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FOREWORD

This manual provides operating and service instructions for
the High Performance Synchronous Write/Synchronous Read Tape Trans-
ports, Models 6640 and 6660, manufactured by PERTEC Peripheral

Equipment, Chatsworth, California.

The content includes a detailed description, specifications, in-
stallation instructions and checkout of the transport. Also included is
the theory of operation and preventive maintenance instructions.

Section VII contains the schematics and parts lists.
All graphic symbols used in logic diagrams conform to the re-

quirements of MIL-STD-806 and all symbols used in schematic diagrams
are as specified in MIL-STD-15.
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SERVICE AND WARRANTY

This PERTEC 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 con-
sideration 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
PERTEC or your local supplier. The unit has been designed for ''plug-in'' replace-
ment of circuit boards or major components which will ensure a minimum of equip-

ment down time.

PERTEC warrants products of its manufacture to be free from defects in design,
workmanship, and material under normal and proper use and service for a period
of twelve (12) months after the date of shipment. PERTEC agrees to repair or re-
place at the place of manufacture, without charge, all parts of said products which
are returned, for inspection, to its factory within the applicable warranty period,
provided such inspection discloses that the defects are as above specified and pro-
vided also that the equipment has not been altered or repaired other than with
authorization from PERTEC and by its approved procedures, subjected to misuse,
improper maintenance, negligence, or accident, damaged by excessive current or
otherwise, or had its serial number or any part thereof altered, defaced or re -
moved. This warranty is in lieu of all other warranties, expressed or impliéd, in-

cluding those of merchantability or fitness for purpose.

Please read the instruction manual thoroughly as to operation, maintenance, and
component reference list. Should you require additional assistance in servicing
this equipment, please contact the following regional service centers. A trained

service representative will be pleased to assist you.

SALES AND SERVICE REPRESENTATIVES

*Los Angeles, Calif. (213) 996-1333 Munich, Germany 18-48-53
*Chicago, Ill. (312) 696-2460 Nieuwkoop, Holland 2614
>=<Wa.1‘l:ha\m, Mass. (617) 890-0720 India 50443
Sydney, Australia 69-0444 Haifa, Israel (04) 68234
Brussels, Belgium 2-480586 Milano, Italy 5462641
Toronto, Canada (613) 224-1221 Tokyo, Japan 210-4602
Vancouver, Canada (604) 926-3411 Oslo, Norway 550750
Naerum, Denmark (01) 804200 Johannesburg, So. Africa 42-1939
*London, England Reading 582-115 Madrid, Spain 2560265
Helsinki, Finland 460844 Solna, Sweden 820410
Clamart, France 6445530

“Indicates PERTEC -operated service center

e
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PROPRIETARY NOTICE

Information contained in this manualis disclosed
in confidence and may not be duplicated in full or
in part by any person without prior written ap-
proval of PERTEC Corporation. Its sole pur-
pose is to provide the user with adequately
detailed documentation so as to efficiently in-
stall, operate, maintain and order spare parts
for the equipment supplied. The use of this
document for all other purposes is specifically
prohibited.
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SECTION I
GENERAL DESCRIPTION AND SPECIFICATIONS

1.1 INTRODUCTION

This section provides a physical description, functional descrip-
tion, and specifications for the High Performance Synchronous Write/
Synchronous Read Tape Transports, Models 6640 and 6660 manufactured
by PERTEC Peripheral Equipment, Chatsworth, California.

1.2 PURPOSE OF EQUIPMENT

The tape transport has the capability of recording digital data
on 9-track magnetic tape at a speed of 75 ips in 1600 cpi Phase Encoded
IBM compatible format. The data can be completely recovered when
the tape is played back on any IBM and ANSI compatible transport or

equivalent.

The transport can also synchronously read any 9-track Phase
Encoded magnetic tape, at a speed of 75 ips, which has been recorded

in Phase Encoded IBM and ANSI compatible format.

The 75 ips Model 6640 transport utilizes a dual-gap head which
has the read and write heads separated by 0.15 inch. This enables si-
multaneous read and write operations to be performed so data just re-
corded by the write head can be read by the read head after the tape has
moved approximately 0.15 inch. This technique allows writing and

checking of data in a single pass.

The 75 ips Model 6660 transport 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

the mode is selected.
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Both 75 ips models (6640 and 6660) are designed to operate di-
rectly from voltages of 95 to 250v ac single phase, 48 to 400 Hz power.

1.3 PHYSICAL DESCRIPTION OF EQUIPMENT

The High Performance Model 6640 transport is shown in
Figure 1-1 (the High Performance Model 6660 transport is identical in
appearance). Tape reels up to 10-1/2 inches in diameter may be used.
All electrical and mechanical components necessary to operate the
transport are mounted on the deck which is designed to be hinge-mounted

in a standard 19-inch EIA rack.

The transport is equipped with an erase head which is auto-

matically activated when writing.

Access to the printed circuit boards is from the rear. The
hinged dust cover protects the magnetic tape, magnetic head, capstan,

and other tape path components from dust and other contaminants.

The operational controls, which light when the relevant functions
are being performed, are mounted on a control panel on the front trim
and are accessible with the dust cover door closed. Power is supplied
through a strain-relieved cord with a standard three-pin plug. Interface
signals are routed through three printed circuit connectors that plug

directly into the printed circuit boards.
PEC multi-loop tape path transports incorporate a load-unload

system which provides the operator with the same ease of operation as

single-loop tape path transports.

1-2



Figure 1-1.

Model 6640/6660 High Performance Tape Transports
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1.4 FUNCTIONAL DESCRIPTION

Figures 1-2 and 1-3 are block diagrams of the 75 ips 6640 and
6660 models, respectively. The transports use a single capstan drive
for controlling tape motion during the Synchronous Write, Synchronous
Read, and Rewind modes. The tape is maintained under a constant

tension of 8 ounces.

The capstan is controlled by a velocity servo. The velocity
information is generated by a dc tachometer directly coupled to the cap-
stan motor shaft and produces a voltage proportional to the rotational
velocity of the capstan. This voltage is compared to the reference volt-
age from the ramp generators using operational amplifier techniques and
the difference is used to control the capstan motor. This capstan control
technique gives precise control of tape accelerations and tape velocities,

thus minimizing tape tension transients.

During a writing operation, the tape is accelerated in a con-
trolled manner to the required velocity. This velocity is maintained con-
stant and data characters are written on the tape at a constant rate such

that:

Character Rate
Tape Velocity

Bit density

When data recording is complete, the tape is decelerated to zero velocity

in a controlled manner.

Since the writing operation relies on a constant tape velocity,
Inter-Record Gaps (IRGs) (containing no data) must be provided to allow
for the tape acceleration and deceleration periods. Control of tape mo-
tion to produce a defined IRG is provided externally by the customer
controller, in conjunction with the tape acceleration and deceleration

characteristics defined within the transport.
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Figure 1-2. Block Diagram of Model 6640,
High Performance Tape Transport
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During a reading operation, tape is accelerated to the required
velocity. The acceleration time is such that the tape velocity becomes

constant before data signals are received.

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 transport can operate in the Read mode in either the forward

or reverse direction.

When operating in a ''shuttling'' mode (e.g., synchronous forward,
stop, synchronous reverse, and stop), no turnaround delay is required
between the end of one motion command and the beginning of the next mo-

tion command in the opposite direction.

In addition to the capstan control system, the transport consists
of a mechanical tape storage system, supply and take-up reel servo sys-
tems, magnetic head and its associated electronics, control logic, and a

control system to move the tension arms into the load position.

The mechanical storage system buffers the relatively fast starts
and stops of the capstan from the high inertia of the supply and take-up
reels. As tape is taken from or supplied to the storage system, a photo-
electric sensor measures the displacement of the storage arm and feeds
an error signal to the reel motor amplifier. The capstan ramp signal is
amplified and used to control the reel motor such that the reel will either

supply or take up tape to maintain the storage arm in its nominal operating

1-7
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position. The storage arm system is designed to give a constant tape
tension as long as the arm is within its operating region. This tape path
design minimizes tape wear because there is relative motion of the tape

oxide only at the magnetic head and tape cleaner.

The magnetic head writes and reads the flux transitions on the
tape under control of the data electronic. Switching from the read after
write to the read only mode on the 6640 model is accomplished by re-
mote command. Switching from the write to the read mode on the 6660

model is also accomplished by remote command.

The control logic operates on manual commands to enable tape,
once loaded, to be brought to the Load Point. At this stage, remote
commands control tape motion, writing, and reading. The logic also
provides rewind and unload functions in conjunction with the manual

REWIND control.

The transport is supplied with a photoelectric sensor for de-
tection of the Beginning-of-Tape (BOT) tab and End-of-Tape (EOT) tab.
The BOT and EOT signals are sent as a voltage level to the customer's
equipment. The BOT signal is also used internally in the transport for

control purposes.

A photoelectric sensor for detecting the presence or absence
of tape threaded on the transport is also provided. Retraction of the
tension arms is inhibited when tape is installed and threaded on the

transport.
The transport is designed with an interlock to protect the tape

from damage due to component or power failure, or incorrect tape

threading. A tape cleaner is provided to minimize tape contamination.
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1.5 MECHANICAL AND ELECTRICAL SPECIFICATIONS

Table 1-1 details the mechanical and electrical specifications
for the 75 ips 6640 transport; Table 1-2 details the mechanical and

electrical specifications for the 75 ips 6660 transport.

1.5.1 INTERFACE SPECIFICATIONS

Levels: True = Low

False High

Ov (approximately)

I

+3v (approximately)

Pulses: Levels as above. Edge transmission delay over

20 feet of cable is not greater than 200 nanoseconds.

The interface circuits are designed so that a disconnected wire results in

in a false signal.

Figure 1-4 shows the configuration for which the transmitters

and receivers have been designed.

| customer/rec | | customer/pec |
| +5 VOLTS D I
. 220% 3303
=D, ' |
| = ALL RESISTORS IN OHMS &d J
DL 944 HIGH = FALSE DTL 936 OR 946
OR EQUIVALENT LOW = TRUE OR EQUIVALENT

Figure 1-4. Interface Configuration
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Table 1-1

Mechanical and Electrical Specifications, 6640

Tape (computer grade)
Width (inches)
Thickness (mil)

Tape Tension (ounces)

Reel Diameter (inches)

Recording Mode (ANSI and IBM
compatible)

Magnetic Head
Tape Speed (ips) Standard
Instantaneous Speed Variation (%)
Long-Term Speed Variation (%)
Rewind Speed (ips)
Interchannel Displacement Error
Read
Write

Stop/Start Time (milliseconds) at 75 ips
(inversely proportional to tape speed)

Stop/Start Displacement (inch)

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

Weight (pounds)
Dimensions (inches)
Height
Width
Depth (from mounting surface)
Depth (total)
Operating Temperature
Non-Operating Temperature
Operating Altitude (feet)
Non-Operating Altitude (feet)

Power
Volts ac

Watts (maximum on high line)
Hertz

Mounting — Standard 19-inch EIA Rack

Electronics

10. 5 maximum

1600 cpi Phase Encoded

Dual Stack (with erase head)
75

+3

+1

150 nominal

400"

200%*

4 +0.5

0.19 £0.02

Seste
£

Photoelectric™ "
IBM compatible

85

24, 57FFF

19.0

14.25

17.25

2°C (35°F) to 45°C (113°F)

-45°C (-50°F) to 71°C (160°F)

0 to 20, 000

0 to 50, 000

95, 100, 110, 115, 125, 190, 200, 210,
215, 220, 225, 230, 235, 240, 250

480
48 to 400

All Silicon

*
*The maximum displacement between any two bits of a character when reading an
IBM master tape using the Read section of the Read After Write head is 400 pinches.

""The maximum displacement between any two bits of a character on a tape written
with all ones using the Write section of the Read After Write head is 200 pinches.

%
*
*

*
k3

Sesk
sk

Approximate distance from detection area to head gap = 1.2 inches.

Includes one-half-inch spacer furnished with unit.




Table 1-2

Mechanical and Electrical Specifications, 6660

Tape (computer grade)
Width (inches)
Thickness (mil)

Tape Tension (ounces)

Reel Diameter (inches)

Recording Mode (ANSI and IBM
compatible)

Magnetic Head

Tape Speed (ips) Standard
Instantaneous Speed Variation (%)
Long-Term Speed Variation (%)
Rewind Speed (ips)

Interchannel Displacement Error

Stop/Start Time (milliseconds) at 75 ips
(inversely proportional to tape speed)

Stop/Start Displacement (inch)

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

Weight (pounds)
Dimensions (inches)
Height
Width
Depth (from mounting surface)
Depth (total)
Operating Temperature
Non-Operating Temperature
Operating Altitude (feet)
Non-Operating Altitude (feet)

Power
Volts ac

Watts (maximum on high line)
Hertz

Mounting — Standard 19-inch EIA rack

Electronics

10.5 maximum

1600 cpi
Phase Encoded

Single Stack (with erase head)
75

+3

+1

150 nominal

200 maximum”

4 £0.5

0.19 £0.02

Photoelectric™
IBM compatible

85

24.5%%*

19.0

14.25

17.25

2°c (35°F) to 45°C (113°F)

-45°C (-50°F) to 71°C (160°F)

0 to 20, 000

0 to 50, 000

95, 100, 110, 115,.125, 190, 200, 210,
215, 220, 225, 230, 235, 240, 250

480
48 to 400

All silicon

*
The maximum displacement between any two bits of a character when reading an

IBM master tape on the transport.

*ok
Approximate distance from detection area to head gap = 1.2 inches.

*

**Includes one-half-inch spacer furnished with unit.
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SECTION II
INSTALLATION AND INITIAL CHECKOUT

2.1 INTR ODUC TION

This section contains a summary of interface lines, information
for uncrating the transport, as well as the procedure for electrically con-

necting and initially checking out the transport.

2.2 UNCRATING THE TRANSPORT

The transport is shipped in a protective container to minimize

the possibility of damage during shipping.

Place the shipping container in the position indicated on the

container.

Open the shipping container and remove the packing material

so that the transport and its shipping frame can be lifted from the container.

Lift the transport out of the container using the shipping frame and

set it down so that access to both front and rear of the deck is available.

Check the contents of the shipping container against the packing
slip and investigate for possible damage. If there is any damage, notify the

carrier.

Check the printed circuit boards and all connectors for correct
installation. Check the plug-in relays on the printed circuit board associ-

ated with the heatsink.

731



731

Check that the identification label on the back of the tape deck
bears the correct model number and line voltage requirement. If the actual
line voltage at the installation differs from that on the identification label,
the power transformer taps should be changed as shown in Figure 4-4.

The power switch indicator wires and fan power wires should not be moved.

2.3 POWER CONNECTIONS

A fixed power cord is supplied for use in a polarized 115v
outlet. For other power sockets, the supplied plug must be removed

and the correct plug installed.

2.4 INITIAL CHECKOUT PROCEDURE

A detailed description of the operating controls and indicators is
contained in Section III. To check the proper operation of the transport be-

fore placing it in the system, follow the specified procedure.

(1) Connect the power cord (replace power plug and change

power transformer wiring if necessary).

(2) Depress and release the POWER control. Power is applied

to the transport.
(3) Load tape on the transport as described in Paragraph 3. 3.

(4) Depress the LOAD control momentarily to initiate the load
cycle. The tension arms will move down and power will be
applied to the capstan motor and reel motors when the arms
have moved approximately three-quarters of their total

allowable travel.

(5) Depress the LOAD control momentarily a second time to con-
tinue the Load sequence. Tape will move forward until it
reaches the BOT tab. The LOAD indicator will light when
the BOT tab reaches the photosensor and will remain lit
until the tape moves off the Load Point. At this point, there
will be no action should the LOAD control be depressed.



(6)

(7)

(8)

(9)

(10)

Check ON LINE by depressing the control repeatedly and
observing that the ON LINE indicator is alternately lit and
extinguished.

With the transport off-line (ON LINE indicator extinguished)
depress and release the FORWARD control. The FORWARD
control will be illuminated and the tape will wind from the
supply reel to the take-up reel. After allowing several feet
of tape to wind onto the take-up reel, depress and release the
FORWARD control, tape motion will cease and the FORWARD

control will become extinguished.

Check that the action of the FORWARD control is inhibited

when the transport is on-line.

Depress and release the REVERSE control. The REVERSE
control will be illuminated and the tape will wind from the
take-up reel to the supply reel. Depress and release the
REVERSE control again, tape motion will cease and the
REVERSE control will become extinguished.

Check that the action of the REVERSE control is inhibited

when the transport is on-line,

Depress and release the FORWARD control to start for-
ward tape motion. Depress and release the REVERSE
control, forward tape motion will cease and the tape will
then accelerate in the reverse direction. Depress and
release the FORWARD control, tape motion in the reverse
direction will cease and the tape will accelerate in the
forward direction. Depress and release the FORWARD

control; tape motion will cease.

Depress and release the REWIND control to initiate the
Rewind mode and light the REWIND indicator. Tape will

go into rewind 0.1 second after the control is depressed,



rewind past the BOT tab, enter the Load sequence, return
to the BOT tab and stop with the LOAD indicator illuminated.
If the REWIND control is momentarily depressed when the
tape is at BOT, the LOAD indicator will be extinguished,

the REWIND indicator will light, the tension arms will move
closer to the lower stop, and tape will run in reverse until
tape tension is lost. The tension arms will then move to

the load position.

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

(12) Unload the tape as outlined in Paragraph 3.5.

2.5 INTERFACE CONNECTIONS

It is assumed that interconnection of PERIPHERAL EQUIPMENT
CORPORATION and Customer equipment uses a harness of individual

twisted pairs, each with the following characteristics.
(1) Maximum length of 20 feet.
(2) Not less than one twist per inch.

(3) 22- or 24-gauge conductor with minimum insulation

thickness of 0.01 inch.

It is important that the ground side of each twisted pair is grounded within

a few inches of the board to which it is connected.

Three printed circuit edge connectors are supplied with each
transport. These must be wired by the customer and strain relieved
as shown in Figure 2-1. Interface signals are thus routed directly to
and from the printed circuit boards. Table 2-1 shows the Input/Output
lines for the 6640 transport; Table 2-2 shows the Input/Output lines for
the 6660 transport. Details relating to the interface are contained in

Section III.
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Table 2-1

Interface Connections, 6640 Transports

Transport Connector

Mating Connector

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

Connector
(Reference
Figure 2-1)

Live
Pin

Ground
Pin

Signal*®

J101

—e SELECT (SLT)

————3 SYNCHRONOUS FORWARD Command (SFC)
g SYNCHRONOUS REVERSE Command (SRC)
=3 REWIND Command (RWC)

i~ OFF-LINE Command (OFFC)

=3 SET WRITE STATUS (SWS)

= OVERWRITE Command (OVW)

-—— READY (RDY)

-gfg—— ON-LINE Command

-gg—— REWINDING (RWD)

-w—— END OF TAPE (EOT)

«sgg——— [LOAD POINT (LDP)

~-gf——— FILE PROTECT (FPT)

J102

<cHuPY2ZErHar| gtBcZZHE RETEHOQ

3= WRITE DATA STROBE (WDS)
3= WRITE AMPLIFIER RESET (WARS)
=3 READ THRESHOLD (RTH2)
=3 WRITE DATA PARITY (WDP)
— WRITE DATA 0 (WDO)

—» WRITE DATA 1 (WD1)

—» WRITE
—>» WRITE
— WRITE
——» WRITE
—» WRITE
——p WRITE

DATA 2 (WD2)
DATA 3 (WD3)
DATA 4 (WD4)
DATA 5 (WD5)
DATA 6 (WDb)
DATA 7 (WD7)

J103

O 00 W=

<cnWRagQp

-—— READ DATA PARITY (RDP)

~«—— READ DATA 0 (RDO)
~«— READ DATA 1 (RDI)
~—— READ DATA 2 (RD2)
~s—— READ DATA 3 (RD3)
~s——— READ DATA 4 (RD4)
~«—— READ DATA 5 (RD5)
~€—— READ DATA 6 (RD6)
~——— READ DATA 7 (RD7)

* See Section III for definitions of interface functions.
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Table 2-2

Interface Connections, 6660 Transports

Transport Connector
Mating Connector

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

Connector
(Reference
Figure 2-1)

Live
Pin

Ground
Pin

Signalx*

J101

NOO~JULTWo

SELECT (SLT)

SYNCHRONOUS FORWARD Command (SFC)
SYNCHRONOUS REVERSE Command (SRC)
REWIND Command (RWC)

OFF-LINE Command (OFFC)

SET WRITE STATUS (SWS)

OVERWRITE Command (OVW)

READY (RDY)

ON-LINE Command

REWINDING (RWD)

END OF TAPE (EOT)

LOAD POINT (LDP)

FILE PROTECT (FPT)

J102

<CHUDYZZEMEOP | URCZZHERE S EQS

—
(oo}

WRITE DATA STROBE (WDS)
WRITE AMPLIFIER RESET (WARS)
READ THRESHOLD 1 (RTH1)
READ THRESHOLD 2 (RTH2)
WRITE DATA PARITY (WDP)
WRITE DATA 0 (WDO)
WRITE DATA 1 (WD1)
WRITE DATA 2 (WD2)
WRITE DATA 3 (WD3)
WRITE DATA 4 (WD4)
WRITE DATA 5 (WD5)
WRITE DATA 6 (WD6)
WRITE DATA 7 (WD7)

J103

O 00 B W

<aUuERS“YOR>

READ DATA PARITY (RDP)
READ DATA 0 (RDO)
READ DATA 1 (RD1)
READ DATA 2 (RD2)
READ DATA 3 (RD3)
READ DATA 4 (RD4)
READ DATA 5 (RD5)
READ DATA 6 (RD6)
READ DATA 7 (RD7)

*See Section III for definitions of interface functions.
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2.6 RACK MOUNTING THE TRANSPORT

The physical dimensions of the transport are such that it may

be mounted in a standard 19-inch EIA rack; 24.5 inches of panel space is

required. It requires a depth behind the mounting surface of at least

14. 25 inches.

Figures 2-2 and 2-3 illustrate the procedure for mounting the

transport as follows.

(1)

(2)

(3)

(4)
(5)

(6)

(7)

Install the hinge pin blocks on the EIA rack (see Figure
2-2 for correct position) using 10-32 pan head screws.
Do not fully tighten the screws. Place a No. 10 shim

washer on each pin.

Set the shipping frame down with the front door of the
transport facing up (i.e., lying in a horizontal position).
Remove the screws securing the Z-shaped shipping

brackets to the shipping frame.

Lift the transport out of the shipping frame and hang the
transport on the hinge pin blocks (see Figure 2-3). Hang
the transport by placing it up to the hinge pin blocks on an

angle of 60 degrees to its closed position.
Remove the Z-shaped shipping brackets from the tape deck.

Adjust the hinge pin blocks on the EIA rack so that the
transport hangs symmetrically in the rack. Tighten the

SCrews.

Open the tape deck to 90 degrees and install the safety

block using 4-40 screws (see Figure 2-3).
Check that the fastener engages behind the EIA rack.

Clean the tape deck as described in the maintenance

procedure.
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SECTION III
OPERATION

3.1 INTR ODUCTION

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

interrelationships.

3.2 CLEANING THE HEAD AND GUIDES

The brief operation described in Paragraph 6.4 should be per-

formed daily to realize the data reliability capabilities of the transport.

3.3 LOADING TAPE ON TRANSPORT

The High Performance Models 6640 and 6660 transports
both have the supply reel (reel to be recorded or reproduced) at the
bottom (see Figure 3-1). The tape must unwind from the supply reel
when the reel is turned in a clockwise direction. Note that the
presence of a Write Enable ring on the reel is required to close the

interlocks which allow writing.

To load a tape reel (maximum reel size is 10-1/2 inches in
diameter with 2400 feet of tape), position the reel over the quick-release
hub and depress the center plunger. This allows the reel to slip over the
rubber ring on the hub. Press the reel evenly and firmly against the back
flange of the hub with the center plunger depressed. Release the center
plunger. The reel is now properly aligned in the tape path and ready for
tape threading.

Thread the tape along the path shown in Figure 3-1.



CAPSTAN
/

TAKE-UP
/ BRIDGE

TAPE
/GUIDE

HEAD

/ COVER
HEAD
/

PHOTO-TAB
SENSOR

L TIP SENSOR

CLEANER

L—— TAPE
GUIDE

SUPPLY
BRIDGE

\ SUPPLY

REEL

Figure 3-1. Tape Path and Controls
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Wrap the tape leader onto the take-up reel so that the tape will be
wound onto the reel when it is rotated clockwise. Wind at least three
turns onto the take-up reel, then turn the supply reel counterclockwise

until the slack has been taken out of the threaded tape.

3.4 BRINGING TAPE TO LOAD POINT (BOT)

After the tape has been manually tensioned and checked for correct

seating in the guides, then, to bring the tape to Load Point:
(1) Turn the power on by depressing the POWER control.

(2) Depress and release the LOAD control. This will enable
the arm actuator motors and start the arms moving down.
When the arms are past the three-quarter position of the
total arm movement, power will be applied to the capstan
and reel servos. This brings the tape to the correct
operating tension. The tape storage arms are now in the

operating position.

CAUTION

CHECK THAT THE TAPE IS POSITIONED COR-
RECTLY ON ALL GUIDES OR TAPE DAMAGE

MAY RESULT.

(3) Depress and release the LOAD control a second time.
This will cause tape to move forward at the operating
velocity. Recheck tape tracking in the guides and close

the dust cover.
CAUTION

THE DUST COVER SHOULD REMAIN CLOSED
AT ALL TIMES WHEN TAPE IS ON THE TAKE-
UP REEL. DATA RELIABILITY MAY BE IM-
PAIRED BY CONTAMINANTS IF THE COVER
IS LEFT OPEN.
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When the reflective tab at the L.oad Point (the BOT tab)
is detected, the tape stops with the front edge of the tab
approximately one inch from the magnetic head gap. The

transport is now ready to receive external commands.

3.5 UNLOADING THE TAPE

To unload a recorded tape, complete the following procedure

if the power has been switched off. (If power is on, start at step (3).)

(4)

(5)

Turn the power on by depressing the POWER control.

Depress and release the LOAD control, which moves the

arm into the operating area and applies tape tension.

Depress and release the REWIND control. When the tape
has rewound to the BOT tab, it comes to a controlled stop.
The arms overshoot and the transport enters the Load se-

quence to bring the tape to rest at the BOT.

Depress and release the REWIND control a second time.
This initiates an unload cycle which will move the tension
arm close to the lower stop and run the tape in the reverse

direction until tape tension is lost.

Open the dust cover and wind the end of the tape onto the
supply reel. Depress the hub center plunger and remove

the reel. Close the dust cover.

3.6 MANUAL CONTROLS

Eight operational controls with indicators are located on the

control panel on the front of the transport (see Figure 1-1). The follow-

ing paragraphs describe the function of these controls.
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3.6.1 POWER

The POWER control is an alternate action switch/indicator
which connects line voltage to the power transformer. When power is

turned on:
(1) All power supplies are established.

(2) All of the motors are open-circuited (a low value resistor

is connected in series with the reel motors).
(3) A reset signal is applied to key control flip-flops.

(4) Tension arms will move to the load position.

3.6.2 LOAD

The LOAD control is a momentary switch/indicator. Depressing
and releasing the control for the first time after power is switched on with
the tension arms in the load position will start the tension arms moving
into the operating area. The servo systems are energized after the arms
have moved more than 75 percent into the operating area. The tape will
now be tensioned. The reset signal is removed after the tension arm
actuator motors have moved the arm drive cam out of the normal tension

arm operating area.

. Depressing and releasing the control for the first time after
power is switched on with the arms at the bottom of the operating area
energizes the servo systems by connecting the motors to the drive cir-

cuits. The reset signal is removed and the tape will now be tensioned.

Depressing and releasing the control for the second time (which
can be done before the above load cycle is completed) causes the tape to
move to and stop at.the load point. While the BOT tab is located over the
photo-tab sensor the LOAD indicator is illuminated. The LOAD control
is disabled after the second LOAD or manual REWIND command has been
given and can only be re-enabled by loss of tape tension or restoration of

power after power has been off.
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3.6.3 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 at 150 ips after a 0.1 second delay. Upon reaching
the BOT tab, the rewind drive ceases and the Load sequence is auto-
matically entered. The BOT tab will overshoot the photo-tab sensor,

move forward, and stop at the Load Point.

If the REWIND control is depressed and released when the tape
is at Load Point (LOAD indicator lit), the tension arms will move close

to the lower stop and the tape will run in reverse until tape tension is lost.

The REWIND indicator is illuminated throughout any rewind opera-
tion including the subsequent Load sequence where relevant. A manual

REWIND command will override the Load sequence.

3.6.4 ON LINE

The ON LINE control is a momentary switch/indicator which is

enabled after an initial LLoad or Rewind sequence has been initiated.

Depressing and releasing the switch after an initial Load or
Rewind sequence is initiated switches the transport to an On-line mode

and lights the indicator.

In this condition the transport can accept external commands

provided it is also Ready and Selected.

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

(3) Tape tension is lost.



3.6.5 WRT EN (Write Enable)

This is an indicator which is illuminated whenever power is on
and a reel of tape with a Write Enable ring installed is mounted on the

transport.

3.6.6 1600 CPI

This is an indicator which is illuminated whenever power is

applied to the transport.

3.6.7 FORWARD

The FORWARD control is a momentary action switch/indicator

which is enabled only when the transport is in the Off-line mode.

When the control is depressed the tape is accelerated in the
forward direction to the synchronous speed and the control is illumi-
nated. When the switch is depressed again, the tape is decelerated to

rest in a controlled manner and the control becomes extinguished.

Depressing the REVERSE control (Paragraph 3. 6. 8) while the
tape is moving in the forward direction causes the tape to decelerate to
zero velocity, then immediately accelerate to the synchronous speed in
the reverse direction. The FORWARD control will become extinguished
and the REVERSE control will be illuminated.

If the EOT tab is encountered while the tape is moving in the
forward direction, tape motion will cease and the indicator will be ex-
tinguished. Depressing ON LINE or REWIND will also reset the FOR-
WARD function.

3-7
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3.6.8 REVERSE

The REVERSE control is a momentary action switch/indicator

which is enabled only when the transport is in the Off-line mode.

When the control is depressed the tape is accelerated in the
reverse direction to the synchronous speed and the control is illuminated.
When the switch is depressed again, the tape is decelerated to rest in a

controlled manner and the control becomes extinguished.

Depressing the FORWARD control (Paragraph 3. 6. 7) while the
tape is moving in the reverse direction causes the tape to decelerate
to zero velocity, then immediately accelerate to the synchronous speed
in the forward direction. The REVERSE control will become extinguished
and the FORWARD control will be illuminated.

If the BOT tab is encountered while the tape is moving in the
reverse direction, tape motion will cease and the indicator will be ex-
tinguished. Depressing ON LINE or REWIND will also reset the RE-
VERSE function.

3.7 INTERFACE INPUTS (Controller to Transport)

All waveform names are chosen to correspond to the logical
true condition. Receivers belong to the DTL 930 series where the True
level is Ov and the False level is nominally +3v. Figure 1-4 is a sche-

matic of the interface circuit.

3.7.1 SELECT (SLT)

This is a level which, when true, enables all of the interface
drivers and receivers in the transport, thus connecting the transport 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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3.7.2 SYNCHRONOUS FORWARD COMMAND (SFC)

This is a level which, when true and the transport is Ready
(see Paragraph 3.8.1) causes the 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. An SFC

will be terminated upon encountering the EOT tab.

3.7.3 SYNCHRONOUS REVERSE COMMAND (SRC)

This is a level which, when true and the transport is Ready

(see Paragraph 3.8.1), causes the 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 SRC will be terminated upon encountering the BOT tab, or

ignored if given when the tape is at Load Point.

3.7.4 REWIND COMMAND (RWC)

This is a pulse (minimum width of lusecond) which, if the
transport is Ready, causes the tape to move in the reverse direction at
150 ips after an 0.1 second delay. Upon reaching BOT, the rewind
ceases and the Load sequence is automatically initiated. The tape now

moves forward and comes to rest at BOT.

The REWIND indicator is illuminated for the duration of the

Rewind and the following Load sequence.

An RWC is ignored if the tape is already at BOT.

The velocity profile is trapezoidal with nominally equal rise

and fall times of approximately 0.5 second.

3-9
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3.7.5 SET WRITE STATUS (SWS)

This is a level which must be true for a minimum period of
20 pseconds after the front edge of an SFC (or SRC) when the Write mode
of operation is required. The front edge of the delayed SFC (or SRC) is
used to sample the SWS signal and sets the Write/Read flip-flop in the

transport to the Write state.

If the Read mode of operation is required, the SWS signal must
be false for 2 minimum period of 20 pseconds after the frontedge of a
SFC (or SRC), in which case the Write/Read flip-flop will be set to the
Read state.

3.7.6 WRITE DATA LINES (WDP, WDO0-7)

These are levels which, when true, at Write Data Strobe (WDS)
time (when the transport is in the Write status) result in a flux reversal

being recorded on the corresponding tape track.

These lines must be held steady during the WDS, and for 0.5
psecond before and after the WDS pulse.

3.7.7 WRITE DATA STROBE (WDS)

This is a pulse (1 usecond minimum width) for each flux re-
versal to be recorded. The frequency of the WDS is twice the character
transfer rate. The WDP and WDO0-7 levels must be steady for 0.5 psec-
ond before, during, and after the WDS. The trailing edge of WDS is

employed to copy the phase encoded waveform into the transport.

3.7.8 WRITE AMPLIFIER RESET (WARS)

This is a pulse (1 psecond minimum width) which, when true,
turns off the write current in the transport. This signal occurs coinci-

dental with the last flux transition of the postamble.



3.7.9 OFF-LINE (OFFC)

This is a level or pulse of a minimum width of 1 yusecond which
resets the On-line flip-flop to the false state, placing the transport under

manual control.

It is gated in the transport by SELECT only, allowing an OFF-

LINE command to be given while a rewind is in progress.

OFF-LINE must be separated by at least 1 ysecond from a
REWIND command.

3.7.10 OVERWRITE (OVW)

This is a level which, when true, conditions appropriate cir-
cuitry in the transport to allow updating (rewriting) of a selected record.
The transport must be in the Write mode of operation to utilize the OVW
feature. The Set Write Status (SWS) signal must be employed in con-

junction with OVW when updating isolated records.

3.7.11 READ THRESHOLD (RTH2) (6640 TRANSPORT)

This is a level which, when true, selects a low threshold level
for the Read circuits in the 6640 transport. This level is selected only
when it is required to recover very low amplitude data. RTHZ2 must be

held steady for the duration of each recording being read.

3.7.12 READ THRESHOLD (RTH1) (6660 TRANSPORT)

This is a level which, when true, conditions the read electronics
of the 6660 transport to operate in the high read threshold mode. When
false, the read electronics of the transport 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.
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3.7.13 READ THRESHOLD (RTH2) (6660 TRANSPORT)

This is a level which, when true and the 6560 transport is in
the Read mode and RTHI1 is false, selects an extra low threshold level
for the Read circuits in the transport. This level will normally be made
true only when it is required to recover very low amplitude data. RTH2

must be held steady for the duration of the record.

3.8 INTERFACE OUTPUTS (TRANSPORT TO CONTROLLER)

It is assumed that all the Interface outputs discussed in the

following paragraphs are gated with SELECT.

3.8.1 READY (RDY)

This is a level which is true when the transport is ready to

accept any external command; i.e., when
(1} Tape tension is established.
(2) The initial LOAD or REWIND command has been completed.
(3) There is no subsequent REWIND command in progress.

(4) The transport is On-line.

3.8.2 READ DATA (RDP, RDO-7)

The signals on these 9 lines are the outputs of the 9 peak de-
tectors, 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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3.8.3 ON-LINE

This is a level which is true when the On-1line flip-flop is set.
When true, the transport is under remote control. When false, the

transport is under local control.

3.8.4 LOAD POINT (LDP)

This is a level which is true when the transport is Ready and
the tape is at rest with the BOT tab under the photo-tab sensor. The

signal goes false after the tab leaves the photosensor area.

3.8.5 END OF TAPE (EOT)

This is a level which, when true, indicates that the EQOT re-

flective tab is positioned under the photo-tab sensor.

3.8.6 REWINDING (RWD)

This is a level which is true when the transport is engaged in

any Rewind operation or the Load sequence following a Rewind operation.

3.8.7 FILE PROTECT (FPT)

This is a level which is true when power is on and a reel of

tape, without a Write Enable ring installed, is mounted on the transport.

3.9 INTERFACE TIMING

3.9.1 WRITE AND READ WAVEFORMS

Figure 3-2 shows the Phase Encoded Write and Read waveforms.

The controller generates all command waveforms.
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SECTION IV
THEORY OF OPERATION

4.1 INTRODUCTION

This section provides a description of the High Performance

Models 6640 and 6660 tape transports.

These tape transports have the mechanical and electronic
facilities to record and reproduce 1600 cpi Phase Encoded magnetic tape

recorded on IBM (or equivalent) tape transports.

The transport consists of the following components.
(1) Power supply
(2) Capstan drive system
(3) Tape storage and reel servo systems
(4) Magnetic head and associated tape guides and cleaner.
(5) Tape load-unload system
(6) Data electronics.

(7) Tape control system

4.2 ORGANIZATION OF THE TRANSPORT

A highly modular construction has been adopted with all of the
major components and subassemblies interconnected by means of con-
nectors rather than the more conventional wiring techniques. Refer
to Figure 4-1 for the 75 ips 6640 tape transport configuration; refer to
Figure 4-2 for the 75 ips 6660 tape transport configuration.
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Three printed circuit boards are employed. The first, the
Servo and Power Supply circuit board, is mounted to a common heatsink
extrusion secured to the power supply module. The circuit board con-
sists of the reel servo amplifiers, capstan servo amplifier, voltage
regulators, tension arm motor drivers, photo-tab sensor amplifiers,
and interlock relays. With the exception of the magnetic head and the
manual control switches, all of the deck-mounted components (power
supply, motors, tension arm position sensors, photo-tab sensors, etc.)

plug directly into locations on the circuit board.

The other two boards are mounted in slides perpendicular to
the rear of the deck plate. They are the Data circuit board and the

Tape Control circuit board.

The Data circuit board (nearest the head) is concerned with the
writing and reading of data. Write data signals enter by means of a
printed circuit edge connector on one end of the board; they are buffered
and transferred to the write head through a connector (one of two) in
the middle of the board. Read signals enter the circuit board via the
second of the two connectors and are fed to the amplifiers, peak detectors,
envelope detectors, and transmitters. Digital read signals are trans-

mitted by means of a second interface edge connector.

DC power and three control levels are obtained from the Tape

Control circuit board through a single harness.

The Tape Control circuit board contains the ramp command
generators for the capstan servo, together with the control logic. All
of the manual controls except POWER plug directly int6 this circuit
board. The printed circuit edge connector carries interface signals to
and from the circuit board. DC power and control signals are supplied
to this board from the Servo and Power Supply circuit board via three

connectors.



4.3 FUNCTIONAL SUBSYSTEMS DESCRIPTION

4.3.1 POWER SUPPLY

Figure 4-3 is a block diagram of the power supply which is in
two parts. The first part, the power supply module, is fastened to the
deck plate and contains the power transformer, rectifier, capacitors,
fuses, and a number of power resistors. Two unregulated supplies are

generated at a nominal voltage of +22v.

The second part consists of the +10v and +5v voltage regulators
which are located on the Servo and Power Supply circuit board. Inter-
connection between the two parts is provided by a harness from the Power
Supply module which plugs into the Servo and Power Supply circuit board

via two 9-pin connectors and one 6-pin connector.

The transformer primary connections are shown in Figure 4-4
for several line voltages. Line voltage is connected to the transformer
via the POWER control. The POWER control neon indicator and the fan
motor are always connected across 115v ac, independent of line voltage.
Unregulated dc (at 2 nominal +22v under load) is used to power the motors
and voltage regulators. Four regulated supplies are generated. The 10v
supplies can supply up to 1.0 amp. The +5v supplies are adjusted, regu-

lated, and can supply 3.0 amps and 1.0 amp, respectively.

SCR 'crowbar'' protection is employed on all regulated supplies
and protects against an over-voltage condition. The SCRs are connected
between the +22v and Ov and between the -22v and Ov. The activation of
either SCR will blow the fuse in series with it and turn off the regulators
on the other supply line. A short circuit on any regulator output will

turn off all of the regulators.
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Figure 4-4. Transformer Primary Connections

4.3.2 FUNCTIONAL BLOCK DIAGRAM

Figure 4-5" is a functional block diagram illustrating the opera-

tion of the capstan servo, reel servo, and the tape load and unload system.

This diagram should be referred to in conjunction with the following

description.

4.3.3 CAPSTAN DRIVE SYSTEM

Figure 4-6 is a block diagram of the capstan servo. It consists
of three parts: the deck-mounted capstan drive assembly, consisting of
the motor-tachometer combination and the capstan; the ramp generators
on the Tape Control circuit board; and, the capstan drive amplifier on
the Servo and Power Supply circuit board. A relay contact disconnects

the motor when tape tension is lost.

The tape is moved by the capstan at a velocity determined by

the velocity servo and the output of one of the two ramp generators. If

“Foldout drawing, see end of this section.
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Figure 4-6. Capstan Servo Block Diagram

the Forward ramp generator is selected by the logic, the voltage at
resistor R1 rises at a rate corresponding to the required start time of
the tape. The amplifier then accelerates the motor and the tape; the
feedback voltage from the tachometer produces current in resistor R4,
which tends to reduce the amplifier input current produced by the se-
lected ramp generator. The voltage at resistor R1 stops rising after
the required start time and the velocity builds up to the point where the

currents in resistors R4 and R1 are approximately equal and opposite.

The Forward ramp generator is activated by the SYNCHRONOUS
FORWARD command (SFC) or a Load sequence. The Reverse ramp
generator is activated by a SYNCHRONOUS REVERSE command (SRC)
and the Rewind ramp generator by a REWIND command (RWC), either
remote or manual. When the transport is in the standby condition,
neither ramp generator is activated. In this case, the velocity servo

holds the capstan stationary.
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Both Forward and Reverse ramps rise and fall in a time
calculated to produce start-stop distances of 0.19 +£0.02 inch, e.g.,
4 milliseconds for a 75 ips transport. Typical waveforms are shown

in Figure 4-7.

The Rewind ramp rise and fall times are not critical; they are
approximately 0.5 second and are chosen so as to allow the reel servos

to keep up with the rise and fall in tape speed.

SYNCHRONOQUS
FORWARD —
COMMAND

—_—— e ——
—_—— e —_———— —

|
SYNCHRONOUS ]
REVERSE \
COMMAND }

RAMP | |
GENERATOR

TACHOMETER |
VOLTAGE

}

Figure 4-7. Typical Capstan Servo Waveforms
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4.3.4 TAPE STORAGE AND REEL SERVO SYSTEMS

Identical non-linear position servos control the supply and take-
up of tape by the reels. Figure 4-8 is a diagram of one complete reel

servo together with part of a second and the relevant interconnections.

The components of the servo are:
(1) Tension arm position sensor.
(2) Pulleys, belt, tension arm, and tape reel.
(3) Reel motor.

(4) Servo amplifiers (delay network, preamplifier, current
limiter, and switching amplifier) on the Servo and Power

Supply circuit board.

Refer to Figure 4-5%for the functional interconnection of the

servo systems.

The switching amplifier, shown in the following example, drives
the reel motors. It is a closed loop, self-oscillating type whose input
frequency or amplitude will vary both the output frequency and mark to

space ratio.

R
1l
I — —]>—
R NS R3 R4
>
l/

e

"Foldout drawing, see end of this section.
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Amplifier A, resistor R1, and capacitor Cl form an integrator
employing the Miller principle. Resistor R2 provides negative feedback.
Resistors R3 and R4 provide a positive feedback network around ampli-
fiers B and C. A negative input to R1 will be amplified at the output by
amplifier B switching on and off; a positive input to R1 is amplified at

the output by amplifier C switching on and off.

The tension arms establish tape tension and isolate the inertia
of the reels from the capstan. Low-friction ball bearing guides are used
to minimize tape tension variations. The angular position of the tension
arm is sensed by a photosensitive potentiometer which produces a volt-
age output proportional to the arm position. This output is amplified and
drives the reel motor in the direction to center the tension arm. The
geometry of the tension arm and spring ensures that only negligible tape

tension changes occur as the storage arm moves through a 60-degree arc.

With the tape stationary, the storage arms take a position such
that the amplified tension arm sensor output, when applied to the reel mo-

tor, provides sufficient torque to balance the tension arm spring torque.

Initially, the sensor is set by rotating the shutter on the tension

arm shaft for Ov output when the tension arm is in the center of its range.

When the capstan injects a tape velocity transient in either
direction the arm moves and the high gain amplifier, together with the
current limiter, cause a predetermined current to flow in the reel motor
in such a direction to stop the arm at a predtermined position. In addition,
a voltage from the Forward/Reverse capstan ramp generator, suitably
delayed, is subtracted from the arm sensor input. This causes the steady
state displacement of the arm to be large in spite of the high amplifier
gain so that storage associated with the complete arm movement is avail-

able when the capstan velocity reverses. The high amplifier gain ensures



little variation in arm displacement as the reel velocity varies due to
changes in the effective reel diameter from an empty to full reel

condition.

The amplifier gain is 67 volts per volt, the motor gain is
7.5 radian per second per volt, and the motor velocity is stepped down
by four to one. If the arm is displaced 0.4 radian (half the total possible
swing) the output from the arm sensor gain (4.2 volts per radian) is
0.4 X 4.2 = 1.68v. The magnitude of the voltage from the Forward/
Reverse ramp generator is 4.8v and the normalized gain of the delay
network is 0. 3 volt per volt. Thus, the output of the delay network is
0.3 X 4.8 = 1.44v. The angular velocity of the reel is therefore:

(1.68 — 1.44) x 67 X 7.5 + 4 = 30 radian per second

This corresponds to a linear tape speed of 75 ips for an empty reel
(5-inch diameter). Thus, the arm displacement from 75 ips forward to
75 ips reverse is 0.8 radian. When the reel is full (10-inch diameter)
the required velocity is only 15 radian per second. This requires an arm
sensor input of 1.56v instead of 1. 68v which corresponds to a change of

arm displacement of 0. 03 radian or less than 8 percent.

Without tape, the arms are in the load position and the tension
arm limit switch opens, de-energizing the interlock relay. When the
relay is de-energized, the two reel motors are disconnected from their
respective amplifiers and connected together through a low resistor
(see Figure 4-8); thus providing a dynamic braking effect. The charac-
teristics of the system ensure that when power is lost in the Rewind mode,
the two reels come to rest in such a manner that proper tape tension is
not exceeded and significant tape spillage does not occur. The dynamic
braking feature is also useful when tape tension is lost in the tape unload

operation.
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In the Rewind mode, the reel servo is altered by switching the
motor lead going to Ov to -22v or +22v. This allows sufficient voltage
across the motor to enable the reel servo to operate at a tape speed of
150 ips.

4.3.5 TAPE LOAD-UNLOAD SYSTEM

The 75 ips tape transports provide a tape load-unload system
having the same ease of operation possible with single-loop tape path

transports.

At the end of an unload operation the tape storage arms are
brought to the up postion and tape can be threaded without repeated looping
around the tension arm rollers (see Figure 3-1). During a load operation,
the arms are brought down to complete the loops and establish tape tension.
The up and down movements are provided by actuator motors (gear motors)
which get driving voltages (positive and negative) via UP-STOP and
DOWN-STOP switches. The cams mounted on the actuators push the
arms up against the mechanical force of the tension springs. Hence, as

the cams move down, the arms follow them.

Consider the normal operation cycle of the transport. Initially,
tape has not been mounted. Power is turned on. If the tension arms are
not all the way up in the tape threading position, the actuator motors will
move them into the proper position. Tape is then mounted. The LOAD
switch indicator is depressed (once or twice). The actuator motors move
the arms down, and the tape is tensioned when the tension arms are ap-
proximately three-fourths of the way down. The actuator motors move
the arm driving cams all the way down and open the DOWN-STOP switches.
The LOAD switch indicator is depressed again (not necessary if it was
originally depressed twice). The tape advances to the BOT tab and stops.
The ON LINE switch/indicator is depressed, and the transport is connected

to the controller.



To unload the tape, the ON LINE switch/indicator is depressed
again. The transport is disconnected from the controller. The REWIND
switch/indicator is depressed and the tape rewinds to the BOT tab, over-
shoots and comes to rest at the BOT tab. The REWIND switch/indicator
is depressed again and the tape is completely rewound onto the supply
reel, clearing the tape path and letting the tension arms open the ARM-
INTERLOCK switches. The actuator motors then move the arms up to
the tape threading position. The tape is removed, and the cycle is

complete.

Referring to the functional block diagram of the Servo and
Power Supply (Figure 4-57) let us consider the normal operation of the
transport where, initially, tape has not been mounted. For purposes of

discussion, all logic variables are high-true.

When power is turned on, TIP (Tape-In-Path) becomes false
(low) (Pin 6, J17). Hence, the output of TIP AMP (NTIP) becomes true
and diode CR33 is back-biased. Initially, relay Kl is unlatched and
CR36 is also back-biased. If the tape storage arms are in any position

other than the load (up) position the Up-Stop switches will be closed and
TIP and K1 SENSE will cause the ACTUATOR UP DRIVERS to raise the

arms until the UP-STOP SWITCHES are opened and the arm motion is

stopped.

Tape is now mounted on the transport and TIP becomes true,

forward-biasing CR33 and disabling the ACTUATOR UP DRIVERS.

When the LOAD switch/indicator is depressed, NMLOAD (No
Motor Load) becomes false (Pin 1, J26). With NTIP false NMLOAD
and NTIP SENSE cause the ACTUATOR DOWN DRIVERS to move the
tape storage arms down. When the arms reach a position approximately

three-fourths of the way down, NERS (No Enable Reel Servo) from

“Foldout drawing, see end of this section.
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NERS GEN becomes false. NERS is applied to the Tape Control PCBA
via Pin 9, J9, and causes MINTLK (Make Interlock) to become true
(Pin 2, J26). MINTLK SENSE causes the ACTUATOR DOWN DRIVERS
to become insensitive to differences in tape storage arm position sensor
voltages. Additionally, MINTLK activates INTLK RELAY K1 DRIVER
which energizes relay K1. This causes the tape to be tensioned,

INTLK-A to become true, and NERS to be reset true,

When the tape becomes tensioned the ACTUATOR DOWN

DRIVERS continue operation until the DOWN-STOP SWITCHES open

and actuator motion is stopped. This allows the SUPPLY and TAKE-UP
ACTUATOR SENSE to enable INTLK-A to set the output of NINTLK-B
DRIVER (Interlock-B) false via R126. This resets MINTLK false and
NMLOAD true on the Tape Control PCBA via Pin 6, J3. Also, INTLK-A
and NINTLK-B SENSE maintain INTLK RELAY K1 DRIVER activated.
This holds K1 energized regardless of the state of MINTLK. Hence,

the tape loading sequence is completed.

The unloading sequence begins when the tape has reached BOT,
and the REWIND switch/indicator is depressed. This causes MINTLK
to become true and maintain INTLK RELAY Kl DRIVER activated, which
in turn keeps K1 energized regardless of the state of INTLK-A, Addi-
tionally, AOS (Arm Offset) and ULOS (Unload Offset) become true re-
spectively at Pins 5 and 6, J26, causing the tape storage arms to take
two and two-and-one-half inches of offsets, while the remaining tape
rewinds slowly onto the supply reel. When tape tension is lost, INTLK-A
becomes false but rewind continues until TIP becomes false and resets
MINTLK false. This action inactivates INTLK RELAY K1 DRIVER and
K1 is de-energized. Reel motion ceases and the actuators move the
tension arms to the tape threading position thus ending the unload

operation.
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4.3.6 DATA ELECTRONICS

Information is recorded on tape in the Phase Encoded (PE)
mode. The PE system interprets a flux change toward the magnetiza-
tion direction of the IBG as a one bit. A flux change in the opposite di-
rection represents a zero bit. A phase flux reversal is written between
successive one bits or between successive zero bits to establish proper
polarity. Thus, up to two flux changes are required per bit for the PE
method of data decoding.

The PE method of recording data differs from the NRZI method
in that the NRZI employs only one flux change in either direction to rep-

resent a one bit, and the lack of a flux change to represent a zero bit.

Figure 4-9 illustrates the basic recording waveform com-
ponents of the NRZI and PE modes. Note that in the PE mode there is
a flux shift within each cell period indicative of a one or zero bit. The
direction of magnetic flux change on the tape at the center of the bit cell

determines its value (zero or one).

Figure 4-10 illustrates the relevant 9-track allocation, spacing,
and format of 1600 cpi PE tape. Consecutive data channels are not al-
located 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 zeros and one byte of all ones. Note that the data block is followed
by a postamble which is the mirror image of the preamble, i.e., one byte

of all ones followed by 40 bytes of all zeros.

NOTE
The preamble and postamble bursts are con-
figured so thatduringa Read Reverse operation

their functions are interchangeable.
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During a Read operation, as the tape passes over the read/
white head, any flux pattern recorded on the tape (one or zero) 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

one bit is a negative transition and a zero bit is a positive transition.

Illustrated in Figure 4-11" are waveforms that occur on a
channel during a write and read-back operation. Magnetization transi-
tions recorded on the tape are not perfectly sharp because of the limited

resolution of the magnetic recording process.

During read-back, the voltage induced in the head is ampli-
fied, 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.

Figure 4-12% is a functional logic diagram of one channel of
data electronics (6640) and the relevant common control logic. This dia-

gram is to be used only for purposes of describing system operation,
Figure 4-13% is a functional logic diagram of one channel of
data electronics (6660) and the relevant common control logic. This dia-

gram is to be used only for purposes of describing system operation.

4.3.6.1 Operation with Dual- and Single-Gap Heads

The 6640 transport utilizes a dual-gap head which 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

“Foldout drawing, see end of this section.
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angle of both heads is 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 head gap. Since the write and read heads are
constructed in the same block, an independent method of azimuth ad-
justment is required for the write head. This is achieved electronically
by triggering the write waveform generator for different channels se-
quentially and at such times that the azimuth error in the write head

is nullified.

The 6660 transport utilizes a single gap head for both read and
write operations. Azimuth alignment is accomplished again by shimming
the fixed head guides adjacent to the head so that the tape tracks at
exactly 90 degrees to the head gap. Since the same gap is used for both

reading and writing, no additional azimuth compensation is necessary.

4.3.6.2 Data Recording (Dual Gap Model 6640)

Assume that the transport 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 SYNCHRONQOUS FORWARD command is received, the
MOTION signal generated on the Tape Control circuit board goes high,

removing one input of OR gate U7.

In operation, the front edge of the SYNCHRONOUS FORWARD
command is delayed and differentiated and the resulting pulse used to
sample the condition of the SET WRITE status line. If this is true,

the following action takes place.
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(1) The Write/Read mode flip-flop (U20, see Paragraph
4.3.7.5) is set.

(2) The NWRT waveform becomes low.
(3) The -5v driver (Q3) is turned on.
(4) The erase head is energized.

(5) 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 4-14% is a timing diagram illustrating relationships of
signals during data recording and should be referred to in conjunction
with Figure 4-12%, The SFC command (Plot 1) enables the ramp gen-
erator, which causes the tape to accelerate to the prescribed velocity
(Plot 2). After a time (T1) determined by the required inter-record gap
(IRG) displacement, the WRITE DATA inputs (Plot 4) together with the
WDS (Plot 3) are supplied to the interface connector. Preamble, data

block, and postamble are recorded.

The WRITE DATA (IWD**) input is received by interface re-
ceiver Ul and is strobed into flip-flop U3 at the trailing edge of the
WRITE DATA STROBE (IWDS). On the Write Data 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.

>sFoldout drawing, see end of this section.
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""Interface lines connecting transport to controller are prefixed by 'I'".

4-21 731



731

At the completion of the postamble, SFC goes false after the
post-record delay time (T2). The ramp generator is disabled and the

tape velocity decelerates to zero.
The IRG 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
(T1l), from the SFC command going true to the time of the
first WDS and the post-record time (T2), from the end of
the postamble to SFC going false. (Time delays T1 and T2

are provided by the customer's controller. )

4.3.6.3 Overwrite Operation (Model 6640)

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 IRG 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 col-
lapsing magnetic fields of the heads. This constitutes flux transients on
the tape which appear as spurious signals when read back. The Over-
write feature of the transport has effectively eliminated this problem by
turning the write current off slowly while the tape is still in motion.

NOTE
Refer to PERTEC Application note concerning the
control and timing restrictions associated with

Overwrite.
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To update a previously recorded record the transport must be
Selected, Ready, On Line, and have a Write Enable ring installed.
Additionally, the Overwrite (OVW) signal from the controller must be
true and coincident with SWS and SFC.

Figure 4-15 is a functional logic diagram of the Write/Overwrite
circuitry employed in the transport, When an SFC is received, the
MOTION signal is delayed, differentiated, and supplied to the toggle
inputs of flip-flops U8 and U9 and to the set input of flip-flop Ul0, Flip-
flop U8 sets if the SWS line is true coincident with the trailing edge of
the C? pulse., Flip-flop Ul0 sets, providing a true input to gate U6,

Flip-flop U9 sets if the OVW signal is coincident with the
trailing edge of the GO pulse.
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Figure 4-15. Functional Logic and Timing
Diagram, Write/Overwrite



The Q outputs of flip-flops U8 and U9, the Set output of Ul0,
and the MOTION signal are ANDed at gate U6,

NOTE

AND gate U3 is disabled during an Overwrite
operation by the low Q output of flip-flop U9.

The low true output of gate U3 causes the Write Power Enable

output voltage to ramp from Ov to +5v, nominal.

The output of the Write Power Enable circuit is applied to the

Write logic on the Data circuit board to enable writing of the new record.

Overwrite operation is terminated by resetting Ul0 with IWARS,.
Resetting Ul0 disables gate U6 causing the Write Power Enable output
voltage to ramp from +5v to Ov, thus removing the power to the write

circuits.

4.3.6.4 Data Recording (Single-Gap Model 6660)

Assume that the transport 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 is received, the
MOTION signal generated on the Tape Control circuit board goes high,

removing one input of OR gate U7 via U6,

In operation, the front edge of the SYNCHRONOUS FORWARD
command is delayed and differentiated and the resulting pulse used to
sample the condition of the SET WRITE STATUS line. If this is true,

the following action takes place.
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(1) The Write/Read mode flip-flop U20 is set.
(2) The NWRT waveform becomes low.

(3) The -5v driver (Q3) is turned on.

(4) The erase head is energized.

(5) The CD 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 4-16" is a timing diagram illustrating relationships of sig-
nals during data recording and should be referred to in conjunction with
Figure 4-13%. The SFC command (Plot 1) enables the ramp generator,
which causes the tape to accelerate to the prescribed velocity (Plot 2).
After a timme (T1) determined by the required inter-record gap (IRG)
displacement, the WRITE DATA inputs (Plot 3) together with the WDS
(Plot 4) are supplied to the interface connector. Preamble, data block,

and postamble are recorded.

The WRITE DATA (IWD**) input is received by interface receiver
Ul and is strobed into flip-flop U3 at the trailing edge of the WRITE DATA
STROBE (IWDS). On the Write Data 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, SFC goes false after the post-
record delay time (T2). The ramp generator is disabled and the tape

velocity decelerates to zero.

o

“Foldout drawing, see end of this section.
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The IRG 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 SFC command going true to the time of
the first WDS and post-record time (T2), from the
end of the postamble to SFC going false. (Time delays

Tl and T2 are provided by the customer's controller. )

4.3.6.5 Overwrite Operation (Model 6660)

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 IRG diatance 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 collaps-
ing 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 transport has effectively eliminated this problem by turn-

ing the write current off slowly while tape is still in motion.

NOTE

Refer to PERTEC application note concerningthe
control and timing restrictions associated with

Overwrite.
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To update a previously recorded record the transport must be
Selected, Ready, On Line, and have a Write Enable ring installed.
Additionally, the Overwrite (OVW) signal from the controller must be
true and coincident with SWS and SFC.

Figure 4-16 is a functional logic diagram of the Write/Over-
write circuitry employed in the transport. When an SFC is received,
the MOTION signal is delayed, differentiated, and supplied to the toggle
inputs of flip-flops U8 and U9 and to the set input of flip-flop Ul0. Flip-
flop U8 sets if the SWS line is true coincident with the trailing edge of
the GO pulse. Flip-flop U9 sets if the OVW signal is coincident with
the trailing edge of the GO pulse.
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Figure 4-16. Functional Logic and Timing
Diagram, Write/Overwrite
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The Q outputs of flip-flops U8 and U9, the Set output of U1O0,
and the MOTION signal are ANDed at gate Ub6.

NOTE

AND gate U3 is disabled during an Overwrite
operation by the low Q output of flip-flop U9.

The low true output of gate U3 causes the Write Power Enable

output voltage to ramp from Ov to +5v, nominal.

The output of the Write Power Enable circuit is applied to the

Write logic on the Data circuit board to enable writing of the new record.

Overwrite operation is terminated by resetting Ul0 with IWARS.
Resetting Ul0 disables gate U6 causing the Write Power Enable output
voltage to ramp from +5v to Ov, thus removing the power to the write

circuits.

4.3.6.6 Data Reproduction (Dual-Gap Model 6640)

When an SFC is received, the following occur.

(1) The MOTION signal generated on the Tape Control circuit
board goes true so that NAND gate U4 (Figure 4-12) is

enabled.

(2) The Forward ramp generator is enabled and the tape

accelerates to the prescribed velocity.

Figure 4-17>:< illustrates typical PE read timing and waveforms
and should be referred to in conjunction with Figure 4-12. Data signals
from the magnetic head at a level of approximately 5 to 15 millivolts
peak-to-peak are fed by a shielded cable to the read amplifier. The
read amplifier gain is adjusted so that the output of the differentiator

is 6v peak-to-peak.

*Foldout drawing, see end of this section.
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The differentiated signal is fed to a Schmitt trigger which
squares the signal and outputs it to LINE DRIVER U4. The differenti-
ated 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 transport is in the Read While Write mode, a threshold
level of approximately 30 percent is generated regardless of the IRTH2
waveform levels. When the transport is in the Read mode, and IRTH2 is hig
high, the threshold level is approximately 10 percent which is only suf-

ficient to reject system noise.

The IRTH2 line, when low and the transport is in the Read mode,
will generate a read threshold of approximately five percent 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.

4.3.6.7 Data Reproduction (Single-Gap Model 6660)

When an SFC is received, the following occur.

(1) The MOTION signal generated on the Tape Control circuit
board goes true so that NAND gate U4 (Figure 4-13) is
enabled.

(2) The Forward ramp generator is enabled and the tape

accelerates to the prescribed velocity.

Figure 4-17" illustrates typical PE read timing and waveforms,
and should be referred to in conjunction with Figure 4-13. Data signals

from the magnetic head at a level of approximately 5 to 15 millivolts

- Foldout drawing, see end of this section.
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peak-to-peak are fed by a shielded cable to the read amplifier. The
read amplifier gain is adjusted so that the output of the differentiator

is 6v peak-to-peak.

The differentiated signal is fed to a Schmitt trigger which
squares the signal and outputs it to LINE DRIVER U4. The differenti-
ated 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 transport is in the Read mode, and both IRTHI and
IRTH2 waveforms are high, a threshold level of approximately 10 per-
cent is generated which is only sufficient to reject system noise. When

IRTHI1 is low, the threshold level is 30 percent regardless of IRTH2 level.

When the IRTH2 line is low, the IRTHI line is high, and the
transport is in the Read mode, a read threshold of approximately five
percent 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 IRTHI and IRTH2 are high.
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4.3.7 TAPE CONTROL SYSTEM

The tape control subsystem consists of the circuits necessary
to control tape motion. This includes manual controls, interlocks, and
logic. The operation can best be described by detailing the Bring-to-
Load-Point sequence, subsequent tape motion commands, the Rewind

sequence, and the subsequent unloading of the tape.

Figure 4-18™ is a functional logic diagram of the tape control

system and is used only for purposes of describing the system operation.

4,3.7.1 Bring-to-Load-Point System

The system will be described by considering the methods of
bringing tape to BOT or Load Point. Figures 4-19%, 4-20" and 4-217

show the waveforms using each of these methods.

Associated with each of the manual control switches is a switch
""clean-up'' flip-flop (Ul, U2, U25) which eliminates the problems of
switch contact bounce. Relay K1 has four changeover contacts, three of
which (K1A, K1B, and KIC) are used to disconnect the reel and capstan
servo motors, and the fourth (K1D) is used in conjunction with the tension-
arm limit switches as a system interlock. The tension arm limit switches
are operated by a cam on the tension arm and is closed when the cam is
in its normal operating position. The tension arm limit switch opens at
both extremes of the arm travel so that protection against over-tension

as well as under-tension conditions is provided.

When power is turned on initially the tension arm can be either
in the load position or on the bottom stop. If there is no tape in the tape
path TIP will be high and the arms will be moved to the load position.
Tape in the tape path will make TIP low which will disable the up-drive

“Foldout drawing, see end of this section.
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arm circuits. The INTLK signal is low at this time since the relay con-
tacts on K1 are open and INTLK is connected either directly or through
a gate to the reset inputs to control flip-flops RW1, RW2, RW3, Load,
and FLR (Ul5, Ul6, Ul7, Ul8, and U31l). The second interlock signal
NINTLK-B is ORed with CLR (clear) and resets U50.

4.3.7.2 Depress LOAD Control — Tension Arms in Load Position

Figure 4—19>:< illustrates representative waveforms and should

be referred to in conjunction with Figure 4-18%.

When the LOAD switch/indicator is depressed for the first
time the clean-up flip-flop Ul sets (Plot 3) which sets flip-flop U50
(Plot 4), generating the NMLOAD signal (Plot 7), and flip-flop U51
(Plot 6) is set. The signal from flip-flop U50 is delayed thus setting
flip-flop U53 (Plot 5) during the time the LOAD switch/indicator is de-
pressed. The NMLOAD signal enables the arm drive circuits (Plot 21)
to drive the tension arms down. When both tensior arms are past the
center of the arm operating range NERS goes low via U58. This signal
resets U51 (Plot 6) which enables the NAND gate U56 making MINTLK
(Plot 11) go high; this turns on the relay driver for K1, thus activating
the reel servos which tension the tape. This occurs since the contacts
on Kl and the arm limit switches are closed and the INTLK-A signal
(Plot 14) is high. The MINTLK signal is also used to force the arm
actuator drive circuit to drive the actuators at a high speed moving the
drive cam out of the arm operating range. The NINTLK-B signal goes
low (Plot 10) when the drive cam is out of the arm operating range. If
the LOAD switch/indicator is depressed for a second time before
NINTLK-B goes low, flip-flop U52 (Plot 9) will be set. Thus, INTLK-B
going low not only clears U50, which disables NMLOAD and MINTLK, it
enables INTLK via OR gate U67 to go high transferring the set from U52
to the load flip-flop Ul8 (Plot 12). Flip-flop Ul8 sets the FLR flip-flop

“Foldout drawing, see end of this section.
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U31 (Plot 18) through NOR gates U33 and U32. The FLR flip-flop resets
U52 via OR gate U55. If the LOAD switch/indicator is depressed for a
second time after INTLK goes high, flip-flop U52 will not be set but
flip-flop Ul8 is set through NAND gate Ul0. Figure 4-20" illustrates
representative waveforms which occur if the LOAD switch/indicator is

depressed for the second time after the interlocks are made.

The Q output of Ul8 is fed to one input of OR gate U21. The
output of OR gate U2l goes low, enabling the Forward ramp generator
that drives the capstan servo (not shown). The tape accelerates to the
specified speed (Plot 15), and continues to move until the BOT tab is
detected by the BOT sensor, at which time the BOT signal goes high
(Plot 16), enabling one input of NAND gate U29. In addition, the single-
shot is triggered, generating an 0.5-second negative-going waveform
(NBOTD) (Plot 17).

Since the LOAD waveform (Plot 12) and the output of gate U28
are high at this time, NAND gate U29 is enabled (Plot 19) and the Load
flip-flop is reset. This causes the tape to decelerate to rest with the
BOT tab under the photo-tab sensor. At this time, all three inputs to
NAND gate U41 are high so that the NLDP waveform is low (Plot 20),
indicating that the transport is at Load Point and enabling the Load lamp

driver.

At the end of the 0.5-second delay, the NBOTD waveform
(Plot 17) goes high and, since the other two inputs to NAND gate U38
are both high at this time, the NREADY waveform at the output of gate
U38 goes low (Plot 22), enabling one input of NAND gate U39.

The setting of the FLR flip-flop causes the NFLR waveform to

go low, disabling NAND gate Ul0, thus inhibiting the possibility of further

manual LOAD commands.

“Foldout drawing, see end of this section.
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4.3.7.3 Depress LOAD Control — Tension Arms in Down Position

Figure 4-21% illustrates representative waveforms and should

be referred to in conjunction with Figure 4-18%,

When power is lost with tape on the machine the tension arms
will not return to the load position when power is reapplied because TIP

(Tape In Path) is low.

Depressing the LOAD switch/indicator for the first time will
set flip-flop U50 generating an NMLOAD signal (Plot 7) and enabling
NAND gate U56. MINTLK (Plot 11) goes high since flip-flop U51 has
been reset by NERS being low (Plot 8). The high state of MINTLK causes
the relay driver for Kl to turn on, thus activating the reel servos. This
action tensions the tape and closes the contacts on the arm limit switches.
INTLK-A (Plot 14) goes high and NINTLK-B (Plot 10) goes low, thus en-
abling INTLK (Plot 13) to go high.

Flip-flop U50 is reset (Plot 4) by NINTLK-B going low completing
the first part of the last cycle.

If, at any time, the tension arms move outside their operating
region, the interlock relay de-energizes, power is disconnected from
the motors, and INTLK-A returns to the low state, resetting the control

flip-flops.

Depressing the LOAD switch/indicator a second time will set
the load flip-flop Ul8 (Plot 12) either at the time the switch is depressed
or when INTLK goes high. The Q output of Ul8 is fed to one input of OR
gate U21l. The output of OR gate U21 goes low, enabling the Forward ramp
generator that drives the capstan servo (not shown). The tape accelerates
to the specified speed (Plot 15), and continues to move until the BOT tab
is detected by the BOT sensor, at which time the BOT signal goes high

>'<Foldout drawing, see end of this section.
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(Plot 16), enabling one input of NAND gate U29. In addition, the single-
shot is triggered, generating an 0.5-second negative-going waveform
(NBOTD) (Plot 17).

Since the LOAD waveform and the output of gate U28 are high
at this time, NAND gate U29 is enabled (Plot 19) and the load flip-flop
is reset. This causes the tape to decelerate to rest with the BOT tab
under the photo-tab sensor. At this time, all three inputs to NAND gate
U41 are high so that the NLDP waveform is low (Plot 20), indicating
that the transport is at Load Point and enabling the load lamp driver.

At the end of the 0.5-second delay, the NBOTD waveform
(Plot 17) goes high and, since the other two inputs to NAND gate U38
are both high at this time, the NREADY waveform at the output of gate
U38 goes low (Plot 22), enabling one input of NAND gate U39.

The setting of the FLR flip-flop causes the NFLR waveform
to go low, disabling NAND gate Ul0, thus inhibiting the possibility of

further manual LOAD commands.

4.3.7.4 Depress ON LINE Control

If the ON LINE switch/indicator is momentarily depressed,
On-line flip-flop U26 is set (if it is depressed a second time, U26 is
reset), enabling the second input of NAND gate U39. The Q output of
the flip-flop U26 enables the On-line lamp driver. The output of gate
U39 goes high, indicating that the transport is Ready and On-line (RO).
If the transport is also selected, the output of NAND gate U40, the
Selected, Ready, On-line (SRO) waveform goes high.

When the transport is On-line, the output of the manual
REWIND control flip-flop is disabled by NONLINE at gate Ul2.
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If the transport is Selected, the ISLT™ waveform is low. The

following options are available.

(1) If W4 is not present, then the SLT waveform goes high

when the transport is Selected.

(2) If W4 is present, SLT goes high only if the transport is
Selected and On-line.

(3) If W3 is not present, the SLTA waveform is permanently
high and the status lines are enabled. This option is used
when interrogation of transport status lines is required,

whether the transport is Selected or not.

(4) If W3 is present, the status lines are gated with the SLT

waveform.

When the FLR or INTLK signals are low, the On-line flip-flop
is held reset by OR gates U23 and U24, ensuring that the On-line flip-
flop cannot be set until the interlock has been made and the Load or
Rewind sequence has been entered. The On-line flip-flop can also be
reset from the interface by the OFF - LINE command (OFFC) via inter-
face receiver U22 and OR gate U24.

An option is available allowing the On-line flip-flop to be set
without entering the Load or Rewind sequence. This is accomplished by
removing jumper W2 connecting FLR to the input of U23. See Para-
graph 4.3.7.10.

The transport is now ready to receive external commands.

" All interface lines connecting transport to controller are prefixed by "I'.
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4,3,7.5 Operation From External Commands

Assuming the transport is Selected, Ready, and On-line (SRO
is high), receipt of a SYNCHRONOUS FORWARD command (SFC) will
cause the output of interface receiver U4 to go high and the output of
AND gate U6 to go low. The MOTION signal will go high and the Forward
ramp generator will be enabled via OR gate UZ21l.

The MOTION signal is delayed approximately 10 pseconds, dif-
ferentiated, and a positive-going '""GO' pulse generated at the output of
differentiator 61. This pulse samples the status of the SET WRITE
STATUS (SWS) line. If SWS is true, indicating that the Write mode is
required, then Write/Read flip-flop U20 is set and the NWRT waveform
goes low. If SWS is false, UZ20 is reset and NWRT waveform goes high.
For a SYNCHRONOUS REVERSE command (SRC) a similar sequence of

events occurs.

If the BOT tab is encountered during the execution of an SRC,
the BOT signal goes high, the NBOT signal goes low, and the single-shot
is triggered. As a result, AND gate U7 is disabled, inhibiting the action
of the SRC and the NBOTD waveform goes low for 0.5 second so that the

transport becomes Not Ready for this period of time.

4.3.7.6 Operation From Control Panel — Forward

Forward tape motion in response to a remote input command

was described in Paragraph 4.3.7.1. Whenthetransport is in the Off-line

mode (NONLINE is true) and the FORWARD switch/indicator is depressed,

tape will advance at the specified speed until one of the following occurs.
(1) The FORWARD switch/indicator is depressed again,

(2) The REVERSE switch/indicator is depressed.
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(3) The transport is placed in the On-line mode.
(4) The EOT tab is encountered.
(5) A BOT tab is encountered.

(6) Tape tension is lost.

As described in Paragraph 3. 6.7, activation of the REVERSE
switch/indicator while the tape is advancing in response to activation of
the FORWARD switch/indicator will cause the tape to decelerate to rest
then immediately accelerate to the synchronous velocity in the reverse

direction.

4.3.7.7 Operation From Control Panel — Reverse

Reverse operation is identical to Forward operation described
in Paragraph 4. 3.7.6 except for direction of tape motion. The reverse

flip-flop is not reset if an EOT tab is encountered.

4.3.7.8 Rewind Sequence — Tape Not at Load Point

This is the normal Rewind-to-Load-Point sequence that results
from either a remote or manual command. Figure 4-22* shows the

waveforms that occur during the operation.

In response to either a remote or manual rewind command,
the RW1 flip-flop is set (Plot 3). The Q output of the flip-flop enables
NAND gate U28 (since the Q output of the RW3 flip-flop is high at this
time) it also triggers 0. l-second single-shot and goes to NAND gate U73.
After the delay of the single-shot the rewind ramp generator is enabled
via NAND gate U73 a