal, i.e., tape is not riding on column floor or on glass surface.

(4) If the conditions of Step (3) are not met, remove power from the drive and remove
the trim (refer to Paragraph 6.7.1).
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(5) Adjust the roller guide height by loosening the setscrew in the guide base and
adjusting the guide height until the tape is centered between the glass and the
column floor at the entry point of the column.

6.7.10.1 Related Adjustments

The following procedures must be performed subsequent to changing the Delrin roller
guide assembly.

¢ Read Skew (Paragraph 6.7.2.3, T9640; Paragraph 6.7.3, T9660).
e Write Skew (Paragraph 6.7.2.1, T9640).

6.7.11 TAPE TACHOMETER REPLACEMENT AND TAPE GUIDE TRACKING CHECK

The tachometers are located on the right side of both the supply and takeup chambers and
should be checked periodically for freedom of rotation and for tape tracking accuracy.

The tachometer pulley should rotate freely when turned by hand. If any roughness is
detected, or should the tachometer require replacement due to an electrical problem, the
following procedure is performed.

(1) Place a 13/64 open-end wrench on the flats behind the tachometer pulley and
remove the pulley by loosening the socket head screw in the shaft.

(2) Remove all shims from the tachometer shaft.

(3) Remove the three tachometer mounting screws.

(4) Install the replacement tachometer.

(5) Install shims to achieve a thickness totaling 0.014-inch.
NOTE

Use two 0.005-inch thick shims (Part No. 612-1010) and
two 0.002-inch thick shims (Part No. 612-1011).

(6) Reinstall the tachometer pulley, load tape, and place the Maintenance switch in
the forward position.

(7) Check for proper tape tracking by sighting down the adjacent inside column wall
and noting that the gaps between the tape edges and the column floor and glass
are approximately equal, i.e., tape not riding on column floor or on glass surface at
entry point. If this condition is not met, remove the pulley and add or subtract
shims until the tape is centered between the glass and the column floor at the
entrance point to the column.

6.7.11.1 Related Adjustments

The following procedures must be performed subsequent to changing a tachometer.
¢ Reel Servo Position Bias (Paragraph 6.6.9).
* Reel Servo Speed (Paragraph 6.6.8).

6.7.12 REEL MOTOR REPLACEMENT AND REEL HUB HEIGHT ADJUSTMENT
A reel motor may be replaced as follows.
(1) Remove the trim assembly (refer to Paragraph 6.7.1).

(2) Loosen the two screws securing the reel hub to the motor shaft and slide the hub
forward and free of the shaft.

(3) Remove the motor lead connections at the Power Supply PCBA (connectors P3
and P6 for the Supply reel; connectors P1 and P4 for the Takeup reel).

(4) Remove four motor mounting screws on the front of the baseplate. Remove the
motor from the rear.
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(7)
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6.7.12.1

Install the replacement motor and reconnect the leads.

Reinstall the reel hub and adjust the hub flange to 31.52 mm (1.241 inches) from
the baseplate front surface.

Torque both clamping screws evenly to 2.71 newton-metres (24 inch-pounds).

Reinstall trim assembly and check tape clearance to each reel flange while running
tape in both directions. There should be no tape contact with the reel flange.

Readjust as required.

Related Adjustments

The following procedures must be performed subsequent to changing a reel motor.
* Reel Servo Position Bias (Paragraph 6.6.9).
¢ Reel Servo Speed (Paragraph 6.6.8).
¢ Tape Tension (Paragraph 6.7.4).

6.7.13

REEL HUB GRIP RING REPLACEMENT

The following procedure is used to replace the grip ring on the supply and takeup reel hubs.

6.7.13.1
)

—_
~
2

©
S

(12)
(13)

Supply-Reel Hub Grip Ring
Place the supply hub actuator in its locked position.
Remove the Allen-head screw from the hole in the center of the actuator.

Remove the plastic expansion ring around the actuator, along with the rubber grip
ring; note the location of the two plastic notches on the expansion ring, with
reference to the hub face assembly.

Install friction ring and expansion ring kit (PPC Part No. 109502-01).

Align the slots in the hub face assembly with the notches on the expansion ring
noted in Step (3).

Reinstall the hub face assembly and partially tighten the Allen-head screw
removed in Step (2).

NOTE

The Allen-head screw adjusts the grip force exerted on
the tape reel.

Release (unlock) the supply hub actuator.
Mount a reel of tape on the supply hub.
Lock the supply hub actuator.

NOTE

If the tape reel binds as it is slipped on the hub, or the

actuator is difficult to operate, loosen the Allen-head

screw installed in Step (6) in small increments until the

tape reel no longer binds.
Manually turn the tape reel clockwise with one hand while holding the hub
assembly with the other hand. If the reel slips on the hub, tighten the Allen-head
screw in the center of the actuator, in small increments, periodically checking the
grip force until the tape reel no longer slips.

Thread the tape onto the takeup reel.
Apply power to the unit.
Bring tape to Load Point.
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(14)

(15)

(16)

Manually turn the supply reel clockwise until the tape loop in the vacuum column
crosses one of the 90 percent holes. This will cause the jump circuit to oppose the
hand movement of the tape reel.
Loosen the Allen-head screw until the supply tape reel just starts to slip on the hub.
NOTE

As the supply tape reel slips on the hub while repeatedly

performing Step (14), tighten the Allen-head screw in the

center of the actuator until the tape reel just stops

slipping, then tighten the Allen-head screw approximately

1/8 turn.

Rewind the tape, de-energize the unit, and remove the tape reel.

6.7.13.2 Takeup Reel Hub Grip Ring

(1
(2)

(3)
(4)

()

@)
9)
(10)
an
(12)

Remove the two Phillips-head screws on the takeup reel hub assembly.
Remove the plastic expansion ring from the hub, along with the rubber grip ring;
note the location of the two plastic notches on the expansion ring, with reference
to the hub face assembly.
Install friction ring and expansion ring kit (PPC Part No. 109502-01).
Align the slots in the hub face assembly with the notches on the expansion ring
noted in Step (2).
Reinstall the hub face assembly by partially tightening the two Phillips-head
screws removed in Step (1).
NOTE
These two Phillips-head screws adjust the grip force
exerted by the hub against the takeup reel.
Install an empty reel on the takeup reel hub.
Alternately tighten each Phillips-head screw on the takeup reel hub until the
pressure is sufficient to keep the reel from slipping on the hub.
NOTE

Check for reel slippage by manually turning reel with one
hand while holding the hub in place with the other.

Mount a reel of tape on the supply reel hub.

Thread the tape on the takeup reel.

Apply power to the unit.

Bring tape to Load Point.

Manually turn the supply reel counterclockwise until the tape loop in the vacuum

column crosses one of the 90 percent holes. This will cause the jump circuit to
oppose the hand movement of the tape reel.

NOTE

If the takeup reel slips on the hub while being turned
counterclockwise, tighten the two Phillips-head screws
alternately until the reel just stops slipping, then tighten
each screw approximately 1/8 turn. If the takeup reel does
not slip, alternately loosen each screw until the reel just
starts to slip and repeat Step (12) until each screw is set.

(13) Rewind the tape, de-energize the unit, and remove the tape reel.
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6.7.14 CAPSTAN AND CAPSTAN MOTOR REPLACEMENT

6.7.14.1

(

1)

D

—~ e s~
[N
—_—_— 2

~

Capstan Replacement

With the buffer box door closed, but not latched, remove the six Allen-head screws
that secure the two door hinges. The door panel and its glass cover can then be
removed by gently pulling it outward.

Remove the Allen-head screw in the center of the capstan. This will free the
capstan so that it can be removed from the capstan motor shaft.

Install the replacement capstan.

Replace the Phillips-head screw removed in Step (2).

Replace the buffer box door removed in Step (1).

Replace the six Allen-head screws removed in Step (1).

Load a tape and check that it tracks evenly over the surface of the capstan.
NOTE

The capstan motor shaft must be perpendicular to the
baseplate to establish a parallel capstan surface to the
tape and to ensure proper tape tracking. Operate the Main-
tenance switch alternately between forward and reverse,
moving tape back and forth across the capstan. Check that
there is minimal repositioning of the tape (tape walk) on
the capstan, and that the tape does not contact the buffer
box walls entering and leaving the buffer box. If the tape
does not track evenly over the surface of the capstan,
install shims as required (Part No. 612-1011) and perform
the Related Adjustments in Paragraph 6.7.14.3.

6.7.14.2 Capstan Motor Replacement
The capstan motor may be replaced as follows.

(

1)

)
3)
(4)

Remove the trim assembly (refer to Paragraph 6.7.1).
Remove the motor leads from the Power Supply PCBA (P2 and P5).
Remove the tachometer connector (P508) from the Tape Control PCBA.

Remove three motor mounting screws on the front of the baseplate. Remove the
motor from the rear.

NOTE

Ensure that shims are not lost when removing capstan
motor. Anticipate the possibility of a shim dropping and
take precautionary measures to prevent its loss.

Remove the capstan from the motor and install on the replacement motor.

Install the replacement motor.

Replace the three mounting screws removed in Step (4).

Replace the tachometer connector (P508) on the Tape Control PCBA.

Connect motor leads (P2 and P5) to the Power Supply PCBA.

Replace trim assembly (refer to Paragraph 6.7.1).

Load a tape and check that it tracks evenly over the surface of the capstan.
NOTE

If the tape does not track evenly over the surface of the
capstan, install shims as required on the motor mounting
screws (Part No. 612-1011) and perform the Related Adjust-
ments in Paragraph 6.7.14.3.
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6.7.14.3 Related Adjustments

The following items must be checked and, if necessary, adjusted subsequent to capstan
motor replacement.

Capstan Servo Offset (Paragraph 6.6.2).
Capstan Forward Speed (Paragraph 6.6.3).
Capstan Reverse Speed (Paragraph 6.6.3).
® Capstan Rewind Speed (Paragraph 6.6.4).
* Tape Tension (Paragraph 6.7.4).

6.7.15 ERASE EFFICIENCY CHECK

The following procedure provides a check of the operating efficiency of the erase head.
Failure of the unit to perform within the acceptable limits indicates an internal fault. Refer
to Paragraph 6.7.5 for head replacement procedures.

(1) Load a master output tape (Paragraph 6.5.2).

(2) Apply power.

(3) Beginning at BOT, write a continuous all 1s PE pattern on the tape for 3 minutes.
(4) Rewind the tape to BOT.

(5) Connect the oscilloscope to monitor the output of the read differentiators as
viewed at TP102—TP902 on the Data PCBA.

(6) Write 32-character all 1s records and adjust the oscilloscope until the complete
interblock gap can be observed.

(7) Using the oscilloscope, measure the peak-to-peak baseline noise amplitude
during the interblock gap.

(8) Acceptable limit:
¢ 100 mv maximum

(9) Write forward, read reverse, and read forward 32-character all 1s records and then
rewind the tape to BOT.

(10) Read forward while observing the interblock gaps at TP102—TP902 on the Data
PCBA. Ensure that there are no more than three spikes in any interblock gap with
amplitudes greater than 275 mv.

(11) Rewind the tape.

6.8 TAPE CONTROL PCBA REPLACEMENT

The Tape Control K PCBA is designed to accommodate certain options by use of jumpers
W2 through W12 and by use of removable components (terminating resistor pack). A
summary of the options and associated jumpers is listed in Table 6-7. The jumpers are
identified as follows.

(1) W2. Interface density select.
(2) W3. +5v to interface.

(3) W4. Automatic On-line-off.
(4) W5, W6, W7. 7/9-track select.
(5) W8, W9. Density select.

(6) W10. File protect indicator.
(7) W11. 7/9-track indicator.

(8) W12. Ready delay.
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Table 6-7
Option Jumper Configurations

Configuration W2 W3 W4 W5 W6 W7 w8 W9 W10 | W11 | W12
Standard 0 1 1 X 1 0 0 1 1 0 0
Automatic On-line 0 1 0 X 1 0 0 1 1 0 X
No +5v to Interface 0 0 1 X 1 0 0 1 1 0 X
Remote MTA 0 1 1 X 1 0 0 1 1 0 X
7/9-track Select 0 1 1 1 0 1 0 1 0 1 X
Hi Density Only X 1 1 X 1 0 1 X 1 0 X
7-track Only 0 1 1 0 0 0 0 1 1 0 X
Density Select 0 1 1 X 1 0 0 1 1 0 X
by Switch Only
Density Select 1 1 1 X 1 0 0 1 1 0 X
1 Jumper (P/N 100-0005) must be installed.

0 Jumper must not be installed.
X Jumper may or may not be installed (has no effect on configuration).

124

To ensure that the configuration of the replacement PCBA is identical with respect to
options on the replaced PCBA, jumper positions must be compared. Check jumpers W2
through W12 and the terminating resistor socket on the replacement PCBA to ensure
compatibility.

NOTE

Further information on use of these jumper options may
be obtained through your local PPC representative.

6.9 MAINTENANCE TOOLS
The following listed tools are required to maintain the tape drive.
(1) Hex socket key set.
2) Open-end wrench set up to 9/16-inch.
3) 13/64 open-end wrench.
4) Phillips screwdriver set.
5) Standard blade screwdriver set.
(6) Flashlight.
(7) Inspection mirror.
(8) Lint-free cloth.
(9) Cotton swabs.
(10) 91 percent isopropyl alcohol.
(11) Torque wrench, 0—4 newton-metres (0—35 inch pounds).
(12) Molex pin extractor.
(13) Switch Retractor Tool, PPC Part No. 617-0010.

6.10 TROUBLESHOOTING

Table 6-8, Systems Troubleshooting chart, provides a means of isolating faults, possible
causes, and remedies. The troubleshooting chart is used in conjunction with the
schematics and assembly drawings in Section VII.

6-38



Table 6-8

System Troubleshooting

Symptom Probable Cause Remedy Reference
Tape does not tension and | Interlock relay K1 does not | Check operation of relay; re- | 5.2.2
the capstan shaft rotates | close. place if necessary. Figure 5-3
freely when the LOAD/ - -
RESET control is depressed | LOAD/RESET control is not [ Check LOAD operation; | 5.2.1
for the first time after thread- | operative. replace if necessary.
ing tape. Relay driver defective. Check coliector voltage of
the relay drive transistor with
the LOAD/RESET control de-
pressed. It should be less
than + 1v. If greater, iso<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>