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Figure 9 Quick Disconnect Tabs
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Servo/Control Module

The following paragraphs describe how to remove and replace the
servo/control module.

Removal -- Do the following steps to remove the servo/control
module.

NOTE
Remove the write driver, read amplifier,
and servo/control modules together. Then
separate the servo/control from the
other two.

CAUTION
Do not place too much stress on the

wires or modules when you remove the
connectors.

. Use the quick disconnect tabs to remove connectors W3P8,
wWlgprl, W8P1l, and W2P1l (Figure 10) from the servo/control
module. Label and remove connectors W9P2 and W1P2.

,éffé. Remove the wupper retaining bar from the card cage, and
remove the modules from the cabinet.

3. At the top and bottom bracket, back out the lower
thumbscrew 6 to 8 turns (Figure 6).

4, Slide the servo/control module out of the top and bottom
brackets.

Replacement -- Do the following steps to replace the servo/control
module.

1. Make sure Jjumper W1 is in the 2/3 position. Slide the
servo/control module into the top and bottom brackets.

2. Align connector J2 with J9, and J3 with J8 (Figure 8).
Press the connectors together while vyou tighten the
thumbscrews alternately. Make sure these connectors are

completely pressed together. Replace the top and bottom
board clips.

3. Tighten the wupper and lower thumbscrews at the top and
bottom brackets.

At this point, set these three modules aside and remove and
replace the magnetic head and air bearing assemblies.
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Magnetic Head Assembly

The following paragraphs describe how to remove and replace the
magnetic head assembly.

Removal -- Do the following steps to remove the magnetic head
assgpbiy.

o~
/s-{»

7 1. Place the tape deck in the operating position, then
remove the head dust covers from the tape deck.

fﬁ’ 2. Disconnect the read head connector W6P1 (Figure 1l1), the
' write head connector W5P1l, and the erase head wires P3

and P4 from the magnetic head. Move the cablés out of the
way.

NOTE
Before you remove the head, tape a piece
of soft, nonadhesive material across the
recording surface for protection.

The head can easily hit the tape deck
during removal.

CAUTION
Do not loosen the head alignment screws,
otherwise, you must replace the entire
head with a new assembly.

Never move the head. It 1is factory
positioned on the base.

3. Loosen the four head mounting screws. Hold the head
assembly against the tape deck while you remove the
mounting hardware.

—

© 4., Carefully remove the head from the tape deck.

e—

Replacement -- Do the following steps to replace the magnetic head
assembly.

NOTE
Before you install a magnetic head, make
sure that the recording surface is
protected with soft, nonadhesive
material.

" 1. pPut the magnetic head through the hole in the tape deck
and position the head onto the guide pins.

194



WHITE TO FRONT

P3/P4 ERASE
BLACK TO BACK
WEP1 WRITE
W6P1
READ

MAGNETIC HEAD
CONNECTORS

ASSEMBLY SCREWS
(DO NOT LOOSEN )

MAGNETIC
HEAD

MOUNTING
SCREWS (4)

Figure 11 Magnetic Head Removal

While vyou hold the head in place, insert the mounting
hardware and tighten the screws.

. NOTE
You do not have to align the head. Make
sure the erase cables are attached as
shown at the top of Figure 11.

Guide the read and write/erase cables through the tape
deck. Attach the cables to the correct head as shown in
Figure 11.

Remove the <covering you added to protect the recording
sur face.

Clean the magnetic head recording surface with a soft
lint-free cloth moistened with Digital cleaning fluid.
Wipe the recording surface in the same direction as tape
motion, and then wipe 90 degrees to tape motion.

Verification Checks -- You perform the verification checks after

you replace the modules.
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Air Bearing Assembly

NOTE
Replacement parts for the air bearing
assembly are in a kit (PN 29-24359).
This kit contains two spring guides (one
upper and one 1lower), a transducer, a
small O-ring, and a large O-ring.

You should completely refurbish the air bearing assembly whenever
you replace a transducer. This means you should use all parts of
the refurbish kit, and order a new kit.

When you
the air
Magnetic

You can

replace the spring guides only, you do not need to remove
bearing assembly from the tape deck. Refer to the TUS1
Tape Subsystem Pocket Service Guide for details.

remove both air bearings by using the same procedure. In

this lesson you will remove only one air bearing (your choice).

Removal
assembly.

-- Do the following steps to remove the air bearing

CAUTION
For this course, make sure you do not
damage any air bearing parts during the
removal procedure. You must use all the
original parts during the replacement
procedure.

Be very careful with the transducer pins
when you detach the cable. They break
very easily when bent.

NOTE
Check (and mark if necessary) the pins
on the transducer and the cable plug so
you can reconnect them correctly.
Incorrect connection may cause
inaccurate fault symptoms.

From the bottom of the tape deck, disconnect the cable
connector from the transducer pins (Figure 12).

To gain access to the screws that hold the air bearing,
remove the screws that hold the logic cage and move the
cage enough to gain access to the air bearing mounting
screws. Do not remove the tie wraps that hold the cables
to the cage.
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Figure 12 Air Bearing Assembly Removal

Remove the two mounting screws that hold the air bearing
assembly to the bottom of the tape deck. (The tape path
cover on the top of the tape deck will hold the air
bearings in place at this time.) Do not remove the screws
that hold the sensor to the air bearing at this time.

CAUTION
Do not snag or chafe the control panel
cable or any other cable when you
position the tape deck.

Place the tape deck in the operating position.
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- 5. Remove the tape path cover, then remove the complete air
bearing assembly from the top of the tape deck. Make sure
the large O-ring does not fall out of the air bearing.

6. Place the assembly on a flat surface, then remove the two
mounting screws that hold the sensor to the air bearing.

A small O-ring 1is under the transducer. It can fall out
of position, so be careful not to lose it.

{ 7. Remove the two screws from the front of the air bearing.
You can now remove the spring guide.

Replacement -- Do the following steps to replace the air bearing
assembly. Use the original parts during this procedure.

{/l. Secure the spring guide and spring guide guard to the air
bearing with the two mounting screws.

/2. With the small O-;ing sgated propgrly, positign the
transducer on the air bearing. Then, install and tighten
the two mounting screws to secure the transducer.

/3. With the large 0-ring seated properly, position the air

bearing onto the tape deck. Then, install the tape path
o cover to hold the air bearing in position.

4. Place the tape deck in the maintenance position. Secure
the air bearing with the mounting screws and washers.

5. Replace the screws that hold the logic cage.

.~ 6. Reconnect the connector to the transducer pins.

Verification Check -- You perform the verfication check after you
replace the modules.

Servo/Control, Write Driver and Read Amplifier

The following paragraphs describe how to finish replacing, then

check, the servo/control, write driver, and read amplifier
modules.
Replacement -- Do the following steps to replace the modules.

ffﬁl. Place the modules in the cabinet in the service position.
Then, replace the top retaining bar.

2. Replace connectors W2Pl, WS8Pl, W1@Pl, W1P2, W9P2, and
W3P8 on the servo/control module.
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3. Replace connectors W7P4 and W7P5 on top of the servo/
control and read amplifier modules.

" 4, Swing the modules to the right against the logic cage and
close the retaining latch. Then tighten the thumbscrews
on the servo/control module.

4 5. Replace connector W6P2 on the read amplifier module.

- 6. Replace connectors W5P2 and W7P6 on the write driver
module.

Verification Checks -- Do the following steps to perform

verification checks on the modules.

1.

2.

3.

Move Jjumper W1 at 1location D23 on the servo/control
module to the 1/2 position.

Place the tape deck in the operating position.

With tape not threaded, run Field Service Test 37.

Test 37 sets up the velocity correction multiplier for
the velocity DAC. You must run this test whenever you
replace the servo/control module.

Run Field Service Test 49.

Test 49 enables autoload on power-up, displays the unit
identifier, and sets up the power-down timer for one
minute 1if no tape motion has occurred. Test 37 disables
everything this test enables.

Load a known good write-enabled scratch tape.

Run Field Service Test 64.

Test 64 loads the write current values. You must run this

test whenever you replace a head assembly, write driver,
or servo/control module.

Run Field Service Test 31.

Test 31 sets up and checks the read amplitudes for each
track at 25 and 75 ips. You must run this test whenever
you replace a head assembly, write driver, servo/control,
or read amplifier module.

After the test is complete (display @0), return jumper Wl
at location D23 from the 1/2 position to the 2/3 position
before you powered down the unit.

Install and tighten the top and bottom thumbscrews to
secure the modules to the card cage.

Replace the holding bracket.
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. Test @1 is the final verification test. It verifies many of the
replacements you do in this lesson. To save time, run Test @1 only
once at the end of this lesson.

This course combines the removal and replacement procedures for
the read formatter, write formatter, and TMSCP interface modules.

Read Formatter Module -- The following paragraphs describe how to
remove and replace the read formatter module.

Removal -- Do the following steps to remove the read formatter
module.

/ 1. Loosen the logic cage lock screws and slide the cage out
until the top and bottom detents engage (Figure 13).

2. Loosen the two thumb screws and separate the formatter
i read module from the write formatter module. Avoid
unnecessary stress on the modules by 1loosening the
thumbscrews alternately and separating the modules as the
J/ screws are loosened.

3. Loosen and back out the hinge's upper screws 6 to 8
turns. Loosen the lower screws 2 turns (do not remove).
Hold the module in place while you loosen the screws.

4., Remove the read formatter module from the logic cage.

Replacement -- Do the following steps to replace the read
formatter module.

/ 1. 1Insert the module into the cage's top and bottom hinge
slots. Make sure the module is fully inserted into the
hinge slot and W7P8 connector.

/ 2. Tighten each hinge's upper screws 4 to 6 turns.

Now remove the write formatter module.

Verification Checks -- The verification check for the read
formatter 1is Operator Test @1, which you run at the end of this
lesson.
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Figure 13 Formatter Read/Write Interface Module



Write Formatter Module

The following paragraphs describe how to remove and replace the
write formatter module.

Removal

module-

{

-- Do the following steps to remove the write formatter

Loosen the thumbscrews and fold out TMSCP module to gain
access to the cables (Figure 13).

Use the quick disconnect tabs to remove connectors W10P2
and W11lP from the module (Figure 14).

Loosen and back out each hinge's lower screws 4 to 6
turns. Hold the module in place while you loosen the
screws.

READ FORMATTER =
MO?AE///j::::::::::////i

3

Z 42\
\

©
—
H

77

WRITE FORMATTER
MODULE

MA .0556-84

Figure 14 Write Formatter Module
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4.

/
B —

Remove the write formatter module from the cage.

Replacement -- Do the following steps to replace the write

formatter module.

4.

NOTE
Before you install a new module, make
sure the Jjumper blocks (Wl and W2) are
in the same position as on the old
module. Refer to Table 1 for the
standard setting.

Insert the module into the cage's top and bottom hinge
slots. Make sure the module is fully inserted into the
hinge slot and W7P8 rear connector.

Attach the edge pin connectors of both modules, and
secure them with the two thumbscrews. Make sure these
connectors are completely pressed together.

Tighten the top and bottom hinges' lower screw to lock
the module into position. Make sure all four hinge screws
are tight.

Attach connectors W10P2 to J5 and W1l1lP to J4 on the
module.

Now remove the TMSCP interface.

Table 1 TU81 Interblock Gap Setting
Formatter Write Module

Function Jumper/Switch

Variable long gap Wl at positions 1 and 2

(0.6" to 1.2")

203



Verification Checks -- The verification <check for the write

formatter 1s Operator Test @1, which you run at the end of this
lesson.

TMSCP Interface Module

The following paragraphs describe how to remove, replace, and
check the TMSCP interface module.

Removal -- Do the following steps to remove the TMSCP interface
module.

l. Use quick disconnect tabs to remove connectors W1l7P1,
Wl5P1, W1l1lP, and W18 (I/0O cable) from the interface
module (Figure 15). '

2. Unscrew the top and bottom screws from the brackets
(Figure 13), then remove the module from rear connector
W7P9.

Replacement -- Do the following steps to replace the TMSCP
interface module.

NOTE
Before you install a new interface
module, make sure the jumpers are in the
same position as those on the replaced
module.

1. 1Insert the module in the upper and lower brackets, then
secure it with the upper and lower screws.

2. Install the cable connectors as follows.

W7P9 to J1
wW1l8 to J2
W1llP to Al
W1l7P1 to J4
W1l5P1 to J5

3. Tighten the upper and 1lower thumbscrews to secure the
interface module to the write formatter module.

4. Release the upper and lower detents and slide the cage
into the frame. Tighten the cage lock screw.

Verification Checks -- Do the following steps to perform the
verification checks on the TMSCP interface.

1. Apply dc power to the drive to run the interface health
check. If the check is successful, the unit identifier
appears on the operator panel.
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Supply Reel Hub Assembly

The following paragraphs describe how to remove and replace the
supply reel hub assembly.

Removal -- Do the following steps to remove the supply reel hub
assembly.

! 1. Press the center button on the hub to unlatch it.

2. Find the slotted opening (Figure 16, slot A) on the

periphery of the reel cover. Insert a small blade
screwdriver into slot A and twist to unsnap the hub cover

from the hub assembly.

3. Place the hub assembly in the 1atched p051t10n by
pressing the cam carrier. Dot
CAUTION Z

Make sure the hub is latched before you
go to the next step. Otherwise, the
assembly may disassemble. The assembly
is difficult to reassemble.

f;“ .5. 3 TV‘ ﬂ’@«%ﬁm«

&%

4, Remove the three 1large mounting screws from the cam
carrier. You can then remove the hub assembly from the
tape deck.

\V MOUNTING
wop SCREWS(&
covsn

MA-0235-83A

Figure 16 Supply Hub Assembly Removal
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Replacement -~ You replace the supply reel hub assembly after you
remove and replace the reel motor. The procedures to replace the
supply reel hub assembly are part of the supply reel motor
replacement procedures.

Supply Reel Motor

The following paragraphs describe how to remove and replace the
supply reel motor.

Removal -~ Do the following steps to remove the supply reel motor.

NOTE
This procedure 1is easier if you remove

connector Pl to the power supply in
order to get it out of the way.

- 1. Remove the B1lP1l connector from the J3 plug on the power
amplifier module (Figure 17).

MOUNTING

——TACH
SENSOR

BIPI

MA-0229-83

Figure 17 Supply Reel Motor Removal
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2. Remove the four mounting screws and the tach cover from
the motor.

3. Remove the W3P5 connector from the tach sensor on the
motor.

This connector is not keyed. Make sure it is marked so
you will not replace it in the reverse position.

NOTE
You need a 9/16 inch socket, 6-inch
extender, and 3/8 inch drive rachet to
do the following step. These items are
part of a socket set (PN 29-22445-00).

4. Remove the four mounting screws that hold the motor to
the back of the tape deck.

5. Carefully remove the motor from the transport.

Replacement -- Whenever you order a reel motor, it comes with the
1000-1line tachometer attached. 1If you are replacing the supply
reel motor, you have to install the 1l-line tachometer on the old
reel motor in place of the 1000-line tachometer. The TU81 Magnetic
Tape Subsystem Pocket Service Guide has the procedure for tach

installation. Do the following steps to replace the supply reel
motor.

NOTE
Both TU81 reel motors have the same part
number.

CAUTION

When you install the motor, make sure
there are no loose wires between the
motor mounting plate and the tape deck.

1. Position the motor on back of the tape deck so the sensor
extends to the right of the motor assembly. Secure the
motor to the deck with four mounting screws.

NOTE
I1f you are installing a new motor
assembly, remove the. four mounting
screws and the tach cover from the motor
before installation. Then, install the
l-line tachometer from the original
supply reel motor.
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“ 2. Connect the BlP1 cable to J3 on the power amplifier
- module.

3. Connect the W3P5 cable to the tach assembly on the motor.

_ 4. Position the tach cover on the motor and secure it with
four mounting screws.

Do the rest of these steps to replace the hub you removed
earlier.

5. position the hub assembly on to the motor shaft assembly
and secure it with the three large shoulder screws.

6. Install the reel cover on the face of the hub assembly.

Verification Check -- Do the following steps to perform the
verification check on the supply reel motor.

7~ 1. Mount the tape reel on to the hub assembly. The reel

should mount easily on to the hub and against the bottom
flange.

2. Latch the reel on to the hub. Make sure that the reel is
securely fastened.

.~ 3. Load a known good quality tape and watch the reel during
tape motion. Tape should not touch the top reel flange.

Operator Test @1 is the final verification check for both the reel

motor and the hub. You run Operator Test @1 at the end of this
lesson.

Pressure Regulator

The following paragraphs describe how to remove and replace the
pressure regulator.

CAUTION
Do not turn the large allen screw at one
end of the regulator (Figure 18). This
screw 1is factory set. You must replace
the regulator if you turn this screw and
break the seal.
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Removal -- Do the following step to remove the pressure regulator.

1. Remove the pressure regulator by unscrewing it

(counterclockwise) from the plenum box by hand (Figure
18).

Replacement -- Do the following step to replace the pressure
regulator.

Screw the pressure regulator clockwise on to the shaft that
protrudes from the plenum box, until it sits firmly against
the plenum box.

Make sure an O-ring 1is in place on the filter base to
maintain a seal between the base and the plenum box.

PLENUM BOX

O RING

PRESSURE
REGULATOR

TIGHTEN

W7

fryeves

MA-0208-83

Figure 18 Pressure Regulator Removal
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Verification Checks =-- The verification checks for the pressure
regulator are Tests @2 and @1, which you run at the end of this
lesson.

Plenum Box and Air Filter

The following paragraphs describe how to remove and replace the
plenum box and air filter.

Removal -- Do the following steps to remove the plenum box and air
filter. '

s

.~ 1. Remove the two plenum tubes (Figure 19) from the plenum

box.

You must never mix wup these tubes. Make sure they are
marked so you can replace them correctly.

4 MOUNTING SCREWS

FILTER

PLENUM BOX

2 PLENUM

=~ TUBES

MA-0232-83

Figure 19 Plenum Box and Air Filter Removal
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Remove the plenum box by removing the four mounting
screws.

Make sure the screws do not fall into the cabinet. The
screw in the lower left corner is the hardest to remove
without letting it fall into the cabinet.

Remove the air filter by pulling it straight out from
inside the plenum box.

Replacement -- Do the following steps to replace the plenum box

and air filter.

NOTE
There is no recommended replacement time
for the filter. The time varies widely
according to the <cleanliness of the
customer environment.

Errors associated with a dirty filter
are defined when you use the Pathfinder
as shown in the Diagnostic lesson.

1. Position the filter on to the filter base inside the
plenum box.
/‘/2. Position the plenum box on the tape deck and secure it
with the four mounting screws.
/” 3. Install the two plenum tubes. Make sure they are not
mixed up.
Verification Checks -- The verification checks for the plenum box
and air filter are Tests @2 and @1, which you run at the end of

this lesson.

Power Amplifier Module

The following paragraphs describe how to remove and replace the
power amplifier module.

Removal
moaple.

e
1.

-- Do the following steps to remove the power amplifier

Remove the following connectors from the power amplifier
module (Figure 20).

B3P1 from J1
W3P7 from J2
B1P1 from J3
W7P7 from J4
Clprl from J5
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Figure 20 Power Amplifier Module

/// 2. Release the three quick disconnect tabs along the outside
- edge of the module to let you remove the module from the
~~  mounting assembly.

/3. Remove the module.

Replacement -- Do the following steps to replace the power
amplifier module.

/1. 1Insert the module into the mounting assembly. Inside, the
' mounting assembly has metal slots to receive the module.

2. Secure the module by pressing it on to the tabs.

S3. Install the connectors as follows.

—

B3P1 from J1
W3P7 from J2
B1P1 from J3
W7P7 from J4
Clrl from J5
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Verification Check -- The verification check is Operator Test 01,

which you run at the end of this lesson.

Power Supply and Cooling Fan

The following paragraphs describe how to remove, replace, and
check the power supply and cooling fan.

Removal
cooling
s 1.
/ 2.
,f“'"f 3.
e
/ g 5 .
‘6.
J“/ | 7 .

-- Do the following steps to remove the power supply and

fan.

Open the rear door, then remove the frame stabilizing bar
(Figure 21).

Unplug the power cord.
Remove the four mounting nuts from the cooling fan.

Disconnect the cooling fan connector and put the fan
aside.

Disconnect the power cable from the power supply and put
the cable aside.

Detach all connectors from the power supply.
NOTE
The power supply weighs approximately 9
lbs (4.1 kg). Be very careful.

Return the tape deck to its operating position.

The power supply is attached to the tape deck by four screws. The
two screws on the left are in slots so the power supply can slide
out from under these screws for removal.

Loosen but do not remove the two mounting screws on the
left side of the power supply (Figure 21).

Remove the two mounting screws on the right side of the

power supply while you support the power supply from the
bottom.

Slide the power supply out of the slots on the left, then
carefully remove the power supply from the cabinet.
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Figure 21 Power Supply Removal
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Replacement -- Do the following steps to replace the power supply

and cooling fan.

CAUTION
If you are installing a new power
supply, remove the top cover and look at
the position of the voltage select
module. The position of this module must
correspond to the input voltage defined
on the Equipment Identification Plate.
The ends of the cord are labeled with
120 Vv and 220 V and indicating arrows.
Make sure the module 1is connected to
match the input voltage.

You can disconnect the module, turn it
upside down, and reconnect it to the
main power supply module if necessary.

1. Remove the top cover of the power supply.

2. Make sure the voltage select module (Figure
installed in the correct position.

o— VOLTAGE
SELECT
MODULE
IN 60 Hz
POSITION

MA-0206-83

Figure 22 Power Supply Removal (Continued)
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. Replace the cover.

. From rear of the transport, slide the power supply under
the two installed mounting screws.

5. Insert and tighten the other two mounting screws.
6. Tighten the two mounting screws on the left.

7; Install the frame stabilizing bar.

8. Turn the tape deck into the service position.

9. Attach the connectors to the power supply as follows..

Power Supply Cable

J2 W4P4 pneumatic pump

J3 Pl cooling fan

J4 W7P1 TBl1l terminal block
J5 W2P1 servo control module
J10 TB1l terminal block

#" 1¢. Install the cooling fan connector and slide the cooling
fan into position.

<~ 11. Install and tighten the four mounting nuts.
12. Connect the power cable to the power supply, then plug

the power cord into the power outlet.

Verification Check - Do the following steps to perform
verification checks on the power supply and cooling fan.

7 1. Make sure air is flowing from the cooling fan exhaust.

First, connect the voltmeter's ground lead to pin 5 6n
power terminal strip TB-1 (Figure 23). Connect the other
volt meter lead to the points shown in Figure 23 to test
all dc voltages. Refer to Table 2 for tolerences.

You have performed 16 of the 25 removal and replacements shown in
Table 3. The final verification check, is to run Operator Test 0@1.
Remember, this is the final verification check on many of the FRUs
you replaced. If you get an error, follow the procedures in the
Pathfinder document. A failure is not necessarily in the modules
you replaced.

3. With tape threaded, but not loaded, run Operator Test 0@1.

This test takes more than 10 minutes to run. Read the
rest of this lesson while you wait.
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RED-BROWN +25V

BLANK _—
BLACK GND
BLACK GND
BLACK GND

RED/WHITE  +15V

RED/WHITE +15V

BLUE/WHITE -15V

RED +5V
RED +5V
BLUE -6V
BLANK S

MA -0490-84

Figure 23 DC Voltage Checks - TB1l

Table 2 DC Voltages and Tolerances

Location Voltage Tolerance

TB1-9/1¢ + 5 + 2% (+4.9 to +5.1)
TB1-8 - 15 + 10% (-13.5 to -16.5)
TBl1-6/7 + 15 + 10% (+13.5 to +16.5)
TB1l-1 + 25 z 10% (+22.5 to +27.5)
TB1l-11 - 6 + 10% (-5.4 to -6.6)
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Table 3

TU81 FRU Replacement/Verification

FRU Replaced

Verification Check

1. BOT/EOT/AOT Assembly
2. Tape Cleaner

3. File protect sensor

4. Magnetic head assembly

5. Air bearing assembly

6. Supply reel hub assembly

7. Supply reel motor

8. Pressure regulator

9. Plenum box and air filter
13. Power supply

11. Cooling fan

12. Write driver/read amplifier

13. Servo/control

14. Formatter read
15. Formatter write

16. TMSCP interface

You did not
following FRUs

replace

Run Test 44.

None

Load tape with and without
write-enable ring. Observe FILE
PROT LED.

Clean, then run Test 54, Test
31, and Test @1l.

Run Test @1.

Smooth reel movement and run
Test 01.

Run Test 0l.

Run Test 01.

Run Test 01l.

Check voltages at TB-1.
Check air flow from fan.
Run Test 31 and Test #1l.

Run Test 37, Test 54, Test 31,
and Test 0l1.

Run Test 0@1.
Run Test 01l.
Turn power on (Interface Health

Check) .

and verify the
this course. The

procedures are in the TU81 Magnetic Tape
Subsystem Pocket Service Guide.

17. Door interlock switch

18. Take-up reel

Run Test 0#1.

Make sure reel does not rub on
tape deck or tape.




Table 3 TU81 FRU Replacement/Verification (Cont)

FRU Replaced Verification Check

19. Take-up reel motor g;n Test 37, Test 48, and Test

20. Air bearing spring guides Run Test @1 and check for tape
damage.

21. Compressor Run Test 0l.

22. Control panel Run Test 0l.

23. pPower amplifier module Run Test @1 and Pathfinder 1001
through 1003.

24. Capacitor Run Test @1 and Test @2.

25. Supply tach/sensor Run Test 01.

The next 1lesson covers how to identify and fix TU8lmalfunctions
inserted by the Course Administrator. To expedite this process,
you can leave the acoustic cover off at this time.

If you want to perform other removal procedures (17 through 25 in

Table 3) do so only with the Course Administrator's authorization.
Also, use the procedures in the TU81 Pocket Service Guide.

This completes the Removal and Replacements lesson. Now go to the
Troubleshooting lesson. -
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TROUBLESHOOTING

GENERAL
This 1lesson outlines general troubleshooting procedures and lists
troubleshooting aids that are specific to the TU8l. In this lesson

you will troubleshoot at least three TU81 problems installed by
the Course Administrator.

OBJECTIVE

Use all available TU81 resources to identify and repair faults in
the TUS8L1.

MAINTENANCE

Keep the following points in mind when you maintain the TUS8L.

1. The TU81 has no scheduled preventive maintenance (PM).

2. You do not have to make any manual adjustments. However,
if read/write errors or incompatibility with other
transports exist, and the tape path is clean, you should
activate the EGC circuit with Test 31. This test sets the
read gains.

You do not need a standard output tape when running Test
31. However, with customers who use a wide variety of
tapes, you should use the best tape possible when running
Test 31.

3. The customer should periodically clean the tape path.
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The customer should run Operator Test 01 whenever any
problems are suspected. Periodically running Test @1 is
not required, but serves as a convenient confidence test
for the customer.

NOTE
You are responsible for teaching the
customer how to correctly take care of
the TUS81.

The customer should record all fault
codes, whether or not Field Service is
called.

The power-up health check runs when you power on the
transport. A fault code may result. If so, pressing the
RESET switch may clear the fault. The customer may report
errors found by this check to Field Service.

The Pathfinder documentation, if used correctly, will
help vyou find 98 percent of TU81 problems. However, the
Pathfinder does not help vyou diagnose problems in the
M8739 or associated cables.

PRE-SITE TROUBLESHOOTING

Do

the

following steps when you first talk to the customer. You

should do these steps before you go to the customer's site.

Use

1.

the

Find out exactly what type of TU81 problem has occurred.

Loading or tape motion problems

Cosmetic problems (cleaning, cables, etc.)

Errors reported in system printouts or the error log
Intermittent or solid problems

TU81 fault code displayed

Compatibility problems

Malfunction Matrix Table in the Pathfinder to find

possible solutions.

If

the

problem is intermittent, have the customer leave the TU81

in the failing state.

NOTE
If the hub is unlatched, random errors
may occur because the inner diameter of
the plastic supply reels can vary from
reel to reel.

Always have the customer make sure the

supply hub is 1latched no matter what
problem is reported.
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2. Ask if a fault code is displayed and what may have caused
it (i.e. running on-line, power-up, Operator Test 01).

3. Have the customer run Operator Test @1l and tell you the
results.

Use these results along with the Fault Code Matrix Table
in the Pathfinder to find possible solutions.

Remember Tests 02 and 03 if they apply to the situation.

FIRST-PHASE ON-SITE TROUBLESHOOTING

Before you perform any maintenance on the TU81, do the following
steps.

1. Have the customer reproduce the problem if possible.

2. Note the state of all TU81 indicators on the control
panel.

3. Examine the TU81:
Does anything smell wrong?
Does anything sound wrong?
What are the environmental conditions of the site?
Do you see any problems? Open the access doors and look
at everything: connectors, cables, modules, and

mechanical assemblies. Check for breaks, loose
connections, discoloration, etc.

How does the tape look?

Often, Field Service representatives partially or totally overlook
these basic troubleshooting steps. Do not overlook these steps. In
the 1long run, these steps save a 1lot of time, money, and
headaches.

If these steps help you find a probable cause of the problem,
perform the appropriate testing and/or removal and replacement.
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SECOND-PHASE ON-SITE TROUBLESHOOTING

If first-phase troubleshooting does not help you find any
problems, do the following steps. Also refer to the flowchart
(Figure 1).

1. Run Operator Test @1 using a known good tape. Look up any
fault codes in the Pathfinder tables.

2. If you cannot run Operator Test @1 cannot be run, perform
Pathfinder procedures 1001 through 1003.

3. Run the appropriate VAX diagnostic tests. These tests
help you find intermittent problems because they have
extended running times.

At the same time, check the customer error log printout
for errors and incorrectly set register bits. This
information 1is useful when you troubleshoot intermittent
problems.

4. Make sure the subsystem connections are correct. Check
the overall installation.

5. If you have any idea what the problem might be, use the
table at the start of the test descriptions in the
Pathfinder to determine if any specific internal test
could be useful.

If you encounter a fault code, also check for sub-fault
codes.

If neither the Pathfinder nor testing provides the solution, what
do you do then?

First, check the Tech Tips, FCOs, ECOs, and option summary in the
microfiche 1library. Often, Field Service representatives do not
use these helpful resources, and many hours are wasted. Most
devices have changes after they are introduced. You can find any
combination of changes when you arrive at the site. You can
identify the changes by using the microfiche.

NOTE

1f you are not familiar with the
microfiche 1library, now is a good time
to look through the library and
familiarize yourself with its contents.
The Course Administrator can help you
find all microfiche that applies to the
TU81.

Remember, important hardware changes can happen anytime. You must
keep up with these changes as you receive them on microfiche.
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( START }

POWER ON
AND OFF
(WAIT 15 SECONDS)

CKT BREAKER
REMAIN ON ?

LOGIC ON
INDICATOR ON ?

VALID
FAULT CODE
DISPLAYED ?

EXIT TO TU81
CTLR PATHFINDER, FAULT PERFORM
FAULT ON ? CODE SECTION. POWER—-ON
PERFORM FAULT PROCEDURE 1001

CODE PROCEDURE

! '

POWER TU81 OFF. RUN TEST 01 RUN TEST 01 RUN TEST 01
DISCONNECT

INTERFACE CABLE.

POWER UNIT ON. J

CTLR FAULTON? DISPLAY=00?

REPLACE TMSCP PROBLEM IS IN PROBLEM 1S IN EXIT TO TUS1
MODULE PATHFINDER, FAULT
SUBSYSTEM. SUBSYSTEM. CODE SECTION
DRIVE INDICATIONS DRIVE INDICATIONS :
R DRIVEINDIC PERFORM FAULT
| ARE NORMAL NORMAL CODE PROCEDURE.
RUN TEST 01
CONTINUE WITH
HOST DIAGNOSTICS

DISPLAY =00?

SERVICE
COMPLETED

MA.0426-84

Figure 1 Troubleshooting Flowchart
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Check the software. System software patches are always being
written to solve problems. Has the customer installed all
appropriate patches?

You can learn about software updates from Digital's monthly
Software Dispatch and Small Buffer publications. Digital also
provides a software hotline.

Use the TU81 Subsystem Technical Manual.

Make sure vyou thoroughly check the host system. If all tests run
correctly on the TU8l, the host may be at fault.

THIRD-PHASE ON-SITE TROUBLESHOOTING

After you find the probable cause of an error, replace the
associated FRU.

If the first replacement does not solve the problem, replace the
original FRU before you replace a second FRU. By working with more
than one replacement, you may accidently introduce more problems
and complicate the repair.

Always run Operator Test @1 to completion as a final check at the
end of every repair call.

When possible, run the appropriate VAX diagnostic test to check
the complete sub-system.

Also have the customer run the host software.
Finally, 1look over your work area. Is it clean? Are all doors
closed and 1locked? Is the area ready to be used by the customer?

Small things count. A few dirty fingerprints can negatively affect
how the customer rates Digital Field Service.

226



Pathfinder Exercise

Perform this exercise to review how to use the Pathfinder when you

troubleshoot

the TU81 transport. You can find almost all the

troubleshooting information you need 1in the Pathfinder, if you
know where to look.

1.

What causes fault code 21?

a. Power-on health check fault

b. Take-up tension fault

c. Aborted unload operation

d. Velocity correction calculation fault

What kind of error causes fault code 21 with sub-fault
code @37

a. RESET pressed during an unload operation

b. Tape slips while decelerating

c. Speed fault

d. 9 ounces detected with no tension

What failing component causes fault code 21 with

sub-fault code @3?

a. Servo/control module

‘b. Supply air bearing assembly

c. Take-up air bearing assembly

d. Compressor

When Test @2 is running, what kind of error causes fault
code 827

‘a. Take-up power amplifier fault

b. Take-up comparator fault

c. Tape loaded fault

d. Compressor failure fault

When Test 02 is running, where in the test sequence does

fault code 82 occur?

. .

o

o (0y0w

When

When checking for quarter tachs

When verifying that the tension comparators work

When verifying that the take-up reel power amplifier
works :

When checking the zero tension offsets

Test @2 is running, what component probably causes

fault code 827

a.
b.
e
d.

Servo/control module
Take-up motor/tachometer
Power amplifier module
Power supply
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Pathfinder Exercise Answers

1.

What causes fault code 217

b. Take-up tension fault (The assumption at the top of
the FAULT CODE 21 page in the Pathfinder tables
states, "TU81/TA81 displays Fault Code 21 as a result
of a take-up tension fault.")

What kind of error causes fault code 21 with sub-fault
code 03?

d. 9 ounces detected with no tension (In the sub-fault
code tables, this error is listed under fault code
21/sub-fault code #3.)

What failing component causes fault code 21 with
sub-fault code @37

a. Servo/control module (In the Pathfinder
troubleshooting procedure for FAULT CODE 21, if you
answer yes on line @30 for sub-fault code 03, it
leads down to 1line #60. Line 060 suggests that you
replace the servo/control module.

When Test 02 is running, what kind of error causes fault
code 827

a. Take-up power amplifier fault (In the Operator Test
g2 description, wunder POSSIBLE TERMINATION CODES,
code 82 is listed as a "TU Power Amp Fault".)

When Test 02 is running, where in the test sequence does
fault code 82 occur?

c. When verifying that the take-up reel power amplifier
works (In the Test @2 description under TEST
SEQUENCE, step d verifies the take-up reel power
amplifier and displays an 82 if an error occurs.)

When Test @2 1is running, what component probably
causes fault code 827 ‘

c. Power amplifier module (Since the power amplifiers to
the reel motors are on the power amplifier module, it
is the most probable cause.)
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MALFUNCTIONS

Now you are ready to identify and repair some real malfunctions on
the TU8l. The Course Administrator will cause a malfunction (bug)

in the TU81, and you will find and repair the malfunction.

You must identify and repair at least 3 malfunctions.
identify and repair up to 10 if you have time.

You may

The following list is a reminder of the resources available to you

as you troubleshoot the TUS81.

Pathfinder
Fault code tables
Tables 1001 through 1003
Test descriptions
Sub-fault code descriptions

TU81 Pocket Service Guide

Internal and on-line diagnostic tests
Your own physical senses

TU81 Technical Manual

TU81 Print set

Microfiches

Course documentation

Customer's description of the problem

NOTE

Always use the Pathfinder tables. If you
use them correctly, they will always
point you near the problem. You can
solve many problems in 1less than a
minute by using the tables. No
specialized troubleshooting or guesswork
can match that. ' ‘

Now complete the following procedure.

1. Ask the Course Administrator to install the first TU81

malfunction.

2. Identify the error and repair the problem.

ask for another malfunction.

3. Ask the Course Administrator to check your work, then

4., Do steps 1 through 3 at least three times, or until you

feel comfortable with the troubleshooting procedures.

This completes the Troubleshooting 1lesson. Now go
Installation lesson.
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INSTALLATION

GENERAL

This lesson covers how to install the UNIBUS-LESI adapter module
and associated «cabling, and then do a final on-line test to make
sure the TU8l is error free.

Chapter 5 of the TU81/TA81 Magnetic Tape Subsystem User Guide
covers site planning, unpacking, inspection, and cabinet
installation. You may have previous training in these areas, so
they are not discussed here.

OBJECTIVES

Install an M8739 and associated cabling.

M8739 UNIBUS ADAPTER MODULE

Do the following steps to remove the M8739.

1. Power down the TU81L and the system to which it is
attached.

The M8739 is installed in the UNIBUS backplane of the host.
(Figure 1).

2. Remove the cable from the M8739.

3. Remove the M8739 from the backplane.

—
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)

1/0
INTERNAL
CABLE

UNIBUS
ADAPTER
MODULE
(M8739)

CpPU
BULKHEAD
PANELS &
CONNECTORS

EXTERNAL 7

INTERFACE
CABLE

MA-1170-83A

Figure 1 Interface Cabling

UNIBUS ADDRESS

You can select the UNIBUS address by using a single 1@-position
DIP switchpack and jumper W2 (Figure 2). Address bits 12 through 3
are specified via the DIP switch. Address bits 17 through 13 are
hardwired to be 1ls. Address bit 2 is set by the W2 jumper. Address
bits 1 and @ are ignored (Figures 3 and 4).

The M8739 module you just removed is probably set up as the first

TU81 on the UNIBUS. This standard configuration is shown in Tables
1 and 2.
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FLAT |/O CABLE
PN 70-19923

PER

// J4|////l .oc

W2

[ B4
o0

0,W2=A&B
1,W2=B&C

FOR A02
FOR A02

CSR ADDRESS DIP SWITCHPACK

Aw g

TR &&&&ZZ

r
c 2
° 3
g€
c
56
o
© -
T
o g
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o ®©
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w 8
(8] Wn
z £5
w = 9
i w see
wa ]
w0 o2 °
ocw =

MA-1166-83

M8739 UNIBUS-LESI Adapter Module

Figure 2
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For Base Address 774500

Al8 Al17 Al6 AlS5 Al4 Al13 Al2 All AlQ A9 A8 A7 A6 A5 A4 A3 A2 Al AQ
1 1 1 1 1 1 1 1 9 ¢ 1 ¢ 1 ¢ 0 ¢ ¢ ¢ @

X X X X X X S1 S2 S3 S4 55 56 S7 S8 S9 S10 W2 X X

7 7 4 5 2 /]

Switch Positions

ON = 81, S2, S5, Ss7

OFF = §3, S4, S6, S8, S9, S1¢
X = Unselectable (hardwired)
ON =1

OFF = @

W2 jumper = @ (see Figure 4)

Figure 3 Address Setting Diagram for Single Drive Configuration

J4

L - l'-
D D
v A (P Vv v A (P v
A JUMPER W2 IN 1 MATCH POSITION B. JUMPER W2 IN O MATCH POSITION

MA1311-83

Figure 4 W2 Jumper Setting

Table 1 Single TU81 Address Configuration

Unit Number Address Vector

] 174500 260
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Table 2 Address Selection in Multi-TU81 Configuration

Transport Unit Number Address Vector
1 ) 174500 260
2 1 * 1
3 2 * $
4 3 * 1
* Floating address -- 760000 to 777774
+ Floating vector -- 300 to 700
NOTE
The system sets vector automatically at
SYSGEN.

PRIORITY LEVEL

The TU81 subsystem has a suggested bus request priority level of 5
(BR5/BG5), although any priority level between 4 and 7 will work.
If you need a priority level other than 5, obtain the appropriate
priority level plug. You can change the priority level by changing
the plug (Figure 2). However, you must change any Digital programs
or other software that refers to the priority level if you change
the priority plug.

Example

The following SYSGEN procedure finds the available CSR addresses
and vectors. You set the CSR address with the UNIBUS DIP
switchpack and jumper W2.

$ MCR SYSGEN

SYSGEN> CONFIG

DEVICE> RK61l1

DEVICE> DZ1l1l

DEVICE> TUS81,3

DEVICE> “2

Device: RK61l1 Name: DMA CSR: 7774490 Vector: 210

Device: TU81 Name: PTA CSR: 774500 Vector: 260

Device: DZ1l1l Name: TTA CSR: 760100* Vector: 300*

Device: TUS81 Name: PTB CSR: 760444%* Vector: 310%*

Device: TUS81 Name: PTC CSR: 760450%* Vector: 314*
SYSGEN>"Z

$
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Now you are ready to install the M8739 in the host UNIBUS
backplane. Some of these steps are already complete because the
M8739 you are using has previously been installed.

4. Remove the G727 bus grant continuity card from the SPC
slot in the UNIBUS backplane where you will install the
M8739 (Figure 5).

A bus grant continuity card must be in connector D of any
unused SPC slot. If connector D is left open, bus grant
continuity is lost.
G727 (SHOWN) OR G7270,
BG CONTINUITY, CARD
INSTALLS INTO CONNECTOR D
OF ANY UNUSED SPC SLOT.
BACKPLANE (SLOT SIDE)
o1 U O (0] @)
02
03
04 O o (0]
05 |
06 = O O O
07
08
09 n O @) ©) 3
A B C D E F

NOTE

IF G7272 1S INSTALLED, IT FITS
INTO SLOTS C AND D. MA-8785

Figure 5 Bus Grant Continuity Card
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01 i

Also, in the same SPC slot, remove the nonprocessor grant
(NPG) jumper, CAl to CBl, on the pinside of the backplane

(Figure 6).
Install the ribbon cable into J1 on the M8739.

Carefully insert the M8739 module into the SPC slot in
the UNIBUS backplane.

Make sure the <cable does not snag other components or
block mounting box movement.

U S P M HECA)
° ° ° ° ° ° ° °B*=< NPG CONTINUITY

WIRE WRAP FOR
CONNECTOR C OF

° ° ° ° ° ° ° ° ° ALL 9SLOTS
° ° ° ° ° ° ° ° ° 2
BACKPLANE (PIN SIDE) //
Yy4

[ ..
e N
Il I
e

Figure 6 NPG Jumper
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The cable goes from the M8739 to the bulkhead connector on the I/0
panel 1in the back of the host cabinet. From there, the signals go
across the round interface cable to the connector on the logic
cage mounting plate in the TU81 cabinet. From this connector the
signals go through the short cable to connect to the TMSCP
interface controller module (Figures 1, 7, and 8).

9. Take time now to follow the path of the bus signals from
the M8739 to the interface controller module.
Notice the hardware involved in this path. It is simple
to install, but you might have some questions when you
first encounter this in the field. Find the answers to
those questions now to save time when you are on the job.

[hosT cpu -l SeLpen | TAPE TRANSPORT A
I FEMALE § (ROUND) | |
INTERFACE
I CABLE I
TMSCP
M8739 [ CONTROLLER '_L':C PR ITER L]
| MODULE
1/0 MALE MALE |
| PANEL | | |
@ Flat cable
@ External shielded cable
MA-1172-83A
Figure 7 Plug-to-Plug I/0 Cable Connections

,/// |
-Q{S - f
FLAT 1/O CABLE Sl
IN LOGIC CAGE RS
A
EXTERNAL
1/0 CABLE
MA-1174-83A
Figure 8 Internal 1/0 Cabling
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10. Make sure the voltage select module in the TU81 power
supply is in the correct position for power requirements
in your location.

11. Make sure the jumpers on the write formatter module are
in the correct position. Refer to Table 3 for the correct
positions.

12, pPower up the host system.

13. Make sure that a remote switching cable is installed
between the host power controller and the TU81 power
controller,

14. Make sure the 3-position switch on both power controllers
is in the REMOTE position. This allows you to power on
peripherals in either cabinet by using the host on/off
switch.

15. Power up the TUS8I.

16. Check all voltages.

Table 3 TU81 Interblock Gap Setting
Formatter Write Module

Function Jumper/Switch

Variable long gap Wl at positions 1 and 2

(2.6" to 1.2")

UNIT IDENTIFICATION (ID)

The wunit identification (ID) is used as a unit address feature to
give each tape transport a wunique identification code to be
recognized by the host. This ID is useful for the system error
log, and in multidrive configurations.

The unit ID is a three-digit code that you manually enter from the
transport control panel by using the following procedure (Test 04
in the Pathfinder). This 1ID code is stored in the transport's
nonvolatile memory until you enter a new one. The 1ID code
constantly appears in the digital display indicator when the drive
is powered on and in the normal on-line, off-line, or
tape-unloaded state. When there is a fault condition, or a test is

run from the control panel, the unit ID is replaced by the fault
code or test number indications.
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Do the following steps to enter ID code 201.

19.

20.
21.
22.
23.
24.

25.

e}%&fﬁ& {T}ﬁfﬁ . Cf%mw

Press STEP three times.
Press EXECUTE to initialize Procedure 04.
Press STEP two times.

Press TEST two times.

Press STEP.

Press EXECUTE.

Press RESET. 201 should appear in the digital display
indicator.

NOTE
For the rest of this procedure, tell the
Course Administrator if an error occurs
and the test does not pass.

Now, do the following steps to run the acceptance diagnostics.

26.

27.
28.

29.

When you power up the transport, the power-up health
check runs. A fault code appears if an error occurs. You
may be able to <clear the error by pressing the RESET
switch,

A successful check is indicated if the LOGIC ON and FILE
PROT indicators come on and if the unit number appears in
the digital display indicator on the control panel (with
all other indicators off).

Thread a known good tape.

Run Operator Test @l. It takes approximately 16 minutes
for a 2400-foot tape. The test is successful if a 000
appears in the digital display indicator.

Run the host-based diagnostic tests, EVMBB Tests 1

through 10 and EVMBA Tests 1 through 3 (default
sections).
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The data reliability test is the last test you should run. Let the
test run about 15 minutes. During this time take a break or
prepare for the final test.

30. Stop the data reliability test after 15 minutes. In the
field you would allow this test to run to the end.

31. Unload the tape and power down the system.

32. Put the system back in customer operating condition. Make
sure all covers are secure and cables are intact.

As mentioned before, Chapter 5 in the TU81/TA81 Magnetic Tape
Subsystem User Guide has detailed installation procedures. Also,
Chapter 2 in the TU81 Magnetic Tape Subsystem Pocket Service Guide
has a short version of the procedures.

This completes the Installation lesson.

FINAL TEST (TEST 2)

Next, complete the Final Test (Test 2). You may use any TU81
resources available.

Review the course materials to answer any remaining questions you
have about the TUS8L.

Ask the Course Administrator for Test 2. When you have completed
the test, return it for grading.

When you pass the test, fill in the lab performance certificate
with the course administrator.
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APPENDIX A
GROUP CODED RECORDING

INTRODUCTION

This appendix covers group coded recording encoding techniques.

For you to 1learn GCR recording techniques, you must understand
both non return to 2zero inverted (NRZI) and phase encoded (PE)
recording techniques. For this reason, the first portion of this
module reviews some concepts used in both NRZI and PE techniques.

This module:

° Reviews non-return to zero inverted (NRZI) recording
techniques

° Reviews phase encoded (PE) recording techniques

° Introduces group coded recording (GCR)

° Explains the function of the special groups, subgroups,

and characters in GCR.

This module does not:

° Teach NRZI recording principles
° Teach PE recording principles
° Explain the algorithms used to derive or generate any of

the special characters used in GCR

° Refer to the TU81 or any other tape drive subsystem that
uses GCR.
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OBJECTIVES

1.

2‘

List the reasons for wusing the group coded recording
(GCR) encoding method.

Describe the relationship between data bytes (characters)
coming into the tape subsystem (GCR formatted), compared
to how data is written on tape.

Supplied with a drawing representing GCR, identify each
of the following items.

a. ID burst

b. ARA burst

C. IRG

d. Tape mark

e. Data record

For each of the following items, 1list the active
track(s) ,the data pattern, and the recording density.

Subgroup

Data group
Storage group
ID area

IRG

Data record
Tape mark

ID burst

ARA burst

ARA ID
Preamble

Mark 1

Resync burst
End mark
Residual data group
PAD characters
ACRC character
r. ECC character
s. CRC character
t. CRC data group
u. Residual characters
v. Mark 2

w. Postamble

S HXRU=TQHO QO TO

T O3

Q

Describe each of the following item's function.

Subgroup

Data group
Storage group
ID area

IRG

Data record
Tape mark

ID burst

ARA burst

. .

H QD QLQ TOTD
e o o

L] .
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ARA ID

jo.

k. Preamble

1. Mark 1

m. Resync burst

n. End mark

o. Residual data group
p. PAD characters

g. ACRC character

r. ECC character

S. CRC character

t. CRC data group

u. Residual characters

v. Mark 2

w. Postamble
RESOURCES
TU/TA81 Technical/Service Manual EK-TUA81-TM
American National Standard recorded magnetic ANST X3.54-1976

tape for information interchange
(6258 char/in, group coded recording)

American National Standard recorded magnetic ANSI X3.22-1973
tape for information interchange
(800 char/in, NRZI)

American National Standard recorded magnetic ANSI X3.39-1973
tape for information interchange
(1660 char/in, PE)

PURPOSE OF GROUP CODED RECORDING

An inexpensive way to back up high-speed transfer and
high-capacity disk storage is needed. The GCR encoding technique
provides fast serial access of large quantities of data.

GCR, shown in Figure 1, has several advantages. One advantage is
faster data transfer rates than PE or NRZI. Another advantage is
more storage per tape reel. Finally, GCR can error correct for up
to two bad tracks per data block (record). This error correction
is done during tape reading; rereading is unnecessary.

TRACK -
9 1 K
8 1 11 1
7 1 ————— 1[__DC ERASED
o| I——=1 | 1[i
5 1 1|1
4 1 ———— 1[_DC ERASED
3 1 —- 1[1 1
2 1 -1 - 1
1| fsoT! 1 ———— 1{" DC ERASED

MA-7661

Figure 1 Group Coded Recording (GCR Tape)
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TAPE FORMATS

Today there are three recording formats in use for 1/2-inch,
9-track tape. They are NRZI, PE, and GCR. Figure 2 shows the
relationship between these formats.

The following text describes how each format is written on tape.

In NRZI mode, a 1 1is represented by a flux change. This flux
change can be either positive or negative. If a flux change does
not occur, a @ is written. Figure 2 shows this more clearly. To
the right of the NRZI 1label, you can see how a data string is
written on any data track in the NRZI format. Note that the data
string is 101010000111. The NRZI format is normally written at
either 200, 556, or 8¢@ bits per inch (bits/in).

In PE mode, a 1 is written by generating a negative transition in
the center of data time. A @ is written on tape by generating a
positive transition 1in the center of data time. To the right of

the PE 1label on Figure 2, you can see how the data pattern looks
in PE mode.

Compare the NRZI and PE formats. Note that in NRZI you can have no
more than 800 flux changes per inch on tape. This is true if you
write consecutive 1ls and the density used is 80¢ bits/in.

In PE mode, the tape is written at 1600 to 3200 flux changes per
inch. Any time sequential 1ls are written (11111), there are 3200
flux changes per inch. The same is also true when sequential @s
are written (00000). If the data pattern written is alternate 1s

and 0s (1010¢10), the tape 1is written at 1600 flux changes per
inch.

BIT CELL
~—
™M T2 T3 T4 T5 T6 T7 T8 T9 TIO T T2 T3
1 0 1 o 1 0 o0 0 0 1 1 1
+ + — | ————— e | —— |
NRZI 0 | Y ! | Lo I N | LJ
- l [ - " l | | [ T - |
| Lo | | I T b Lo
+ | + | + | ( |
PE 0 I o | | || I ll || | | l' |
- } ! + I + |
L\ J\. J\_ J
Y Y Y
4BIT DATA SUBGROUP -————suaenoup-———’l
TRANSLATES TO - .
5 BIT STORAGE SUBGROUP GROUP "l
r A N A N A )
o 1 01 1 0.1 01 o0o,1,1 1

+ | t
GCR O | |
- |

Figure 2 Tape Recording Formats

g ——

MA-7601
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GCR is a type of NRZI recording. GCR has an effective transfer
rate of 6250 bits/in. This is accomplished by writing at 9042 flux
changes per inch. The reason for this discrepancy in bits per in
and flux changes per inch follows.

4-bit to 5-bit translation occurs
Additional characters must be written in a GCR record.

Because these additional characters are not considered data, they
are not counted when we describe the useful transfer rate.

Note that in Figure 2 the data to be written is 101@¢. In GCR
format it becomes 01019, and is written using NR2I recording
techniques. Do not worry about the addition of a fifth bit at this
point (translation). Hardware in the machine performs the
translation (this process is explained later in this module).

Note that every four bits of data are translated into five bits
and written on the tape in NRZI mode for GCR. Every time a 1 is
represented, a flux change occurs in the center of the bit cell.
Every time a @ is written, no flux change occurs during the bit
cell.

As you can see, GCR 1is very similar to NRZI. However, two
differences do exist. In GCR the recording density is 6250 bits/in
as opposed to 800 bits/in in NRZI. In GCR every four bits are
translated into five bits, then written on tape using NRZI
recording techniques. In NRZI, the data is written on tape without
undergoing any translation.

NRZI AND PE RECORDING

There are several similarities between NRZI, PE, and GCR recording
techniques. Let's review NRZI and PE to help you learn GCR
recording techniques.

This review covers the parts of NRZI records and PE records. It

does not cover how each part is generated. You should already
understand those aspects of NRZI and PE recording.

NRZI Recording

An NRZI tape consists of two types of information: data records
and tape mark characters.

Figure 3 shows the typical components of an NRZI recorded tape.
Starting at beginning of tape (BOT), tape is dc erased on all nine
tracks. This gap is longer than the interrecord gap (IRG) between
records. This 1longer IRG 1is called an initial interrecord gap
(Initial IRG or 1IG).

After the 1G, the first item written on tape is a record. A record
consists of several characters grouped together.
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INITIAL EXTENDED

| IRG | ”RGl | IRG |
| | | | | |
TAPE
RECORD RECORD RECORD MARK
1 BOT!
TRACK \\\
9| X — = X X X DC ERASED
8| X—» X X X 1| DCERASED [1
7 X— X X X DC ERASED
6 | X — = X X X DC ERASED
5| X ———— X X X DC ERASED
4 | X — X X X DC ERASED
3| X———— X X X DC ERASED |1
2 | X —» x X X 1| DC ERASED
1| Xx——» x X X DC ERASED
[ ]
- v -/ cncclfncc — ~ /
DATA DC ERASED 9 CHARACTERS
18 TO 2048 DC ERASED
CHARACTERS LRCC

MA-7592

Figure 3 NRZI Recording

The NRZI record consists of a variable number of characters. The
record ends with two special characters. They are the cyclic
redundancy check character (CRCC) and the longitudinal parity
check character (LRCC).

The CRCC 1is written four character spaces after the last data
character. A LRCC is written four character spaces after the CRCC
character. The areas between the end of data and both the CRCC and
LRCC, are dc erased.

The CRCC is a check character used in NRZI records. It is derived
by a complex mathematical formula applied to the characters
written in the record. The result of this manipulation (the CRCC)
can be used to recover a lost bit in a record read from tape.

The LRCC 1is the last character written in an NRZI record. It is
written to generate even parity for each track.

A tape mark 1is written at the end of several records that
constitute a file. A tape mark is also used to end a reel of
tape.

In NRZI, a tape mark consists of a 1 bit written in tracks 2, 3,
and 8. All other tracks are dc erased. All tracks are then dc

erased for seven characters. The LRCC follows immediately (Figure
3).
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PE Recording

In PE

information.

recording,

The

we
three

data record, and a tape mark.

Figure

area is

The

or LRCC bits,
a zero.

Xs

NOTE
represent bits written on tape.
They can be either data bits, CRCC bits,

normally write
types of information are: an ID burst, a

one

identification burst (ID burst) on PE tapes.

of three

Each X represents a one or

4 represents a typical PE tape. The density identification
the first thing written on tape. This area is called the

INITIAL EXTENDED
IRG IRG
TRACK A A A
9
8
7
6
TAP
5 RECORD RECORD RECORD MA;i
4 ID BURST
3
2
1 [ BOT ! //
9 DC ERASE
8 DC 3200 FCI
7 ERASE
6 DC ERASE
5 PREAMBLE DATA POSTAMBLE
4 1600 FCI, 3200 FCi
3 ERASE
3 be DC S
1 ERASE 3200 FCI
9 0 » 01| X > X |10 > 0 DC ERASE
8 DC 00— 01| X —— X |10 —— 0 0————»0
7 ERASE 0 — 01| X - X.| 10 >0 0——»0
6 0 » 01| X » X |10 >0 DC ERASE
5 0 » 01] X » X |10 » 0 00— » 0
4 1010 —» 1010 00— 01} X » X |10 +» 0 Q— 0
3 be 0 — 01| X——» X |10—— 0 DC ERASE
2 ERASE 0 +» 01} X » X |10 —» 0 00— 0
1 0 + 01| X » X |10 > 0 0o— 0
1 —_——— —
REFERENCE 41 18 TO 2048 41 3270 128
EDGE CHARACTERS CHARACTERS CHARACTERS CHARACTERS
MA-7557
Figure 4 PE Recording
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The 1ID burst is written to start before the BOT strip and extend
past the end of the BOT strip. It is written at 1600 flux changes
per inch on track 4 only. All the other tracks are dc erased.

Immediately after the 1ID burst, the initial gap (IG) is put on
tape (Figure 4). This consists of erasing all nine tracks. The 1IG
is between 3 inches and 25 feet long, from BOT.

The first record on tape is written starting at the end of the IG.
In PE, a record consists of three parts: the preamble, data, and
postamble.

The preamble consists of 41 characters. First, 40 sequential gs
are written on each track, including the parity track. Then,
immediately after the 40th @, there is a character that contains
1ls on all nine tracks.

The data immediately follows the preamble. The data can consist of
a minimum of 18 characters to a recommended maximum of 2048
characters (the ANSI specification). It is physically possible to
write and read shorter or longer records.

The postamble immediately follows the data. The postamble consists
of an all 1ls character, followed by 40 all @ characters. The
postamble is identical to the preamble, but written in the reverse
order.

The IRGs are written between records. They consist of dc erasing
all nine tracks. An IRG is between @.5 inches and 25 feet long
(normally @.6 inches).

The last type of information written 1is a tape mark. It is
separated from other records by a longer IRG. This special IRG is

called an extended interrecord gap (extended IRG).

A tape mark consists of @s written in tracks 2, 5, 8, and possibly
1, 4, and 7 with tracks 3, 6, and 9 dc erased. A tape mark record
is 32 to 128 characters long (Figure 4).

Tapes are always referenced to the reference edge. The reference
edge 1is the side of tape closest to the operator when tape is
correctly loaded.

GROUP CODED RECORDING (GCR)

GCR recording combines the best features of both PE and NRZI.
Let's look at the way bits are written on tape in GCR (Figure 5).

Earlier in this module we found that NRZI recording techniques are
used to place data on tape. Every time a 1 bit is to be written on
tape, a flux change occurs. If a @ is to be written, a flux change
does not occur. The other thing we found was that every four bits
of sequential data are grouped together. When the four bits for
all nine tracks are grouped together, they form a data subgroup.
Two data subgroups are referred to as a data group.
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DATA TO BE

WRITTEN 1T 1011 |1 01 11o0o1 010 1LO ! 1T 11 11

- l J\ J\ J
Y Y Y
4 BIT DATA SUBGROUP le——— SUBGROUP __.l
TRANSLATES TO . N
5BIT STORAGE SUBGROUP GRrOUP >
1% A —\r A N ¢ A —
o 1. 0.1 0Y1 1 o 1 1 1,11
ACTUALLY + l +—t | 1 + | | -2 + | 0 | + |
WRITTENON 0 N T I T N T R I R A AT AT A
TAPE - | | + + | ¢ 4 | | + } | + |
| SUBGROUP 1 l SUBGROUP 2 SUBGROUP 3

MA-7602

Figure 5 GCR Representation of Data Written on Tape

GCR 4-BIT TO 5-BIT TRANSLATION

We also know that data is translated and placed on tape. Every
four data bits pass through a translator and become five bits.
When the five bits for all nine tracks are grouped together, they
form a storage subgroup. This new 5-bit storage subgroup is what
is actually written on tape. Two storage subgroups are referred to
as a storage group.

Why change a 4-bit code to a 5-bit code before placing it on tape?
After all, it appears there is a greater chance of introducing
errors. The following paragraphs try to answer this question.

In GCR no more than two 0s can be recorded in succession on a
given track. This ensures synchronization.

GCR avoids recording more than two successive @s by translating
four bits into five. Four bits can be grouped in any of 16
combinations from @000 to 1111. There are 32 possible combinations
of five bits. Combinations that begin or end with more than one @,
and those that contain more than two internally successive @s, are
not used to represent data.

After this elimination, 17 useful codes remain. The 11111 code is
reserved for synchronization purposes. The remaining 16
combinations of five bits are correlated with the 16 combinations
of four bits.

During GCR recording, each group of four bits in sequence is
translated (encoded) to the corresponding 5-bit combination. This
5-bit combination is recorded by the transport in NRZI mode.
During reading, the opposite occurs. The 5-bit combination is
translated (decoded) into the original 4-bit code.

Table 1 shows the translation codes for the 4-bit to 5-bit
translation, and vice versa. Look up the 5-bit code for 1010.
Note that the 5-bit code for 1010 is @1010. In Figure 5, this is
the data on one track of the first data subgroup written on tape.
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Table 1 Translation Record Codes

4-Bit Data Value 5-Bit Recording Value
(Data Subgroup) (Storage Subgroup)
a0o0 11001

0001 11911

0010 10010

go11 10011

0100 11101

0101 10101

0119 10119

g1l11 10111

1000 11919

1001 01001

10190 01010

1011 @1011

1100 11110

1101 01101

11190 01110

1111 01111

Given a couple of 4-bit codes, use Table 1 to look up the 5-bit
code for a data pattern of 1060. What is the 5-bit code? Check
your answer with the second subgroup in Figure 5.

Look up the 5-bit code for a data pattern of @111. What is the
5-bit code? Check your answer with the third subgroup in Figure 5.

Now you should wunderstand how information is written on tape in
GCR mode. Information is written using NRZI recording principles.
The information 1is translated from a 4-bit code to a 5-bit code.
Each of these <collections of four bits of data, when grouped
together for all nine tracks, 1is called a data subgroup. The
5-bit coded information, when grouped together for all nine
tracks, 1is called a storage subgroup. Two subgroups constitute a
group. Two data subgroups constitute a data group. Two storage
subgroups constitute a storage group.

Complete Exercise 1 before you continue this lesson.
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EXERCISE 1

1.

This
page.

In GCR mode, every four data bytes (characters) translate
into bytes that are recorded on tape.

a.
b.
c.
d.
e.

HUdeWN

o
What is the advantage of using GCR?

a. Simplicity of GCR formatting

b. 1Increased size of the interrecord gap (IRG)
c. More storage per tape reel

d. Less storage per tape reel

e. Ability to random access information

If the information to be written on track 5 of a GCR tape
contains 1000, what is written on tape?

a. 11019
b. 11001
c. 11111
d. 0119
e. 1001

If the information read from track 7 of a GCR tape
contains 11101, what data pattern was originally written?

a. @1l11¢
b. 11001
c. @la9
d. 1101
e. 1010

One reason for wusing GCR mode is that it allows error
correction for up to track(s) simultaneously
per block (each record) of data.

a. 1
b. 2
c. 3
d. 4
e. 5

completes Exercise 1. Now check your answers on the next
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EXERCISE 1 ANSWERS

1. 4
2.
3. a
4.
5. b

If you answered all the questions correctly, continue this lesson.
If you had any problems, review the material until you understand
it, then continue.

TYPES OF GCR RECORDS

In GCR the following four types of information can be written on a
GCR tape (Also refer to Figure 6).

Density identification (ID) area record
Automatic read amplification (ARA) burst record
Data record

Tape mark

The following paragraphs explain the function of each type of
information, and the parts they contain.

The density 1ID area 1is the first information written on a GCR
tape. There is only one of these areas on a GCR tape. The density
ID area serves one function, it identifies that a tape is written
in GCR.

An undefined gap is immediately after the density ID area record.
This wundefined gap separates the density ID area record from the
automatic read amplification (ARA) burst record.

The ARA burst record is the second record written on a GCR tape.
This 1is the only record of its type on a GCR tape. The ARA burst
record serves two functions. It sets the gain on read amplifiers
and verifies that the transport can write on all nine tracks.

An interrecord gap (IRG) 1is immediately after the ARA burst
record. A normal IRG can be from 7.11 mm (@.28 in) to 4.57 m (15
ft). A 7.62 mm (#.3 in) IRG is normal.

UNDEFINED
GAP
~—
ARA
DENSITY DATA TAPE
ID AREA g‘égg;o LIRG | | pEcoro | RS | mark

MA-7598

Figure 6 GCR Tape
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After the 1IRG, the first data record 1is written. The ANSI
specifications dictate that the record has a minimum of 18
characters and a maximum of 2048 characters. This is only a
guideline, however, it 1is possible to write shorter or longer
records.

Every record ends with an IRG. At the end of a file or tape, a
tape mark is written. It serves the same function as it does on
NRZI or PE tapes. Some manufacturers precede a tape mark with a
longer 1IRG.

Now that we know the types of information that can be written on a

GCR tape, 1let's 1look at the parts that make up each type of
information. Also, let's look at each part's function.

Density ID Area Record and ARA Burst Record

The density ID area record has one part, an ID burst (Figure 7).

UNDEFINED GAP

—
ARA
ID AREA | IRG | BURST IRG gégéﬁo IRG | fARK
RECORD
TRACKS >

9
8
7
6| [ 1D BURST ARA
5 BURST
4 RECORD
3
2

[Pt
! 180T,

TRACKS

g DC ERASE
7
o f pe— ARA
. BURST
. RECORD
5| DCERASE
2

[ty
1 ,BOT,

W
UNDEFINED
GAP

MA-7555

Figure 7 Density ID Area
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The 1identification burst (ID burst) tells the tape transport
controller that this tape was written in GCR. This burst is in the
phase encoded frequency range. It consists of track 6 being
written with all 1s or alternating ls and @s, and all other tracks
erased. The burst begins at least 43.18 mm (1.7 in) before the

trailing edge of the BOT marker, and continues past the trailing
edge of the BOT markers.

An undefined gap (Figure 7) is immediately after the density ID
burst. This wundefined gap separates the ID burst from the ARA
burst record. The ARA burst record 1is the second type of
information written on a GCR tape. This is the only record of its
type on a GCR tape.

The ARA burst record has two parts (Figure 8), the ARA burst and
the ARA ID burst. Each of these parts has a recognizable pattern
and serves a specific function.

UNDEFINED GAP

~—
ARA
ID AREA | IRG | BURST IRG géggﬁo IRG | WAk
RECORD

TRACKS /// L\\\~\\‘\‘“

9
8
7
g 1D BURST ARA ARA
2 BURST ID BURST
3
2
=
1 ,BOT,
—A A A
TRACKS > 7 hd A
9 1 11 1
g| DCERASE . 1 .
7 1 —— 1| DC ERASED
o| i——=1 | 1 1
5 1 11 ]
4| bcERASE 1 ——+ 1| DCERASED
3 1 — 1 1
2 _ 1 - 1]1 — 1
1 fsoT! 1 ——— 1| DCERASED
(o
UNDEFINED
GAP

MA-7559

Figure 8 ARA Burst Record
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The ARA burst 1is a burst of all 1ls in all tracks. It has two
functions. 1Its first function is to verify that the transport can
write all tracks. 1Its second function is as a reference for the
tape transport read amplifiers. This lets the read circuits set
gains according to tape output.

The ARA burst begins no less than 38.1 mm (1.5 in) and no more
than 106.92 ocm (4.3 in) from the leading edge of the BOT marker.
The ARA burst ends no less than 24.13 cm (9.5 in) and no more than
29.21 cm (11.5 in) from the leading edge of the BOT marker.

The ARA ID (Figure 8) is the second part of the ARA burst record.
The ARA ID immediately follows the ARA burst (no gap exists). The
second part's main function 1is to warn of the approaching load
point during reverse tape operations.

The ARA ID has ones in tracks 2, 3, 5, 6, 8, and 9. Tracks 1, 4,
and 7 are dc erased. This character is approximately 5.08 cm (2
in) 1long. At 1least one .63 cm (@.25 in) section of the overall
5.08 cm (2 in) recording burst must be error free in all tracks at
the same time.

Complete Exercise 2 before you continue this lesson.

257



EXERCISE 2

1.

Figure 9 shows
pointing to?

a. ID burst

b. ARA burst

C. IRG

d. ARA 1ID

e. Data record
Figure 10 shows
pointing to?

a. ID burst

b. ARA burst

Cc. IRG

d. Tape mark

e. Data record

a

typical GCR tape.

a typical GCR tape.

What is the arrow

What is the arrow

TRACK -

9 1 K 1

8 1 1 1

7 1 —— 1| DCERASED

61 [ ———1] |1 111 1

5 1 11 1

4 1 ——— 1|__DC ERASED

3 1 11 1

2 1 11 1

(i - .
1 \BOT, 1 1] DCERASED
MA-7561

Figure 9 GCR Tape (Question 1)
TRACK -

9 1 0E

8 1 11

7 1———— 1| DCERASED

6l |1 — 1] |1 11

5 1 11

4 1 ———— 1|_DC ERASED

3 1 11

2 1 11

1] 'goT! 1 —————= 1| DC ERASED

MA-7562

Figure 10 GCR Tape (Question 2)
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3. What item has the following parameters?

° The active track operates at either 1600 or 32008 flux
changes per inch.

° The active track 1is physical track 6, all other
tracks are dc erased.

° The data pattern 1is either all 1ls, or alternate 1ls
' and @s (depending on the drive's manufacturer).

a. ARA burst

b. ARA ID
C. IRG
d. Mark 1

e. ID burst

4. For a density ID area record in GCR, what is between the
ID burst and the ARA burst?

a. An ARA ID burst
b. An undefined gap

c. Tracks 2, 3, 5, 6, 8, and 9 recorded with 1ls, and
tracks 1, 4, and 7 dc erased.

d. Tracks 1, 4, and 7 recorded with 1ls, and all other
tracks dc erased.

e. Tracks 2, 3, and 8 recorded with 1ls, and all other
tracks dc erased.

5. What does a density ID area record in GCR consist of?

a. Resync burst
b. Mark 1 burst
c. Mark 2 burst
d. ID burst
e. CRC burst

This completes Exercise 2. Now check your answers on the next
page.
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EXERCISE 2 ANSWERS

1. b
2. a
3. e
4. b
5. d

If you answered all the questions correctly continue this lesson.
If you had any problems, review the material until you understand
it, then continue.

Interrecord Gap

An interrecord gap (IRG) is written between the ARA burst record
and the data record. An IRG can be from 7.11 mm (@.28 in) to 4.57
mm (15 ft). A 7.62 mm (@#.3 in) IRG is normal.

Data Record

Next, we'll 1look at a data record (Figure 11). A data record is
made up of eight different parts (refer to the numbering in Figure
11). Some of these parts are used more than once in the record.
The eight parts that make up a GCR data are listed as follows.

Preamble

Mark 1 storage subgroup
Data (after translation)
Resync burst

End mark

RES/CRC data group

Mark 2 storage subgroup
Postamble.

O~JOHULTd WN -
e o ] L] L)

e o o

Let's 1look at the parts of a GCR data record by examining the
preamble (Figure 12). The preamble has three parts: a terminator
control subgroup (TERM), a second control subgroup, and 1410 sync
subgroups. These three parts consist of 1610 control subgroups.
Each subgroup contains five characters. The preamble, therefore,
contains 8@ characters.

These 16 subgroups are used to initialize and synchronize the read
circuitry. The first control subgroup is called TERM. It consists
of five characters of 10101 in each track. The TERM subgroup's
function 1is to notify the formatter that you are leaving the data
record in reverse.

The second control subgroup immediately follows. It consists of
five characters of #1111 in each track. It has the same function
as the TERM subgroup.
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UNDEFINED

GAP
~—
DENSITY ARA DATA TAPE
ID AREA BURST IRG IRG MAR
RECORD RECORD K
X
r I}
DATA DATA DATA RES/
PRE- GRoup | REsync| Grour {{ RESYNC| GROUP | END POST -
RG] smaLe | MARKT| 158 BURST |158 BURST | 158 MARK giﬁA MARK 2] \MBLE
MAX MAX MAX
\_V_)H_/;W_J;Y_J N
1 2 3 4 5 6 7 8
' MA-7594
/ Figure 11 GCR Data Record
$ DATA DATA DATA RES/
PRE- GRroup | Resync| GrRoup {{ ResYnc| GROUP | END POST -
RG] ameLe |MARKT 1 158 |BURST | 158 BURST | 158 MARK giﬁA MARK 2| AmBLE
§ MAX MAX MAX
TERM SECOND  |SYNC. SYNC.
sUBGROUP| CONTROL | SUBGROUP('{’ SUBGROUP
SUBGROUP | # 1 #14
TRACK \QF\ \\\\
9 10101 01111 11111 11111
8 10101 01111 11111 11111
7 10101 01111 11111 11111
6 10101 01111 11111 11111
5 10101 01111 11111 11111
4 10101 01111 11111 11111
3 10101 01111 11111 11111
2 10101 01111 11111 11111
1 10101 01111 11111 11111
CHARACTER CHARACTER
NO. 1 NO. 80

Figure 12 GCR Preamble
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Fourteen sync control subgroups are immediately after the second
control subgroup. Their primary function is to synchronize the
read reference oscillator. Each sync control subgroup is five 1s
(11111) in the respective tracks.

The mark 1 subgroup (Figure 13) is immediately after the preamble
on a GCR data record. The mark 1 control subgroup is five
characters of @@0111 @ in each track. It indicates that data
arrives next.

Data is written on tape next. Refer to Figure. 14 for an
explanation of the changes that occur to data before it is written

on tape.

The tape formatter reformats memory data into characters (Figure
14, Section A). Each character consists of eight bits plus a
parity bit.

The parity bit is written on track 4 of the tape. This parity bit
normally generates odd parity for each character before it is
translated for placement on tape. Up to this point, data is
handled the same as in PE or NRZI records.

The data 1is now formatted 1into data groups. Each data group
consists of seven sequential data characters (bytes) followed by
an ECC character (Figure 14, Section B). This new data group is
divided into two data subgroups: A and B. These two data subgroups
are translated into two storage groups (Figure 14, Section C).

DATA DATA DATA RES/
PRE- GROUP | RESYNC| GROUP {{ RESYNC| GROUP | END POST -
R
NG| amaLe | MARK | 1sg  |BURST |158 BURST | 158 MARK gAgA MARK 2| amBLE
; MAX MAX MAX

TRACK

©

-“ NWdHdHOTO® N

CHARACTER CHARACTER
NO. 1 NO. 5

MA-7590

Figure 13 Mark 1
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Figure 14 GCR Storage Group Generation

The 4-bit to 5-bit translator you studied earlier in this lesson
(refer to Table 1 if necessary) translates data subgroups to
storage subgroups.

The ECC character seems to have appeared from nowhere. The ECC
character 1is an error correction code generated for each data
group. It is used in an algorithm that helps the possible recovery
of errors in that data group.

Now that you understand how a data group is generated, look at
Figure 15. This figure should help you understand how the data
shown in Figure 14 is written on tape.

Figure 15 shows where the data groups are written on tape. Note
that Figure 15 (Section A) shows the data group's relative
positions. Each data burst contains no more than 158 groups.
However, there may be less than 158 groups.
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$ DATA DATA DATA RES/
PRE- GROUP | RESYNC| GROUP { { RESYNC| GROUP | END -
IRG MARK1 POST
AMBLE 158 BURST |158 BURST | 158 mark | CRC |MARK2| \vBLE
; MAX MAX MAX DATA
DATA GROUP1 | | DATA GROUP158 |
A S-S e |
| DATA | DATA | | DATA | DATA [
ISUBGROUP: SUBGROUP | | SUBGROUP | SUBGROUP|
TRACK ! A B PrA | B | .
1 11 —
9 XXXX | XXX XXXX | XXX
8 XXXX | XXX XXXX | xxx ECC
7 X X X X xxxg‘liiR X XXX | Xxxx CHAR
FORMATTER XX XXXX | XX
4 PPPP |PPP PPPP | PPP
3 XXXX | xxx XXXX | xxX
2 XXXX | xxx XXXX | XXX
1 XXXX | XXX XXXX | XxxX
TRACK / i \ \\
9 TTTTT | TTTTT TTTTT | TTTTT
8 TTTTT| TTTTT TTTTT | TTTTT
7 TTTTT | TTTTT TTTTT | TTTTT
WRITTEN 6 TTTTT | TTTTT TTTTT | TTTTT
ON 5 TTTTT | TTTTT TTTTIT | TTTTT
TAPE 4 TTTTT | TTTTT TTTTT | TTTTT
3 TTTTT| TTTTT TTTTT | TTTTIT
2 TTTTT | TTTTT TTTTT | TTTTT
1 TTTTT| TTTITT TTTTT | TTTTT
\ J\ \ J\.
Y Y
STORAGE  STORAGE STORAGE STORAGE
SUBGROUP SUBGROUP SUBGROUP SUBGROUP
N A B )\ A B
Y Y
STORAGE GROUP1 STORAGE GROUP 158
NOTES:

ECC CHAR = ERROR CORRECTION CODE CHARACTER
P =PARITYBIT=10R0
T = DATA AFTER TRANSLATION=10R0
X =DATA=10R0
MA-7599

Figure 15 GCR Storage Groups
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Each group (two subgroups) has seven data characters with an ECC
character (Figure 15, Section B). This, however, is not what is
written on tape. The tape <controller takes each of the data
subgroups and sends them through the 4-bit to 5-bit translator.
This new 5-bit storage subgroup is what is actually written on
tape (Figure 15, Section C).

This translation occurs for each data group to be written on tape.
After 158 storage groups are written on tape, a resync burst is
placed on tape before another 158 storage groups are written. The
number of data bursts of 158 storage groups per data block is
determined by the number of data characters to be written per
block on the tape.

The resync burst (Figure 16) is the next item written on tape. A
resync burst 1is written between every 158 storage groups written
on tape. 1Its primary function 1is to resynchronize the read
oscillators for any tracks that have a severe error.

The resync burst has four parts: a mark 2 subgroup, two sync
subgroups, and a mark 1 subgroup.

The mark 2 subgroup is the first part of the resync burst. It has
two functions. 1Its first function 1is to mark the end of data
information and the beginning of nondata information in the
forward direction. The second function, in read reverse, is to
flag the end of nondata information and the beginning of data
information. Refer to Figure 16 and compare the mark 1 and mark 2
characters. Notice they are the same, but the data direction is
reversed.

DATA DATA DATA RES/
PRE - GROUP | RESYNC| GROUP {{ RESYNC| GROUP [ END POST -
IRG AMBLE MARK1 158 BURST |158 BURST | 158 MARK (I;T\FI:'A MARK 2 AMBLE
MAX MAX MAX

MARK 2| SYNC SYNC MARK 1

TRACKS / \

9 11100 11111 ({11111 [ 00111
8 11100 [ 11111 11111 | 00111
7 11100 [ 11111 11111 00111
6 11100 | 11111 111111 [ 00111
5 11100 11111} 11111 } 00111
4 11100 | 11111 111111 1 00111
3 11100} 11111 111111 | 00111
2 11100 {11111 111111 J 00111
1 11100 11111 ] 11111 | 00111

MA.-7564

Figure 16 Resync Burst
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The mark 2 subgroup is one set of nine parallel 5-bit serial
values of 11100 in the respective tracks. ‘ ’

The two sync subgroups follow. The sync subgroups consist of 1ls in
all tracks. These bits resynchronize the read circuitry.

The mark 1 subgroup is immediately after the two resync subgroups.
This subgroup indicates nondata information is ending and data
information 1is arriving next in the forward direction. In the
reverse direction, this subgroup indicates that data information
is ending and nondata information is arriving.

The mark 1 character has nine parallel 5-bit serial values of
#0111 in the respective tracks. Refer to Figure 16 and compare the
mark 1 and mark 2 characters. Notice they are the same but the
data direction is reversed.

The end mark control subgroup (Figure 17) is after the 158th data
group on a GCR tape.

The end mark control subgroup has one set of 5-bit serial values
of 11111 on all tracks. This end mark indicates the arrival of
residual/cyclic redundancy check (RES/CRC) data.

RES/CRC data (Figure 18) is the next thing written on tape. The
RES/CRC data has two groups: the residual data group and CRC data
group.

The residual data group is written if there are six or less data
characters to be written. This group has the following three
parts.

1. Six characters (data and/or PAD characters)
2. An auxiliary CRC character
3. An ECC character

If 1less than six residual data characters remain, PAD characters
are added to make sure a total of six characters are written. For
example, 1if only two residual data characters are left to be
written, four PAD characters are written. If a total of six
residual data characters are written, no PAD characters are
written. If no residual data characters are written, then six PAD
characters are written.

Each PAD character consists of all @s in all tracks with correct
parity.

The seventh character written in the residual data group is an
auxiliary CRC character. The auxiliary CRC character is a check
character used for data validity.

The eighth character written in the residual data group is the ECC
character. The ECC character used here is generated the same way
it is for the other data groups.
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s DATA DATA DATA RES/
PRE - aroup | Resync| croup {{ resync| GrouP | END POST -
IRG| amaLe |MARKT| 158 |BURST |158 BURST | 158 MARK giﬁA MARK 2| smBLE
; MAX MAX MAX
TRACKS
9
8
7
6
5
4
3
2
1
MA-7663
Figure 17 End Mark
s DATA DATA DATA RES/
PRE - croup | Resync| Group ((Resync| GrouP | EnD POST -
IRG| AmBLE | MARKY | 158 |BURsT 158 BURST | 158 MARK giﬁA MARK 2| AMBLE
MAX MAX MAX
RESIDUAL | J
DATA GROUP CRC
(PAD CHARACTERS DATA GROUP

OR DATABYTES)

CHARACTERS -9 1 2 3 415 6]|7]|8|1]/2 3 4,5 6]7]s8
; |
AUX l— RESID T
CRC PAD CHAR TRANSLATION
ECC ORCRC | ECC 4-BITTO5-BIT
CHAR CHAR
TRACKS l
9 TTTTT | TTTTT | TTTTT | TTTTT
8 Tr7TT | TTTTT | TTTTT | TTTTT
7 TTTTT | TTTTT | TTTTT | TTTTT
6 TTTTT | TTTTT | TTTTT | TTTTT ‘
5 TrrTT | TTTTT | TTTTT | TTTTT gg;mNow
4 trrrT | TTTTT | TTTTT | TTTTT
3 TrTTT | TTTTT | TTTTT | TTTTT
2 rrrrT | trrTT | tTTTT | TTTTT
1 rrrrT | rrrTT | TTTTT | TTTYOT
N _J\ J\L J\_ J

-
SUBGROUP  SUBGROUP
A B

\

Y

J\_

Y Y
SUBGROUP  SUBGROUP
A B

Y
RES GROUP

Figure 18

RES/CRC Data
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The CRC data group is the next group written on tape. The CRC data

group is made up of the following four parts (also shown in Figure
18).

1. PAD character or CRC character

2. CRC character repeated five times
3. Residual character

4. ECC character

The first character written in the CRC data group can either be a
CRC character or a PAD character (Figure 18). The CRC character is
derived from all data in- the record. The GCR CRC character is

derived with the same algorithm used to develop the NRZI CRC
character.

If the CRC character has an odd number of bits set, it is the
first character written. If the CRC character has an even number
of bits set, a PAD character is written in order to generate odd
parity. Character parity must always be odd in GCR.

To better understand this point, refer to Figure 19. This Figure
shows the CRC characters for a record consisting of all 1ls (ls in
all nine tracks). The n signifies the number of all 1ls characters
written., If a 1 character 1is written, the CRC character is
000000101 (starting at track one). Note that there are an even
number of bits set (even parity). This would not be an acceptable

CRC character., In this <case, a PAD character (000100000) is
written.

Refer to Figure 18. Notice that the CRC character is written next.
If a CRC character was written in the last character position,
that character 1is repeated five more times in this group's CRC
data group position.

CRCC WRITTEN ON TAPE AFTER n-NUMBER OF BYTES
OF BYTES OF ALL ONES

TRACK
r—CHANNEL
n=

1234656 78 91011121314151617 18192021 222324 2526 27 28 29 30313233 34
g9/|5/1000011110010101001111000011010101
8/770110000111100101010011110000110101
7!31t011110001111011001000011100001001
6/P{l0O100111100001101010110000111100101
5/2/0001100100010011000011001000100110
41110101001 111000011010101100001111001
3/10f01011000011110010101001 11100001101
2|6/ 00111100001t 101010110000 111100101601
114j]01170111011001111001101110110011110

EOEOEOEOEOEOEOEOEOEOEOEOEOEOEOEOEO

Z
(o]
3
m

E=EVEN PARITY
0 =0DD PARITY
MA-7521

Figure 19 CRC Character
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If the last character written was a PAD character, a new CRC
character 1is generated. The new CRC character includes the PAD
character in its algorithm. This new CRC character is repeated
five times in this group's CRC data portion.

The seventh character written in the CRC data group is the
residual character. The residual character consists of two parts.
The first part is a Modulo-7 count. Bits @ through 2 are used to
indicate how many characters of data were written in the residual
group.

NOTE
The last group contained the residual
data characters. The Modulo-7 count
tells you how many are actually data
characters.

The second part of this character consists of a character count.
The character count starts at the first data written in the first
data group. This character count is a 5-bit field that can count
up to a binary 32. Each character is counted while writing the
record. At a 32 count, the counter goes back to @ and starts over.
The 1last value of the counter is what is stored at this location
in the tape.

The final character stored in this CRC data group is the ECC
character. Again, the ECC character is generated the same way as
the other data groups. The residual and CRC data groups are
translated and written onto tape the same way data groups are
handled. The mark 2 subgroup (Figure 20) is the next thing stored
on tape. This subgroup has two functions. In forward it marks the
end of data information and the beginning of nondata information.
In reverse it marks the end of nondata information and the
beginning of data information.

s DATA DATA DATA RES/

PRE - GRouUP | RESYNC| GROUP { { RESYNC| GROUP | END POST -
IRG] AmprLe | MARKT | 458 BURST |158 BURST | 158 MARK gigA MARK 2] AmBLE
; MAX MAX MAX

TRACKS

©

= NWdOTO N ®

MA-7626

Figure 20 Mark 2 Subgroup

269



The postamble (Figure 21) is the last part of a data record. The
postamble has three parts: 14 sync subgroups, a second control
subgroup, and a TERM subgroup.

The first part has 14 sync subgroups (assuming forward tape
motion). Each sync subgroup has nine parallel 5-bit values of
11111 in the respective tracks.

The second part of the postamble (second control subgroup) has one
set of nine parallel 5-bit serial values of 11110 in each track.
It initializes and synchronizes the read circuitry in the reverse
direction.

The final part of the postamble (TERM subgroup) has nine parallel
5-bit serial values of 1010L. L ensures that tape is magnetized in
the <correct direction for erasing tape. L can be either a 1 or @
to put the write head in the proper polarity for erasing. This
lets you write the interrecord gap. The interrecord gap is the
next thing written on tape.

DATA DATA DATA RES/
PRE - RouP | Resync| Group {( REsyne| GROUP | END POST -
WG| amLe | MARK! 1 1ss  |BursT |188  ((BuRsT | 188 | mak | Coo  [MARK 2| aueie
MAX MAX MAX
SYNC. SYNC. secoND |
SUBGROUP ) SUBGROUP | CONTROL | (EPH
#1 #14 SUBGROUP

Ay

11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L
11111 11111 11110 1010L

©

- NWdOOO N

MA-7625

Figure 21 Postamble
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Tape Mark Record

A tape mark record (Figure 22) is the third type of GCR record. A
GCR tape mark is normally preceded by a longer interrecord gap.

A tape mark record is used to separate files on tape. It is also
used to indicate the logical end of a tape.

The GCR tape mark consists of 250 to 400 flux changes at 9042 flux
changes per inch. The 1ls are written in tracks 2, 5, 8, 1, 4, and
7 with tracks 3, 6 and 9 dc erased.

UNDEFINED
GAP
~—*—
DENSITY ARA DATA TAPE
ID AREA gggg};o IRG RECORD IRG MARK
TRACKS
9 DC ERASE DC ERASE
8 11111 11111
7 11111 11111
6 DC ERASE DC ERASE
[ 11111 11111
4 11111 11111
3 DC ERASE DC ERASE
2 111171 11111
1 11111 11111

<4—— 250 TO 400 —»
9042 FCI

MA-7597

Figure 22 Tape Mark
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SUMMARY
This module covered the following topics.

Purpose of group coded recording

Tape formats

A review of NRZI recording techniques

A review of PE recording techniques

GCR 4-bit to 5-bit translation

Types of GCR records

The ARA burst record, its parts, and their functions

The density ID area record, its parts, and their functions
The data record, its parts, and their functions

The tape mark record, its parts, and their functions

Complete exercise 3 before you continue.

EXERCISE 3

1. How many characters does a GCR data subgroup contain?

a. 1
b. 2
C. 4
d. 5
e. 10

2. How many characters does a GCR storage group contain?

a. 2
b. 4
C. 6
d. 8
e. 10

3. What is the data group formed when six or less data bytes are
left to be written in a data record?

a. Residual data group
b. Data group
c. Storage group

d. CRC data group
e. ECC group

4. A PAD character may be contained in a residual data group and
a L]

a. resync group
b. mark 2 group
c. mark 1 group
d. CRC data group
e. preamble
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1g.

This
page

An ECC character is written after every data
characters.

a. 4
b. 5
c. 6
d. 7
e. 8

A GCR CRC character 1is derived the same way as an NRZI CRC
character.

a. True
b. False .

A GCR tape mark contains 15¢ flux changes at 9042 flux changes
per inch with ones written in tracks 2, 5, 8, 1, 4, 7 and
tracks 3, 6, and 9 dc erased.

a. True
b. False

A resync burst has a mark 2 subgroup, a sync group, and a

a. mark 1 subgroup

b. end mark subgroup

c. residual data subgroup
d. TERM subgroup

e. second control subgroup

What is the data pattern for a PAD character?

a. 111111111
b. 000100000
c. 710101010
d. 191910101
e. 111110000

What 1is a mark 1 character's pattern in each track (assuming
forward tape motion)?

a. 11100
b. 11111
c. 20011
d. 110060
e. g9111

completes Exercise 3. Now check your answers on the next
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EXERCISE 3 ANSWERS

-
.

WOJAUTdWN
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10.

If you did not answer all the questions correctly, review the
material until you understand it.
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TEST 1

1.

Match each TU81 specification with the correct option.

Specification Type

S

d‘ffii Number of drives per controller

A

2.

Capacity

Recording methods

Number of tracks

Match the Roman

Option

a. 40 megabytes

b. 8

c. Start/stop and
Streaming

d. 1

e. 140 megabytes

£. 7

g. 9

h. PE and GCR

Numerals in Figures 1 and 2 with the

correct component names.

Roman Numeral

I ‘a.
b.

II c.
d.

ITI e.
£

Iv 9.
h.

\Y i.
]-

VI k.
)

VII m.
-,

VIII o.

Component

Plenum bhox

Take-up reel motor
Service release handle
Compressor

Cover interlock switch
Filter/regulator

Tape cleaner

l-line tachometer
100@-line tachometer
Power amplifier module
Servo/control module
BOT/EOT sensor
Magnetic head

Air bearings

Read amplifier module

Match the component with the correct function.

Air bearings

~a. Turns to maintain correct
. tape velocity

M8739 b. Guides the tape and maintains
tape tension
Take-up reel motor _~c. Helps handle data I/0

TMSCP controller
module

d. Maintains pressure within the
TUS81

e. Turns to maintain correct
tape tension

f. Controls the data interchange
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TU81 Tape Path Components

Figure 1

TU81 Components

Figure 2
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Which of the following
cleaning the tape path?

Tape cleaner blades
Air bearings
Take-up reel

Tape media

Control panel
Reflective strip

Load and
Administrator

run

that Test

Operator

components do

u/fa;
i.
)
k.
1.

Test
g1 1is

you clean when

Erase head

Tape deck

Supply reel hub
Read/write head

Cover interlock switch
BOT/EOT sensor

#1. Show
running,

the Course
then ask the

Course Administrator to initial the following blank.

o .

Course Administrator's initials
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Which PE data string is shown in Figure 3?
a. 1100890
b. 111001
¢. 10111
d. 9 06 9011@a@
I ) | I I . I
I i I I S i I
' | |
! I [
: | [
| | |
I | |
| ! ' '
| | ol
~ ~
CELL CELL
BOUNDARY CENTER
Figure 3 PE Data



Match the Roman Numerals in Figure 4 with the correct PE
tape component.

Roman Numeral PE Tape Component
45 1 a. Data
. b. Preamble
L I1I c. Leader
{ d. Identification burst (IDB)
| I1I e. Record
. f. Initial gap
L v g. Postamble
. h. Interrecord gap
A v

Match the Roman Numerals in Figure 5 with the correct GCR
tape component.

Roman Numeral GCR Tape Component
é' I a. ARA burst record
% b. Tape mark '
<7 II c. IRG
d. Density ID area
g III e. Data record
: f. Undefined gap
o IV
TRACK 4 ! I

010101010101010

i
1
I
i
BOT \ \__ \
]| "
|V MA-87828

Figure 4 PE Tape Components

MA-7588

Figure 5 GCR Tape Components
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1g.

a. On the M8739. \/d, On the TMSCP
b. In host memory. Controller module.
c. In the formatter subsystem.

Place the letter for correct answer in the blank.

The o s///connects the UNIBUS to the . v///in the
transport. The .« fetches host-transmitted command
messages and translates them to TU81 formatter commands.
In the LESI iByerconnect, the 3 is always a slave
to the = S

The & v///module receives commands from the Q‘L///,

- and translates them into tape motion and data transfer

instructions for the drive.

The A ’//module responds to the various sensors
throu%//n the drive and to commands initiated from the

This module also executes commands sent from the
module.

a. M8739 LESI adapter f. Read amplifier

b. TMSCP controller g. Write driver
c. Formatter write h. Power amplifier
d. Formatter read i. Power supply
e. Servo/control j. Control panel
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FINAL TEST (TEST 2)

1.

Term

e

Lo

=
3

Match each term to the correct description.

Description

Internal diagnostic test a. Used to obtain sense
bytes
On-site procedures b. Found in the Pathfinder

and used when you are on
the phone with the
customer

Power-On health check’ c. Runs using the TU81

control panel

ASCII port d. Runs when the power switch

turns on the transport

Pre-site procedures e. Runs as a check on the

TU81 subsystem

VAX diagnostic ~ f. Include(s) the Pathfinder

tables and are used when

you are working on the
TU81

What can cause number 26 to appear in the display?

Read fault

Formatter write module
Test @1 is loaded incorrectly
Servo fault

Which is the correct switch sequence to load Test 197
(Assume tape is loaded.)

Press CE and TEST at the same time, then press STEP
nine times. Press TEST, STEP, and EXECUTE once each.

Press CE and EXECUTE at the same time, then press
STEP. Press TEST once, STEP nine times, and EXECUTE

once.

Press CE and EXECUTE at the same time, then press
STEP nineteen times. Press EXECUTE.

Press CE and TEST at the same time, then press STEP.
Press TEST once, STEP nine times, and EXECUTE once.
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4. What is one possible use of Test 18?

/2. Use when searching for intermittent servo errors at
(9 75 ips, streaming mode.

L///‘ b. Use when checking for correct ramp times.

c. Use when searching for random read errors at 75 ips,
streaming mode.

d. Use when searching for random write errors at 75 ips,
streaming mode.

5. Which section of EVMBB does not require manual
intervention?

a. Manual
b. Fault
¢, Default
““d. All of the above

6. Which diagnostic section allows you to run the drive
resident tests?

_~ a. EVMBA/SEC:CONVERSATION
~ (P, EVMBB/SEC:FAULT
v// c. EVMBA/SEC:MANUAL
d. EVMBB/SEC:MEDIA

7. What is the best way to remove the air bearing
transducer?

a. From the bottom of the tape deck, remove the
- transducer from the back of the air bearing assembly.

¢///x%bi Remove the air bearing assembly from the tape deck.
: Then remove the transducer from the air bearing
assembly,

c. Remove the magnetic head assembly from the tape deck
and then remove the transducer.

d. Remove the spring guide to access the transducer.
Then remove the transducer.

e. Call support.

8. What are the verification tests after you replace the
servo/control module?

e, . E V4

‘a. Tests 37, 49, 64, 31, and 01

b. Test 01

c. Tests 37, 49, and 01

d. Power-On Tests 1001 through 1003
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10.

What should you always do as a final check at the end of
every repair call?

a., Run data reliability diagnostic EVMBA.
b. Have the customer run the host software.
€. Run drive resident Test 01.

d. Run front-end diagnostic EVMBB.

Have the Course Administrator put a test malfunction into
the TU81 subsystem. Find the manfunction by using the
Pathfinder documentation, then ask the Course
Administrator to initial the following blank.

§§E;Z Course Administrator's initials
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