



































































































































































































































































































































































































































When executing the program first entered in Figure 4-8, the tape
drive writes records testing for an AMTIE error at the end of
every record. The drive halts at program location 3 if an AMTIE
error has been detected. For error-free operation, the drive
continues to write records until EOT and then rewinds the tape.
The drive then continues writing and testing.

Modifying program location 1 as shown in Figure 4-8 causes the
tape drive to halt at program location 3 if any error is detected.
Any error includes: a correctable error, uncorrectable data error,
AMTIE error, or fatal error.

4,7.3.1 Parameter Area -- The 13l-location parameter area is
divided into four areas listed below. To access the parameter
area, use the PARAM command.

Parameter Parameter

Address Area

Range Designation

g -- 23 Execution area

24 -- 56 Extended drive status area

57 -- 6A Extended formatter status area
6B -- 82 Operational status area

The execution area contains parameters that directly affect how a
command is executed, and parameters that are affected by command
execution. Table 4-11 lists and defines the execution parameters
and their default values. Except for location @, the execution
parameters are independent of the transport selected.

The three remaining parameter areas reflect various 8085 RAM and
I/0 locations. You may wish to analyze these locations after
running programs since these locations contain valuable internal
status information. The extended drive and extended formatter
status areas are copies of the areas used for error 1logging
information. The contents of these two areas are discussed in
Appendix B. The operational status area contains RAM locations
that are periodically updated with formatter and transport status
during normal operation. Table 4-12 1lists and defines the
operational status parameters. Note that the contents of the
extended drive status and operational status areas is dependant on
the transport selected in parameter §.

WARNING
Do not write in the operational status
area (addresses 6B--82). To do so, may
cause a microcode crash.



Table 4-11 Execution Parameters

Address Name

Default
Value

Description

) KEYUNI

Dep> [ - n

1 KEYDEN

N

KPSREG
3 -

4 KPSKDY

KPSCLK

KPSCLD

[co B e ) JE) |

0

FF
FF

19
12
13
10

Transport cable number (g, 1, 2 or 3).
This number identifies the transport
with the TU port number that it is
cabled to.

Recording density.
@ = GCR format (9042 fr/in)
Nonzero = PE format (3200 fr/in)

Memory region number (low byte).
Memory region number (high byte).

In memory address mode, 8@85
translates 16-bit memory region number
and 16-bit offset into physical
address. Offset is in address counter.
(For discussion of memory mapping in
TA78, refer to Chapter 3 in TA78
Magnetic Tape Drive Technical
Description.) (See note.)

Instruction delay. This number affects
elapsed time between execution of
keypad commands. The larger the
number, the longer the elapsed time.

Write function clock control.
Read GCR function clock control.
Read PE function clock control.
Loop write-to-read function clock
control.

8085 loads contents of appropriate
location (5, 6, 7 or 8) into clock
control register before executing
desired function. Bits 7 and 6 are
forced to 0, bits 5-3 specify write
path clock, and bits 2-0 specify read
path clock.

Bit Value Function

-10% clock

+12% clock

Normal clock

-30% clock

Normal clock (write)
+20% clock

+18% clock (GCR read)
-20% clock (PE read)

vues not listed should not be used.

WhHSWwNoHR
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Table 4-11

Execution Parameters (Cont)

Address

Name

Default
Value

Description

9
A

19
11
12
13
14

15--23

KPSWSZ,

KPSWPA

KPSRDA

KEYCT®

KEYCT1

KEYCT2

KEYCT3

)
A

FF

SIS ISR SIS B

Write record size (low byte).
Write record size (high byte).

8085 uses contents of 9 and A as
16-bit byte count for write record
operations.

Write data or test pattern. In write
record operations, 8085 loads contents
of B into DDR for use as 8-bit record
data. In write continous operations,
8985 loads contents of B into MIA test
pattern register. This pattern is then
written repeatedly on all tracks until
EOT.

Read data. Contains contents of DDR
after last data byte is read in record

during read forward or read reverse
operation.

General
General
General
General
General
General
General
General

purpose
purpose
purpose
purpose
purpose
purpose
purpose
purpose

counter
counter
counter
counter
counter
counter
counter
counter

wWwNNHHa @

(low byte).
(high byte).
(low byte) .
(high byte)
(low byte).
(high byte).
(low byte).
(high byte).

These four 16-bit counters can be
incremented, decremented, and
tested by the 8085 in accordance with

loaded,

keypad commands.

Spare locations. These parameter
locations may be used for temporary
data storage (i.e.; as a scratchpad

area) .

NOTE:

Do not change storage locations in memory region FFFF. To

do so may cause microcode crash since offset translates directly
into memory address space with no restrictions.



Table 4-12

Operational Status Parameters

Parameter
Address

Description

6C

6D

Bit

N W oy

=

Current

Bit

QHEDND WO

Pending

Bit

WO I

QN

Description

Tape unit was ready and on-line.

Maintenance mode was requested.

Tape unit was on-line but not necessarily
ready.

Last operation was tape rewind.

Last density: 1=PE, 0=GCR.

BOT marker on tape was at BOT sensor.

EOT marker on tape was at or past EOT sensor
while tape was moving in forward direction.
Tape unit was write locked.

TU software status byte.
Description

Current density: 1=PE, @=GCR.

Tape unit exists and power is on.

Tape unit is in maintenance mode.

Last operation wrote on tape.

Not used.

Direction of last motion: @=Forward, l=Reverse.
DSE in progress.

Rewind in progress.

TU software status byte.
Description

Request to unload tape.

Request to erase tape past EOT during DSE.

DSE or rewind in progress.

Clean tape operation in progress.

Update of extended formatter status or extended
drive status is in progress.

Request for diagnostic mode.

Request for zero threshold mode.

Requested density: 1=PE, @=GCR.




Table 4-12 Operational Status Parameters (Cont)
Parameter
Address Description
6E Drive mode byte.
Bit Description
7 Tape mark is detected.
6 EOT marker on tape is at or past EOT sensor
while tape moving in forward direction.
5 BOT marker on tape is at BOT sensor.
4 Tape unit is write locked.
3 Tape unit is on-line and ready.
2 Tape unit is ready but not on-line.
1 Maintenance mode request. '
7} Error log information available.
6F Drive error byte.
Bit Description
7 Drive error occurred (miscellaneous).
6 Lengthy operation in progress.
5 Tape position lost.
4 Exception occurred (bit 7, 6 or 5 of byte 6E is
set) . -
3 Data transfer error occurred (operation
aborted) . ' "
2 Not used.
1 Not used.
%] Not used.
79 Write byte count (low byte).
71 Write byte count (high byte).
72 Modulo 7 count.
73 Gap count (first byte, least significant).
74 Gap count (second byte).
75 Gap count (third byte).
76 Gap count (fourth byte, most significant).
77 Soft error count.




Table 4-12 Operational Status Parameters (Cont)

Parameter

Address Description

78-7C Spare locations.

7D Error number (low byte) (Paragraph A.2.1).

7E Error number (high byte) (Paragraph A.2.1).

7F Low byte for number of gaps (in space operation) or for
byte count (in read operation).

80 High byte for number of gaps (in space operation) or
for byte count (in read operation).

81-82 Spare locations.

4.8 PREWRITTEN TAPE MOTION ROUTINES

The TA78 contains 11 prewritten test routines (#-A) which involve

tape motion. Most of these routines write and/or read data on
tape. The routines are intended as transport troubleshooting or

adjustment aids. For example, test 2 can be used to test
peakshift.

The routines are in M8972 ROM and are written in keypad code. Any
of these routines can be accessed and run via the ASCII port. A
routine must be moved to the keypad program area in M8972 RAM

before execution. Once in RAM, the routine may also be modified.

4.8.1 Running Instructions
To run a prewritten tape motion routine, make sure: both STI ports

are off-line, the desired transport is in maintenance mode, the
transport contains a write-enabled scratch tape, and the transport

is on-line. Then plug an RS232-compatible terminal into the EIA
connector on the TS78 control panel (Figure 2-25) and proceed as
follows.

1. Press and release CTRL C on the terminal keyboard. Repeat
the entry until TA78> appears.

2. Type RUN KEYPAD. The acceptable response is KEYPAD>.

3. Type INIT. This clears the keypad program area and resets
the keypad execution parameters to known default values.

4, To select a transport, type UNIT X where X is the desired

transport's cable number (9, 1, 2, 3) shown in Figure
2-17. The default number is @ which selects the transport

in the TA78 cabinet.



5. Type GET X where X is the hex test number of the desired
prewritten tape motion routine (Paragraph 4.8.2). The
microprocessor moves the routine from M8972 ROM to the
keypad program area in M8972 RAM.

6. Type START. The tape drive executes the tape motion
routine in M8972 RAM on the selected transport. In most
cases, the tape drive repeats the routine indefinitely
with no displayed output.

7. Press and release CTRL G to exit from a tape motion

routine. The tape drive displays HALT AT PC=XX where XX
is a program location. The drive then displays KEYPAD>.

8. Press and release CTRL Z to exit from the keypad mode.
The tape drive echoes "% and displays TA78>.

9. Press and release CTRL Z to exit from the terminal mode.
The drive echoes "Z.

In the above procedure, you may select a transport other than 4.
Otherwise, unless specified in its code, the selected test routine
uses default parameters.

However, you may make additional changes in unspecified parameters
using the PARAM and DEPOSIT commands in the immediate execution
mode, before running the routine in step 6 above. For example, no

test routine specifies density in its code. To change the density
from the default GCR to PE, type the following between steps 4 and
5.

PARAM
DEPOSIT 1 1

Once specified, a parameter remains in effect until changed with
another command. To return all execution parameters to their
default values, use the INIT command. This command also clears the
keypad program area.

Once moved into RAM, a prewritten tape motion routine is like any
other keypad program. To display a routine use the LIST command.
To modify a routine, use ENTER and END. (Refer to Paragraph 4.7.3
for a discussion of keypad mode.)

4,8,2 Descriptions and Listings
This paragraph contains a descriptive summary and code listing for
each prewritten tape motion routine. The code format here is the

same as the format displayed on an external terminal in response
to a LIST command.



Nondefault write parameters specified in a routine's code are
mentioned in a routine's summary. Writing a record with default
parameters results in a 2.5K-byte GCR record with all 1ls data.
Writing continuously (in nonrecord format) with default parameters
results in an all ls test pattern written at 9042 fr/in.

4.8.2.1 Test @ -- In this test, the tape drive writes an all 1s
test pattern continuously on all tracks until EOT. The drive then
rewinds the tape and the test repeats.

39 PARAM
@#1: ADDRESS (0@B
@2: MVI QOFF
@3 STORE
g4: REWIND
#5: WRITE
g6: WRTMAI
@7: BR Q004
NOTE
Modifying step 2 modifies the test
pattern.
4,8.2.2 Test 1 -- This test is the same as test 0@ except test

pattern 10010¢1l1l is used here. The program listing is the same as
for test 0 except step 2 is MVI 0093 here.

4,8.2.3 Test 2 -- This test is the same as test @ except test
pattern 11100111 is used here. The program listing is the same as

for test @ except step 2 is MVI Q@E7 here.

4,8.2.4 Test 3 -- In this test, the tape drive writes a series of
32-byte records. The drive delays about 4 ms before writing each
new record. After detecting EOT, the drive rewinds the tape and
the test repeats.

@@¥: PARAM

@1l: ADDRESS @@0A
@2: MVI 0000

@3: STORE

@4: ADDRESS (@009
@5: MVI 0020

#6: STORE

@7: REWIND

g8: LD@CNTR 0100

@9: DECRO
gA: BNZ 0009
@B: WRITE

PC: TEST (@040
@D: BNZ 0007
@E: BR 0008



4.8.2.5 Test 4 -- In this test, the tape drive repeatedly writes
a record and then reads it in the reverse direction. If the EOT
marker is detected, the drive rewinds the tape. This prevents
running off the tape due to tape creep.

@0: REWIND

l: WRITE ,

#2: TEST 0040
@3: BNZ * 0000
g4: RDREV

@5: BR @001

4,.8.2.6 Test 5 -- In this test, the tape drive reads records
testing for errors at the end of every record. The drive displays
a two-digit status word on the external terminal and then halts,
if it dJetects any error (i.e.; correctable error, uncorrectable
data error, AMTIE error or fatal error). For error-free operation,
the drive continues to read until EOT and then reads reverse until
BOT. The test then repeats.

20 RDFWD

@l: TEST 0040
g2: BNZ Q008
@g3: TEST @917
g4: BZ Q000
25: DISPLAY
@6: HALT

@7: BR . 0000
28: RDREV

#g9: TEST 0020
@gA: BNZ 0000
@gB: TEST @017
gC: BZ 0008
gD: DISPLAY
PE: HALT

@F: BR 0008



4.8.2.7 Test 6 -- In this test, the tape drive spaces forward
until it detects: one tape mark, an EOT marker, or a fatal error.
The drive then halts. For a halt on EOT or a halt on error, the
drive displays a two-digit status word on the external terminal.
Therefore, a halt with no status word displayed indicates the end
of one file (i.e.; one tape mark detected).

@@: LD@CNTR 0001
@l: SPFWD FFFF
p2: TEST 0080
#3: BNZ 0008

@4: TEST @041
@5: BZ @001

#6: DISPLAY

@g7: HALT
@8: DECR@
@9: BNZ 0001
gA: HALT

@B: REWIND
gC: BR 0000

NOTE
Modifying step @ allows spacing forward
until a specified number of tape marks
have been found as opposed to just one
tape mark

4.8.2.8 Test 7 -- 1In this test, the tape drive writes records
testing for errors at the end of every record. If it detects any
error, the drive displays a two-digit status word on the external
terminal and then halts. For error-free operation, the drive
continues to write records untll EOT and then rewinds the tape.
The test then repeats.

@@: REWIND

#l: WRITE

@2: TEST 00490
@3: BNZ 0000
g4: TEST @017
g5: BZ Q@01
@#6: DISPLAY
@7: HALT

@8: BR @001



4,8.2.9 Test 8 -- In this test, the tape drive writes records
testing for errors at the end of every record., If it detects any
error, the drive displays a write error count on the external
teminal and then does a write retry operation. The write retries
continue as 1long as an error remains and the drive updates the
display for every failed retry (i.e.; whenever an error |is
encountered) . For error-free operation, the tape drive continues
to write records until EOT and then rewinds the tape. The test
then repeats.

g9: LDOCNTR Q000
g1: PARAM

g2: ADDRESS Qo@D
g3: REWIND

g4: WRITE

@#5: TEST @040
@g6: BNZ @003

@7: TEST @017
@g8: BZ 0004

@9: INCO

PgA: LOAD

gB: DISPLAY

@gC: SPREV Q@01
@D: ERASE

gE: BR 0@@4

4.8.2.10 Test 9 -- In this test, the tape drive writes a record
and then reads it in reverse and forward, testing for errors after
every operation. The drive does a write retry operation(s) to
correct any write error detected. However, the tape drive halts if
50 retries fail to yield an error-free record. For a read or read
reverse error, the drive displays a read error count on the
external terminal and then delays about 10 seconds. The read error
count is the total number of bad records detected during reads in
forward and reverse since starting the test. With no write or read
reverse errors detected, the drive continues to write, read
reverse and read until EOT and then rewinds the tape. The test
then repeats.

@@: LDOCNTR Q000
@l: PARAM

#2: ADDRESS 000D
@3: REWIND

g4: LDICNTR Q@32
@5: WRITE

#g6: TEST 0040
@7: BNZ @003

¢g8: TEST 0017
#9: BNZ @011

JA: RDREV

¥gB: TEST 0017
@gC: BNZ @017

¥dD: RDFWD

@gE: TEST 0017



@F: BNZ @017
19: BR 0005
11: SPREV 0001

12: ERASE

13: DECR1

14: BNZ @005
15: HALT

16: BR Q004
17: INC@Q

18: LOAD

19: DISPLAY

1A: LD2CNTR 2004¢@
1B: DECR2

icC: BNZ 3318

1D: BR Q@05

4,8.2.11 Test A -- In this test, the tape drive: writes 100
records, reads reverse 99 records, reads forward 98 records,
writes 97 records, reads reverse 96 records, reads forward 95
records, writes 94 records, and so on. After a write operation
with 1 record, the sequence repeats. After detecting EOT, the
drive rewinds the tape and the test repeats.

gd: REWIND

@1: PARAM

@2: LDOCNTR @065
@3: LDICNTR 0000
@4: LD2CNTR (003
@5: DECR2

¥6: DECR@

@g7: BZ @002

¢#8: ADDRESS @@@D
@9: LOAD

@A: ADDRESS QQ@F
@B: STORE

@C: ADDRESS @011
gp: LOAD

@GE: BNZ @011

@F: RDFWD

19: BR 0018

11: TEST 0001
12: BNZ Q017

13: WRITE

14: TEST 0040
15: BNZ Q000

16: BR @018

17: RDREV

18: DECR1

19: BNZ @@@C
1A: LOAD

1B: TEST @@@7
1C: BNZ 0085
1D: BR @004






CHAPTER 5
TU78 TROUBLESHOOTING PROCEDURES

5.1 GENERAL

This chapter defines specific procedures for troubleshooting the
TU78 transport only, It is assumed that you have already isolated
a malfunction to the transport, using troubleshooting aids
discussed in Chapter 4 or other methods. It is also assumed that
you understand the normal operation of the TU78 as described in
Chapter 4 of the TA78 Magnetic Tape Drive Technical Description.
This knowledge plus the troubleshooting information in this
chapter should enable you to isolate malfunctions to a single
field replaceable unit (FRU) such as a module or mechanical
assembly.

5.2 USING THE MULTIPLE INTERFACE ADAPTER (MIA) PCBA

This section describes how the MIA PCBA is used as an aid in
performing certain transport adjustments, alignments, and
troubleshooting.

5.2.1 Functional Description

The MIA PCBA is the interface between the TS78 formatter and the
TU78 transport logic. It handles read/write data, command/status
information, and amplitude track in error (AMTIE) information. It
also provides one of the points where field maintenance personnel
can issue commands to the transport. This is in case the formatter
and its maintenance features are not available due to failure or
heavy customer usage.

The MIA PCBA has four toggle-~-type command switches, eight DIP
switches, and two LEDs for troubleshooting purposes. Figure
3~-15 shows where these components are and Tables 5-1 and 5-2 list
their functions. A more detailed description of MIA theory is
found in Paragraph 4.6 of the TA78 Magnetic Tape Drive Technical
Description.




Table 5-1 MIA LEDs

CR Number Function
CR1 Command parity error
CR2 Manual mode

Table 5-2 MIA Switch Functions

Switch Function

Number Left Position Right Position
S1 Reverse Forward

52 Read Write

S3 1600 mode 6250 mode

S4 Auto (on-line) Manual (test)
5.2.2 Use Procedure

When the MIA PCBA is in manual mode (switch number 4 to the
right), all data, command, AMTIE, and status information 1is
inhibited from crossing the TU bus interface. The other
maintenance switches on the MIA now provide command and data
information. The source of this information is transparent to the
transport logic. Therefore, the transport under test must be
placed on-line with the TU78 control panel ON LINE switch in order
to receive the MIA commands. Also, when in manual mode, the
mode select switch on the control panel has no effect and can be
placed in any position.

The eight test pattern DIP switches (Figure 3-15, DIP Ul1l96) can be
set to write a repeating eight character pattern to tape. Switch
number 1 of U196 determines whether characters 1, 9, 17, etc., are
all 1s or all @s. Switch number 2 corresponds to characters 2, 10,
18, and so on to switch 8 for characters 8, 16, 24, and so on. For
a detailed description of test write data generation, refer to
Paragraph 4.6.5.8 in the TA78 Magnetic Tape Drive Technical
Description.

The right LED (CR2) is 1lit when in manual mode. The left LED (CR1)
is 1lit when the MIA detects a command byte parity error from the’
formatter.

NOTES
1. When in test write mode, a tape must
have a write-enable ring or the
write/erase heads will be disabled.



2, All MIA switches are dynamic; that
is the user may change densities,
write/read, whether tape is moving
or not.

3. When creating a tape in manual mode,
upon reaching EOT, switch number 2
should be returned to the read
(left) position. If not, when
performing a reverse/rewind to
return to BOT, the tape will be
overwritten.

4. Switch number 4 must be placed in
the auto (left) position. before
returning the transport to operating
system on-line usage.

5.3 USING THE PCBA EXTENDER (PN 29-23218)

The PCBA extender is used as an aid in troubleshooting the TU78
transport. The read, write, and control M2 PCBAs can be extended
for access one at a time. The MIA cannot be extended, but can be
accessed by removing the cabinet top cover. The capstan/regulator
and reel servo PCBAs cannot be extended due to heat sinking
requirements. Figure 5-1 shows the PCBA extender.

TO J8 TO J7 TO J5
CONTROL M2 WRITE READ

EXTENDER PLUG FINGERS

P
TOPIN3S TO PIN 37

TOPIN1 TOPIN 72

—_—— e e Q-
PO (e] | O o]
[ ——— — ——
TEST W w TEST
POINTS = = POINTS
< <
o (&)

DO NOT CROSS
CABLES

EXTENDER

JACK
PLUG FROM

-«+—————PCBA UNDER
TEST

MA-3498A
SHR-0187-84

Figure 5-1 PCBA Extender



To extend a PCBA, first remove the PCBA retainer bracket (Figure
2-6), then remove the PCBA to be extended from the card cage.
Insert the extender into the slot vacated and push it firmly into
the interconnect Pl PCBA. The orientation of the extender must be
observed as it can be inserted two ways. The correct way depends
on the PCBA to be extended.

The extender is etched on both sides near the plug fingers. One
side is etched READ (TOP) and the opposite side is etched CONTROL
(TOP) and WRITE (TOP). Therefore, if the read PCBA is to be
extended, the extender must be inserted into the card cage with
the READ (TOP) etch pointing up. If the control M2 or write PCBAs
are to be extended, the extender must be inserted into the card
cage with the CONTROL (TOP) and WRITE (TOP) pointing up. The
extender jack is then pushed onto the extended PCBA's plug
fingers.

Note that the extender jack is connected to the extender with two
flat cables. Place the extender jack with the two cables flat as
shown in Figure 5-1. The jack must not be rotated 180 degrees
(indicated by twisted cables). This would not make proper
connections between the extended PCBA and the interconnect D1
PCBA.

The extended PCBA 1is supported at an angle within the card cage
assembly by four nylon brackets protruding from the side, so it is
accessible to service personnel. The two bottom brackets are
angled out and up, and fit in between the PCBA board and the
support bar running underneath the PCBA's test points. Figure 5-2
shows a PCBA in the extended position.

The 72 test points on the edge of the extender connect to the 72
pins on the interconnect D1 jack. Therefore, service personnel
have access to all connector pins on the PCBA under testing. The
leftmost test point on the extender connects to pin 1 on the PCBA.
The next test point connects to pin 2, and so on from left to
right across the extender, with the rightmost test point connected
to pin 72 on the PCBA. The test points are on both sides of the
extender and have the same left to right orientation with respect
to the extended PCBA, regardless of which side of the extender is
up (Figure 5-1).
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5.4 POWER SUPPLY TROUBLESHOOTING

This section contains a failure analysis of the power supply and
power distribution. For theory, refer to Paragraph 4.5 in the TA78
Magnetic Tape Drive Technical Description. For a large functional
block diagram, refer to Figure 2 in Volume 1 of the TU78 Magnetic
Tape Transport Technical Manual. With the exception of +5 VvV (L)
individual power supply voltages are not adjustable. And, if a
particular voltage 1is found to be out of acceptable range, a
subassembly component has to be replaced.

WARNING
Use caution when making measurements and
adjustments with power applied to the
transport. Keep one hand behind your
back or in a pocket, and do not come in
contact with any metal parts on the
transport.

Voltages in the 22§ Vac range are
present in the power supply, pneumatic
assembly.

5.4.1 Troubleshooting Rules
When troubleshooting power supply problems, follow these rules.

1. Make sure that power is off and the transport 1is
unplugged before replacing any defective components in
the power supply/pneumatic assembly.

2. The capstan/regulator PCBA cannot be extended from the
card cage for troubleshooting with power applied since it
requires heat sinking. If this PCBA 1is suspected,
substitute a new PCBA.

5.4.2 Troubleshooting Hints
These hints are helpful when troubleshooting.

1. Examine the circuitry for burnt printed circuit board
etch/components/wiring, oil leakage from capacitors, and
loose connections. A good visual check can quickly
determine the cause of a malfunction.

2. The +5 VvV, +15 VvV, and ~15 V regulators contain overvoltage
crowbar detection circuitry. A supply may crowbar and
bring the output down to zero volts due to an
intermittent regulator. Turning transport power off then
back on usually releases the crowbar.

5.4.3 Troubleshooting Charts

In checking the various areas of the power supply/distribution
system, refer to the troubleshooting chart in Table 5-3. Refer to
Figure 3-1 for fuse locations.



Table 5-3 Power Supply Troubleshooting Chart

Problem Check Result Cause

No TU78 Fans and No Problem is in power

operator blower at controller or line voltage.

panel rear

lights/no operating Yes Breaker CB1l tripped.

functions Check +5 VvV (TPl1l of
capstan/reg PCBA).
Power jumpers are incorrect
at Al-TB1

No +5 V TPll +12 V at No Troubleshoot +12 V.

of capstan A2-TB1-6 Yes Capstan/regulator PCBA is

(regulator bad. Etch on interconnect

PCBA) D1 PCBA is burnt.

+5 V output - -- Capstan/regulator PCBA is

too low bad or out of adjustment.
Bridge rectifier CR2 is
partially open.

No +12 Vv 8.5 Vac at Yes Fuse F1l is blown.

(A2-TB1-6) A2-TB1-~-10 Bridge rectifier CR2 is
open. Capacitor C3 shorted.

No Transformer Tl is defective.

No +15 V +24 V at No Troubleshoot +24 V.

(TP15 of A2-TB1-7 Yes Capstan/regulator PCBA is

capstan/ bad. Etch on interconnect

regulator D1 PCBA is burnt.

PCBA)

No -15 V -24 V at No Troubleshoot -24 V.

(TP18 of A2-TBl1-8 Yes Capstan/regulator PCBA is

capstan/ bad. Etch on interconnect

regulator D1 PCBA is burnt.

PCBA)

No +24 Vv -— -- Fuse F2 is blown.

(A2-TB1-7) Bridge rectifier CR1 is
open. Capacitor Cl is
shorted. Transformer T1 is
bad.

No -24 V -— -— Fuse F3 is blown.

(A2-TB1-8) Bridge rectifier CR1 is
open. Capacitor C2 is
shorted. Transformer T1 is
bad.

No +36 V - -- Fuse F4 is blown.

(A2-TB1-1)




Table 5-3 Power Supply Troubleshooting Chart (Cont)

Problem Check Result Cause

No +36 V - —-—— Fuse F6 is blown.

(Reel servo

PCBA TP12)

No +36 V - - Fuse F7 is blown.

(Reel servo

PCBA TP4)

No +36 V -- - Bridge rectifier CR3 is

anywhere open. Capacitor C4 is

shorted.

No -36 V -36 V at Yes Fuse F5 is blown.

(A2-TB1-5) reel servo No Bridge rectifier CR3 is
PCBA open. Capacitor C5 is
TP1¢ and shorted.
TP18

5.5 LOAD CYCLE TROUBLESHOOTING

When a load fault occurs, specific test points can be checked for
clues to the trouble area. Seven test points are specified and
load fault troubleshooting flow diagrams are provided, one
associated with each of the test points. The seven load faults are
numbered @ through 6 to correspond with the loading flowchart in
the engineering print set (control M2 logic Schematic Number
196875, sheets 11 and 12) in Volume 1 of the TU78 Magnetic Tape
Transport Technical Manual.

The autoload cycle requires all vacuums and pressures to be within
specification, and all power supply, control, capstan servo, and
reel servo functional circuitry be operating. Before pursuing a
path through these troubleshooting flows, the loading flowcharts
and suggested corrections in Figures 2~22 and 2-23 should be
followed. Also refer to Schematic Number 106875 (control M2 PCBA),
sheets 11 and 12, for a functional loading flowchart and Figure
5-3 for an autoload timing diagram. Figure 4 in Volume 1 of the
TU78 Magnetic Tape Transport Technical Manual shows the major
signals necessary to accomplish a load cycle.
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Figure 5-3 Autoload Timing Diagram



5.5.1 Load Faults

When a load fault occurs (flashing load fault LED on the TU78
control panel) it can be categorized into one of seven possible
load fault areas. To determine what area caused the fault, and
therefore correct the source of this problem, you must scope test
points on the control M2 PCBA. Table 5-4 lists the load fault
numbers and their associated test points. During a normal 1load
cycle the signal level at the test points remains high. Any test
point that pulses low or goes low during the cycle indicates the
load fault area number and the troubleshooting flow diagram to be
used. Figures 5-4 through 5-1¢ are the load fault flow diagrams.

Table 5-4 Load Fault Categories

Load Fault Control M2 PCBA

Number Test Point Category Description

) TPl4 No load count sequencing pulses
from take-up reel

1 TP27 Cartridge fault (not sensed as
being closed or open)

2 TP32 Cartridge fault (not sensed as
being open)

3 TP35 Air fault at sequence count C3
time

4 TP42 Two attempts (one attempt for
small reel) have been made to
load tape without success

5 TP41 Tape leader fault

6 TP28 Set loops fault
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Figure 5-4 Load Fault ¢ Flow Diagram
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Figure 5-5 Load Fault 1 Flow Diagram
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Load Fault 5 Flow Diagram
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5.6 PNEUMATIC SYSTEM TROUBLESHOOTING

WARNING
If the ac motor “in the power
supply/pneumatic assembly has stopped
because of overheating it will restart
when the temperature is normal. Always
turn off or disconnect ac power before
working near motor pulleys and belts.

The pneumatic system, located in the power supply/pneumatic
assembly and distributed on the base assembly, provides positive
(pressure) and negative (vacuum) air to accomplish loading and
running operations.

The accompanying flowchart (Figure 5-11) is used to troubleshoot a
major pneumatic system failure. To track down more subtle
failures, first inspect the system. Check for holes, cracks, or
pinches in any of the hoses or tubing. Check the condition and

NO PNEUMATIC SYSTEM
AIR. MOTOR WON'T
TURN ON

DOES
CONTROL M2
TP71 (PN U

RETURN} GO
LOW

1. TURNPOWER OFF AT

1S

POWER CONTROL

CAPSTAN/ CHECK: 2. REMOVE PROTECTIVE

REGULATOR o CONTROL M2 PCBA COVER FROM POWER
TP70 (NPORST) ® CONTROL PANEL JUMPER PANEL A1 T81
Low 3. ATTACH VOLTMETER

(>300VAC) TO TERMINALS
2AND 7
4. TURN POWER BACK ON

TROUBLESHOOT
POWER SUPPLY

VOLTAGE BEING
APPLIED TO
DRIVE
MOTOR

REPLACE
SOLID
STATE
RELAY

MOTOR CIRCUIT BREAKER
TRIPPED (RED RESET
BUTTON ON REAR

OF MOTOR) OR
DEFECTIVE

MOTOR

MA-3501A
SHR-0197-84

Figure 5-11 Pneumatic Troubleshooting Flow Diagram



tension of both drive belts. Check all positive and negative air
values as outlined in Paragraph 3.6. Both the muffler filter and
air filter at the input of the positive air system are changed
during semiannual PM. However, a particularly dirty environment
could cause these filters to clog prematurely and should be
suspected. For a schematic of the air system, refer to the
air/load control functional block diagram (Figure 4 in Volume 1 of
the TU78 Magnetic Tape Transport Technical Manual).

5.7 REEL SERVO TROUBLESHOOTING

All circuitry used to drive both the take-up reel and the supply
reel is contained on one PCBA (reel servo PCBA) in the card cage
assembly. Inputs to the reel servo PCBA consist of power, control
signals, and feedback signals, and are summarized in Tables 4-6
and 4-7 of the TA78 Magnetic Tape Drive Technical Description. If
the reel servo PCBA is suspected, it must be replaced since it may
not be extended for troubleshooting due to heat sinking
requirements. (For a reel servo functional block diagram, refer to
Figure 5 in Volume 1 of the TU78 Magnetic Tape Transport Technical
Manual. Also refer to Figure 5-12 in this manual for a simplified
schematic diagram of the supply reel servo.)

Check all input power sources and voltages developed on the reel
servo PCBA. Table 5-5 lists the test points, voltage names, and
proper readings with allowable tolerances. Check the test points
with a DVM using test point 49 as a ground reference.

+15V VWA
{SPOS) +36 V
TP
66 SRF
—15V
71
VACUUM ™
TRANSDUCER ™
. 68 SRR
67
RUN
OFFSETS
(FWD, REV, INTLK
OR REWIND) TP
66
TRIANGLE T
WAVE ANA—— N
GENERATOR

=36V
MA-3499
5HR-0198-84

Figure 5-12 Supply Reel Simplified Schematic Diagram



Table 5-5 Reel Servo PCBA Operating Voltages

Voltage Voltage Voltage
Test Point Name Reading Source
TP62 +15 Vv +15 +1 Capstan/regulator PCBA
TP64 -15 Vv -15 +1
TP12 +36 V{(s) +40 +2 Power supply/pneumatic
TP18 -36 V{(s) -40 +2 assembly
TP4 +36 V(t) +40 +2
TP1O -36 V(t) -40 +2
TP53 +5 V(s) 5.3 +.3 Reel servo PCBA

A servomechanism is more difficult to troubleshoot in a dynamic
condition than a quiescent condition. The TU78 reel servo consists
of the reel servo PCBA, reel servo motor, loop position
transducer, and loose coupling (feedback) provided by the tape
loop in the buffer column. (For a block diagram, refer to Figure
4-27 in the TA78 Magnetic Tape Drive Technical Description.)
Therefore, when encountering a reel servo problem, with no
indication of what element of the loop is causing the problem, it
is .advantageous to initially replace the reel servo PCBA since it
is the element most prone to failure. If this fails to correct the
problem, proceed to check the various feedback elements. Loop
position feedback elements for each servo consist of position
transducers, limit sensors, and the crippled reel sensor (take-up
reel only).

Use the following procedure to check reel servo loop feedback
elements. Figure 3-12 shows the take-up buffer column, its zones,
and sensing switches. The supply buffer column is similar but
without the crippled reel switch port.

1. Check all system vacuum measurements (Paragraph 3.6).
2. Turn transport power off.
3. Set reel servo disable switch S1, on the reel servo PCBA,

toward the rear (disable).

4. Ground control M2 PCBA test points TP62 (NINTLK) and TP71
(PNU RET) .

5. Disconnect one capstan motor lead.

6. Mount a 1¢-1/2 inch reel of tape on the supply hub
(without cartridge).



19.

11.

12.

13.

14.

Open the buffer box door and hand thread the leader
through the tape path. Wind about 9 m (3¢ ft) of tape
onto the take-up reel. Close the buffer box door.

Turn transport power back on. Pneumatics should be
enabled with vacuum applied to the buffer columns and
pressure to the air bearings.

NOTE
If either reel starts rotating at this
point, replace the reel servo PCBA.

Manually rotate the supply reel clockwise and allow a
loop to form. Position the loop in the park zone. Apply
masking tape to the reel's outer flange and the transport
to prevent the loop from being pulled down toward the
source of vacuum.

Hold the tape against air bearing number 4 (Figure 3-4)
with your finger and manually rotate the take-up reel
counterclockwise to allow a loop to form. Position the
loop in the park zone and release your finger. Tape the
take-up reel to prevent movement.

Press RESET on the TU78 control panel.

With a scope, monitor control M2 test points TP57 (supply
limit N.O.) and TP61 (takeup limit N.O.) with reference
to TP49 (@ V). Both test points should be at or near
ground. Any momentary Jjumps up to +5 V indicate an
intermittent 1limit switch or air leak in the associated
tubing.

Connect the scope to reel servo TP66 (SPOS) and ground to
TP49 (@ V). Set the scope to 1 V per division vertical,
and 20 ms per cm horizontal with the baseline in the
center.

Remove the tape from the supply reel and rotate it so the
loop in the supply column extends down to the lower limit
switch and observe the voltage on the scope. Note the
reading and rotate the reel so the loop extends to the
upper limit switch and observe the voltage on the scope.
Note the reading and the unsigned value of the readings
together. The result should be in the 3.6 V to 4.2 V
range.

NOTE
The 6.6 V tolerance is due to the system
vacuum setting, the position adjustment
setting on the interconnect F1 PCBA, and
individual position transducer
characteristics.



15.

l6.

17.

18.

5.7.1

Retape the supply reel and remove the tape from the
take-up reel. Repeat step 14 for the take-up reel and the
take-up column while monitoring reel servo test point
TP55 (TPOS) .

If the result in step 14 or 15 is out of range, and the
buffer column vacuum is known to be within tolerance, the
fault is with either the position transducer or the
interconnect F1 PCBA.

Place the scope on interconnect F1-TB1-13 with ground
probe on TBl-14. With the take-up loop above the crippled
reel port (atmosphere) TB1-13 should be at +5 V. With the
loop below the crippled reel port, TB1l-13 should be at or
near ground. Anything else indicates a defective crippled
reel sensor or associated tubing.

Turn transport power off and remove the jumpers. Connect
the capstan motor lead and set the reel servo disable
switch to front. If, after eliminating the reel servo
PCBA and the feedback element, the problem still exists,
replace the reel motor. (Motors can develop shored
windings due to overheating. Also, they have a life span
associated with the brushes/commutator.)

Dynamic Brake Check

This procedure must be accomplished when the reel servo PCBA is
replaced, or when tape damage due to power failure is suspected.

1.

Open the transport front door and 1install a 267 mm
(10-1/2 in) reel of work tape. Load the tape to BOT.

Set control M2 PCBA switch S1 towards the front of the
transport. The tape should be moving forward.

Allow the tape to run to its midposition.
With tape running, turn transport power off.

Open the buffer box door. The tape should not have
spilled excessively in either column.

Examine the tape in the tape path. It should not show any
damage.

Replace the tape in the tape path and rotate one reel to
take up slack.



8. Turn transport power on and perform a midreel load.

9. With tape rewinding to BOT at high speed turn transport
power off.

1@. Repeat steps 5 through 8.

11. ©Unload the tape.
5.8 DATA PATHS TROUBLESHOOTING
5.8.1 Introduction and Prechecks
It is assumed you have localized the fault to the TU78 data paths
before entering this section. That is, no fatal error codes are
displayed on the TS78 control panel and the basic integrity of the

HSC and formatter has been established by running the in-line tape
diagnostic (ILTAPE).

If the in-line exerciser (ILEXER) shows a hard error on one of the
nine tape tracks, skip the following prechecks and go directly to
the write/read troubleshooting paragraphs. Otherwise, perform the
prechecks; especially if the system error log or ILEXER shows more
than an average of ten read errors per 2490 feet of tape.
Data Path Troubleshooting Prechecks

1. Clean the transport and try another tape (Paragraph 3.9).

2. Make sure the AGC test switch on the read PCBA is in the
AGC enabled position (left).

3. Check all unregulated and regulated voltages (Paragraph
3.3).

4, Check all vacuums and pressures (Paragraph 3.6).
5. Check all capstan servo adjustments (Paragraph 3.7).

6. Check head wrap angle (forward/reverse differential)
adjustment (Paragraph 6.2.1, steps 6 through 14).

7. Check tape tracking (Paragraph 6.2.5, steps 8 through
31).

8. Check that air bearings are not installed wrong
(Paragraph 6.2.4).

9. Check read/write adjustments (Paragraph 3.10).



5.8.2 Write Path/Read Preamp Troubleshooting

The following troubleshooting procedure uses the PE (1600 BPI)
mode. If you are experiencing problems related to the GCR (6250
BPI) mode, simply place the maintenance switch to 6250 instead of
1600 when directed. The waveforms look similar but naturally the
frequency is different. A write path one function diagram (Figure
5-13) 1is provided so you may trace the flow of data completely
through the transport, from the TU bus to the head, using channel
7. Figure 5-13 provides pin charts so you may scope other channels
as well.

1. Mount and load a write-enabled scratch tape to BOT. Flip
the MODE SELECT switch to position 1, 2, or 3
(maintenance mode) , and place the transport on-line.

2. Release the service lock, pull out the stabilizer arms
and swing open the base assembly. Make sure all
vacuum/pressure hoses and pressure port caps are in
place. Check all cables for proper seating, particularly
the AMTIE cable from the write to MIA PCBASs.

3. Set the maintenance switches on the MIA PCBA (Figure
3-15) as follows in the order given.

Pattern select All ones (all switches forward)
S1 Reverse (left)

52 Write (right)

S3 1600 (left)

sS4 Manual (right)

The test mode indicator on the MIA PCBA, and the 1600
density indicator on the TU78 control panel are both 1lit.
The transport is not moving tape.

4. Place MIA switch S3 to the right (6250). The 1600 density
indicator goes out and the 6250 density indicator comes
on.

5. Change the MIA switch settings as follows, in the order

given.

S4 Auto (left)

S1 Forward (right)
S3 1600 (left)

The tape should not move. If it does, return it to BOT.

6. Look at the output of the read preampliers. Set the scope
as follows.

Vertical = CHl, 0.5 v/div, ac (using 10X probe)
Horizontal = 2 us/div
Sync = Norm, ac, Ch 1

5-24
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10.

Place the channel 1 probe on the upper lead of preamp
output resistor R1l. This resistor is one of a pair for
track 1 (channel 5). Refer to Figure 3-9 for location.

Place MIA switch S84 to manual (right). The transport
moves tape and tries to write an all ones continuous
record down tape. The tape can be started and stopped
with the TU78 control panel ONLINE switch, and rewound
with the LOAD/REW switch when desired.

Look at the waveform on the scope. It should look exactly
like the waveform 1in Figure 5-14. The sinusoidal
waveshape should have a 5.4 us period and have an
amplitude of about 1.2 volts peak-to-peak.

Amplitude varies according to the PE gain setting for
each track and the type of tape used.

‘ \ \
+H ANEL W HIHH: +

MA-7310
SHR0200-84

Figure 5-14 Read Preamplifier
Output Waveform

Monitor each output resistor pair of each channel for a
similar signal. Refer to Figure 3-9 to locate the
resistors. If all signals from all channels are
acceptable, assume the following and go on to read path
troubleshooting (Paragraph 5.8.3).

Write path is ok.

Write head is basically working.
Read head is working.

Preamp PCBA is working.



11.

12.

If all channels are not working correctly (the waveshapes
are very different from Figure 5-14), or are missing, the
problem could be one of the following things.

° Write PCBA

° Preamplifier PCBA
o MIA PCBA

[ Head

°

Cables to MIA

Also check signal VWRT, the source for each write head
center tap, by placing the scope probe on write PCBA TP4.
During a write operation, TP4 should be +15 Vdc, +1 Vdc.
Go to step 13.

If most channels are working properly but one or more
waveshapes are missing or distorted, proceed as follows.

a. Set the MIA switches as follows.
S1 Off (center)
s2 Read (left)
S3 1600 (left)
S4 Manual (right)

b. Load a master skew tape (write ring removed) and
place the transport on-line.

c. Set the scope as follows.

5 mv/div, ac (using X1 probe)
5 mv/div, ac, invert (using X1

Vertical Chl
Vertical Ch2

probe)
Vertical Mode = Add
Horizontal = 19 us/div
Sync = Normal trigger, HF rej, normal
source
NOTE

X1l%9 probes do not work for this
measurement.

d. Place the Chl and Ch2 probes on each 1leg of a
preamplifier compensation capacitor for a good track.
For capacitor locations, refer to Figure 3-9 in this
manual or Figure 23 in Volume 1 of the TU78 Magnetic
Tape Transport Technical Manual.




e'

Place MIA switch S1 to the forward (right) position.
The waveform on the scope should be sinusoidal,
similar to that shown in Figure 5-15.

T
/
~
‘l/
~
A

MA-7304
SHR0201-84

Figure 5-15 Normal Read Head Output
While Reading

Now place the scope probes across the compensation
capacitor for a suspected track. If the signal is
missing or distorted, the head is at fault.

Stop the skew tape and unload it. The resistance of
the head winding can be measured across the

compensation capacitor.

NOTE
Use a VOM with a 206,000 ohm/volt rating
or greater, or a DVM on low power ohms
scale. The read head windings can be
burned out by a high test current.

A good head winding measures about 8.2 ohms, while an
open winding shows about 20,000 ohms (preamp input
resistance).

If all read head outputs look okay when using a skew
tape, mount the scratch tape again.

Look at the compensation capacitors again; this time
while writing (MIA switch S2 right). You should see a
sinusoidal waveform similar to the one shown in
Figure 5-16.



13'

14.

MA-7301
SHR0202-84

Figure 5-16 Normal Read Head Output
While Writing

If the waveforms observed at the read head are
acceptable while reading a skew tape and while
writing a scratch tape, but not at the preamp output
(step 11), possible problem areas are as follows.

° Bad GCR/PE preamp 1 PCBA
Bad read PCBA
° Bad cable from preamp to read PCBAs
(preamp needs load from read PCBA to develop an

output signal)

Go on to read path troubleshooting (Paragraph 5.8.3).

If the waveforms observed at the read head are while
reading a skew tape, but not while writing a scratch
tape, possible problem areas are as follows.

Bad write PCBA

Bad MIA PCBA

Bad GCR/PE preamp 1 PCBA (write head cable)
Bad write head (worn or open/shorted windings)

Go to step 13.

Remove power from the transport and place the write PCBA
on an extender. Refer to Paragraph 5.3 for instructions
on how to use the extender. Remove the write head cable
from the write PCBA (J6).

Set the MIA switches as follows.

Pattern select All ones (all switches forward)
S1 Off (center)

S2 Write (right)

S3 1600 (left)

S5 Manual (right)
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15.

16.

17.

Set the scope controls as follows.

@.2 vV/div, ac (X100 probe)
@.5 us/div
Norm, HF rej, Chl

Vertical Chl
Horizontal
Sync

Flip MIA switch S1 to the right (FWD) and scope each of
the write PCBA outputs at J6. Refer to Figure 5-13 for a
pin diagram and signal table for J6. Pigure 5-17 shows a
write amplifier output waveshape with no load (P6

unplugged) .

P
; Lﬁ

MA-7311
$HR0203-84

Figure 5-17 Write Amplifier Output
With No Load

If any of the nine channels look significantly different,
trace the signal back to the MIA PCBA using Figure 5-13
as a guide. Figure 5-18 shows the waveshape for write
data and a write data strobe entering the write PCBA.

I 7
oS HHHHHH HH::H#?{‘ +HH+ -‘h -+

WD (N}

MA-7313
SHR0204-84

Figure 5-18 Write Data At Input
To Write PCBA
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18.

19.

If all nine channels are acceptable, the write head is
probably defective. To check, stop the tape and unload it
and remove power from the transport. Measure the
resistance of each write head winding using Figure 5-19
as a guide. Keep in mind that each write head winding is
center tapped. Each half of the winding should measure
about 3 ohms. If any winding shows open or shorted,
replace the head assembly following the procedure 1in
Paragraph 6.2.1.

If the write head continuity checks okay, and the head
poles are not worn excessively (Paragraph 6.2.1), check
the erase head continuity. The resistance between P6 pins
11 and 24 should be about 75 ohms with the write cable
unplugged. In normal operation while writing, the erase
head voltage (at the head) should be as follows.

P995 (White wire) = -10 volts
P9@6 (Black wire) = =15 volts

If the continuity check fails, the preamp PCBA or the
head assembly has to be replaced. If the continuity check
is correct but the voltage check is incorrect, the write
PCBA has to be replaced. When replacing either of these
components, make sure the black and white wires are put
back correctly to observe correct erase head polarity.

TRIANGLE
PIN 13

PIN 1 %

PIN 14 0

\ AT , PIN 26

‘STRIPE

WRITE HEAD CONTINUITY CHECK
PIN 1 (CENTER TAP) TOPINS 2,3,4,5,14,15,16,17 = 3Q
PIN 23 (CENTER TAP) TO PINS 6,7,8,9,10,18,19,20,21,22 = 3Q

MA-7303
SHR0206-84

Figure 5-19 Write/Erase Head Plug (P6)
Test Points



5.8.3 Read Path Troubleshooting

The read path can be divided into the two basic sections; the data
path and the AMTIE path. A read path one function diagram (Figure
5-20) 1is provided so you may trace the data flow completely
through the transport, from the head to the TU bus, using channel
5. Figure 5-20 provides pin charts so you may scope other channels
as well.

In order to check out the preamp PCBA and the read/write head, do
check the write path first (Paragraph 5.8.2). If the write path
checks did not localize a problem, proceed as follows to continue
troubleshooting the read path.

5.8.3.1 Read Data Path -- When writing or reading in GCR mode,
the preamp gain is set automatically. Each track is set
individually according to the playback signal received while
reading the ARA burst. For an explanation of the AGC circuits,
refer to Paragraph 4.12.5.3 in the TA78 Magnetic Tape Drive
Technical Description. Gain in PE mode is a fixed level set by the
read PCBA PE gain POT adjustments.

Check the GCR AGC circuits as follows.
1. Static tests

a. Mount and load a write-enabled scratch tape to BOT
but do not place the transport on-line.

b. Set the MIA PCBA test switches as follows.

Pattern Select All ones (all switches forward)
sl Forward (right)

S2 Write (right)

S3 6250 (right)

S4 Manual (right)

c. Set the read PCBA AGC switch to the test AGC position
(center).

d. Set the scope controls as follows.
Vertical Chl

Vertical Ch?2
Vertical Mode

@g.5 v/div, ac (X10 probe)
@.5 v/div, dc (X1@ probe)
Chop

Horizontal 5 ms/div

Norm, AC, Chl

Sync

e. Place the Chl scope probe on read PCBA TP22 (STl
CLOCKS) .
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Press the ONLINE button and quickly press it again.
This moves tape off the BOT marker and stops it.

The trace on Chl should have a series of 32 positive
going ST1 CLOCK pulses displayed, each with a period
of 850 us +85 us. Refer to Figure 5-21. Position the
Ch2 trace (straight line) on the bottom graticule of
the screen.

ST1CLOCK

AGC (N) E ;GH#“#JH

MA-7300
5HR0207-84

Figure 5-21 Automatic Gain Control
(AGC) Waveform - GCR Mode

Now look at the nine AGC 1levels at the preamp by
placing Ch2 probe on the following IC pins.

Track 1 U4-1
Track 2 U4-13
Track 3 U4d-¢6
Track 4 Ug-1
Track 5 U8-13
Track 6 U8-6
Track 7 Uulz-1
Track 8 Ul2-13
Track 9 Uul2-6

Make sure the scope probe is grounded to the preamp
to eliminate unwanted noise. Refer to the lower trace
shown on Figure 5-21. The waveform dc 1level should
start at about +1.7 V (PE gain level) and ramp down,
in a staircase pattern, to about +1.2 V.

If any of the AGC waveforms are incorrect, the likely
cause is the read PCBA (AGC source). Replace it.



2.

Dynamic tests

a.

Use the same scope settings as in step 1ld except for
the following.

Vertical Ch2 = ¢.1 v/div, ac (10X probe)

Reposition the Ch2 trace and observe the small
staircase pattern on the descending ramp. Increase
the time base (horizontal) for a better view of the
steps.

While looking at one of the AGC voltages, place the
transport on-line. It begins writing and moving tape
forward.

Observe the following,

° The trace on Chl (STl CLOCK) shortens to about 9
clocks.

° The ST1 CLOCKS stop when all read channels lock
up (all set).

Look at the other AGC voltages. Each one locks up at
a different time depending wupon that track's
amplitude. The last channel to 1lock up reaches a
stable level at the last ST1 CLOCK.

To test full count, ground the upper lead of one of
the right resistors of a resistor pair for one
channel of the preamp. (For example, R2 for Ch5.) The
ST1 CLOCKs go back out to 32 because this channel
will not lock on.

If any of the AGC channels in this test stays at the
lower voltage (about 1.2 Vvdc), which is the maximum
gain, it is probably bad and the read PCBA should be
replaced.

If the ST1 CLOCKs fail to shorten up from 32 counts
to something 1less, one or more channels are not
getting set up. This may be due to a bad read PCBA or
a reduced analog signal at its input.

If any AGC voltage fails to step down evenly, that is
if some steps appear larger than others, part of the
AGC DAC circuitry for that channel is not working
properly. The transport can still function, but not
as reliably as possible. Replace the read PCBA.

Return the read PCBA AGC switch to the normal (left)
position.



5.8.3.2

Read data path
Use Figure 5-2¢ to trace the nine read data channels

through the read PCBA and MIA PCBA. The TU78 does not
generate a read data strobe pulse because all nine
channels are deskewed in the formatter. Figure 5-22 shows
the waveform for a read data bit at the output of the
read PCBA [IRD (n)]. Read data bits are not latched in

the TU78.

-

MA-7312
SHR0208-84

Figure 5-22 Read Data Output

AMTIE Paths Troubleshooting -- The TS78 uses AMTIEs to

detect active/inactive tracks. They determine the following.

l'

Which density ID track is written at BOT
(PE = track 4, GCR = track 6)

ARA burst start

Preamble/postamble length and quality
Start/end of data envelope

File marks

A low amplitude track

Error correction pointers



Figure 5-23 shows a block diagram of the AMTIE generation
circuitry. -

NLTH/STDTH

lTHRESHOLD ]
MULTIPLE
WRITE PCBA | AMTIE (N) INTERFACE | _ AMTIE (N)

AMTIE —> >————>>—* \papter | 1071578

FORMATTER
GENERATOR PCBA

| : GAIN
NPE

(FROM CONTROL M2 PCBA)

EREAD
TRACK (N) HEAD

MA-7302
SHR0209-84

Figure 5-23 AMTIE Generation Circuitry

1. Troubleshooting +VAM AMTIE threshold voltage without TS78
formatter

a. Set the scope controls as follows
1.0 v/div, dc (10X probe)

.1 ms/div
Auto, dc, Chl

Vertical Chl
Horizontal
Sync

b. Remove power from the tape transport. Place Chl probe
on the front lead of write PCBA R324 (signal +VAM).
Refer to Figure 5-24 for locations.

PLACE CH 1
PROBE HERE

MA-8853A
SHR0210-84

Figure 5-24 +VAM Test Point
on Write PCBA



Remove the AMTIE cable from the MIA PCBA. Reapply
power to the transport and load a scratch tape to
BOT.

Take AMTIE threshold voltage measurements (+VAM)
while grounding the following pins of the AMTIE cable
connector (J25).

Ground Pin Signal +VAM Measurement
5 NLTH +4.8 vdc, +0.5 vdc
15 STDTH +19.2 vdc, +#.5 Vvdc

If the results differ, replace the write PCBA or the
AMTIE cable.

Troubleshooting +VAM AMTIE threshold voltage using TS78
formatter.

a.

Reinsert the AMTIE cable into the MIA PCBA Jack Jl.
The +VAM voltage should read +4.5 vdc, +0.5 vdc.

Load a scratch tape to BOT and set MIA switch S4 to
auto (left).

Set the scope controls as follows.
Vertical Chl

Horizontal
Sync

2.0 v/div, dc (10X probe)
1.9 ms/div
Norm, Chl, dc negative scope

Set the MODE SELECT switch to position 1, 2 or 3
(maintenance mode), and place the transport on-line.
Then plug an RS232-compatible terminal into the EIA
connector on the TS78 control panel (Figure 2-25).

Press and release CTRL C on the terminal keyboard.
Repeat the entry until TA78> appears.



Type the eight commands, shown in the printout below,
on the terminal keyboard. Each command is shown here
in boldface type and should be followed by a carriage
return. The remaining printout shows the tape drive's
responses, and a comment has been added in
parentheses for clarity only.

TA78>RUN KEYPAD

KEYPAD>INIT

KEYPAD>UNIT X (X is transport cable number; e.g., 0)
KEYPAD>ENTER

PC 00 ? WRITE

PC 1 ? BR @

PC @2 ? END

KEYPAD>START

The tape drive repeatedly executes a write GCR
command on transport X,

The +VAM AMTIE threshold signal shown on the scope
should be similar to Figure 5-25. The voltage goes
from +4.5 vdc, +0.5 vdc to +1¢ vdc, +0.5 Vdc.

MA-7309
SHRO211-84

Figure 5-25 +VAM AMTIE Threshold Voltage



1.

Press and release CTRL G to exit from the tape motion
routine. The tape drive displays HALT AT PC=XX where
XX is a program location. The drive then displays
KEYPAD>.

Type REWIND and a carriage return. The tape drive
rewinds the tape and displays 28 on the external
terminal.

If test 1 (without TS78 formattexr) works properly,
but test 2 (with TS78 formatter) does not, the likely
cause is the MIA PCBA. If neither test works, the
likely cause is the write PCBA.

Press and release CTRL Z to exit from the keypad
mode. The tape drive echoes “Z and displays TA78>.

Press and release CTRL Z to exit from the terminal
mode. The drive echoes “Z.

AMTIE channel switching

a e

b.

d.

Place the transport off-line and remove the AMTIE
cable from the MIA PCBA (J1l).

Use the same scope settings as in test 2, step c, but
change the horizontal setting to 1.0 us/div.

Set the MIA switches as follows.

SW1l forward, all others rear
(10000000) .

Pattern select

Sl = FWD (right)
S2 = WRT (right)
S3 = 1600 (left)
sS4 = MAN (right)

Look at each AMTIE output at the cable connector with
the scope. Refer to Figure 5-20 for pin numbers. Each
output should be about 5.0 vdc.

Place the transport on-line. The transport drives the
tape forward and writes the 10000000 data pattern on
each track down the tape. This pattern causes each
track to produce an AMTIE. Each output goes to ground
and returns to +5 V as shown in Figure 5-26.



MA-7308
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Figure 5-26 AMTIE Signal Switching

All AMTIE channels should 1look similar to Figure
5-26. If one or more do not, trace the signal back
using Figure 5-24.

If an AMTIE channel is not acceptable and the preamp
tests are all okay, replace the write PCBA.

If all AMTIE channels are acceptable but TS78 or
diagnostics indicate an AMTIE problem, replace the
MIA PCBA.






CHAPTER 6
REMOVAL AND REPLACEMENT

6.1 TS78 REMOVAL/REPLACEMENT PROCEDURES

Table 6-~-1

lists all major FRUs

removal/replacement paragraph (if any).

Table 6-1

TS78 Field Replaceable Units

and the associated

Part Number

Description

Removal/Replacement
Paragraph

70-20415-01

MB8950-M8953
M8958,M8959
M8970-M8973
M8955
54-15170-00
12-10930-01
BC26V-25

70-17381-08

H7422-AB
H7441
H749¢

H7476
54-14192

Wire and harness assembly
(backplane assembly)

Logic modules

TS78 control panel board

Fan (23@ Vac)

25 £t STI cable

Flat cable (TS78 control

panel board to backplane

assembly)

TS78 power supply chassis
+5 V regulator

-5 V regulator

+15 V regulator

AC/DC LO board

6.1.1

None




6.1.1

TS78 Backplane Assembly (70-20415-01)

Use this procedure to remove the TS78 backplane assembly. See step
15 to replace the backplane assembly.

1.

19.

11.

12,

13.

14.

Remove power from the TA78 and all slave TU78s connected
to it, by switching the power controllers (872 or 874)
off.

Swing open the TS78 logic gate.

Disconnect the TS78 control panel cable (PN 70-17381-08),
noting the position of the red stripe.

Disconnect all TU bus cables, noting their position.
Remove the back cover of the TS78 logic gate.

Loosen the two screws that hold the STI cable clamp to
the side of the logic gate. Then pull the clamp straight
out disconnecting the STI cables from the M8971.

Remove all modules from the backplane.

Swing open the TU78 base assembly and unplug the five dc
power connectors from the rear of the TS78 power supply.
Cut tie-wraps to free the wire harness.

Unplug the TS78 cooling fan from the power controller.

Remove the two screws holding the dc power wiring harness
to the top of the card nest.

Remove the backplane assembly from the cabinet by
removing the five screws at the hinge. The lower two
screws also retain the 1limit bracket. Support the
backplane assembly from underneath while removing the
SCrews.

Lay the assembly flat on a work surface with the pin side
of the backplane facing up.

Remove the eight screws that retain the card nest
enclosure to the backplane assembly and 1lift the
backplane off the enclosure. Notice a plastic spacer with
two holes in it. This belongs on the card side of the
backplane assembly and insulates the backplane from the
card nest enclosure.

Remove the hinge assembly from the o0ld backplane and
attach it to the new one.



15.

6.1.2

Install the new backplane assembly in reverse order. Be
sure to plug the fan power cord into a switched outlet of
the power controller.

NOTE
Where metal flat washers are used, they
must not contact any etches.

TS78 Control Panel Board (54-151706-00)

Use this procedure to remove the control panel board. See step 6
to replace the board.

1.

2.

Remove power from the TS78 by switching the power
controller off.

Open the door on the TS78 control panel. Disconnect the
flat cable from the TS78 control panel board (behind the
door) , noting the position of the red stripe.

Remove the left side panel from the TA78 cabinet. Grasp
the panel on both sides and lift it off the four mounting
bolts. Disconnect the side panel ground strap from the
cabinet frame and set the panel aside. (You may have to
open the rear door to grasp the panel.)

Remove the four screws that hold the control panel board
and bracket to standoffs. Then remove the board and
bracket as a unit.

Remove the two screws holding the board to the bracket.
Then remove the board.

Reinstall the new control panel board by reversing the
above procedure.

Check the new control panel board by performing the
following steps.

a. Make sure PORT SELECT A and B switches are in the
disable (out) position.

b. Reapply power. All three TS78 control panel
indicators should turn on for about 4 seconds.

c. Press the FAULT switch for at least 1 second and then
release it. All three TS78 control panel indicators
light in a lamp test for as long as you press the
switch.



6.1.3
Use this
fan.

8.
6.1.4
Use this

1.

2.

d. Plug an RS232-compatible, external terminal into the
EIA connector on the TS78 control panel board (Figure
2-25) .

e. Press and release CTRL C on the terminal keyboard.
Repeat the entry until TA78> appears.

f. Test the three TS78 control panel switches using the
buttons and lights test (Paragraph 4.7.1).

g. Press and release CTRL Z to exit from the terminal
mode. The drive echoes "Z.

Depending on the STI port being driven, set the PORT
SELECT A or B switch to the enable (in) position.

Fan (12-10930¢-01)

procedure to remove the fan. See step 7 to replace the
Remove power from the TS78 by switching the power
controller off.

Swing open the logic gate.

Unplug the fan power cord from the power controller.

Remove the six screws holding the bottom of the enclosure
to the card nest assembly.

Unplug the power cord from the fan.

Remove the fan by removing the four screws and nuts
holding it to the enclosure bottom.

Install the new fan by reversing the above procedure. Fan
air flow should be into the card nest.

Plug the fan power cord into a switched outlet on the
power controller.

TS78 Power Supply Chassis (H7422-AB)
procedure to remove and replace the power supply chassis.

Remove power from the TS78 by switching the power
controller off.

Swing open the TU78 base assembly and unplug the five dc
power connectors and the ac power cord from the rear of
the power supply.

Remove the four dc power regulators from the chassis
(Paragraph 6.1.5).



6.

6.1.5

Remove the ac/dc 1lo board from the chassis (Paragraph
6.106) .

Support the power supply chassis from underneath and
remove the six screws holding it to the frame.

Install the new power supply chassis in reverse order.

Power Supply Regqulators (H7441, H7476, H7490)

Use this procedure to remove the power supply regulators. See step
9 to replace the regulators.

l.

10.

Remove power from the TS78 by switching the power
controller off. Turn off the power supply circuit
breaker.

Swing open the TU78 base assembly to gain access to the
rear of the power supply.

Loosen but do not remove the two screws holding the top
cover to the rear of the power supply. Remove the top
cover.

Remove the five screws holding the front cover to the
front of the power supply (rear of the transport). Remove
the front cover to expose the regulators.

Two regulator enclosures are visible now. Each enclosure
contains two regulators. Select the enclosure that
contains the regulator you wish to replace, and slide it
toward you until the two connectors are free of any
interference.

Unplug both connectors by pulling on the plastic
connector housing, not the wires. If the enclosure you
are removing is the one with a cooling fan attached to
it, unplug the two power leads from the fan.

Slide the regulator enclosure the rest of the way out of
the power supply chassis.

To remove an individual regulator, stand the enclosure on
end, remove the two screws holding the regulator in the
enclosure, and slide it out.

Install the new regulator by reversing the above
procedures. When sliding the enclosure back into the
chassis, note how the enclosure hooks onto a tab
protruding from the chassis sheet metal.

Adjust the output voltage of regulator 1, 2, 3, or 4,
using Table 6-2 as a guide. Measure the voltage with a
digital voltmeter and perform the adjustment with a
trimpot alignment tool or an insulated screwdriver.
Figure 1-6 shows the location of the adjustments.

6-5



Table 6-2 Power Supply Regulator Adjustments

Test Point Voltage
Regulator on Backplane Setting
H7441 A16A2 +5 vdc, +0.1 Vvdc
(number 2)
H7441 A@9A2 +5 vdc, +0.1 vdc
(number 4)
H7476 +15 V A16B2 M2 +15 vde, +8.75 vdc
(number 3)
H7476 -15 V Al6E2 D232 -15 vdc, +8.75 vdc
(number 3)
H7490 AQ1V2 -5 vdc, +0.16 Vdc

(number 1)

NOTE: While the +15 V supplies have a voltage tolerance, their
magnitudes should measure within 6.2 V of each other. That is, if
the +15 V supply measures +15.1 V, the -15 V supply should measure
between -14.9 V and -15.3 V. The +15 V supplies are not
adjustable.

6.1.6 AC/DC LO Board (54-14192)
Use this procedure to remove and replace the AC/DC LO board.

1. Remove power from the TS78 by switching the power
controller off. Turn off the power supply circuit
breaker.

2. Remove both regulator enclosures (Paragraph 6.1.5).

3. The ac/dc lo board is now exposed at the inside rear of
the power supply chassis. Unplug the two connectors from
the board.

4, Use a 5/16 inch nutdriver to remove the four nuts holding

the board to the mounting standoffs. Remove the board.

5. Install the new board by reversing the above procedure.

6.2 TU78 REMOVAL AND REPLACEMENT PROCEDURES

This section details step-by-step removal and replacement
procedures for all field replaceable parts that require such
instructions. Figures are referenced in the procedures. References
are made to any adjustments required due to the replacement of a
particular part. (For a cross-reference on part
removal/replacement and associated adjustments, refer to Table
6-3.)



Table 6-3 Parts Replacement/Adjustment Cross Reference
Corequisite
Paragraph Removal or Replacement Procedure Check/Adjustment
6.2.1 Head replacement procedure 3.10
6.2.2 Tape cleaner removal, cleaning
and alignment
6.2.3 Air guide disassembly
and cleaning
6.2.4 Air bearing removal and cleaning
6.2.5 Capstan motor replacement 3.1¢.1, 3.6.1,
3.6.2
6.2.6 Supply reel motor replacement 3.8.2, 3.8.4
6.2.7 Vacuum reel assembly replacement 3.8.3, 3.8.4
and takeup reel motor replacement
6.2.8 Cartridge actuator motor
replacement
6.2.9 Controls assembly removal
and replacement
6.2.10 Blower/compressor ac motor 3.6
replacement
6.2.11 Blower removal and replacement 3.6.1, 3.6.2
6.2.12 Compressor removal 3.6.3, 3.6.4
and replacement
6.2.13 Air valve solenoid replacement
6.2.14 PCBA removal/replacement
6.2.14.1 MIA PCBA
6.2.14.2 Read PCBA 3.19.3
6.2.14.3 Write PCBA 3.19
6.2.14.4 Control M2 PCBA
6.2.14.5 Capstan servo PCBA 3.3, 3.7, 3.10.3
6.2.14.6 Reel servo PCBA 3.8, 5.7.1




Table 6-3 Parts Replacement/Adjustment Cross Reference (Cont)

Corequisite
Paragraph Removal or Replacement Procedure Check/Adjustment
6.2.14.7 GCR/PE Preamp 1 PCBA 6.2.1 (steps
7--14), 3.10
6.2.14.8 Interconnect Fl 3.4, 3.5, 3.8.4
6.2.14.9 Interconnect D1 _
6.2.1 Head Wear Check and Replacement Procedure

The read-write-erase head assembly may require replacement for one
of two reasons: internal fault in the head, or excessive wear.
Head wear can be verified by measuring the depth of the wear on
the head crown. In those heads that have guttering (grooves cut on
the crown on each side of the tape path), the head should be
replaced when it has worn Jdown to the depth of the gutter. 1In
those heads that do not have guttering, head wear should be
measured with a brass shim that is 0.254 mm (0.91¢ in) thick. The
shim width should be less than the minimum tape width, 12.598 mm
(0.496 in) . Place the shim in the worn portion of the head crown
with one side butted against the outer worn edge. The head should
be replaced when the upper surface of the shim is below the unworn
surface of the head crown. That is the head has worn to a depth
greater than ¢.254 mm (9.010¢ in).

Use this procedure to replace the head (Figure 6-1).
1. Turn transport power off.

2. Open transport front door and buffer box door. Swing the
base assembly out.

3. Remove the four hex-head screws holding the GCR/PE preamp
1 PCBA bracket to base assembly.

4. Grasp the head assembly and remove two socket-head screws
holding the head against the head-mounting plate.

5. Carefully tip the bracket and disconnect the head from
the PCBA. Remove the erase head leads from the PCBA.



THREAD BLOCK NO. 3
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Figure 6-1 Read/Write Head, Tape Cleaner and
Air Guide Removal and Replacement

Check the head mounting plate and the replacement head
for clean mounting surfaces.

NOTE
The mounting surfaces must be free of
all foreign substances, or excessive
skew may result.

To install the new head, repeat steps 3 through 5 in
reverse order, but do not tighten the head-mounting
screws or the PCBA bracket mounting screws. Note the
white lead to the erase head connects to J905 and the
black lead to J906.

6-9



19.

11.

12.

13.

14.

15.

6.2.2
Use the
cleaner.

Initially align head by visually aligning lower edge of
head with inclined edge of base metallic overlay. (Refer
to Note 2 of Figure 6-1.) Bias head assembly by pressing
it towards the right, into tape path, with finger
pressure. Make sure the erase head contacts a sample
section of magnetic tape. Lightly tighten the
head-mounting screws. Connect erase head wires to the
PCBA, making sure the white wire 1is closest to the
operator.

Turn transport power on.

Load an all ones PE 64 c/mm (1600 cpi) tape on the
transport and bring to load point.

Operate the transport in a shuttle mode (that is, forward
then reverse) by grounding TP31 on control M2 PCBA
(Figure 3-6).

Using an oscilloscope, observe waveform at the upper lead
of R13 (track 5) of the GCR/PE preamp 1 PCBA (Figure

3-9).

While operating in the shuttle mode, mechanically rotate
the GCR/PE preamp 1 PCBA until the amplitude difference
between forward and reverse operation is minimal. The
forward/reverse amplitudes must be in the 800 mv +1¢0 mV
range, peak-to-peak. The lower amplitude must be within
19 percent of the higher amplitude. Grasp the GCR/PE
preamp 1 PCBA on both the front and rear of base assembly
to rotate it.

Open the buffer box door and make sure the erase head is
in contact with tape. Repeat step 12 if necessary.

Tighten head mounting screws and PCBA mounting bracket
screws.

Perform the read/write adjustments (Paragraph 3.10).

Tape Cleaner Removal, Cleaning, and Alignment
following procedure to remove and reinstall the tape

Open transport door and buffer box door.

Remove two screws attaching the tape cleaner and its cap
to the base casting (Figure 6-1).

Clean tape cleaner, cap, clip, and metal overlay on the

base casting with a lint-free cloth moistened in 91

percent isopropyl alcohol. Wipe the tape cleaner blades

3nd mounting surfaces carefully to remove all oxide and
irt.

6-10



6.2.3

Use the

guide.
l.

2'

1a.

11.

Reinstall tape cleaner and cap with clip on base
assembly. Bias the cleaner with finger pressure towards
the right (towards the tape). Rotate cap so the formed
clip is 1.524 mm (@.06 in) away from tape path. Slide
clip against the erase head.

Air Guide Disassembly and Cleaning
following procedure to disassemble and clean the air

Open transport door.

Remove seven trim assembly mounting screws, and trim
assembly from unit.

Open buffer box door.

Remove thread block 3 (Figure 6-1), allowing it to hang
by its leads.

Remove circular ceramic guide from air guide on front of
base assembly (Figure 6-1).

NOTE
Do not remove air guide from base
assembly.

Carefully insert penlight lens into the front of the air
guide. Using a small mirror, make sure all orifices are
open.

Open any closed orifice by inserting a length of 34 AWG
wire or one strand of 19 strand 27 AWG wire. Wire
diameter should be 0.16002 mm (@#.0063 in).

Wipe external bearing surfaces and ceramic guide with a
lint-free cloth moistened with 91 percent isopropyl
alcohol.

Assemble circular ceramic guide to air guide with edge
parallel to the edge of lower pocket bar (refer to Note 1
in Figure 6-1).

Reassemble thread block 3 to base assembly, adjusting its
tip so it is 9.762 mm (0.03 in) outside of the tape path
at the tape cleaner (Figure 6-1). Perform the adjustment
by stretching a section of magnetic tape from the lower
pocket bar past the head and guide block around the
capstan.

Replace trim assembly.



6.2.4 Air Bearing Removal and Cleaning

There are five air bearings, excluding the air guide (Figure 6-2).
The air guide disassembly and cleaning procedure is given in
Paragraph 6.2.3. The air bearing procedure describes removal of
the air bearings for cleaning. Since there are three different
bearing versions on a transport, they should be disassembled and
reassembled one at a time,

1. Open transport front door and buffer box door.

2. Remove air bearing number 1 (Figure 6-2). Clean parts
using 91 percent isopropyl alcohol and a lint-free cloth.
Examine air bearing orifices by inserting a penlight into
the Dbearing. Open c¢logged orifices using 30 AWG wire.
Clean all surfaces of the air bearing, the circular
ceramic guide (where used), and the bearing mounting area
on metal overlay of the base assembly.

3. A nonmetallic straight edge is useful to rotationally
align the air bearings on the base assembly. A straight
edge can be cut from the cardboard on the back of any
tablet. Cut the piece 152.4 mm long by 6.35 mm wide (6 in
by 1/4 in). The straight edge simulates the tape contact
tangent line with the first row of holes.

4. Reassemble air bearing number 1 to base assembly.

NOTE
The surface of the air bearing that has

been milled out must be placed against
the base plate.

Rest cardboard against adjacent buffer box bar and
bearing until first row of orifices are tangent to
cardboard (point A), and remaining orifices are in tape
path area regions to float the magnetic tape (area B).
The shiny side of ceramic guide is mounted towards the

magnetic tape. Align ceramic guide as shown in Figure
6-2.

5. Follow the same procedure for air bearings number 2, 4,
and 5. This procedure is also used for bearing number 3
except that tangent point A is aligned with adjacent
bearing number 2.
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6.2.5 Capstan Motor Replacement
The capstan motor and mounting plate is replaced as an assembly.

Use the following procedure to replace the motor and mounting
plate.

1. Turn transport power off.

2. Disconnect wires, hose, and tube at the motor. Remove
tachometer wires from interconnect F1 PCBA.

3. Remove the two hex nuts, lock washers, cups, and
Belleville washers retaining motor plate to the base
assembly at two locations (Figure 6-3A7).
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ADJUSTMENT.
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Figure 6-3 Capstan Motor Mounting
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lg.

11.

12.

13.

Cradle motor in your hand. At front of base assembly,
remove socket-head cap screw (fixed point) (Figure 6-3B),
containing Belleville washers and plain washer, freeing
the motor.

Carefully slide motor off two adjusting studs. View the
front of base assembly to make sure the capstan clears
metal overlay and base casting.

Install the replacement motor by repeating steps 2
through 5 in reverse order.

NOTE
The following steps are the procedure to
achieve capstan perpendicularity

necessary to ensure proper tape tracking
over the guide block/head area. Steps 7
through 21 are the coarse adjustment of
tape tracking. Steps 22 through 32 are
the fine tuning of tape tracking.

Turn transport power on.
Mount and load a work tape to BOT.

NOTE
The tape edge may be damaged in this
procedure. When finished, cut off
portion of tape used in the process and
install a new BOT tab.

Place control M2 PCBA switch S1 (Figure 3-6) toward the
front of the transport and drive the tape forward for
about 15 m (50 ft). Place the switch back in the center
position.

Turn transport power off.

Oon the rear of the base assembly, at the capstan motor
mounting plate, loosen the two hex nuts 1/4 turn. These
are the hex nuts referred to in step 3. They are at the
forward and reverse tracking adjustment points.

On the front of the base assembly, about 58.8 mm (2 in)
down from the capstan, loosen the fixed point socket-head
cap screw 1/4 turn (Figure 6-3).

Loosen the capstan motor forward and reverse adjustment
locking screws one full turn.



14.

15.

l6.

17.

18.

19.

2@.

Remove the outside rectangular ceramic guide from the
guide block by removing the two retaining screws and
washers (Figure 6-1).

CAUTION
The thin ceramic guides are easily
broken. Handle them with extreme care.

Gently retract the spring-loaded ceramic guides at both
the guide block and the air guide so they lock back. Use
a nonmetallic instrument, such as the bare end of a
cotton-tipped swab, to retract the guides. Push the guide
straight back with the swab positioned in the middle of
the guide.

Close the buffer box door assembly.

Perform a system vacuum check (Paragraphs 3.6.1 and
3.6.2).

Turn transport power on and perform a midreel load.

Run the drive forward using maintenance switch S1 on the
control M2 PCBA. Adjust forward adjustment stud from the
front of the base assembly (Figure 6-4) so tape edge is
aligned with guide block edge where the rectangular
ceramic guide was removed. Clockwise adjustment shifts
tape away from base casting.

Run the drive in reverse using maintenance switch S1 on
control M2 PCBA. Adjust reverse adjustment stud from the
front of the base assembly (Figure 6-4) so tape edge is
aligned with the guide block.

T — T T
TAKE UP
L BUFFER BOX
| | TAPE CLEANER
| 1 HEAD
FORWARD TRACKING
ADJUSTMENT STUD
VACUUM CAPSTAN
/ oce0s|OP @\
/ \
TAKE UP REEL FIXED POINT CAP SCREW
REVERSE TRACKING MA-3495
ADJUSTMENT STUD SHR0216-84

Figure 6-4 Capstan Tape Tracking Adjustment Studs



21,

22.

23.

24.

25.

26’

27‘

28.

29.

Repeat steps 19 and 20 until tape is aligned with the
guide block and no front-to-back movement occurs with
tape moving in either direction. Shuttle maintenance test
point TP31 on control M2 PCBA can be grounded to TP25 to
run the transport in shuttle mode.

Unload work tape and load a master skew tape to fine tune
tape tracking.

Connect channel 1 of an oscilloscope to Rl (track 1) of
the GCR/PE preamp 1 PCBA (Figure 3-9) and channel 2 to
R25 (track 9). Ground oscilloscope probes. Sync internal
positive on channel 1.

Run tape forward and reverse by grounding shuttle
maintenance test point TP31l on control M2 PCBA.

Observe the oscilloscope and adjust the capstan tracking
adjustment studs (Figure 6-4) for minimum differential
between tracks 1 and 9 (outside two tracks of the read
head) .

NOTE
Only very slight adjustments are
required. It may not be possible to
achieve no differential at this point
due to head azimuth plate misalignment.

Tape must be stopped and buffer box door opened each time
the forward stud is adjusted.

If coincidence cannot be achieved, make sure the
differential is minimal and equal, but opposite in the
forward direction versus reverse direction. This
indicates tape tracking is straight forward and reverse,
and the head azimuth plate needs to be aligned (Paragraph
3.19.1) .

Tighten 1locking screws, hex nuts, and socket-head cap
screw, observing oscilloscope to make sure adjustments
are not disturbed.

Remove Jjumper from TP31l on control M2 PCBA. Remove
oscilloscope connection from GCR/PE preamp 1 PCBA.

Unload the master skew tape.

CAUTION
Do not rewind. A master skew tape should
be run forward and reverse at normal
drive speed only to preserve its
integrity.



39.

31.

32.

6.2.6

Return spring-loaded ceramic guides to their operating
position by pressing the guide on the corners with a
cotton-tipped swab.

Install fixed ceramic guide, being careful not to crack
it.

Perform the read skew adjustment (Paragraph 3.10.1).

Supply Reel Motor Replacement

Use the following procedure to replace the supply reel motor.

Turn transport power off.
Open transport front door and buffer box door.

Remove the supply reel plastic overlay on front of the
base casting by removing five small phillips screws.

Loosen the two reel hub retaining screws without removing
the hex nuts. Use a 5/32 1inch ball-end hex driver
inserted through the cutout in the casting behind the hub
at the 12 o'clock position. Normally only finger pressure
is needed to prevent the nuts for these screws from
turning. Insert a small open-end wrench from the front of
the base assembly through the access cavities in the base
casting behind the reel hub.

With the straddle plates of the reel hub in a horizontal
position, and hex nuts facing down, remove the hub from
motor shaft.

At the rear of base assembly, disconnect motor leads and
cooling tubes from motor.

NOTE
Note the elbow alignments with respect
to the motor and base assembly so the
elbows of the replacement motor can be
properly oriented.

While supporting the motor, remove four motor-mounting
screws on the front of the base assembly. Remove the
motor from the rear.

Install the replacement motor, aligning elbows properly.
Center motor in base casting clearance bore using
centering tool (PN 29-23206). Tighten screws.

On the back of base assembly, slip the tubes over the
elbows. Tighten hose clamps and attach motor leads.



10.

11.

12.

13.

14.

6.2.7

On the front of base assembly, slip reel hub over motor
shaft seating straddle plate on flat of shaft. Push hub
towards base casting and lightly tighten both clamping
screws. Adjust the hub flange so it measures 11.4 to 11.7
mm (9.451 to ©¥.461 in) from the machined boss on the base
casting. This machined boss is directly behind the flange
at the two o'clock position.

Torque both clamping screws evenly to 2.7 newton meters
(24 inch pounds).

Replace the supply reel overlay. .
Turn transport power on.,
Perform the following related adjustments.

Supply reel load speed (Paragraph 3.8.2)
Tape loop position (Paragraph 3.8.4)

Vacuum Reel Assembly and Take-up Reel Motor Replacement

Use the following procedure to replace the vacuum reel assembly
and take-up reel motor. The vacuum reel assembly must be removed
to remove the take-up reel motor.

Turn transport power off.

Open transport front door. Remove the seven trim assembly
mounting screws and the entire trim assembly.

Open buffer box door and base assembly.

On back of base assembly below the take-up reel motor,
remove access plug to the vacuum reel hub.

Through the access hole, loosen both screws retaining hub
to shaft.

Remove vacuum reel at front of base assembly.

NOTE
If only the vacuum reel assembly is to
be replaced, go to step 1¢. 1If the
take-up reel motor 1is to be replaced
proceed with step 7.

At the rear of base assembly, disconnect motor leads and
cooling tubes from motor. Note the elbow alignments with
respect to the motor and base assembly so the replacement
motor elbows can be properly placed. While supporting the
motor, remove the four mounting screws on front of base
assembly and remove motor from rear.



10.

11.

12.

13.

14.

6.2.8
Use the
motor.

Install replacement motor, aligning the elbows properly.
Center motor in base casting clearance bore using
centering tool (PN 29-232¢06) and tighten screws.

On back of base assembly, slip tubes over elbows. Tighten
hose clamps and attach motor leads.

Reinstall vacuum reel using buffer box bar (PN 29-23207)
just above the lowest air bearing. Insert the bar between
vacuum reel flanges.

Center reel flanges with respect to the bar and tighten
screws on the vacuum reel hub. Rotate reel and listen for
any rubbing with base casting bore. Repeat steps 10 and
11 if necessary.

Reassemble access and trim assembly.
Turn transport power on.
Perform the following related adjustments.

Take-up reel load speed (Paragraph 3.8.3)
Tape loop position adjustment (Paragraph 3.8.4).

Cartridge Actuator Motor Replacement
following procedure to replace the cartridge actuator

Turn transport power off.
Open transport front door and buffer box door.

Remove supply reel plastic overlay on front of the base
casting by removing five small phillips screws.

Remove arm from motor shaft by loosening set screw
(Figure 6-5).

NOTE
Note color and location of the two leads
with respect to the motor so they can be
properly connected to replacement motor.

On back of the base assembly, remove clamp from around
motor and radio frequency interference (RFI) filter.
Remove RFI filter from motor leads by sliding off filter
top cover and lifting wires off the pins. Remove four
motor mounting screws, and remove motor.
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Install new motor with the four mounting screws. Set arm
height shown in Figure 6-5 and tighten set screw.

Install a new RFI filter (PN 29-23279) by laying motor
leads into the two filter body channels and pressing them
onto the pins so pins puncture wire insulation. Slide
filter top on. Install clamp around the motor and RFI
filter and tighten it so the pin protruding from the
filter bottom makes good contact with motor housing.

CAUTION
Do not allow the clamp to touch the
motor electrical terminals.

Turn transport power on.

Press LOAD/REW button on TU78 control panel. Arm must
rotate clockwise, then stop without bouncing and motor
must stop driving. Adjust bottom 1limit switch 1if
necessarye.

Press RESET button on TU78 control panel. Arm must swing
counterclockwise, then stop without bouncing and motor
must stop driving. Adjust top limit switch if necessary.

Reassemble supply reel overlay.



6.2.9

Control Assembly Removal and Replacement

Use the following procedure to remove and replace the control

assembly.

1.

2.

3.

4'

5.

6.2.10
Use the

Turn transport power off at cabinet power controller.

Open transport front door. Remove the seven trim assembly
mounting screws and entire trim assembly.

Open the base assembly. Disconnect Pl@# from control M2
PCBA and free the flat cable from retaining clamps.

At front of base assembly, remove the four control
assembly mounting screws and slide the flat cable through
base casting.

Install replacement assembly in reverse order.

Blower/Compressor AC Motor Replacement
following procedure to remove and replace the

blower/compressor ac motor.

WARNING
If the motor has stopped because of
overheating, it restarts when the
temperature is normal. Always turn off
or disconnect ac power before working
near motor pulleys and belts,

Turn transport power off at the cabinet power controller
and disconnect power cord.

CAUTION
Do not try this, or any other
removal/replacement procedure within the
pneumatic/power supply assembly without
first removing the 220 VvV power cord.

Remove belt guard then remove both belts by manually
rotating pulleys clockwise and slipping belts off. It is
not necessary to loosen compressor or blower mounting

SCrews.

Remove pulley set from motor shaft. Do not separate the
pulley set.

Remove transformer mounting screws in front of power pack
assembly and lift transformer to gain access to motor.

CAUTION
Two people are needed to 1lift the
transformer.



1a.

Remove cover to motor leads and remove leads,

Remove four mounting screws at rear of power pack
assembly and remove motor from the front.

Install replacement motor.

Reassemble in reverse order aligning pulley on shaft set
(Figure 6-6). Manually rotate motor clockwise and make
sure both belts track completely on pulleys. Some slight
shift of motor pulley may be necessary.

Reconnect power cord and turn transport power on at the
power controller.

Perform vacuum and air pressure adjustments (Paragraph

3.6) .
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Figure 6-6 Blower and Compressor Pulley Alignment



6.2.11

Blower Removal and Replacement

Use the following procedure to remove and replace the blower.

l.

2.

10.

11.

12.

Turn transport power off at the cabinet power controller
and disconnect power cord.

Remove belt guard. Remove hoses from top and rear of
blower.

Loosen blower mounting screws. Slide blower left and slip
belt off pulley (Figure 6-6).

NOTE
Do not loosen blower pulley from shaft.
Replacement blowers have pulley properly
located on shaft.

Remove capacitor chassis mounting screws in front of
power pack assembly. Position chassis towards
transformer.

Remove blower mounting screws and remove blower.

Install replacement blower.

Reassemble in reverse order (steps 3 through 6).

Exert about 111.2 N (25 1lb) of force on blower while
tightening the three blower mounting screws to tension
the belt. A slot is provided in the mounting plate to
pivot a large screwdriver against the blower housing for

tensioning the belt.

Attach hoses to top and rear of blower and assemble belt
guard.

Connect the power cord and turn transport power on at the
power controller.

Perform system vacuum adjustment (Paragraph 3.6.1).

Perform takeup reel vacuum adjustment (Paragraph 3.6.2)



6.2.12

Compressor Removal and Replacement

Use the following procedure to remove and replace the compressor.

11.

12.

13.

Turn transport power off at the cabinet power controller
and disconnect the power cord.

Remove belt guard. Remove tubes from top of compressor.

Loosen compressor mounting screws. Slide compressor left
and slip belt off pulley.

Remove pulley from compressor.

Remove capacitor chassis mounting screws in front of
power pack assembly and position chassis towards
transformer.

Remove compressor mounting screws and remove compressor.
Transfer fittings to replacement compressor.
Install replacement compressor.

Reassemble in reverse order using steps 3 through 6 and
setting pulley position according to Figure 6-6.

Exert about 111 N (25 1lb) force on compressor while
tightening the four compressor mounting screws to tension
the belt. A slot is provided in the mounting plate to
pivot a large screwdriver against the compressor housing
for tensioning. -

Attach tubes to the top of compressor. Manually rotate
motor pulley clockwise and make sure compressor belt does
not overhang pulleys; readjust compressor pulley if
necessary.

Connect power cord and turn transport power on at the
power controller.

Perform the following related adjustments.
Air bearing pressure adjustment (Paragraph 3.6.3)

Thread block and cartridge pressure adjustment (Paragraph
306.4) -



6.2.13 Air valve Solenoid Replacement

When replacing the solenoid on either the vacuum or pressure
transfer valve assembly, adjust it according to the following
procedure.

1. Loosen the solenoid mounting screws slightly to allow
free movement.

2. Turn transport power off.

3. Ground the appropriate test point to TP49 to enable
solenoid current.

Vacuum transfer valve Control M2, TP72 (NXFR)
Pressure transfer valve Control M2, TP51 (NPOL)
4. Turn transport power on. The solenoid should be

energized.

5. With the solenoid energized and the valve poppet pulled
in, grasp the solenoid body and apply pressure away from
the valve body until no movement of the actuator rod is
detected. Tighten the mounting screws without relaxing
pressure.

6. Remove the ground jumper.
6.2.14 Printed Circuit Board Assembly (PCBA) Removal and
Replacement
The procedures necessary to remove and replace all PCBAs are
listed in the following nine paragraphs.
6.2.14.1 Multiple Interface Adapter PCBA (Slot 1)
1. Turn transport power off.
2. Remove the PCBA retainer clip (Figure 2-6).
3. Remove the three cables from jacks J1 through J3.

4. Grasp the edges of the PCBA and pull straight out of the
interconnect D1 backplane.

5. Set the transport serial number for the new MIA PCBA by
noting the position of the 16 DIP switches (U125, U135)
on the old MIA PCBA and sliding the new ones so they are
identical (Figure 3-15).

6. Insert the new PCBA and reconnect the three cables. Make
sure maintenance switch S4 is to the left (auto).



Install the PCBA retainer clip.
Turn transport power on.

Run the appropriate diagnostics to confirm transport
operation.

Read PCBA (Slot 2)
Turn transport power off.
Remove the PCBA retainer c¢lip (Figure 2-6).

Pull the read PCBA straight out of the interconnect D1
backplane.

Remove the read data cable from J4.

Plug the read data cable into J4 of the new read PCBA and
insert it into the backplane.

Install the PCBA retainer clip.

Turn transport power on.

Perform the PE gain adjustment (Paragraph 3.10.3).
Run the in-line exerciser (ILEXER) for 15 minutes.
Write PCBA (Slot 3)

Turn transport power off.

Remove the PCBA retainer clip (Figure 2-6).

Remove the write data cable from Jé6.

Remove the AMTIE cable from J25.

Pull the PCBA straight out of the interconnect D1
backplane and insert the replacement PCBA in its place.

Reconnect the write and AMTIE cables.

Install the PCBA retainer clip.

Turn transport power on,

Perform the read/write adjustments (Paragraph 3.164).

Run ILEXER for 15 minutes.



6'2.14.4

14.

6.2.14.5
1.

2.

Control M2 PCBA (Slot 4)

Turn transport power off.

Remove the PCBA retainer clip (Figure 2-6).
Remove the control cable from J140.

Pull the PCBA straight out of the interconnect D1
backplane.

Make sure jumpers W1l through W18, on the new PCBA, are
configured according to the original PCBA. (Refer to
Volume 1 of the TU78 Magnetic Tape Transport Technical
Manual, Figure 13, sheet 2, Schematic Number 106875,
Table II, Version -- 12).

Insert the new PCBA and reconnect the control cable.
Install the PCBA retainer clip.

Switch S1 on the new PCBA should be 1in the center
position.

Turn transport power on.

Run the appropriate diagnostics to confirm transport
operation.

Capstan Servo PCBA (Slot 5)
Turn transport power off.

Use the 5/32-inch ball-end driver and extension to
unscrew, but not remove, the six hex-cap screws holding
the PCBA heat sink to the card cage heat sink at the
rear.

Pull the PCBA out of the card cage. Some rocking action
may be needed to free the heat sink due to adhesion of
the thermal compound.

Spread a thin film of thermal compound on the mating
surface of the new PCBA and install it. Tighten screws
securely.

Turn transport power on.



7.

6.2.14.6

Perform the following checks/adjustment procedures.
TU78 power distribution (Paragraph 3.3)

Capstan servo adjustments (Paragraph 3.7)

PE gain adjustment (Paragraph 3.10.3)

Run appropriate diagnostics to «confirm transport
operation.

Reel Servo PCBA (Slot 6)
Turn transport power off.

Remove the eight connecting wires at the bottom of the
PCBA.

Use the 5/32-inch ball-end driver and extension to
unscrew, but not remove, the six hex-cap screws holding
the PCBA heat sink to the card cage heat sink at the
rear.

Pull the PCBA out of the card cage. Some rocking action
may be needed to free the heat sink due to adhesion of
the thermal compound.

Spread a thin film of thermal compound on the mating
surface of the new PCBA and install it. Tighten the
screws securely.

Replace the eight connecting wires.

Turn transport power on.

Perform the following checks/adjustment procedures.

Reel servo adjustments (Paragraph 3.8)
Dynamic brake check (Paragraph 5.7.1)

Run appropriate diagnostics to confirm transport
operation.

GCR/PE Preamp 1 PCBA
Turn transport power off.

Open transport front door and buffer box door. Swing base
assembly out.

Unplug the read data cable from J902 on the preamp PCBA.

Unplug the write data cable from J6 on the write PCBA.



19.

6.2.14.8

Free the write data cable from all retaining clamps.

Remove the four screws holding the preamp PCBA to its
mounting bracket and rotate the board away from the
bracket while releasing the read/write connectors at the
rear of the head assembly. Unplug erase head wires from
pins J995 and J906.

Pull PCBA and cable out of base assembly.

Install the new PCBA in reverse order making sure the
phenolic insulator is between PCBA and bracket. Note the
white erase head lead connects to J905 and the black lead
to J906.

Perform the following adjustments.

Read/write head skew (Paragraph 6.2.1, steps 7 through

14)
Read/write adjustments (Paragraph 3.10)

Run ILEXER for 15 minutes to confirm transport operation.
Interconnect F1 PCBA

Turn transport power off.

Swing base assembly out.

Disconnect flat cable from J21 on interconnect Fl.

Record wire color and connection point of all wires
making connection at TB1l, TB2, TB3, and TB4. Remove
wires.

Remove PCBA from base assembly by alternately unscrewing
the four retaining screws no more than two turns each, in
rotation, around the PCBA until all are free.

CAUTION
The screws are held captive to the PCBA
spacers. If each screw is completely
removed, independent of the others, the
PCBA undergoes a torsional strain which
may fracture etched conductors.

Install new PCBA in reverse order noting the procedure
and caution in step 5.



8.

6.2.14.9

19.
11.

12.

Perform the following adjustment procedures.

EOT/BOT (Paragraph 3.4)
Low tape sensor (Paragraph 3.5)
Tape loop position and gain (Paragraph 3.8.4)

Run appropriate diagnostics to <confirm transport
operation.

Interconnect D1 PCBA
Turn transport power off at the power controller.

Remove all card cage PCBAs according to Paragraphs
6.2.14.1 through 6.2.14.6.

Open cabinet rear access door.

Remove the large metal plate below the exhaust fan
assembly.

Remove plastic shield over terminal strip TBl at the rear
of interconnect D1 PCBA.

Record wire color of wires connecting to TBl. Remove
wires.

Remove flat cable from J24 on interconnect D1.

Remove seven cap-head retaining screws and pull PCBA out
of the front of the cabinet.

The new PCBA has two jumpers (W1l and W2) between J281 and
J204. Cut jumper W2.

Install new PCBA in reverse order.
Reinstall all card cage PCBAs.

Run appropriate diagnostics to confirm transport
operation.






ACRC

address

AMTIE
ANSI
ARA

architecture

ASCII

asynchronous

ATTN
BAL
BCD
BCTC
bit

bit/in

block

APPENDIX A
GLOSSARY

Address lines or address on address
lines

Auxiliary cyclic redundancy check
character

A specific memory or peripheral
register location

Amplitude track in error
American National Standards Institute
Automatic read amplification

The internal configuration of a
processor, system, or subsystem

American Standard Code for
Information Interchange

A mode of operation scheduled by
ready and done signals rather than by
time intervals

Attention

Byte assembly logic (M8959)

Binary coded decimal

Byte count terminal count

A binary number, either ¢ or 1

Bits per inch
(also known as characters per inch)

A record (sometimes considered to be
multiple records within a file)



BOT

buffer

bus

byte

character

char/in

CLK
CLR

command

CPU

CRC (C)

C TOD

D

data group

DDR

decoder

DEM

Beginning of tape

A temporary storage area or an
isolating circuit used to avoid
distortion of the input signal by the
driven circuit or transmission line

A group of signal lines that convey
information from source to
destination. There may be many
destinations, but only one source at
a given time.

A word consisting of eight bits

A single letter, numeral, or symbol
used to represent information

Characters per inch (also known as
bits per inch)

Clock

Clear

A word, byte, or portion of a byte
that causes a predefined operation to
be performed

Central processor unit (This is the
8085 microprocessor chip relative to
the TS78 controller.)

Cyclic redundancy check (character)
Controller To Drive

Data lines or data on data lines

In GCR mode, seven data characters
plus an ECC character combined as a
group prior to translation. Consists
of two data subgroups.

Diagnostic data register

A device that detects a certain
specific address and produces a

corresponding single output

Demand



density

DMA

down-line load

drive

DS
8MC
EBL
EC
ECC

ECC character

Ecode

EOT
EXC
Fc/In
FIFO

file

file gap

FMK

format

The nominal distribution per unit
length of recorded information,
usually expressed in bits or
characters per inch

Direct memory access. A process
whereby data is transferred rapidly
into RAM by the host computer without
microcomputer control.,

See DMA.

Combination of a formatter and one
transport

Drive select

8085 microcomputer (M8972)

End of block

Exrror correction

Error correcting code (M8951)

A special error correcting code
character on tape, used for error

detection and correction

Error code. This code is developed in
the write microcontroller and sent to
the microcomputer on demand.

End of tape

Exception

Flux changes per inch

See Shift Register.

A logical collection of data treated
as a unit. A file may consist of one
or more records or blocks on tape.

A special extended, erased portion on
tape just prior to the file or tape
mark record

File mark (also tape mark)

The entire set of unique parameters
used to define the recording mode
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fr/in Flux reversals per inch

FWD Forward

GCR Group-coded recording

GCTC Group count terminal count

group See Data Group or Storage Group.
group-coded recording A recording technique that collects

groups of characters and translates
or encodes them prior to putting them

on tape
HHT Handheld terminal
HLD A Hold acknowledged
hold A state in which the microcomputer

may be placed during a host-to-RAM
DMA transfer

HSC Hierarchical storage controller

IBG Interblock gap (See Interrecord Gap.)
IC Integrated circuit

IDB Identification burst

ILR Illegal register

ILEXER In-line exerciser

ILTAPE In-line tape diagnostic

INIT Initialize

initialize To set certain logic elements to a

known state, or to set program
variables to their starting values
prior to issuing a subsystem command

in/sec Inches per second

interrecord gap A blank space deliberately erased
between data records on tape

interrupt A hardware signal that causes the

microprocessor to jump to a specific
subroutine



interrupt service routine

1/0

1/0 page

IRG

latch

LSB

LSI
MIA

microcomputer

microcontroller

microprocessor

microprogram

MM I/0

modulo

monitor

The routine or subroutine executed
when an interrupt occurs.

Input/output

That portion of memory in which
specific locations are associated
directly with subsystem peripheral
device registers

Interrecord gap

A circuit that, when triggered,
stores whatever appears on its inputs
and holds it. When not triggered, the
output reflects the input.

Least significant bit or least
significant byte

Large scale integration
Magtape interface adaptor

A class of computer having all major
central processor functions, memory,
and control circuitry self-contained
on a single printed circuit board. A
microcomputer usually employs a
mircroprocessor chip.

A semi-intelligent set of logic that
performs simple control functions
directed by a microprogram

A single LSI circuit that performs
the functions of a CPU

A program implemented in microcode
for a microprocessor or
microcontroller. A microprogram may
reside in ROM or RAM.

Memory-mapped I/0

A mathematical operation that yields
the remainder function of a division

The master control program that
interprets subsystem commands and
schedules internal operations within
the TS78, and external operations
within the tape transport
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MSB

NED
NEF

nibble

NRZI

pad character

page

parity bit

PCBA

PE

peripheral

polling

port

postamble

preamble

priority

Most significant bit or most
significant byte

Nonexistent drive
Nonexecutable function

The low-order or high-order 4-bit
half of one byte

Nonreturn to zero indiscrete

A null or zero character in the
residual data group

A set of 32K contiguous byte
locations.

A binary digit appended to a group of
bits to make the sum of all the bits
always odd (odd parity) or always
even (even parity). The parity bit is
used to verify data integrity.

Printed circuit board assembly
Phase encoding

In the TS78, any device (register)
responding to an address in the I/0
page

A process in which the microcomputer
interrogates certain command or
status registers one at a time to
determine if service is required

A place through which input/output
data is channeled

Groups of special characters recorded
on tape at the end of a data record
for synchronization

Groups of special characters recorded
on tape at the beginning of a data
record for synchronization

The order in which the microcomputer
satisfies simultaneous interrupt
requests



program

program counter

PROM

protocol

RAM

RC

read/write memory

read-only memory

record

register

resident

REV
RMC
ROM
RP

RS

A set of sequential instructions that
a microprocessor or microcontroller
follows

A special register in the
microprocessor or microcontrollers
that points to the location in memory
of an instruction to be executed

Programmable read only memory

The set of system or subsystem rules
that define handshaking on a bus

Random access memory (See Read/Write
Memory.)

Read channel (M895@)

A RAM in which each cell may be
selected by applying appropriate
electrical input signals. The binary
state of the cell may be either (1)
sensed at appropriate output
terminals, or (2) changed in response
to other similar electrical input
signals.

A memory in which the contents are
not intended to be altered during
normal operation

A group of multiple characters on
tape, taken in succession. Records

are separated on tape by interrecord
gaps.

A device that stores data

Present in the subsystem or its
memory

Reverse

Read (path) microcontroller (M8953)
See Read-Only Memory.

Read path

Register select



R/W
RWND

scratchpad

shift register

skew

SN

stack

storage group

STI

subgroup

subroutine

synchronous

system

TACH

tape mark

TC

TCU

Read/write
Rewind

An area of RAM memory set aside for
short and often-repeated ' '
calculations, or temporary storage

A memory in which data enters
serially and shifts to successive
storage locations. Data may be read
when it has sequentially shifted to
the output (also known as a FIFO).

The deviation of bits within a tape
character from the intended or ideal
placement, which is perpendicular to
the reference edge

Serial number

Storage in RAM memory for data during
subroutines or interrupts

Ten tape characters created from the
8-character data group via the record
code value translation

Standard tape interface

One half of a data or storage group
A program within a program that
performs a specific, often-used
function

Simultaneous performance of a
sequence of operations controlled by
an external clock

The TS78 microcomputer and its
peripherals constitute the formatter
control system.

Tachometer

A special control record on tape
which serves to separate files

Terminal count

Tape control unit



™™

total character skew

TRA

trap

tri-state

TUP
vVCO

vector

WCS

WD
WDS
WMC

Word

XMC

Tape mark (also known as file mark)

The deviation, during reading, from
time coincidence of the bits within a
recorded character; the sum of static
skew and dynamic skew

Transfer

An urgent microprocessor interrupt
used to flag a power failure or
system monitor parity error

The property of a bus signal line to
be placed in a dissociated
(high-impedance) state, as well as
the common HI or LO state

Tape unit port (M8955)
Voltage-controlled oscillator

A specific address loaded into the
microprocessor's program counter to
force it to start processing at that
address

Writable control store; RAM storage
area that may be overwritten with
microprogram information

Write data

Write data strobe

Write microcontroller (M8959)

Any group of bits indicating a single
number or expression

Translator microcontroller (M8958)






APPENDIX B
EXTENDED STATUS BYTES

B.1 INTRODUCTION

This appendix lists the bytes in the extended drive and extended
formatter status areas. These bytes are accessible via the HSC and
the ASCII port. The HSC may request the bytes in any area as a
group. In the 1listing, the byte number identifies the order in
which the TA78 transmits these bytes to the HSC. via the ASCII
port, these bytes may be accessed individually with the parameter
addresses listed.

Hardware registers are the source for many extended drive status
bytes. The microbus addresses listed are the 8¢85 I/O locations of
these registers. Bytes that do not have a microbus address listed
come from RAM locations in the M8972 module. This is the case for
all bytes in the extended formatter status area.

B.2 EXTENDED DRIVE STATUS

Byte number 1

Parameter address 24

Name -- (Diagnostic mode status byte 1)

Microbus address -
Register location -

Bit Name Description

7:0 - With TA78 in diagnostic mode, byte 1 is one of
two status bytes for classifying soft errors.
One of 6 codes, listed and defined below, may
appear in this byte. In normal operation, byte
l is a @ (see note below byte 4).

Partial Diagnostic Mode Soft Error Status

Code Meaning

09 No soft error (see note 2).
g7 Other (write)

@E Status (read)

16 Status (read reverse)

2D Transmission (read)

35 Transmission (read reverse)



NOTES :

1. Status (read and read reverse) -- successful operation after
retries.
Other (write) -- write retry succeeded 1in same physical

location that previous write retry failed.

2. Bytes 1 and 2 must contain @s to indicate no soft error.

Byte number 2
Parameter address 25
Name -- (Diagnostic mode status byte 2)

Microbus address -
Register location -

Bit Name Description

7:0 - With TA78 in diagnostic mode, byte 2 is 1 of
2 status bytes for classifying soft errors.
One of 8 codes, defined below, may appear in
this byte. In normal operation, byte 2 is a
(see note below byte 4).

Partial Diagnostic Mode Soft Error Status

Code Meaning

aa No soft error

g1 Double track correction (read)

g2 Double track correction (read reverse)
g3 Single track correction (read)

g4 Single track correction (read reverse)
g8 Media

@D Other (read)

15 Other (read reverse)

NOTES

1. Other (read and read reverse) -- successful operation without

error correction, but with interesting occurrence (AMTIE or
PHTIE flag).

2. Bytes 1 and 2 must contain 0s to indicate no soft error.

Byte number 3
Parameter address 26
Name -- (Diagnostic mode status byte 3)

Microbus address —_—
Register location -

Bit Name Description

7:0 —— This byte is reserved for future
use and is always a #.



Byte number 4
Parameter address 27
Name -~ (Diagnostic mode status byte 4)
Microbus address -
Register location -

Bit Name Description

7:0 -— This byte is reserved for future
use and is always a 0.

NOTE: When a non-zero value appears in byte 1 or two, the TA78
does not update bytes 5 and above in an extended drive status
area. The TA78 then transmits only the first 4 bytes of the
requested extended drive status area to the HSC.

Byte number 5
Parameter address 28
Name OPSAV

Microbus address -
Register location -—

Bit Name Description

7:0 -- Last STI level 2 command to begin
execution before error detection.
The table below identifies each
available code and its meaning.

Command

Code Meaning

41 Clear drive errors

42 Clear formatter errors

44 Disconnect

47 Get formatter
characteristics

48 Get summary status

4B Initiate rewind

4D Position tape

4R Set unit execution mode

50 Set byte count

53 Write tape mark

55 Data error recovery

ca Change controller flags

C3 Diagnose

C5 Get extended drive
status



Byte number
Parameter address
Name

Microbus address
Register location

Bit Name

7:0

Byte number
Parameter address
Name

Microbus address
Register location

Bit Name

7 Critical error
6 Data available
5:3 Fault number

2 -

1:0 -—

6
29
ERRNUM

7
2A
ERRN1

Command

Code Meaning

C6 Get formatter error log
Cc9 Get unit characteristics
CA Erase gap

CC Online

CF Read memory

D1 Set unit characteristics
D2 Topology

D4 Write memory

(Error number low byte)

Description

Eight least significant bits of
190-bit identification number.
(Refer to Paragraph B.3.1)

(Exror number high byte)

Description

True if error is critical;
transport should be removed from
service. This bit is forced to @
for error that occurs while
operational code is running.

True if data generated by
diagnostic code is available. This
bit is forced to @ for error that
occurs while operational code is
running.

Indicates one of six areas in the
formatter that may have caused a
potentially fatal error. (Refer to
Table 4-1)

When 1, indicates operational
error.
When @, indicates diagnostic
error.

Two most significant bits of
190-bit error identification
number. (Refer to Paragraph B.3.1)

B-4



Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit

7:0

Name

Write fail 7:0

Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit

7

Name

Velocity ok

Status valid

Preamble error

Data ready

Beginning of
preamble

Clock stopped

8

2B

RPFAIL (RMC write fail bits)
g0-R

M895@s (RC3) via M8953 (RP6)

Description

These are write fail bits from
read channels 7--0. Write fail
is an OR of certain error
conditions, namely:

Illegal 5-to-4 translation

AMTIE

‘PHTIE

Pointer mismatch
9
2C
RPATH (Read path status)
g1l-R

M8953 (RP6)
Description
True if velocity is within 10% of
125 in/sec or jam velocity ok bit
is set (RPCTL, Q9-W bit 2).

Indicates M8953 status is valid
(set after @#.1 inch gap found).

True if preamble had AMTIE.

Goes false when M8953 asserts
data ready to M8951.

True when read path senses that
the preamble has just passed the
read head.

True if read path clock is
stopped.

Statistics select True if TIE bus statistics are

Write fail P

being sent to TIE bus.

Indicates illegal 5 to 4, AMTIE,
PHTIE, or pointer mismatch for
parity bit.



Byte number
Parameter addr
Name

Microbus addre
Register locat
Bit Name

7:0 RMC

Read Path Micr
Status
Status from EC

41
42

Status from an

43
44

Status from an
46

Status from a
by microcode

1
81

Status from a
88
89
8A

Status from a
burst

90
Status from a

92

A
ess 2D
RSTAT (RMC status byte)
Ss #2-R
ion(s) M895@s via M8953 (RP4)
Description
status 7:0 This byte contains the read path

microcontroller status codes. The
following table identifies each
code and its meaning.
ocontroller Status Codes
Meaning

C self-test command

ECC controller passed self-test.
ECC controller failed self-test.

M8953 self-test

Read path passed self-test.
Read path failed self-test.

M8950 self-test command
Read channel tests all passed.
clear all test command for velocity testing of drive
First tach pulse
Last tach pulse (eleventh; ten spaces)
sample density command
NOT CAPABLE found.
GCR ID found.

PE ID found.

write test of I1BG, PE ID, GCR ID, ARA ID, or ARA

Bad status (write test).
tape mark test command

Good tape mark found on tape status.



Status resulting from a non-BOT command (read or write FWD or REV,
GCR or PE)

98 ARA ID found (not record or tape mark).

99 Tape mark found.

aC Preamble end not found.

9D Read path fault 1, too many M895@s have
been fataled to continue record processing.

9E Read path fault 2, 7 or more M8950 modules
found illegal 5-to-4 translations.

Al Unexpected IBG in data; probably creased
tape (seven or more AMTIES active).

Bl Postamble long.

B2 Postamble short.

FF OK

Byte number B

Parameter address 2E

Name RCMLP (RMC command loop back)

Microbus address @3-R

Register location(s) M8953 (RP6)

Bit Name Description

7:0 Command 7:0 Contains the last command sent to

the M8953 via RCMD (address @(JB-W) .
The table below identifies each
code and its meaning.

Command

Code Task

g0 NOP

g1 Interblock read

g2 Test PE ID burst

@3 Test GCR ID burst

g4 Test ARA ID burst

@5 Test tape mark

g6 Test ARA burst

a7 Normal non-BOT read

78 Run RMC self-test

39 Test unknown ID burst

gA Run read channel
micro's test

gB Diagnostic read
command

gc Run read channel
self-test

@D Run clear all RMC
test program

gE Run ECC self-test
program

gF Find gap



Byte number C

Parameter address 2F

Name RAMT (Read channel AMTIE status)

Microbus address 19-R

Register location(s) Tape transport via M8955, M8958¢, and

M8953

Bit Name Description

7:0 AMTIE 7:0 This byte reflects the state
of the AMTIE lines for channels 7
through 4.

Byte number D

Parameter address 30

Name RDON (Read channel done status)

Microbus address 11-R

Register location(s) M895@s wvia M8953

Bit Name Description

7:0 Done 7:0 A given bit is false if the
associated M8950 has completed
its assigned task.

Byte number E

Parameter address 31

Name RILL (Read channel illegal status)

Microbus address 12-R

Register location(s) M895@ via M8953

Bit Name Description

7:0 Illegal 7:0 A given bit is true if the
associated M8950 indicates the
following.
GCR
Data contained an illegal 5-bit
code which was either an error or
a tape format control character.
PE
Data error occurred such as no
bit time phase transition.

Byte number F

Parameter address 32

Name RMK2 (Read channel mark 2 status)

Microbus address 13-R

Register location(s) M8950s via M8953



Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:9 END 7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Description

When true, indicates that the
associated M8950 has detected

a Mark 2 tape format control
character. If the corresponding
illegal 5-to-4 bit is set (RILL

7:98), a Mark 2 was detected during

5-to-4 conversion.

19

33

REND (Read channel end status)
14-R

M8950s via M8953

Description

End Mark for read channels
g handhand 70

11

34

RPSTA (Read channel parity status)
15-R

M895@ parity module

Bit Name Description

7 Corrected data P Contains ECC module corrected
output data for parity bit.

6 Data P Contains M895% data output for
parity bit.

5 Post P Indicates PE postamble for
parity bit.

4 End P Indicates End Mark for parity
bit.

3 Mark 2 P Indicates Mark 2 for parity
bit.

2 Illegal P Indicates illegal 5-to-4 fecr
parity bit.

1 Not done P Parity M8950 not done.

2 AMTIE P Weak amplitude on parity bit.



Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:0 Postamble 7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:0 Data 7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:0 CRC 7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7:0 Corrected
data 7:90

Byte number
Parameter address
Name

Microbus address
Register location(s)

12

35

RPOSTN (Read channel PE postamble detect)
16~-R

M8950s via M8953

Description

In PE, contains the inverted
data for the byte prior to the
one currently on the data lines
(RC3 D(N) H). Used for PE
POSTAMBLE detection.

Not used in GCR.

13

36

RDATA (Read channel data)
17-R

M8950s via M8953

Description

Contains data output from read
channels 7--¢ to ECC module.

14

37

CRCWRD (CRC byte)
18-R

M8952 (CRC3)

Description

These are CRC checker output

bits.
15
38
ECCOR (Corrected data)
19-R

M8951 (EC5)
Description

Contains corrected data output
from ECC module to CRC module.

16

39

ECCSTA (ECC status byte)
1A-R

M8951 (EC5)

B-10



Bit

Byte number
Parameter address

Name

Microbus address(es)
Register location(s)

Bit

7

Name
CRC error

ECC ROM parity
error

AMTIE occurred

ACRC error

Pointer mismatch
Uncorrectable
Two-track error

correction

Single-track
error correction

Name

CH1 TIE bus 3

CH1 TIE bus 2

CH1 TIE bus 1

CH1 TIE bus 0

CH@ TIE bus 3

17
3A

Description
Indicates CRC did not check.

Indicates M8951 program parity
error.

Indicates AMTIE occurred during
data portion of record.

Indicates ACRC did not check.

Indicates the track in error did
not have a pointer.

Indicates ECC could not correct
data error.

Indicates two-track error
correction was performed on data.

Indicates single-track error
correction was performed on
data.

(Read channels @ and 1 TIE)
2¢0-R and 21-R
M895@s channels @ and 1

Description

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)

AMTIE
PHTIE
If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
regigster is ORed into this bit.)



Bit

Name

Byte number
Parameter address

Name

CH@ TIE bus 2
CH@ TIE bus 1

CH@ TIE bus @

Microbus address(es)
Register location(s)

Bit

7

Name

CH3 TIE

CH3 TIE

CH3 TIE

CH3 TIE

CH2 TIE

CH2 TIE

CH2 TIE

CH2 TIE

bus

bus

bus

bus

bus

bus

bus

bus

18
3B

Description
AMTIE
PHTIE

If statistics = @, indicates
pointer mismatch in GCR and
@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

(Read channels 2 and 3 TIE)

22-R and 23-R
M8950s channels 2 and 3

Description

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)
AMTIE

PHTIE

If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)
AMTIE

PHTIE

If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).



Byte number
Parameter address
Name

Microbus address(es)
Register location(s)

Bit Name

7 CHS5 TIE
6 CH5 TIE
5 CH5 TIE
4 CH5 TIE
3 CH4 TIE
2 CH4 TIE
1 CH4 TIE
) CH4 TIE

Byte number
Parameter address
Name

bus

bus

bus

bus

bus

bus

bus

bus

Microbus address(es)
Register location(s)

19
3C

(Read channels 4 and 5 TIE)

24-R and 25-R
M8950s channels 4 and 5

1A
3D

Description

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)

AMTIE
PHTIE
If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)
AMTIE

PHTIE

If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

(Read channels 6 and 7 TIE)

26-R and 27-R
M8950s channels 6 and 7



Bit Name

7 CH7 TIE bus 3
6 CH7 TIE bus 2
5 CH7 TIE bus 1
4 CH7 TIE bus 0
3 CH6 TIE bus 3
2 CH6 TIE bus 2
1 CH6 TIE bus 1
) CH6 TIE bus ¢

Byte number
Parameter address
Name

Microbus address(es)
Register location(s)

Bit Name

7:4 TIE bus

3 CHP TIE bus 3
2 CHP TIE bus 2

1B
3E

Description

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)
AMTIE

PHTIE

If statistics = @, indicates
pointer mismatch in GCR and
@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)
AMTIE

PHTIE

If statistics = @, indicates
pointer mismatch in GCR and

@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

(Read channel P TIE and TIE bus)

28-R and 30-R
M895¢0 channel P and M8953

Description

Reads TIE bus without enabling
any read channel modules. If jam
TIE bus (address 09-W bit 7) is
set, then the value written into
address @PA-W is read.

Indicates illegal 5-to-4 in GCR,
and dead track in PE. (Bad track
register is ORed into this bit.)

AMTIE



Bit Name Description

1 CHP TIE bus 1 PHTIE

%) CHP TIE bus 0 If statistics = ¢, indicates
pointer mismatch in GCR and
@ in PE.

If statistics = 1, indicates any
pointer occurred (GCR and PE).

Byte number 1C
Parameter address 3F
Name TAMT (AMTIE byte)
Microbus address 44-R
Register location(s) M8955 (TUP 2, 4)
Bit Name Description
7:0 AMTIE 7:0 This byte reflects
information on TU bus lines
AMTIE 7:0 L.
Byte number 1D
Parameter address 40
Name PSTAT (Tape unit port status)
Microbus address 48-R
Register location(s) M8955 (TUP 2, 4)
Bit Name Description
7 Status parity Indicates a parity error has
erroxr occurred when reading a TU78
register over the WCS lines.
6 Write data Reflects the state of the TU bus
strobe line WDS.
5 Command parity Indicates the TU78 has detected
error a parity error on the WCS lines
during a TS78 command or command/
status address write.
4 Tape unit Indicates that a TU78 transport
present is physically cabled to this TU
port.
3 Tachometer Reflects the state of the TU
bus line TACH.
2 WCS parity Reflects the state of the TU

bus line WCS P.



Bit

Name

Read parity

AMTIE parity

Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit

7:0

Name

Read data 7:0

Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit

7

Description

Reflects the state of the TU
bus line RD P.

Reflects the state of the TU
bus line AMTIE P.

1E

41

PRDD (TU port read data)
4C-R

M8955 (TUP 2, 4)

Description

This byte reflects information
on TU bus lines RD 7:0 L.

1F

42

PERI (STI bus errors)

81

M8971
Name Description
Level 1 protocol Indicates that after first frame
error of level 2 message, a received

CROM pafity
error

Data late

Control parity
error

hamming code is not recognized as
valid continue or end code

Indicates M897@ program parity
error

Indicates one of three
occurrences. An attempt was made
to retrieve data from the PM FIFO
that was not available. An attempt
was made to store data in the PM
FIFO before the input was ready.
Or in autoshift mode, new data
loaded into the hold register
before the PM FIFO could accept
the previous data.

Indicates parity error or
synchronization error detected on
real-time controller-state line.

A parity error applies to the
status bits. A synchronization
error applies to the pattern of
eight @s and a 1 before the status
bits.
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Bit Name Description

3 Data pulse Indicates missing pulse on
error write/command data line. That is,
two positive pulses appear with no
negative pulse in between, or two
negative pulses appear with no
positive pulse in between.

2 Control pulse Indicates missing pulse on
error real-time controller-state line.
This error is analogous to a data
pulse error.

1 Cable not Indicates that there is no cable
present present between the TS78 logic
gate and the TS78 control panel.

0 -- Not used

Byte number 29

Parameter address 43

Name WMCSTA (Write microcontroller status)
Microbus address D@-R

Register location(s) M8959 (WMC1)

Bit Name Description

7 XMC not done If ¥, translator microcontroller

is done writing postamble and
waiting to be serviced. 1If 1,
translator is busy.

6 WMC not done If 0, write microcontroller is
done writing PE data or GCR data
groups. (Used in diagnostic
single-step mode; normally
appears for 110 ns.) If 1, write
microcontroller busy or idle.

5 Transfer Shifts one nibble on WMC DR bus
into translator.

4 ECC to WMC DR Gates HI or LO nibble of ECC

bus character to WMC DR bus.

3 CRC to WMC DR Gates HI or LO nibble of CRC

bus character to WMC DR bus.

2 ACRC to WMC DR Gates HI or LO nibble of ACRC

bus character to WMC DR bus.



Bit Name

1 Residual to WMC
DR bus

3 XMC WCLK

Byte number

Parameter address

Name
Microbus address

Description

Gates HI or LO nibble of
residual character to WMC DR
bus.

Reflects true state of
translator write clock pulse
(119 ns at normal speed).

21

44

TUSEL@ (Tape unit port @/1 select)
D1-R

Register location(s)

Bit

7

Name

Single tape
unit port

Byte count

terminal count

TU port @
read path enable

TU port 1
read path enable

TU port @ write
path enable

TU port 1 write
path enable

Tape unit select
1:0

M8955 (port @/1 slot 08)

Description

If 9, both TUP modules are
installed in backplane slots

g8 and @9.

If 1, only one TUP module is
installed in backplane slot 8.

If @, write microcontroller count
terminal count (BCTC) is asserted.
If 1, BCTC is unasserted.

When true, indicates that the
read path for tape unit port ¢
is enabled.

When true, indicates that the
read path for tape unit port 1
is enabled.

When true, indicates that the
write path for tape unit port
g is enabled.

When true, indicates that the
write path for tape unit port
1 is enabled.

A 2-bit binary field that
reflects the tape unit port
currently selected by the TUSEL
register (E@-W bits 1:0).



Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7, 6 -

5 TU port 2
read path
enable

4 TU port 3
read path
enable

3 TU port 2
write path
enable

2 TU port 3
write path
enable

1, @ Tape unit

select 1:0

22

45

TUSEL1 (Tape unit port 2/3 select)
D2-R

M8955 (port 2/3, slot 09)

Description
Not used.

When true, indicates that the
read path for tape unit port 2
is enabled.

When true, indicates that the
read path for tape unit port 3
is enabled.

When true, indicates that the
write path for tape unit port
2 is enabled.

When true, indicates that the
write path for tape unit port
3 is enabled.

A 2-bit binary field that
reflects the tape unit port
currently selected by the TUSEL
register (EQ@-W bits 1:0).

NOTE

This byte is valid only when two TU port
modules are present in the system (i.e.,

TUSEL®,

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:0 DR D7:0 H

Byte number
Parameter address
Name

Microbus address
Register location(s)

bit 7 = 0.)

23

46

WRTDAT (write data)
D3-R

M8959 (WMC 1)

Description

Looks at write or read data on
the intermediate DRD bus.

24

47

-- (Byte counter 1lo)
D4-R (first read)
M8959 (WMC 1)



Bit Name
7:0 Byte count
7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7:0 Byte count
15:8

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7:0 Pad count
7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7:0 Pad count
15:8

Byte number
Parameter address
Name

Microbus address
Register location(s)

Description

Low byte of the write micro/byte
assembly byte counter word. The

first read of location D4 yields
this byte.

25

48

-- (Byte counter hi)
D4--R (second read)
M8959 (WMC 1)

Description

High byte of the write micro/byte
assembly byte counter word. The
second read of location D4 yields
this byte.

26

49

-- (Pad counter 1lo)
D5-R (first read)
M8959 (WMC1)

Description

Low byte of the write micro/byte
assembly pad character counter
word. The first read of location
D5 yields this byte.

27

4A

—— (Pad counter hi)
D5-R (second read)
M8959 (WMC1)

Description

High byte of the write micro/byte
assembly pad character counter
word. The second read of location
D5 yields this byte.

28

4B

-- (Error code counter 1lo)
D6-R (first read)

M8959 (WMC1)



Bit Name
7:0 Error code
7:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7:0 Error code
15:8

29
4C

—_—

Description

Low byte of write micro/byte
assembly error code count. The
first read of location D6 yields
this byte. (See byte 29 for Ecode
counter values.)

(Error code counter hi)

D6-R (second read)
M8959 (WMC1)

Description

High byte of write micro/byte
assembly error code count. The
second read of location D6 yields
this byte.

Ecode counter is normally set to
zero at the start of an
operation.

Ecode counter values when read
at the completion of an
operation:

Bit

Value Error Indication

) Operation completed
successfully.

-1 Read skip count >4 in
@ core dump, >3 in 10
compatible, or >8 in
13 high-density
compatible.

-2 Read skip count >1 in
11 normal or 15 normal.

-3 Format code >6.

-4 WMC self-test
diagnostic error.

-5 Read overrun or write

fault.



Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit
7

6

2:0

Name

DR MBD
parity error

Error

WMC ROM parity
error

DR read
parity error

Byte number
Parameter address

Name

Microbus address
Register location(s)

Bit

7

Name

Interrupt
timer (MCLK)

USART receiver
ready (RX)

Power ok

2A

4D

WMCERR (Write microcontroller errors)
DA-R

M8959 (WMC2)

Description
Not used

Bad (even) parity was received
in data at TS78 input port.

Write microcontroller diagnostic
overall error status bit.

A write microcontroller ROM
parity error was detected or the
WMC internal microdiagnostic
stopped at an error halt.

A parity error was detected on
a read data byte sent from the
CRC/ACRC to WMC module over the

CRC bus.
Not used
2B
4E
INTSTA (Interrupt status)
E0-R

M8972 (8MC1)
Description

When clear, indicates the M8970
interrupt timer has timed out.
First interrupt is 600 us after
timer is started and subsequent
interrupts are at 1.2 ms intervals
until timer is reset.

When clear, indicates ASCII port

USART has received a byte which is
available in the receiver buffer.

When set, indicates that the
TS78 power supply has not
signaled an AC LO condition.



Bit Name
4 Write data
register parity
3 KINI
2 USART transmitter
ready (TX)
1 PE write
parity error
] Translator
ROM parity
error
Byte number 2C
Parameter address AF
Name

Microbus address
Register location(s)

Bit

7

TADRG Y
40-R (MIA register @)
M8955/MIA (TU78)

Name

Ready

Ready on

On-line

Description

Reflects the state of the DR
BYTE PAR H line. Serves as the
parity bit for the WRTDAT
register (D3-R), or as a PE
write operation done flag.

Reflects the state of the KINI bit
on the real-time controller-state
line. When set, indicates
controller request for STI bus
initialization.

When clear, indicates the ASCII
port USART is ready to accept a

new character in the transmitter
buffer.

When set, indicates that a
vertical parity error has
been detected at the output

of the translator during a
phase-encoded write operation.

When set, indicates that the
translator microcontroller ROM
has experienced a parity error
or has branched to an error
halt during its internal
diagnostic routines.

(TU78 status)

Description

The tape unit is on-line, not
rewinding, not loading or
unloading, and all pneumatic
interlocks are made.

Ready has undergone a transition
to the set state. Cleared by a CLR
TU command.

The tape unit has been placed
on-line; if ready, it will respond
to motion commands issued remotely
from the formatter.
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Bit

Bit

Name

Rewinding

PES

BOT

EOT

File protect

Byte number
Parameter address

Name

Microbus address

Register location(s)
Name

Manual test

Forward

Reverse

Description

The tape unit is currently
rewinding.

The tape unit is currently set to

phase~-encoded recording format. If
reset, the tape unit is set to
group-coded recording format.

The BOT marker on the tape is
positioned at the BOT sensor and
ready is set.

The EOT marker on the tape is or
was positioned at the EOT sensor
during a forward operation with
ready set. EOT status clears when:

° The EOT marker is positioned
at the EOT sensor during a
reverse operation with ready
set

° The tape unit is commanded to
rewind tape

° A CLR EOT command is written
into the TU CMD B location.

The tape reel currently loaded
does not have the write enable
ring in place.

2D

50

TADR#1 (MIA status A)
40-R (MIA register 1)
M8955/MIA (TU78)

Description

The manual test switch is in the
MAN TEST position.

The forward command bit has been
written with a 1, or a DSE command
has been written into the TU CMD B
location.

Indicates the state of the reverse
command bit.



Bit Name

4 Write

3 Write
inhibit

2 LWR

1 MOT

g DSE

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name
7 CMD PE
6 PEC
5 ARA error
4,3 Speed
1:9

Description

Indicates the state of the write
command bit.

Indicates the state of the write
inhibit command bit.

Indicates the state of the loop
write-to-read command bit.

Indicates that the capstan servo
motor is turning.

Indicates that a DSE command has
been written into the TU CMD B
location. Clears when EOT sets, or
when a CLR TU command is written
into TU CMD B.

(MIA status B)

49-R (MIA register 2)
M8955/MIA (TU78)

Description

A command or CMD/STA address has
been received by the tape unit
with even parity, or a TEST
command has been written into TU
CMD B. Clears when a CLR TU
command is received, whether
parity is correct (odd) or not.
This bit drives the TU bus CMD
PE L line.

A SET PE command has been sent to
TU CMD B. Assuming proper hardware
operation, this bit is the same as
PES in TU STATUS.

During a GCR operation, from 24.1
cm (9.5 in) after BOT, the read
amplifier gains failed to achieve
the required value. Vvalid only if
ready is set.

This 2-bit field indicates the
speed of a tape unit; TU78 = 2
(125 in/sec).



Bit Name

2,1,0 Mode select

2,1,0

Byte number
Parameter address

Name
Microbus address

Register location(s)

Bit Name

7:4 SN TH
3:0

3:0 SN HU
3:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:4 SN tens
3:9

3:0 SN ones
3:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Description

Indicates the position of the
multiposition mode select switch
on the tape unit operator panel.
The bits are meaningful only when
the mode select bits in the
threshold command location have
been written to ones.

Bit
Position Meaning
2 1 0
1 1 9 Position @ (Normal)
1 o 1 Position 1 (Maintenance)
g 1 1 Position 2 (Maintenance)
1 1 1 Position 3 (Maintenance)
2F
52

TADR@3 (Serial number A)
49-R (MIA register 3)
M8955/MIA (TU78)

Description

Most significant (thousands) BCD

digit of the tape unit's serial
number

The hundreds BCD digit of the tape
unit's serial number

30
53
TADR@4 (Serial number B)

49-R (MIA register 4)
M8955/MIA (TU78)

Description

The tens BCD digit of the tape
unit's serial number.

Least significant (ones) BCD digit
of the tape unit's serial number.

31
54
TADR@5 (Tape unit diagnostics)

49-R (MIA register 5)
M8955/MIA (TU78)



Bit Name

7 Write
bit 4

6 Write

5 Read enable

4 EOT DET

3 TACH

2 -

1,0 AMTIE THR
1:0

Byte number
Parameter address
Name

Microbus address
Register location(s)

Bit Name

7:0 --

Byte number
Parameter address
Name

Microbus address

Register location(s)

Bit Name

7:0 -

56

Description

Indicates the state (polarity) of
the write driver for physical
track 4 head.

There is no current flowing
through the write or erase heads

Indicates the state of the read
enable bit in the THRESHOLD
command location.

The tape's EOT tab is positioned
at the EOT sensor. Not valid
unless ready = 1.

The state of the output from the
capstan motor digital tachometer.

Zero
Indicates the value of the AMTIE

threshold field in the THRESHOLD
command location.

(Spare location)

Description

This location is valid only for
temporary data storage when using
the ASCII port. Contents of this
location are not returned to the
HSC for error logging.

(Spare location)

Description

This location is valid only for
temporary data storage when using
the ASCII port. Contents of this
location are not returned to the
HSC for error logging.
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B.3 EXTENDED FORMATTER STATUS

Byte number 1

Parameter address 57

Name ERRNUM (Error number low byte)

Bit Description

7:0 Eight least significant bits of 10-bit error
identification number. (Refer to Paragraph B.3.1)

Byte Number 2

Parameter address 58

Name ERRN1 (Error number high byte)

Bit Description

7 Critical error. When 1, indicates error is critical;

formatter should be removed from service. This bit is
forced to @ for error that occurs while operational code
is running.

6 Data available. When 1, indicates data generated by
diagnostic code is available. This bit is forced to ¢ for
error that occurs while operational code is running.

5:3 Fault number. Indicates one of six areas in the formatter
that may have caused a potentially fatal error. (Refer to
Table 4-1)

2 When 1, indicates operational error.

When @, indicates diagnostic error.

1:0 Two most significant bits of 10-bit error identification
number. (Refer to Paragraph B.3.1l)

Byte number 3

Parameter address 59

Name OPSAV

Bit Description

7:0 Last received level 2 opcode. Listed below are the

available command codes and their meaning.

Command

Code Meaning

41 Clear drive errors

42 Clear formatter errors

44 Disconnect

47 Get formatter characteristics
48 Get summary status

4B Initiate rewind
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Command

Code Meaning

4D Position tape

4E Set unit execution mode
50 Set byte count

53 Write tape mark

55 Data error recovery

co Change controller flags
C3 Diagnose

C5 Get extended drive status
Cé6 Get formatter error log
C9 Get unit characteristics
CA Erase gap

cC Online

CF Read memory

D1 Set unit characteristics
D2 Topology

D4 Write memory

Byte number 4

Parameter address 5A

Name : CONNST (Connection state byte)

Bit Description

7:5 Not used

4 Broken. When 1, indicates minimum integrity failure.
Formatter cannot communicate via STI bus because of
internal hardware problem.

3 Off-line. When 1, indicates both formatter ports are
off-line with respect to controller. (No STI communication
since PORT SELECT A and B are in disabled position.)

2 Topology. When 1, indicates formatter entered topology
mode. With one formatter port on-line, second port
simulates available state for up to 1 second.

1 Available. When 1, indicates one or both formatter ports
is in available state relative to controller. (PORT SELECT
A and/or B in enabled position but controller has not
placed a port on-line.) Controller can access available
port but access is limited to very few commands such as
retrieving status.

] On-line. When 1, indicates a formatter port is on-line

with respect to controller (ready to receive any command
or data). If PORT SELECT A and B are in enabled position,
other port is unavailable except if formatter is in
topology mode.



Byte number 5

Parameter address 5B

Name SUMMOD (Summary mode byte 1)

Bit Description

7 Formatter attention. When 1, indicates potentially
significant status change in formatter; not caused by
reception, validation or execution of controller command.

6 Transport 3 attention. Analogous to bit 7.

5 Transport 2 attention. Analogous to bit 7.

4 Transport 1 attention. Analogous to bit 7.

3 Transport @ attention. Analogous to bit 7.

2 When 1, indicates formatter entered topology mode. (Refer
to CONNST bit 2 for further definition.)

1 When 1, indicates PORT SELECT A and/or B is in enable (in)
position

7/ When 1, indicates diagnostic request. Formatter requests
controller to execute diagnostic identified in formatter
memory region FFFD.

Byte number 5

Parameter address 5B

Name SUMMOD (Summary mode byte 1)

Bit Description

7 Formatter error. When 1, indicates formatter error
detected while running operational code.

6 Transmission error. When 1, indicates detection of STI bus

error that falls into one of the following categories.

o Received hamming code of suspected level 1 message is
not recognized, or received unit number is invalid

° Received level 1 command is in improper context
(e.g.; formatter is not on-line for write command).

° Level 1 protocol error; received hamming code is not
recognized as continue or end, after first frame of
level 2 message



Bit

Description

® Checksum error; calculated checksum does not agree
with received checksum

) Level # error; pulse or parity error on real-time
controller-state line, or pulse error on
write/command data line

5 Level 2 protocol error. When 1, indicates detection of STI
bus programming error relating to received message byte(s)
in level 2 command. For example, operand has wrong parity
or wrong number of message bytes received for specified
command) .

4 Diagnostic failed. When 1, indicates formatter error
detected while running in-line, off-line or subsystem
diagnostic. Diagnostic error report is available in
formatter memory region 3432.

3:0 Not used

Byte number 7

Parameter address 5D

Name SUMMD2 (Summary mode byte 2)

Bit Description

7:4 Not used

3 When 1, indicates new error log information is available
in the extended formatter status area

2:0 Retry bits RP, RT and FD. These bits indicate formatter

progress in an error recovery sequence instructing the
controller what recovery step to do next. Retry codes are
listed below.

Bit Position
2 1 ]
RP RT FD Meaning

No error

Ready for data transfer in same direction
Ready for data transfer in opposite direction
Retried transfer succeeded

Retried transfer failed

Ready to position for retry in same direction
Ready to position for retry in opposite
direction

HE eSS
HRreakHHS
RFR S X



Byte number 8

Parameter address 5E

Name CONBYT (Controller flag byte)
Bit Description

7 When 9, indicates normal operation.

When 1, indicates formatter only responds to commands from
controller diagnostic. The controller uses this mode to
execute diagnostics that cannot keep the formatter

on-line.
6:0 Not used
Byte number 9
Parameter address 5F
Name PRTOSV (Port control byte)
Bit Description
7:4 Not used
3 When 1, indicates formatter transmission enabled on port A

real-time formatter-state line

2 When 1, indicates formatter transmission enabled on port B
real-time formatter-state line

1 When 1, indicates formatter reception and transmission
enabled on port A data lines, and formatter reception
enabled on port A real-time controller-state line

) When 1, indicates formatter reception and transmission
enabled on port B data lines, and formatter reception
enabled on port B real-time controller-state line

Byte number A

Parameter address 60

Name FSTOSV (Formatter state byte)

Bit Description

7 When @, forces transmission of @#s on enabled port(s)

real-time formatter-state line.

When 1, allows transmission of state bits on enabled
port(s) real-time formatter-state line. Bits 6--1 in
FSTOSV are the state bits.

Bit 7 is a 1 when formatter is on-line or available, and a

@ when formatter is off-line. (Refer to CONNST for
definition of formatter connection states.)
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Bit

Description

Formatter receiver ready. When 1, indicates formatter is
ready to receive a new message frame or data. Reception of
a valid sync character causes the formatter to clear this
bit to 0.

Attention. When 1, indicates potentially significant
status change not caused by reception, validation or
execution of controller command. In most cases, a status
change is caused by user intervention such as opening a
transport door or pressing the LOAD/REW button. Source of
the attention condition is identified in SUMMOD. (See note
below.)

Acknowledge. When @, indicates data transfer error
occurred (operation aborted) or exception occurred (tape
mark, EOT or BOT detected during data transfer). (See note
below.)

Data ready.

In read operation, leading edge (transition to 1)
indicates tape drive is starting sequence to transmit sync
character and then data. Falling edge (transition to @)
indicates formatter has transmitted all of the data and
part of the byte count.

In write operation, leading edge (transition to 1)
indicates tape drive is starting write sequence in
autoshift mode. Falling edge (transition to @) indicates
data received and stored with no error, and EDC received
and verified.

In position tape operation, toggling of data ready bit
indicates progress is being made. Formatter complements
data ready for every gap detected (i.e.; every record or
tape mark passed). Acceptable progress is a toggling rate
of at least twice for every long time-out period. Data
ready is a @ at beginning and end of operation. (See note
below.)

Not used. (See note below.)

NOTE

Definitions above for bits 5-2 are valid
only when formatter is on-line. With
formatter in available state, bits 5-2
represent a 4-bit event counter with bit
5 being the most-significant-bit (MSB).
The counter records the number of
changes in connection state of the
transport(s). (The three transport
connection states are on-line, available
and off-line.)
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Bit Description

1 Available. When @, indicates formatter is on-line. When 1,
indicates formatter is available or off-line. (Refer to
CONNST for definition of formatter connection states.)

] Parity.
When @, allows normal operation; calculate odd parity
based on bits 6-1 in FSTOSV to yield bit @ (parity bit) on
enabled real-time formatter-state line(s).

When 1, forces parity error; calculate even parity
yielding a parity bit in bit @ that is inverted with
respect to its correct value.

Byte number B

Parameter address 61

Name PSWISV (Port switch byte)

Bit Description

7 Not used

6 When 1, indicates FAULT is being pressed

5 When 1, indicates PORT SELECT A is in enabled (in)
position

4 When 1, indicates PORT SELECT B is in enabled (in)
position

3:0 Not used

Byte number C

Parameter address 62

Name LASSTA

Bit Description

7:0 Last checkpoint passed in operational code. (Refer to

Paragraph B.3.2)

Byte number D
Parameter address 63
Name ERRFLG (Error retry flag byte)



Bit Description

7:6 Not used
5 When 1, indicates initial command was a write
4 When 1, indicates initial command moved tape in reverse

direction

3 When 1, indicates initial command moved tape in opposite
direction

2 Most-significant-bit (MSB) of unit number for transport
that executed initial command

1 Least-significant-bit (LSB) of unit number for transport
that executed initial command

7] Not used

Byte number E

Parameter address 64

Name RETCNT (Retry counter)

Bit Description

7:0 Number of retry requests during error recovery sequence

Byte number F

Parameter address 65

Name KICNT (STI bus initialization counter)

Bit Description

7:0 Number of initializations since TA78 master reset or
power-up

Byte number 10

Parameter address 66

Name -

Bit Description

7:0 Contents of memory location specified in stack pointer

(SP) after underflow error



Byte number 11

Parameter address 67

Name -

Bit Description

7:9 Contents of next location (SP+1) after underflow error
Byte number 12

Parameter address 68

Name -

Bit Description

7:0 Contents of next location (SP+2) after underflow error
Byte number 13

Parameter address 69

Name -

Bit Description

7:0 Contents of next location (SP+3) after underflow error

NOTE
Bytes 10-13 are only valid if an
underflow error has occurred. Otherwise,
these four bytes are cleared to 0.

Byte number -

Parameter address 6A

Name —-- (Spare location)

Bit Description

7:0 This location is valid only for temporary data storage

when using the ASCII port. Contents of this location are
not returned to the HSC for error logging.

B.3.1 Error Number

A 16-bit error number, shown in Figure B-1, reports both
operational and diagnostic errors. Operational errors are errors
that occur while the operational code 1is running. Diagnostic
errors are errors that occur while an in-line diagnostic is
running (in normal mode) or while an off-line or subsystem
diagnostic is running. A hex number of C or 4 1in the
least-significant-digit (LSD) of the high byte (ERRN1l) indicates
an operational error which is identified in Table B-1. Any other
LSD for ERRN1 indicates a diagnostic error which is identified in
a standard error report including FRU and summary description.
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Figure B-1 Error Number Bytes

Table B-1 Operational Error Codes

Error Number

High Low Fault

Byte Byte Number Error Description

X"} X1} - Operation completed with no error
detected.

@4 g1 -— TU CMD did not load correctly to start
tape motion in Erase Gap routine.

g4 @2 -- TU velocity never came up to acceptable
speed (i.e.; within 10% of 125 in/s).

g4 g3 -- Write operation successfully completed
beyond EOT marker (exception condition).

a4 g4 -— Read path could not verify gap at end of
Erase Gap routine.

g4 @5 - TU velocity changed from proper speed to
unacceptable speed during operation.

g4 6 -- Write attempted on file protected tape
or TU FPT bit set during operation.

g4 29 -— TU CMD did not load correctly to start
tape motion to write ID burst.

g4 gA - TU CMD did not load correctly to set PE
tape density at start of write BOT ID
burst.

14 9B 2 Command read from RMC register RCMLP did

not match command loaded into RCMD
register. (This code generated when Find
Gap command loaded during Erase Gap
routine.)




Table B-1 Operational Error Codes (Cont)

Error Number
High Low Fault
Byte Byte Number Error Description

14 gc 2 Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when
Verify ID Burst command loaded during
write of BOT area.)

g4 @D - Failed to write density ID burst
correctly.

g4 gE -- TU CMD did not load correctly to set GCR
tape density after reading a GCR Density
ID burst.

14 gF 2 Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when
Verify ARA Burst command loaded during
write of BOT area.)

g4 10 -- Failed to write ARA burst correctly.

14 11 2 Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when
Verify ARA ID command loaded during
write of BOT area.)

g4 12 -— Failed to write ARA ID correctly.

g4 13 - ARA error bit set in MIA status B
register.

g4 14 -= Could not find gap after ID code was
written correctly.

g4 15 -- TU CMD did not load correctly to start
tape motion to write BOT ID burst.

14 16 2 Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when

Verify Gap command loaded during write
of BOT area.)

g4 17 - TU CMD did not load correctly to backup
tape to BOT after failing to write BOT
ID.




Table B-1

Operational Error Codes (Cont)

Exrror Number
Low
Byte

High
Byte

Error Description

g4

g4

14

24

34

24

g4

o4

g4

74

24

2C

14

g4

18

19

1a

1B

1cC

1p

1E

1F

20

22

23

24

25

26

Time-out looking for BOT after failing
to write BOT 1ID.

TU CMD did not load correctly to start
tape motion in selected function
routine.

Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated in
selected function routine.)

Failed to write tape mark correctly.

Tape never came up to acceptable speed
while trying to reposition for retry of
writing tape mark.

TU CMD did not load correctly to backup
for retry of writing tape mark.

TU velocity changed from proper to
unacceptable speed while trying to
reposition for retry of writing tape
mark.

No record found within 7.6 m (25 ft) of
tape.

Time-out looking for BOT after detecting
ARA ID burst while moving in reverse
direction.

Detected BOT marker after tape motion
started.

Reverse command issued while tape at
BOT.

ECC ROM parity error.

Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when Read
ID Burst command loaded during read of
BOT area.)

ID burst neither PE or GCR.
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Table B-1 Operational Error Codes (Cont)

Error Number

High Low Fault

Byte Byte Number Frror Description

g4 27 -— No Gap found after ID burst (PE) or ARA
ID burst (GCR).

g4 28 -— TU CMD did not load correctly to start
tape motion to read ID burst.

g4 29 -— ARA ID not found.

14 2A 2 Command read from RMC register RMCLP did
not match command loaded into RCMD
register. (This code generated when
Verify ARA ID command loaded during read
of BOT area.)

14 2B 2 Command read from RMC register RCMLP did
not match command loaded into RCMD
register. (This code generated when
Verify Gap command loaded during read of
BOT area.)

a4 2D - TU CMD did not load correctly to set PE
tape density at start of read from BOT.

g4 2E - TU CMD did not load correctly to set GCR
tape density after reading a GCR Density
ID burst.

1C 2F 3 WMC general error during read operation;
check Ecode register for reason. May be
illegal Format or Skip Count codes.

1C 30 3 RD PE set in WMCERR register with no ECC
uncorrectable error in ECCSTA register.
Or during read operation, WMC ROM PE in
WMCERR is set.

1C 31 3 XMC ROM parity error.

1C 32 3 XMC DONE did not set.

1C 33 3 WMC ROM PE set in WMCERR register during
write operation.

1C 34 3 WMC general error during write

operation; check Ecode register for
reason. May be illegal Format or Skip
Count codes.




Table B-1 Operational Error Codes (Cont)

Error Number

High Low Fault

Byte Byte Number Error Description

ga 35 - Could not find a gap after writing
record and read path terminated early.

a4 36 - RSTAT contains error code.

1C 37 3 XMC PE mode parity error set in INTSTA
register.

g4 38 - AMTIE, pointer mismatch, uncorrectable,
two-track error or single-track error
set in ECCSTA register. (This code
generated by write PE operations.)

g4 39 -— At least one write fail bit set in
RPFAIL and RPATH registers.

g4 3A - GCR characters from WMC and RMC do not
match. (This code generated by write PE
operations.)

g4 3B - CRC error, ACRC error, pointer mismatch,
uncorrectable or two-track error set in
ECCSTA register. (This code generated by
write GCR operations.)

@4 3C - More than one write fail bit set in
RPFAIL and RPATH registers. (This code
generated by write GCR operations.)

g4 3D - Could not detect a gap after writing
record.

g4 3E - TU velocity changed while writing PE gap
before starting to write record.

g4 3F - Read path terminated before entire
record was written.

g4 49 -- Calculated EDC did not match received
EDC during write operation.

34 41 6 PM DONE did not set at end of port
switch routine.

34 42 6 PM CROM parity error occurred during

port switch routine.




Table B-1 Operational Error Codes (Cont)

Error Number

High Low Fault

Byte Byte Number Exrror Description

34 43 6 Port enable status read after port
switch routine did not match desired
port enable status.

34 44 6 PM CROM parity error occurred while
receiving message in available state.

34 45 6 PM FIFO input not ready at start of send
level 2 message routine.

34 46 6 Data late error caused by attempting to
retrieve message from empty PM FIFO
during level 1 command validation.

34 47 6 PM FIFO output not ready (so message not
available) at start of level 2 command
validation.

34 48 6 PM CROM parity error occurred during
level 1 command validation.

34 49 6 PM FIFO input not ready during
diagnostic echo routine.

34 42 6 PM CROM parity error occurred during
diagnostic echo routine.

34 4B 6 PM CROM parity error occurred during
level 2 command validation.

34 4C 6 PM CROM parity error occurred during
send level 2 message routine.

gc 4D 1 TS78 control panel cable is not present.

34 4E 6 PM FIFO output. ready at start of
diagnostic echo response. This indicates
too many bytes (over two) were in FIFO.

34 AR 6 PM CROM parity error occurred while
receiving message in on-line state.

3C 50 7 Level 2 message byte-count is too large

(over 63 bytes) to transmit with send
level 2 routine.




Table B-1 Operational Error Codes (Cont)

Exrror Number

High Low Fault

Byte Byte Number Error Description

3C 51 7 Message retrieved from PM FIFO, during
level 2 command validation, is too large
(over 64 frames).

g4 52 -— Uncorrectable data error detected.

g4 53 -— Tape mark detected while reading a
record.

g4 54 - Transmission error detected in PERI
register.

34 55 6 PM clock not enabled at start of write
routine.

34 56 6 PM CROM parity error occurred during
data operation.

3C 57 7 Bad or missing ROM on M8972.

3C 58 7 Write current not inhibited during
erase-only portion of write retry
operation.

g4 59 - Illegal microdiagnostic number detected
while running operational code.

g4 52 -- Correctable error detected.

g4 5B -- Minimum integrity failure.

34 5C 6 PM DONE did not set at end of read
routine.

34 5D 6 PM FIFO output ready (so FIFO not empty)
at end of read routine.

ga 5E -- Data late error detected in PERI
register at end of data operation.

3C 5F 7 Stack underflow error.

3C 60 7 AC LO power interrupt received

indicating impending power failure.




Table B-1 Operational Error Codes (Cont)

Error Number

High LOow Fault

Byte

Byte

Number

Error Description

3C

3C

3C

3C

3C

3C

3C

3C

3C

3C

3C

61

62

63

64

65

66

67

68

69

6A

6B

7

Unexpected RST 1 interrupt. (RST 1
interrupt received but RX or TX
interrupt line not asserted in INTSTA
register.)

Unexpected RST 2 interrupt. (RST 2
interrupt received but MCLK or RX
interrupt line not asserted in INTSTA
register.)

Unexpected RST 3 interrupt. (RST 3
interrupt received but RX interrupt line
not asserted in INTSTA register.)

Unexpected RST 4 interrupt. (RST 4
interrupt received but MCLK or TX
interrupt line not asserted in INTSTA
register.)

Unexpected RST 5 interrupt. (RST 5
interrupt received but TX interrupt line
not asserted in INTSTA register.)

Unexpected RST 6 interrupt. (RST 6
interrupt received but MCLK interrupt
line not asserted in INTSTA register.)

Unexpected RST 7 interrupt. (RST 7
interrupt received but TU STAT parity
error not asserted in PSTAT register.)

Unexpected trap interrupt. (Trap
interrupt received but AC LO interrupt
line not asserted in INTSTA register.)

Unexpected RST 5.5 interrupt. (RST 5.5
interrupt received but KINI interrupt
line not asserted in INTSTA register.)

Unexpected RST 6.5 interrupt. (8085
received illegal instruction.)

Unexpected RST 7.5 interrupt. (RST 7.5
interrupt received but TU CMD parity
error not asserted in PSTAT register.)




Table B-1 Operational Error Codes (Cont)

Error Number

High Low Fault

Byte Byte Number Exrror Description

g4 6C -- Preamble had AMTIE during write
operation.

3C 6D 7 8085 interrupts not enabled in off-line
state.

g4 6E - Follow-up write command not received
within 2.4 ms of finishing last record
in keep going mode.

g4 FE -- Forced fatal drive error during data
operation, for testing HSC.

gc EF 1 Forced fatal formatter error during data
operation, for testing HSC.

B.3.2 Last Status (LASSTA) Code

Byte number C in the extended formatter status area contains an
8-bit code that describes the last checkpoint passed in the
operational code before error detection. In effect, the LASSTA
code provides a progress report up to the error detection. Table
B-2 lists and describes the LASSTA codes.

Table B-2 LASSTA Codes

Opcode Description

29 Not used.

g1 Not used.

32 Level 2 protocol error.

g3 Transmission error.

g4 Diagnostic Echo command executed properly.

g5 Asserted KINI state bit recognized and
STI-bus initialization executed properly.

g6 Change Controller Flags command executed

properly.




Table B-2

LASSTA Codes (Cont)

Opcode Description

a7 Clear Drive Errors command executed properly.

28 Clear Formatter Errors command executed
properly.

@9 Disconnect command executed properly.

gA Get Extended Drive Status command executed
properly.

@B Get Formatter Error Log command executed
properly.

ac Get Formattter Characteristics command
executed properly.

@D Get Summary Status command executed properly.

OE Get Unit Characteristics command executed
properly.

oF Erase Gap command executed properly.

19 Initiate Rewind command executed properly
(rewind, rewind/unload, or DSE/rewind
initiated successfully).

11 Position Tape command executed properly (tape
motion routine initiated successfully and
making progress).

12 Read Memory command executed properly.

13 Set Byte Count command executed properly.

14 Set Unit Characteristics command executed
properly.

15 Topology mode entered successfully.

16 Successful exit of topology mode.

17 Write Tape Mark command executed properly.

18 Write Memory command executed properly.

19 On-line state entered successfully.




Table B-2

LASSTA Codes (Cont)

Opcode

Description

1a

1B

40

41

42

43

44

45

46

47

48

49

42

4B

4C

4D

Suspected level 1 frame received and
validation starting.

Suspected level 1 frame failed validation (bad
hamming code or wrong connection state).

Erase Gap subroutine (ERAMOT) entered, and
turn-around delay completed if last operation
was in reverse direction.

TU CMD loaded correctly to start tape motion
in BErase Gap subroutine (ERAMOT).

Tape erasing completed and verification of gap
starting in Erase Gap subroutine (ERAMOT).

Gap verified and TU CMD loaded to stop tape
motion in Erase Gap subroutine (ERAMOT).

TU CMD loaded (but not verified) to start tape
motion to write ID burst.

ID burst written correctly and starting to
verify IBG while writing in BOT area.

TU CMD loaded (but not verified) to start
backup tape motion for retry of ID burst
write.

TU CMD loaded (but not verified) to start tape
motion to write tape mark.

Tape mark written and verified in Write Tape
Mark subroutine (WTMMOT).

Successfully moved a record while positioning
tape.

TU CMD loaded (but not verified) to start tape
motion to move forward 1 record.

TU CMD loaded (but not verified) to start tape
motion to move reverse 1 record.

TU CMD loaded (but not verified) to start tape
motion during read of BOT area.

Sampled ID burst 255 times and starting valid
determination of density during read of BOT
area.




Table B-2 LASSTA Codes (Cont)

Opcode Description

4E ID burst correctly determined and verification
of gap starting during read of BOT area.

AF TU CMDs loaded (but not verified) to start
tape motion and start erasing before EOT
during DSE operation.

50 At EOT and starting erase of additional 10 ft
during DSE operation.

51 Erasure of 5 or 10 ft segment after EOT
completed during DSE operation. (If only 5 ft.
done, erasing of second 5 ft. segment
starting. If 10 ft. done, rewind starting.)

52 Rewind/Unload motion routine entered
successfully.

53 Not used.

54 Read reverse subroutine (DORDR) entered
successfully.

55 Read or read reverse command recognized
(received, validated and starting execution).

56 Read subroutine (DORDF) entered successfully.

57 TU CMD loaded (but not verified) to stop tape
motion during read or read reverse operation.

58 Write command recognized (received, validated
and starting execution).

59 Write command subroutine (DOWRT) entered
successfully.

5A TU CMD loaded (but not verified) to stop tape
motion during write operation.

5B Data Error Recovery command executed properly
(does not include error termination).

5C Set Unit Execution Mode command executed

properly.




