
6.4.3.2.1 Microprocessor Data Path - The pP data path in the I/O section consists of the pP OBUS, �t�h�c�~� 
�~�P� IBUS, and the �~�p� bit bus. 

The ILP OBUS connects to the control and data input registers on M8967 and to the frame count, con troll 
buffer, and silo data buffer on M8966. The addressing for these registers is decoded by the main write: 
decode block on M8967 and by the �~�P� write decode block on M8966. 

The only register in the I/O section connected to the �~�P� IBUS is the data out register on M8967. Its: 
addressing conles from the main bit bus multiplexer on M8967. 

The �~�P� bit bus connects to the main bit bus multiplexer on M8967. The inputs that feed the �~�P� bit bus are: 
Silo Input Ready (SLIR), 10 CROM ERR, RDY (the I/O ready flip-flop) and lOS ATIN. 

6.4.3.2.2 Internal Control and Data Path - The internal control and data path consists of the I/O IBUS" 
the I/O OBUS, and the I/O branch bus. 

The I/O IBUS is fed by three multiplexers, one on each module of the I/O section. The I/O IBUS feeds 
the I/O OBUS through a bus latch on M8967. This bus latch is clocked during every I/O timing Icycle, 
placing the data from the IBUS onto the I/O OBUS. 

The selection of the multiplexers feeding the I/O IBUS is controlled by the I/O read decode circuit on 
M8967 and I/O CROM bits 04 and 13. 

The I/O OBUS feeds the PC and the data out register on M8967 and the SR, op code buffer, EXT ADD 
register, and the shift register counter (SRC) on M8965. The single source of data on the I/O OBUS is the 
bus latch. The I/O section timing is such that an I/O IBUS multiplexer can be selected, the data latched 
into the bus latch, and then gated into a register on the I/O OBUS in a single timing cycle. 

The address decoding for the registers on the I/O OBUS is done in the I/O write decode circuits (one each 
on the M8967 and M8966 modules). 

The I/O branch bus takes its inputs from three multiplexers (M8967-EI5, M8966-E9, and M8965-EI7). 
The outputs of these multiplexers feed the I/O branch bus logic on M8967, which causes the PC to be 
loaded from the I/O OBUS and the PC buffer register if the condition being tested is satisfied. This gives 
the I/O section its test and branch capability. 

The I/O CROM and PC are not part of the data path but they do control its operation. The CROM and 
PC are on M8967, also called the I/O sequencer. 

The CROM contains 1 K of 16-bit control words which control the data path internal to the I/O section. 

The PC sequentially addresses the CROM locations to cause data to be routed from one part of th,e I/O 
section to another. The sequential CROM locations form routines to perform various functions. Looping 
can be accomplished using the branch bus inputs to cause the PC to be loaded with a new value which itself 
came from CROM (bits 00 through 07). The PC can be cleared by the �~�P� through the control re,gister 
(CONTR RST). 

6.4.3.2.3 Silo Data Path - The data silo takes its input from the silo multiplexer. The silo multiplexer 
selects either the silo data buffer register or SR lines 0 through 7 as the input to the data silo. The collltrol­
ling input for the silo mux is SILO MUX SEL from the control register on M8967. 
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The input to the control silo is the control buffer register. Control silo bit 4 comes from the silo multiplexer. 
The silo multiplexer selects either the output of the parity generator or control buffer 4 as the input to bit 4 
of the control silo. 

If the silo multiplexer has the silo data buffer selected as the source for the data silo then bit 4 from the 
control buffer is routed to the bit 4 input of the control silo. If the silo mux has the SR lines selected for 
input to the data silo then the output of the parity generator is sent to the bit 4 input of the control silo. 

The silo input is gated by either J.LP WRT SILO or 10 WRT SILO from the write decode circuits on 
M8966. Both silos' inputs are written at the same time by either of these signals. 

The output of both silos goes to a parity check circuit and to the write board (M8929). The output of the 
data silo also goes to a multiplexer which feeds the I/O IBUS. 

The output of the silos is shifted out by signal WRT REQ SILO L (from M8929) or 10 TOP. Either signal 
causes the next sequential data word to be output. 

6.4.3.2.4 Serial Data Path - The serial data path is contained entirely on M8965. It consists of a buffer, 
op code register, SR, EXT ADD register, and serial multiplexer. 

For serial input from the serial bus the buffer, op code register, and the SR may be thought of as a single 
serial shift register 21 bits long. 

Serial input data enters the buffer, is delayed one-half I/O timing cycle and then is passed to the op code 
register. The data enters the LSB end of the op code register and is shifted serially to the MSB. 

If the transmission is data and op code, the data is sent to the SR low byte. If the transmission is just an op 
code the shifting stops when the data reaches the MSB of the op code register. At this point the parity bit 
will be left in the buffer and is checked by the parity check circuit. 

If the transmission was 21 bits (data plus op code plus parity) the data is passed from the op code register to 
the SR low byte. It is shifted through the low byte then passed to the high byte. When the entire shift 
operation is done the op code will be in the op code register, the data in the SR and the parity bit in the 
buffer. 

For serial output to the serial bus the op code register, the SR and the EXT ADD (extended address) 
registers may be thought of as a 22-bit shift register. This shift register may be split into segments contain­
ing the op code register or the op code register plus the SR or the op code register plus the SR plus the EXT 
ADD register. This will allow transmissions of 5 bits (op code plus parity), 21 bits (data plus op code plus 
parity) or 23 bits (2 extended address bits plus 16 address bits from the SR plus op code plus parity). The 
parity bit is appended at the end of transmission and cannot be considered part of a shift register. 

The serial multiplexer determines the source of the serial data to be shifted out. The selection lines to the 
serial multiplexer are controlled by the op code buffer and the SRC. 

The op code buffer and SRC must be loaded before any shift out operation to set up the data path and the 
proper number of shifts. If data is to be sent out, the SR must also be loaded prior to starting the shift out. 
If an 18-bit address is to be sent then the EXT ADD register must also be loaded before starting the trans­
mission. All of these registers are loaded via the I/O OBUS. 

The SRC must be the last register loaded prior to starting the shift. Loading the SRC causes the shift out 
operation to begin. 

6-47 



6.4.3.3 Drive I/O Operation - The major job of the I/O section is to keep the silo full on data write 
operations and to empty it on read operations. 

On data write operations the I/O along with the M7982 will get data from memory and put it in the silo. 
The write board (M8929) takes the data from the silo and sends it to the write head assembly. 

On data read operations the J.LP puts read data from the formatter in the silo. The I/O takes the data frollr} 
the silo and sends it to the M7982. The M7982 then puts the data into memory. 

The I/O also has to get command information and pass it to the drive and send message packets from thle 
drive to memory. 

All of these operations are under the control of the main J.LP. The I/O is only a slave to the J.LP. It does 
virtually nothing on its own. 

6.4.3.3.1 I/O as Slave of Microprocessor - The I/O section is normally in a loop waiting for the J.LP to 
tell it to do something. The J.LP starts by loading the data input register with the address of the desired I/O 
routine. The #,P then resets the ROY bit on M8967. . 

The following is an example of what happens when the J.LP reads the frame count. 

When the RDY bit resets the I/O gates the data input register into the PC. The PC then contains the initial 
address of the routine to read the frame count register. 

The I/O gates the contents of the frame count (high byte) into the data output register, sets the RDY bit, 
and goes back to the wait loop. 

The J.LP sees the ROY bit (via the J.LP bit bus) and reads the data output register. Since the frame count 
register is 16 bits, the J.LP only has the high byte at this point. The J.LP writes the frame count register to 
push the contents of the low byte to the high byte. 

At this point the J.LP again writes the data input register with the same address as before and reset ROY. 

The I/O loads the PC with the address and repeats the routine a second time. 

6.4.3.3.2 Read Operation Transfers - Assume that the drive has received a command packet which told 
it to read tape. Also assume the data buffer in CPU memory space starts at location 20000 (8). And that 
the file to be read is 512 (10) characters. 

The J.LP causes the I/O section to load: Os into the EXT ADD register, 020000 into the SR; and op code 5i 
into the op code buffer (5 says load TSBA). The I/O then loads 351 (-23 decimal) into the SRC register .. 

Shifting operation begins when the SRC is loaded. 

While the I/O was setting up the M7982, the J.LP was starting the read operation. The J.LP writes the silo 
data buffer register with the read data and strobes it into the data silo. It also loads the control buffer with 
the proper parity for each character. Parity is not generated by the hardware on transfers from the silo data. 
buffer to the data silo. The J.LP must supply this information. 

The I/O enters the wait loop after receiving the transfer complete op code from the M7982. The J.LP then 
enters the routine to transfer read data to the CPU. 
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The I/O waits for the first data to bubble through the silos (this may take several microseconds). The silo 
asserts SLOR when data is at the Silo output. The I/O will take the data and load it into the SR high byte. 
The I/O again waits for SLOR and then transfers the next byte to the SR. The first word is assembled. 

The I/O loads a 10 into the op code buffer and strobes it into the op code register (10 says DA TO and 
increment by 2). The op code buffer has bit 6 set to enable reception of the reply op code from the M7982 
without disturbing the SR. Then the I/O loads the SRC with 353 (-21 decimal) to initiate the transfer. 

The I/O waits for SLOR and transfers the next byte to the SR. When the next word is assembled and the 
reply from the first transfer is received, the I/O strobes the op code buffer into the op code register. It then 
loads 353 into the SRC and the operation repeats. 

This operation will repeat all the data that is transferred to the melnory. 

6.4.3.3.3 Write Operation Transfers - Assume that a command packet is received and that the drive is 
to write data to tape. The starting address of the data in memory is 105000 (8) and 256 16-bit words will be 
written. 

The ~p sends the I/O the address of the routine to load into the TSBA. The I/O takes address from the ~p 
via the data input register and places Os in the EXT ADD, 105000 in the SR, and 5 into the op code buffer. 
The I/O then strobes the op code from the buffer into the op code register and loads 351 into the SRC. 

The data is shifted out to the M7982 and when the reply op code is received, the I/O goes back to the idle 
loop. 

The ~p writes the frame count register with -512 (decimal) in two writes. It then loads any control bits 
required into the control silo buffer and the I/O control register, to set up the silo mux sel bit. The ~p then 
loads the preamble data into the silos. 

Then the ~p writes the I/O control register to set up the silo multiplexer for data from the SR. 

Next, the ~p sends the I/O the starting address of the routine to move data from memory into the silo for a 
write operation. The I/O starts the routine and loads the op code buffer with an op code of 00. The I/O 
writes the op code register and loads the SRC with 353 (-5 decimal). The op code is shifted to the M7982 
and the I/O waits for the data. 

After data and the op code are received from the M7982 the following occurs: the I/O transfers the SR 
low byte to the silo and strobes it in if SLIR is asserted. If SLIR is not asserted the I/O waits until it comes 
up to transfer data to the silo. The I/O increments the frame count register, writes to the SR (to push the 
data from the high byte to the low byte) and again transfers the low byte to the silo. The I/O then incre­
ments the frame count and repeats the procedure from the point of loading the op code register. 

The above process continues until the frame count register goes to O. At a count of 0, the transfers from 
memory are complete but not the write operation. The I/O signals the ~p that the frame count is 0 and to 
start writing postamble data to the silo. The ~p then writes the I/O control register to change the SILO 
MUX SEL bit and commences writing postamble data to the silo. 

When the postamble data is in the silo, the write board must still finish taking it from the silo and getting it 
to the tape. 

6.5 TAPE HANDLING 
This section describes the functions of moving tape forward and reverse, rewinding tape, and maintaining 
correct tape tension. Figure 6-12 is a.n overall block diagram of the tape handling function. 
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6.5.1 Overview 
The main microprocessor issues capstan commands to control tape motion. Feedback from an optical tach­
ometer (on the capstan assembly), provides constant forward or reverse capstan speed of 45 in/so During 
rewind the majority of the capstan control circuitry is bypassed and tape speed is 150 in/so For mainten­
ance purposes, the main microprocessor can issue commands to simulate motion; and a switch (S9) is pro­
vided on the G 159 capstan servo board to move tape forward or reverse. 

Supply and take-up reel motors maintain tape tension. These motors are controlled by a servo error signal 
that is proportional to the position of the respective tension arms. For example, when the capstan moves 
tape forward, the upper tape loop becomes smaller, forcing the upper tension arm down. Movement of the 
arm develops an error signal that feeds the supply reel motor. The direction of the error signal causes the 
motor to move forward, delivering more tape to the upper loop and allowing the tension arm to return to its 
normal position. At the same time forward tape motion increases the size of the lower tape loop and allows 
the lower tension arm to move up. This motion develops an error signal that causes the take-up reel motor 
to move forward. This takes the slack out of the lower tape loop, forcing the lower arm to return to its 
normal position. 

6.5.2 Tape Handling Commands and Status (Figure 6-12) 
Data on the ~P OBUS is latched into latch E I/E5 on the M8963 board. The output of the latch is COM 
OBUS and may be capstan data, stack data, or attention data. The output of decoder CTL DEC E31 is 
selected by ~P CROM 01,24-21 to route COM OBUS according to the type of data. Capstan data is 
loaded into register REG E14/E27 when ~P CROM 01,24-21 = 37, and into REG E8 when ~p CROM 
01,24-21 = 36. (Table 6-11 lists ~P CROM fields 01,24-21 and 00,20-17.) 

Command latch E32 and status latch E33 are addressable latches. The outputs of the status latch drive the 
operator panel indicators. Addressing and outputs of the two latches are listed in Table 6-7. 

The status signals from CBUS IN are placed on the ~P IBUS through IBUS MUX E2/E6/E7/E lIon 
M8963 when ~P CROM 00,20-17 = 02. Other inputs to this multiplexer are selected by ~p CROM 
00,20-17 = 22, 03 or 23 (Table 6-11). Microprocessor CROM field 24 through 17 values of 010 through 
017 to BBUS MUX E24/E30 can select any of the CBUS IN lines (0 through 7) to assert ~P BBUS. 

To summarize, the main microprocesser sends commands (or status) to the capstan servo via ~P OBUS, 
COM OBUS, and CBUS OUT. COM OBUS is routed to CBUS OUT by the code in ~p CROM 01,24-21. 
The main microprocessor samples transport status by selecting the input to CBUS IN with CBUS MUX 
SEL 0 and 1, and then selecting CBUS IN as the input to the ~P IBUS with ILP CROM 00,20-17. 

Signals CAPS MUX 0 and 1 from REG E8 become CBUS MUX 0 and CBUS MUX 1 and select the 
inputs to CBUS IN MUX E38/E39/E40/E44 on the G 159 board. The multiplexer inputs selected are 
shown in Table 6-8. 

NOTE 
Enter Os in maintenance mode. 
Enter Is in maintenace mode. 
In maintenance mode: 

1. Start/stop test. 
2. Load tape if not already loaded. 

Tachometer Phase 1 or CS3 1 KHz. 
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6.5.3 Capstan Motion 
The capstan servo board, 0159, controls capstan motion. The motion functions performed by this board 
are motion detection, direction detection, speed regulation, capstan drive, and deceleration control. (Refer 
to Figure 6-12 for an illustration of the entire board. Figures 6-13 through 6-21 show more detail.) 

6.5.3.1 Motion and Direction Detection (Figure 6-13) - The first of two motion flip-flops sets, by DC LO, 
when the TSII powers up. Setting either flip-flop causes CS5 MOT 1 to be low. The first forward or 
reverse command asserts the CS3 FWD REV CMD signal. This resets both motion flip-flops and asserts 
CS5 MOT 1 for normal operation (not maintenance mode). 

When the capstan starts turning in the forward direction, CS5 TACH 0 (phase) 2 will lead TACH 0 1 by 
90 degrees. The direction flip-flop will then set and assert CS3 FOR DIR. In the reverse direction, TACH 0 
1 leads TACH 0 2 by 90 degrees, resetting the direction flip-flop and asserting CS3 REV DIR. 

CS5 MOT 1 remains asserted unless DC LO is again asserted, CS 1 MAINT MODE is asserted, ~()r CS3 
FWD REV CMD is low and the tachometer signal phase relationship reverses (which changes the l;tate of 
the direction flip-flop). 

CS3 FWD REV CMD -------r-----......, 
+15 

R o 

CSl DC LO----+---' 

CS1 MAINT MODE 

+15 

CSl SIMULATE 02----+-----+-+-~-" 

CS1 SIMULATE 01----------L-.J 

CS3 FWD REVCMD----1 

CS5MOT 1 

CS5 TACH 02 

CS5 TACH 01 

CS3 FOR DIR __ ----If 

Figure 6-13 Motion and Direction Detection 
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6.5.3.2 Speed Regulation (Figure 6-12) - Capstan speed is controlled through a resistive ladder digital-to­
analog converter, D / A E 15. The D / A converter is driven by a resettable counter and register combination, 
CON E13 and REG E18/EI9. Counter CON E13 counts 512 KHz clocks from free running counter 
CTR E 17 and is synchronized to the tachometer by a four flip-flop sync chain, SYNC. 

Turn to Figure 6 .. 14 and its associated timing diagram, Figure 6-15. When the capstan is idle (not turning), 
CON E 13 counts up until it reaches 256. Then CS4 CON NO OC sets and stops the 512 KHz clocks to 
CON E 13. CON E 13 resets when the capstan starts to turn. 

As the capstan begins to turn (forward), CS3 TRANSFER sets within two 512 KHz clock cycles after the 
first CS5 TACH 0 1. The maximum count (256) from CON E13 transfers to REG E18/ E19, and CS4 
ladder out sets to its maximum value. This maximum input from D/ A E15 overcomes the inertia of the 
capstan and brings it quickly up to speed. One-half 512 KHz clock cycle after CS3 TRANSFER sets CON 
E13 resets. This causes CS3 CON NO OC to reset and CS3 CON CLK starts clocking CON E13. 

At capstan speed of 45 in/s, CON E 13 reaches a count of 128 before being reset in synchronization with 
CS5 TACH 0 1. If the capstan turns at less than 45 in/s, the time between successive TACH 0 1 signals 
increases and so does the count in CON E13. If the capstan turns above 45 in/s, the TACH 0 1 interval is 
shorter and the count in CON E 13 is less than 128. 

CS3 REV CMD--Ll<--' 

CS3 FOR DIR 

CS3 FWD REV CMD ----t 

CS3 CON CL.K 

+15 

CS5 TACH 0 1--4----1 
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Figure 6-14 Capstan Speed 
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Figure 6-15 Capstan Timing Diagram 

In the forward direction, a higher count (slow speed) increases the output of the Dj A converter, and a 
lower count (high speed) lowers the output. In the reverse direction, CS3 REV CAPST DR to each 
exclusive-OR gate causes the count in REG E 18 jE 19 to be 1 's complemented. Thus a high count (slow 
speed) in the reverse direction lowers Dj A output, and a low count (high speed) raises Dj A output. 

Rewind bypasses the speed regulation circuits. 

6.5.3.3 Capstan Drive (Figure 6-12) - Switches labeled E3 and E5 are electronically controlled and are 
shown deactivated (the control input is low). Some of these same switches appear in simplified schematics 
(Figures 6-16 and 6-17) and have functional names in those figures. The simplified schematics arc~ refe­
renced in the following descriptions of idle, forward, reverse, and rewind operation. Figure 6-20 shows a 
comparison of how circuit parameters vary between these operations, without attempting to list actual 
parameter values. 

6.5.3.3.1 Idle (Figure 6-16) - The reference input to amplifier E4 (pin 12) is tied to +3.4 V. The circuit 
attempts, through feedback, to maintain the inverting input (pin 13) at the same level as the reference 
input. 

At idle, the DECEL SW, MOT SW, and REWIND SW are all open. The BIAS SW is closed, pin 12 to 14. 
Amplifier E4 pin 14 is driven in a positive direction to overcome the level from the +6.8 V to -15 V voltagc~ 
divider on the inverting input. The circuit is designed so that at idle, the current through QI and Q2 i.~ 
balanced and the capstan does not turn. R26 adjusts to the balance (null adjustment). 

6.5.3.3.2 Forward (Figure 6-17) - When the capstan rotates forward the REWIND SW is open. Thc~ 
BIAS SW is closed, pin 12 to 14. The MOT SW was closed by CS5 MOT I, and the DECEL SW is closed 
(operation of the DECEL SW is described below). The signal at the inverting input (pin 13) to E4 is now 
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determined by CS4ladder out from E10, the positive bias from +6.8 V through the BIAS SW, the +6.8 V 
to +15 V voltage divider and the feedback from E4 pin 14. In the forward direction, E4 (pin 14) operates 
in the more positive portion of its range. This causes E4 (pin 7) to increase the forward bias on Q2 and to 
decrease forward bias on Q1, unbalancing the circuit and supplying forward drive current to the capstan. 
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6.5.3.3.3 Reverse (Figure 6-18) - When the capstan rotates reverse the switch operation is the same as in 
the forward direction except that CS3 REV CAPST DR activates the BIAS SW closing pin 13 to 14. Bias 
through the BIAS SW is now closer to ground, causing E4 (pin 14) to operate in the less positive portion of 
its range. E4 (pin 7) increases the forward bias on Ql and decreases the forward bias on Q2, incre:asing 
reverse drive current through the capstan. 

6.5.3.3.4 Rewind (Figure 6-19) - The REWIND SW is closed by CSI REWIND. All the other switches 
are deactivated. The inverting input (pin 13) to E4 is now more positive (closer to ground) than its normal 
operating range for reverse rotation. E4 (pin 14) is operating near the minimum positive end of its range, 
and the forward bias is high on Q I, low on Q2. Rewind speed is determined by component parameters. 
Diode D7 limits the positive swing of the inverting input to E4, thereby limiting rewind speed. 

6.5.3.4 Deceleration - The capstan stops by reversing the drive current through it. The deceleratioln cir­
cuit prevents excessive overshoot (rotation in the opposite direction) when the capstan is stopped. This 
description references most of the figures previously used in this section. 

Refer to Figure 6-12. Assume the capstan is turning forward at 45 in/s and the forward comma,nd is 
dropped. CS3 FWD REV CMD goes low and switch E5 (pins 1 and 2) at the input to the DECEL circuit 
opens. Switch E3 (pins 3, 4 and 5) deactivates, closing pins 5 to 4 as shown. At this point the following 
occurs. 

1. Refer to Figure 6-13. CS3 FOR DIR stays high until the capstan begins to turn in the re:verse 
direction causing CS5 TACH 0 1 to lead CS5 TACH 0 2, resetting the direction flip-flop. CS3 
FOR DIR asserts CS3 REV CAPST DR through switch E3 pins 4 and 5 (Figure 6-12). 

2. Refer to Figure 6-14. When CS3 FWD REV CMD goes low, CS3 CON RST is disabled, and 
counter CON EI3 counts up to 256. At 256 CS4 CON NO OC goes high and stops CS3 CON 
CLK. 
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3. Refer to Figure 6-14. CS3 REV CAPST DR high at the input to the exclusive-OR gates com­
plements the output of register REG E 18 IE 19. Usually, this output is complemented whe:n the 
capstan is turning in the reverse direction (Paragraph 6.5.3.2). 

4. Refer to Figure 6-12. CS3 REV CAPST DR high activates switch E3 BIAS SW (pins 12, 13 
and (4) closing pins 13 to 14. Usually, pins 13 and 14 are closed when the capstan is turning in 
the reverse direction. 

NOTE 
At this point the speed regulation circuits and BIAS 
SW are set up for reverse rotation, although the cap­
stan is still turning in the forward direction. 

5. Refer to Figure 6-14. The next CS5 TACH 0 I signal triggers the SYNC flip-flops and glener­
ates CS3 TRANSFER (Figure 6-15). The maximum count from CON E13 transfers to REG 
EI8/EI9, complements, and drives CS4 LADDER OUT to its minimum value. 

6. Refer to Figure 6-18. Although the capstan is turning in the forward direction, the drive circuits 
are configured for reverse, and the output from EI0 (CS4 LADDER OUT) is at maximum 
reverse drive signal. As a result, QI gets maximum forward bias, Q2 gets minimum, drive cur­
rent reverses, and the capstan begins to slow down. 

NOTE 
The electrical and mechanical characteristics of the 
capstan are such that, if left alone the capstan would 
slow down, coast through idle, and start to acceler­
ate in the reverse direction. 

7. Refer to Figure 6-21. When E5 pins I and 2 open, the charge on C21 maintains the output of 
E27 high. The DECEL SW stays closed until C21 discharges through R86 and R87. This RC 
time is calculated (and adjustable) to allow the reverse drive current to reduce forward speed by 
about. 80 percent before opening the DECEL SW. Two RC circuits compensate for unequal 
forward and reverse circuit parameters. 

E5 E3 2 

2a/ 1 15 
+15V 

V4 

CS3FWD REV CMD T V1 

CS3 REV CMD T.94 
C35 

R95 

Figure 6-21 DECEL Switch 
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8. Refer to Figure 6-13. When the DECEL SW opens, removing bias and CS4 LADDER OUT 
from the drive circuits, the capstan coasts through idle, and the tachometer signal phase relation­
ship reverses. However, the capstan does not move in the reverse direction. CS5 TACH 0 1 leads 
CS5 TACH 0 2, resetting the direction flip-flop and asserting CS3 REV DIR. The second 
motion flip-flop sets causing CS5 MOT 1 to go low. This opens the MOT SW in the drive 
circuits. 

9. When the direction flip-flop resets, CS3 FOR DIR goes low, causing CS3 REV CAPST DR to 
drop, deactivating the BIAS SW and uncomplementing the output of REG E 18 /E 19. 

In summary, when a forward or reverse command is dropped, the capstan drive circuit sets up reverse drive 
current and electronically brakes the capstan. The deceleration circuit is adjusted to allow a calculated 
amount of overshoot. 

6.5.4 Tape Tension 
Supply and take-up reels maintain motors correct tape tension. The reel motors respond to error signals 
generated by the tension arm transducers which are mechanically coupled to the tension arms. The error 
signal produced is proportional to tension arm movement. 

The reel servo board, G 158, is shown in the upper right of Figure 6-12. The board contains the following 
items. 

ramp generator 
reel motor brake control 
upper arm/supply reel servo assembly 
lower arm/take-up reel servo assembly 

The tension arm transducers and reel motors are not mounted on the board. Because the servo assemblies 
are the same, operation of only the lower is described. 

Figure 6-22 provides more detail of the transducer error circuitry, Figure 6-23 shows signal relationships, 
and Figure 6-24 shows the tape load path. Table 6-13 gives a summary of the operation of the tape tension 
function. 

ERROR 

MA·eOlla 

Figure 6-22 Tension Arm Transducer 
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REEL MOTORS ON 

AC LINE INPUT L.-.-~r----+---+-+--~-t--+---"'tt--

POWER TO BRAKES -----+--+-t---~-t___+_--_'ri_-

ERROR VOLTAGE -----f--t----i-------+-

POSITIVE RAMP 

NEGATIVE RAMP 

RESET ~_--L_-+--+-+--_-+-_+--+-__ ----'I-+_ 

POSITIVE LATCH OUT ------1 

NEGATIVE LATCH OUTPUT -----f--H--+--+--i 

OUTPUT TRIAC P -----i-----r+----3!---+--+---I-+-

OUTPUT TR lAC N -------I--+-+---t--+-+--------H---

Figure 6-23 Signal Relationships 

6.5.4.1 Tension Arm Error Signal (Figure 6-22) - The tension arm transducer is a transformer with a 
moveable core or slug. The slug is connected between the pivot end of the tension arm and tension spring. 
Tape motion moves the tension arm causing the slug to move. The degree of coupling between the primary 
transformer winding and one half of the secondary is increased, causing the current to increase in the secon­
dary winding. Coupling to the other half decreases, decreasing secondary current in that half. The se(~n­
dary winding is wound so that these currents are out of phase, and connected to the input of a bridge. 
Current flows through one half of the secondary winding or the other on alternate half cycles of the 4 KHz 
input. The signal at the noninverting input to the error signal amplifier becomes: 

I. zero when the tension arm (and slug) is centered; 

2. negative when the arm is off center and the current through Ra is greater; or 

3. positive when the arm is off center in the opposite direction and the current through Rb is 
greater. 
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A. READ/WRl'rE HEAD 
B. ERASE HEAD 
C. TAPE CLEANER 
D. FIXED HEADTAPE GUIDES (2) 
E. TENSION ARM ASSY. W/ROLLER TAPE GUIDES (2) 
F. ROLLER TAPE GUIDES 
G. CAPSTAN 
H. SUPPLY REEL AND SNAP HUB ASSY. 
I. HINGE BLOCKS (2) 
J. BOT/EOT ASSY. 
K. TAKE-UP REEL 

Figure 6~24 Tape Loading Path 

The offset signal to the inverting input of the amplifier is negative for forward tape motion commands and 
positive for reverse tape motion commands (opposite for the upper arm servo). This signal aids or opposes 
the error signal, depending on arm position and tape direction. It offsets the effect of reel momentum when 
tape motion is reversed. For example, when tape moves in the reverse direction, and the lower arm is down 
(too much tension), the error signal increases reverse drive to the lower motor. The lower reel motor sup­
plies more tape to the lower loop, decreasing tension. The offset signal polarity is positive to the lower reel 
servo when tape is moving reverse increasing slack in the lower loop. If the tape is moving forward reel 
momentum would tend to increase tape tension. The additional slack provided by the offset signal compen­
sates for the momentum, and prevents the tension arm from hitting the limit switch. 

Not shown is an RC network on the inverting input. This network causes a temporary increase in amplifier 
gain when there is a very large input signal from the bridge. The amplifier then supplies a large error signal 
to overcome reel motor inertia when tape reverses direction or starts from rest. 
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Table 6-13 Tape Tension Function Summary 

Tension Error Reel Loop 
Reel Arm Offset To Comparator Motor Size 
Servo Position Signal Comparator Output Direction Result 

Forward Tape Motion 

U 
P Down POS· NEG ARM DOWN Forward Increase 
p 
E Up POS POS ARM UP Reverse Decrease 
R 

L 
0 Down NEG NEG ARM DOWN Reverse Decrease 
W 
E Up NEG· POS ARM UP Forward Increase 
R 

Reverse Tape Motion 

U 
P Down NEG NEG ARM DOWN Forward Increase 
p 
E Up NEG· POS ARM UP Reverse Decrease 
R 

L 
0 DoWIlI POS· NEG ARM DOWN Reverse Increase 
W 
E Up POS POS ARM UP Forward Decrease 
R 

• Aids error signal. 
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6.5.4.2 Ramp Generator (Figure 6-12) - The error signal feeds the inverting input on the ARM DOWN 
comparator, and the noninverting input on the ARM UP com.parator. The noninverting input of the ARM 
DOWN comparator feeds the POS RAMP, and the NEG RAMP feeds the inverting input of the ARM 
UP comparator. 

The positive and negative ramps are sychronized to the zero crossing point of the ac input (Figure 6-23). 
When the error signal exceeds the ramp voltage, the output of the comparator is asserted. An error signal 
exceeding the positive ramp asserts ARM DOWN, and an error signal exceeding the negative ramp will 
assert ARM UP. Thus the relationship between the error signal and the ramps determine how long the 
ARM UP or ARM DOWN signal is asserted during each half cycle of the ac input. 

Notice that the zero crossing detector generates LATCH RST every time the ac input crosses zero. 

6.5.4.3 Reel Motor Control - Each latch provides the input to an optically isolated SCR. When the latch 
is set, the SCR conducts turning on its associated TRIAC. The TRIAC supplies power to the reel motor. 
Thus the direction of the transducer error signal determines direction of the reel motor by turning on the 
forward or reverse TRIAC; and the magnitude of the error signal determines reel motor torque by deter­
mining the duration of TRIAC conduction. 

6.5.4.4 Reel Motor On (Figure 6-12) - The REEL MTR ON signal from the capstan servo board resets 
the latches on the reel servo board, and triggers the reel brake SCR applying power to the brakes in order 
to release them. The REEL MTR ON signal is disabled by DC LO or by any of the tension arm limit 
switches being closed. 

6.6 TAPE DATA HANDLING 
This three-part section talks about transferring data to and from tape. 

1. The read function describes how data flows from the read heads to the PE formatter. 

2. The PE formatter function describes how read data flows through the I/O section via the ~P. 

3. The write function describes how data flows from the I/O section to the write heads, via the ~P, 
and how the read after write function works. 

6.6.1 Read Function 
Figure 6-25 is a simplified diagram of the read function and is referenced throughout this description. 

6.6.1.1 Read Preamplifiers - Each of the· nine read heads connects to a two-stage read preamplifier. 
(These preamps are shown in the upper left of Figure 6-25.) The preamps provide maximum flux reversals 
per inch (frpi) gain at a frequency bandwidth that is equivalent to 1600 to 3200. The nominal PE signal 
from the read heads is 6 m V p-p. The maximum signal output from the preamps is 16 V p-p and 10 V p-p 
during preamble/postamble. Each of the nine preamps has a gain adjustment potentiometer. Test points 
are provided on the G057 read preamplifier board and the motherboard for each output signal. 
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6.6.1.2 Read Amplifiers - The outputs of the nine read preamps connect to nine read amplifiers, four on 
each of two G 157 boards and one on the M8923 board. M8923 also contains read control circuits common 
to all nine amplifiers. Each amplifier circuit is the same, so only the parity track amplifier on M8923 is 
described. M8923 is shown in the central portion of Figure 6-25. 

The signal RD P connects to a peak detector consisting of an active differentiator E20 and a zero crossing 
comparator E21 (output pin 14); and to +TH threshold detector E21 (ouput pin 1) and -TH threshold 
detector E21 (output pin 2). 

The peak detector output signal at E21-14 changes when the direction of the input signal RD P reverses 
(Figure 6-26). This signal is ANDed with the READ signal at the input to E22, and fed to exclusive-OR 
Ell. This gate complements the output of E22 when the tape is moving in the reverse direction. (Compare 
Figures 6-26 and 6-27.) On Figure 6-27, asterisks denote significant signal differences compared to the 
forward direction. The ouputs of EIO are differentiated to provide sharply defined read pulses to both 
NAND gates E 14; noninverted at pin 5 and inverted at pin 12. 
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POS P 

NEG P 
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Figure 6-26 Forward Signal 
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Look at the two threshold detectors E21 (output pins 1 and 2). RD P on the inverting input (pin 6) is 
compared to the positive threshold + TH on pin 7 of the top detector. If the positive going half of RD P is of 
sufficient amplitude to overcome + TH, a negative gating signal, that straddles the detected peak of RD P, 
is produced at the output E21-1. The gating signal is ANDed with the READ signal and inverted by E25 
(output pin 4). 

Similarly, the negative half of RD P is compared to - TH, and, if more negative than the threshold, a 
negative gating signal is produced at E21, pin 2. The gating signal is ANDed with the READ signal and 
inverted by E25 (ouput pin 3). 

Note that because RD P is applied to the inverting input (pin 6) in the first case, both positive and negative 
transitions of RD P result in negative gating signals straddling the peaks of RD P, at E21 pins 1 and 2 
(Figure 6-26). 

The gating signals from E25-4 and E25-3 are ANDed with either the FW or REV signal through both 
halves of E19. The operation of E19 is such that in the forward direction (FW high), the gating signal from 
E25-4 is gated through to E 14-4; and the gating signal from E25-3 is gated through to E 14-11. When REV 
is high the action is reversed: the gating signal from E25-4 shows up at E14-11, while the signal from E25-3 
is fed to EI4-4. The signal through Ell is complemented when REV is high, and appears at E14-12 as a 
sharply defined positive going read pulse (Figures 6-26 and 6-27). 

The outputs of E 19 (pins 13 and 12) are also ORed with the RD CLR signal on the direct reset input of two 
flip-flops. When RD CLR is low, the operation of the flip-flops makes sure that POS P outputs are alter­
nated with NEG P outputs. For example, if the left flip-flop is reset and the right flip-flop is set, E 14-3 will 
be high and E14-13 low. A positive transition of RD P in the forward direction (FW high) will result in a 
high gating signal at E19-13. This makes E14-4 high, and resets the right flip-flop making E14-13 high. 
The positive transition of RD P also causes a positive pulse at E14-5, which is gated through E14, appear­
ing as a negative pulse at pin 6. The trailing edge (positive transition) of this pulse sets the left flip-flop, 
making E14-3 low, and inhibiting this (POS P) leg. It is not enabled again until a negative transition of RD 
P occurs, and its associated gating signal resets the left flip-flop. Figures 6-26 through 6-29 show operation 
of the flip-flops. The flip-flops block the effect of spurious signals induced by tape noise, as shown in Figure 
6-28. Note that the negative transition of RD P leading into the spurious signal, is not negative enough to 
overcome - TH, and does not produce a gating signal. 

RD CLR may be asserted under microcode control to defeat the noise filtering function of the flip-flops. 

Figure 6-29 shown the effects of a read signal too low to overcome the threshold. Note that a missing bit 
creates a dead track situation, and the remaining data in that track is ignored. (More information on detect-
ing dead tracks is provided in Paragraph 6.6, PE Formatter). ' 
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6.6.1.3 Read Control - The threshold generator is shown in the lower left of Figure 6-25. The thre.'thold 
levels + TH and - TH are selected by the main #P via INPUT REG EI and a OJ A converter. The OJ A 
converter consists of multiplexer MUX E9 and a resistor ladder on its output. The output of the OJ A 
converter feeds amplifier E 18 to produce - TH. Inverting - TH through amplifier E 17 generates + TH. A 
potentiometer is provided to fine tune the thresholds. 

INPUT REG E 1 is loaded from the #P aBUS by the trailing edge (positive transition) of LD RD CONT 
L. LD RD CO NT L is asserted by decoder DEC E6 when #P CROM 01,24-21 = 20. 

Refer to Table 6-14 for threshold levels and their uses. 

Note that when the DIAG signal is high, the data input to E22 comes from control silo 4 (Data Silo 0-7 for 
the other read amplifiers) on M8966. 
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Figure 6-29 Low Signal 

Table 6-14 Threshold Levels 

Percentage 
Decoded of Nominal 
Level Tape Signal 

7 120 
6 80 
5 54 
4 60 
3 40 
2 20 
1 12 
0 7 

• Read after write 
t Data portion only 

Normal 
Operation 

PE Write· 
PERead 
PE Error 
Recoveryt 
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The PACKET signal is the inclusive-OR of all read pulses and reflects gap scatter, jitter, and skew. This 
sign'al is fed to the skew measuring circuits (lower right of Figure 6-25). The SKEW ME AS circuit meas'· 
ures the time between the arrival of the first pulse and the last pulse for one frame, and converts that timc~ 
to an analog signal SKEW OUT. The amplitude of SKEW OUT is proportional to the time between the 
first and last pulse. SKEW OUT is also fed to comparator E21 where it is compared to a reference voltage. 
If the time between the first and last pulse is great enough, SKEW OUT will reach an amplitude that 
exceeds the reference level and signal SKEW LIMIT will be asserted. SKEW LIMIT is an input to mul·· 
tiplexer MUX E1S on MS922. SKEW LIMIT asserts ~P BBUS when ~P CROM 24-21 = 07. 

6.6.1.4 Outputs - The outputs of the nine read amplifiers, pas 0-7, P and NEG 0-7, P are connected in. 
groups of three to three MS924 boards. The MS924 boards and the MS922 board make up the PE format·· 
ter. This is where the read signals are deskewed and decoded into tape marks, preamble, postamblc~, and 
data. 

6.6.2 PE Formatter 
The PE formatter includes four circuit boards: three MS924 boards and one MS922 board. Each NIS924 
contains data tracking and detection logic for three tracks. The three MS924 boards thus have a capacity 
of nine tracks. The MS922 board contains control circuits which are common to all nine channels. 

The remainder of this section uses block diagrams and timing diagrams to describe YCO operation" data 
tracking and detection, deskew buffer and ROM look-up table operation, and the overall read operation. 

6.6.2.1 veo Operation - The YCO is part of a phase locked loop (PLL) that synchronizes the data 
detection circuits to the incoming data. The frequency of the YCO will increase or decrease to follow 
changes in the frequency of data coming from the tape due to minor variations in tape speed or bit density. 
For the following description of YCO operation, refer to Figure 6-30. 

The YCO takes its inputs from the FMT MAJOR STATE REG. and tracks 4 and 5 (parity and bit 5) data 
detection circuits. The VCO output is sent to all three MS924 boards. 

The nominal frequency of the VCO is 64 times the data frequency. (64 X 1600 bits/in X 45 in/s := 4.6 
MHz) This frequency will vary with tape speed and with minor changes in the recording density. Tape 
speed may not be a constant 45 in/s and bit density may not be exactly 1600 bits/in. 

The YCO becomes a reference for the data detection circuits on the MS924 modules. Even though the 
incoming data rate changes, the reference (VCO output) changes along with it. 

The operating mode of the VCO is controlled by the FMT MAJOR STATE REG. When VCO SYNC is 
not set, the VCO runs at the nominal frequency (4.6 MHz) determined by the frequency adjustment poten­
tiometer. When VCO SYNC is set, the VCO output will follow the data frequency from the tape. 

Two frames after VCO SYNC is set, the divide by 64 counter is enabled and the AMP will start following 
the input from the phase comparator. This two frame delay is caused by the delay shift register. 'Vhile 
VCO SYNC is reset, a constant clear is applied to the delay shift register. When VCO SYNC is set, this 
clear is removed and WIND 5 H is allowed to shift Is into the shift register. (Window generation is dis­
cussed Paragraph 6.6.2.2.) When the 1 output of the shift register goes high, the clear input to the divide 
by 64 counter goes low, as does the input to the phase comparator (PC) disable circuit. 

The divide by 64 counter is one input to the phase comparator. The second input is the signal SY PLS H. 
SY PLS H comes from either veo STRB 5 or veo STRB P (track 5 or 4 respectively). Track: 5 is 
normally used as the source for SY PLS H. If track 5 should go dead the SY PLS select circuit will shift to 
the parity track for the source of SY PLS. 
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The phase comparator generates a voltage proportional to the phase difference of the low-to-high t.ransi­
tions on its inputs. Any phase difference generates an output which is sent to the AMP as an error s.ignal. 

The AMP uses the error signal to modify the static voltage level set up by the frequency adjustment. This 
modified voltage level is sensed by the YCO and it either increases or decreases its output frequency" This 
change in YCO frequency is felt by the divide-by-64 counter, bringing its output more nearly into phase 
with the SY PLS. This causes the phase comparator's output error voltage to decrease. 

This process continues until the YCO frequency is 64 times the incoming data rate. 

Note that for every change in the data rate there is a corresponding change in the YCO frequency. 

6.6.2.2 Data Detection - The data detection circuits are on the M8924 boards. Each track has a data 
detection circuit of its own. Thus there are three data detection circuits on each M8924. Each data detec­
tion circuit contains timing logic (window), a data flip-flop, dead track detection circuits, and a deskew 
buffer. 

The M8924 has some logic that is common to all three channels on the board. 

Reading PE data requires the bit cell boundaries to be defined. A transition in the cell center is a data bit. 
The direction of the transition determines if the bit is a 1 or a O. Transitions may also be required on the 
cell boundaries to set up the direction of the transition in the cell center. Therefore, you must be able to 
distinguish between boundary transitions (phase bits) and data transitions (bit strobes). 

Defining the bit cell boundaries is the job of the window circuit. The window circuit splits each bit cell into 
two parts, a phase half and a data half. Data is detected only during the data half of the bit cell. 

Data transition should be received exactly in the center of the window. The time at which the data arrives 
varies due to speed variations and deviations in the tape path over the heads. To keep the data center'ed in 
the window, adjust the window timing. If no transition is detected within the window boundaries, the t.rack 
is considered dc:ad. 

6.6.2.2.1 Window Generation - The following discussion is limited to channel A of an M8924 board, 
except where logic common to all three channels is discussed (Figure 6-31). 

The internal timing logic uses the YCO H signal to produce four internal timing signals. Each of these 
signals is active on alternate YCO H cycles. Thus, each timing signal is one half the YCO frequency or 32 
times the data frequency. (Refer to Figure 6-32 for the timing relationships of these signals.) 

The shift register counter defines the timing of the window for detecting data. Assume that the counter is 
initially clear. The output of counter stage 8 (CT8 H) is low. This signal is inverted (CT8 L) and appli(~d to 
the input of the counter. Each assertion of TIME 2 H will clock a 1 into the counter until CT8 H goes high. 
At this point (eight transitions of TIME 2 H) there are eight Is in the counter. CT8 L goes low and after 
eight more transitions of TIME 2 H the counter is again all Os. The entire cycle will repeat until the window 
must be adjusted. 

The window flip-flop toggles each time the counter fills with ones. To adjust the timing of the window, the 
normal sequence of the counter must be altered. Figure 6-33 shows the normal relationships of the counter, 
the window signal, and the signals received from the read circuits (M8923 and the two G 157 boards). 
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Figure 6-33 Counter-Normal Signal Relationships 

Notice that the signals from the read circuits occur when the counter is all Os. Thus, the all Os condition of 
the counter defines both the center of the window and the cell boundaries. Two full cycles of the counter 
(Le., 32 counts of TIME 2 H) are used to determine the center and boundaries of each bit cell. 

If a POS or NEG signal from the read circuits occurs when the counter is not all Os, the normal counting 
cycle is altered. This is done with the clear counter timing logic and the gating which feeds it. 

The POS and NEG signals enter the M8924 from the read circuits and latch into the latch flip-flops. On 
the next veo H clock, the POS or NEG gates into the delay latch. When veo L goes high, the signals 
gate through the strobe gating and out to the channel logic as POS STB L or NEG STB L. These POS or 
NEG strobes also reset the corresponding latch flip-flop. 

The strobes are ORed in the channel logic (E28) and then applied to two AND gates (E 1 0) where they are 
ANDed with WIND H and WIND L. The outputs of these gates are BIT STB H and PHASE BIT H . . 
The PHASE BIT H signal is ANDed with the signal RD H and applied to the clear counter timing logic 
through Ell. This signal causes the counter to clear whenever a phase bit is detected during a read. Since a 
phase bit always occurs on a cell boundary, clearing the counter whenever a phase bit is detected assures 
that the window occurs at the proper time (eight counts of TIME 2 H after the phase biO, 

6-75 



When the window flip-flop sets (WIND H goes high), its output sets the WIND SY (window sync) fli]p-flop 
and causes WIND SY H to go high. The WIND SY flip-flop is cleared whenever the clear counter timing 
logic clears the counter. 

To adjust the window on data rather than phase bits, the top and bottom AND inputs to Ell are used. If 
the data occurs too early in the window, the top input is used. If the data is late in the window, the bottom 
input is used. Either of these inputs will cause the counter to reset one count from its normal all Os time. 
Thus, data will adjust the window timing 1/32 of a bit cell at a time. 

WIND SY H, WIND H, and P or D and R H (preamble or data and read) are enabling signals to AND 
gate E30. E30 is one signal applied to AND gate E I 0, which is fed to the top input of E II. The second 
input to AND gate EIO is BS SYNC H (bit strobe SYNC). The BS SYNC flip-flop is set by BIT STB H. 
The output from AND gate EIO is ANDed with CT7 Land CT8 H in the top input to Ell. If the BS 
SYNC flip flop is set more than one count before the center of the window (counter = all Os), then the 
counter will be cleared when a single I remains in the last stage of the counter (CT8 H = high and CT7 L = 
high). This shortens the normal counting cycle of the counter by one count. Figure 6-34 shows the window 
adjustment. 
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The bottom input t.o Ell uses AND gate E30, the reset side of the BS SYNC flip-flop (BS SYNC L), CT8 
L, and CT 1 H. If the counter counts one count past the center of the window and BS SYNC is not yet set 
(CT8 L = high. CTI H = high, BS SYNC L = high), the counter will be cleared. This extends the normal 
counting cycle by one count. 

During read after write operations, the window is adjusted with data. Phase bits are not used to adjust the 
window on a read after write. 

BIT STB H is ANDed with WRITE H (WRITE H is the RD H signal inverted) on the input to Ell. A BIT 
STB will always zero the counter during a read after write. 

6.6.2.2.2 Data Sampling - One bits are detected by the ones data flip-flop (EI9). NEG STB Land 
WIND L are ANDed in E31 to set the flip-flop. If the data is a zero (POS STB) then the flip-flop will not 
be set. The output of the flip-flop (ONES DATA H) is applied to the input of the FIFO deskew buffer. 

Data is clocked into the deskew buffer by the LOAD BUFF signal. LOAD BUFF is generated by ENAB 
SHFT H. The ENAB SHfT flip-flop is set by the low-to-high transition of WIND L (that is, on the trailing 
edge of the data window). On the next transition of TIME 2 H, the ENAB SHFT H signal is clocked into a 
latch (E21). The output of the latch is LOAD BUFF H. 

LOAD BUFF H is also looped around to the input of the latch and, on the next TIME 2 H, will be output 
as CLR DATA. The CLR DATA H signal is inverted and sent to the reset inputs of the ENAB SHtl 
flip-flop, the BS SYNC flip-flop, and the ones data flip-flop. 

6.6.2.2.3 Dead Track Flip-Flop - The dead track flip-flop (sometimes called track active flip-flop) is 
used in two ways. During the data portion of a record, it detects the absence of a BIT STB during the 
window. If no BIT STB is detected the flip-flop resets, indicating the track is dead. This flip-flop may also 
be used as an NRZ detector (not to be confused with 800 bpi NRZ data) which detects transitions regard­
less of polarity. The output of the dead track flip-flop is sent to M8922 and to the deskew buffer. 

The signal FORCE WIND L is asserted when the dead track flip-flop is used as an NRZ detector. FORCE 
WIND L disables the normal clock input to the dead track flip-flop and causes the window flip-flop to be 
constantly set. The constantly set condition of the window flip-flop disables most of the channel logic. 

The only active inputs to the dead track flip-flop during this time are the direct set and direct reset. P or D 
DL Y'D L will be high, enabling POS or NEG H to directly set the dead track flip-flop. Thus, the dead 
track flip-flop sets on a transition in either direction. 

The dead track flip-flop is reset by the signal CLK DD TRK L. This signal comes from YCO SY DL Y'D 
and CLK DESK BUF. (Both of these signals are under J.LP control.) 

Since the window logic is disabled, the deskew buffer will not be clocked when the dead track flip-nop is 
used as an NRZ detector. All sampling of the dead track flip-flop must be done by the IlP. 

In normal operation (when used for detecting dead tracks), the dead track flip-flop sets via the D and C 
inputs. BS SYNC H connnects to the 0 input. The C input comes from AND gate E 15. This gate has DD 
TRK L, WIND L, and FORCE WIND L as inputs. 

BS SYNC H is asserted when a transition occurs during the window. FORCE WIND L is high. When 
WIND L goes high, BS SYNC H will be clocked into the flip-flop. If BS SYNC H is high when WIND L 
goes high, the track is active. If BS SYNC H is low when WIND L goes high, the track is dead and the 
flip-flop is reset. DO TRK L on the input to AND gate E 15 will disable further inputs to the flip-flop once 
it is reset. 
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6.6.2.2.4 Deskew Buffer - The deskew buffer is a 64-location FIFO memory identical to the chips which 
make up the I/O silo (6740Is). Each channel has its own deskew buffer. Only two of the four bits in the 
chip are used; one for data, the other for dead track information. Each M8924 has three deskew buffers. 

The deskew buffer's output is controlled by AND gate E3. This gate takes its inputs from CLK DESK 
BUF H (controlled by #LP) and OR gate E9. E9 disables further shifting of data to the buffer output on two 
conditions. 

The first condition that disables shifting data out of the buffer is if preamble is set (controlled by #LP) and a 
1 appears on the DSK DATA output of the buffer. This permits deskewing the output of all nine channels 
on the all 1 s character at the end of the preamble. Shifting data out is only permitted on those deskew 
buffers which have not yet seen the one bit of the preamble. The #LP continues issuing CLK DESK BUF 
commands until it sees a 1 on the output of all nine channels. The p,P then clears preamble mode and 
normal shiftin,g resumes. 

The other condition that disables shifting the output of the buffer is if preamble or data mode is set and the 
DSK DD TRK output of the buffer is a 1. Thus, if a dead track is indicated on the output of the buffer 
during the preamble or data portions of a record, the buffer's output is frozen. 

The #LP must have a way of determining if data is ready, to be shifted out of the buffer. This is alccom­
plished by the BRDY H (buffer ready) signal. This signal is controlled by OUT RDY H from the buffer 
and the output of flip-flop E4. These signals are ANDed in E3 to generate BRDY H. 

Flip-flop E4 is set unless IN RDY H is a low when WIND L goes low. This condition indicates that the 
buffer is either full or is not functioning correctly. In either case, data is lost because the buffer will not 
accept more data. 

While flip-flop E4 remains set, the BRDY H signal is asserted whenever OUT RDY H is high. 

6.6.2.3 Formatter Multiplexers and ROM Look-Up Table (Figure 6-30) - The formatter multiplexers 
(on M8922) route data from the M8924 boards to the #LP IBUS and the ROM look-up table (decode 
ROM) under I-tP control. The decode ROM enables the #LP to make single instruction decisions about the 
data from the M8924 boards. This saves a great deal of time for the #LP. 

There are three multiplexers that route data to the #LP IBUS. These multiplexers are addressed by #LP 
CROM 00 and 20 through 17. (Refer to Table 6-4 for addresses and the data that is gated through).. Two 
of the inputs to the multiplexers are latched on M8922 (DD TRK 0 through 7 and BRDY 0 through 7). 

There is also a PAR MUX (parity multiplexer) on M8922, which routes data from the parity track 1to the 
decode ROM and the bit bus mux. This multiplexer responds to the same addresses as the #LP IBUS mul­
tiplexers, gating through the same data for the parity track. The PAR MUX will also respond to these 
addresses minus 4 (that is, with #LP CROM bit 19 reset). This allows the parity channel to be addressed 
separately as well as with the data channels. 

The decode ROM is 1024 words X 8 bits. Addresses 0 through 7 are taken from the #LP IBUS. Address line 
8 is from the PAR MUX and address line 9 is from the VERT PAR CHECK circuit. 

Any address from the ROM asserts one or more of the 8 output bits. Table 6-15 describes the output bits. 
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Table 6-15 ROM Look-Up Configurations 

Output 

MUD 

RFMK 

PREAM 

90F9 

OOF9 

CORRDATA 

INCORDATA 

80F9 

Addresses that assert-

AAAAAAAAAA 
9876543210 

XDDDDDDDDD 

XXX0100X11 
X110X001XX 

XAACBCCABBt 

X111111111 

XOOOOOOOOO 

1000000001 
1000000010 
1000000100 
1000001000 
1000010000 
1000100000 
1001000000 
1010000000 

1000000000 

Xl11111111 
X111111110 
XI11111101 
XI11111011 
Xll11l01l1 
X11110l111 
XI11011111 
XI10111111 
X101111111 
X011111111 

D = 2 or more of 0, X = do not care 
* AO-A7 = Mux 20-27, A8 = Mux Parity, A9 = Latched Parity Error 
t Must have at least one of A, B, and C. 

Must have all of A, B, or C. 
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The output of the ROM is sent to the bit bus mux along with four separate lines. These separate lines are 
Vertical Parity Error (VPE H), multiplexed parity (MUX PAR H), skew limit (from M8923), and flag bit 
from the format major state register (FMT FLG 0 H). The bit bus mux is addressed by ~P CROM 24 
through 21. 

Typically, the JLP will route data from the M8924 boards through one of the multiplexers (addressed by ~p 
CROM 20 through 17) to the JLP IBUS. At the same time, the bit bus mux will select (via ~P CROM 24 
through 21) one of the lines on its input and gate it through to the JLP bit bus. The JLP will jump if the bit it 
is testing is asserted. 

This allows the JLP to make many decisions based on the data from the M8924s in a relatively short time 
(i.e., each decision requires only one conditional jump instruction). 

The JLP may also examine the data by addressing the appropriate multiplexer during a register read rather 
than a conditional jump operation. The ~P will usually make a series of decisions about the data and then 
take the data and do something with it (send the data to the I/O, etc.). 

6.6.2.4 Read Operation - This section is an overview of the read operation. It is not intended to be an 
exact step-by-step breakdown of all the things which happen during the operation. 

The read operation involves record recognition, VCO sync-up, deskewing the data on the preamble Is char­
acter, checking the data for errors, correction of errors, data transfer to the I/O section"and recognition of 
postamble/end of record. 

After receiving the read command packet from the system CPU, the JLP will set up the I/O section and 
start tape motion. When tape is moving the JLP starts searching for the beginning of the record to be read. 

To recognize a record, the JLP sets NRZ mode (set the force wind bit in the FMT MAJ STATE register). 
This causes the dead track flip-flops to act as NRZ detection circuits. The JLP monitors the dead track lines 
via the decode ROM and the JLP bit bus using conditional jumps. Each time the output from the dead track 
flip-flops looks like a preamble, the JLP increments an internal count and then resets the flip-flops. 

When a sufficient number of frames which look like a preamble have been detected, the ~P resets force 
wind and sets veo SYNe and FMT RD in the FMT M"AJ STATE register. This causes the veo to 
synchronize with the data from the tape. The JLP allows 'about 20 frames for the veo to synchronize. 
During veo synchronization, the channel logic will also be adjusting the data windows. After the synchro­
nizing period, the JLP will clear out the deskew buffers (during sync up the deskew buffers may fill with bad 
data) and then set the PRE bit in the FMT MAJ STATE register. 

At this point the veo should be in gync with the data and the channel window logic should have the data 
windows properly positioned. The FMT MAJ STATE register will have the VCO SYNC, FMT RO, and 
PRE bits set. The JLP will start sampling the output of the deskew buffers looking for the preamble all Is 
character. Each time nine of nine BRDYs occur, the JLP clocks the buffer outputs. When nine of nine DSK 
DA T A lines are true, the JLP sets the DATA bit and resets the PRE bit in the FMT MAJ STATE register. 
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The ,uP will start checking the deskewed data from the buffers for errors, using the decode ROM and 
conditional jumps. If the data has no errors, the #loP transfers it to the I/O section where it is sent to the 
system memory. The #loP also checks the data to see if it looks like a postamble. If the data is in error but is 
correctable (bad parity and one dead track) the #loP corrects the data, sends it to the I/O section, and sets a 
flag (this flag shows up in XSTAT 1 in the message buffer), If the data has an incorrectable error (parity 
error and no dead tracks), the ,uP sets a fatal error. 

When the #loP detects the postamble, it checks to make sure that the postamble is neither too long nor too 
short. It then decelerates the capstan to the center of the interrecord gap and sends the message packet to 
the CPU. 

6.6.3 Write Function (Figure 6-35) 
This section describes the write function. 

6.6.3.1 Control and Data Silo - The write function has two modes of operation. The first, for writing 
data, is phase encoded (PE); the second, for writing 10 bursts (lOB) and tape marks, is referred to as NRZ. 
In either mode data for tracks 1 through 3 and 5 through 8 comes from data silo 0 through 7 and data for 
the parity track (track 4) comes from control silo 4 on the M8966 board (upper-left of Figure 6-35). 

In PE mode, control silo 4 is the calculated parity bit, based on the 8 data bits. Control silo 3, (the LRCC 
ENAB bit) and control silo 5 (the NRZ bit) are both cleared by the main #loP. 

In NRZ mode, all the data and control silo bits are directly controlled by the main #loP. For writing an lOB 
the data silo bits are cleared, control silo 4 is filled with alternate Is and Os, control silo 3 is cleared, and 
control silo 5 is set. To write tape marks, data silo 0,1,2,5,7 and control silo 4 are filled with Is, control silo 
5 is set, and control silo 3 and the rest of the data silo bits are cleared. The main #loP also updates control silo 
bit 7 (silo parity). The control and data silo are described in more detail in the section on I/O function 
description. 

Data is strobed out of the silos by signal WRT BD REQ SILO L from the M8929 (Paragraph 6.6.3.2). 

6.6.3.2 Write Control - The Write Control register (E7) (lower-left of Figure 6-35 is loaded from #loP 
OBUS 0 through 5 when #loP CROM 01,24-21 = 01. For most normal write operations in either mode, 
WRT ENAB, 144 KHz EN, HEAD ENAB and ERASE ENAB are selected. MAl NT WRT is not imple­
mented in current microcode. 

In addition to the signals controlling the write logic, a switched voltage supply, + VSW, provides power to 
the write and erase heads. (Refer to the lower-right of Figure 6-35). When a reel containing a write-enable 
ring is mounted, the WRL SOLENOID plunger is pressed, closing the WRL SWITCH, and the + VSW 
SUPPLY is turned on. + VSW is applied to the WRITE HEAD and ERASE HEAD amplifiers, and to the 
WRL SOLENOID control amplifier. When the REEL MTR ON signal from the capstan servo board 
G 159 goes high, the WRL SOLENOID amplifier is switched on, energizing the solenoid, retracting the 
plunger further (and keeping the WRL SWITCH closed) to eliminate drag on the write-enable ring. 
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6.6.3.3 Data Write Operation - Timing for ",'rite operations is shown in Figure 6-36. Operation of the 
WRT BUFF flip-flops is shown in Figures 6-3? through 6·40. 
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Refer to Figures 6-35 and 6-36. Basic timing for the write function is supplied by TP4/RUN Hand TP5/ 
RUN L. These are 2.3 MHz clocks offset from each other by approximately 145 ns. Binary counter CTR 1 
divides TP5/RUN into 1152 KHz and 288 KHz clocks. When 144 KHz EN is high, binary countc~r CTR 
2 divides the 1152 KHz clock into 576 KHz, 288 KHz, and 144 KHz signals. These three signals fro:m 
CTR 2 are then used to derive CLOCK DATA, REQ SILO TIME, and CLOCK DLT TIME. 

When CLOCK DATA is high, binary counter CTR 3 is enabled and counts TP5/RUN ticks to produce 
write timing signals WTO and WT 1. (The counter is reset by CLOCK DATA L before producing WT2 
and WT3.) WTO and WTI are the two LSBs of address for the WRITE ROM. The 144 KHz EN s.ignal is 
the MSB of the ROM address. The WRITE ROM is blasted so that address 23 (octal) contains all Is 
(addresses 20 through 22 are all Os). Thus when the count in CTR 3 reaches 3, W ROM 7 through W 
ROM 0 are all high. At the same time WTP is high. The outputs of the WRITE ROM and WTP are 
clocked into register REG E8/E16 by TP4/RUN to form the strobes W STB P and W STB 7 through W 
STB 0 for the write buffer JK flip-flops. 

Notice that CLOCK DATA, and therefore the write strobes, are asserted at the 144 KHz rate. This corre­
sponds to 3200 frpi at 45 in/s (3200 X 45), the maximum rate of flux changes for PE recording. 

Signal CLOCK DLT TIME is clocked through REG E8/E16 and becomes WRT BD CLK DLT.lt is fed 
to M8966 and also clocks binary counter CTR 4. On M8966, WRT BD CLK DLT is compared with the 
silo output ready signal (ANOed with SOR L). If the the silo output ready signal is not high whel1l WRT 
BD CLK DL T L is asserted, a data late error signal (DL T ERR) is asserted. 

On M8929, when WRT ENAB is asserted and CONTROL SILO 5 is low (data write), CTR 4 divides 
WRT BD CLK DLT by two. Signals JAY ENABLE, PE DATA HALF, PE PHASE HALF, and NRZ 
CYCLE are alternately high and low (Figure 6-36). 

To see the operation of the write buffer flip-flops, refer to Figure 6-37. Keep in mind that the JK flip-flops 
will toggle if strobed with both J and K inputs high, and will not change if strobed when both inputs are 
low. The dom.inant signal states are indicated in boldface. 

Data is read out of the silos by signal WRT BD REQ SILO L. This signal, from REG E8/EI6, is asserted 
by REQ SILO TIME during the time that PE DATA HALF is asserted. 

6.6.3.4 IDB and Tape Mark Write - When an identification burst or tape mark is to be written, the main 
J,LP writes both the data and control silos. Control silo bit 5, the NRZ cycle bit, is set and alters the opera­
tion of the phase half and data half signals which control operation of the write buffer flip-flops. Control 
silo 5 high also causes the timing of the WRT BD REQ SILO signal to be altered. 

Refer to Figure 6-35. When CONTROL SILO 5 is high, CTR 4 in the upper left is disabled. CONTROL 
SILO 3 is not set, so that JAY ENABLE is high. PE DATA HALF is low. PE PHASE HALF is low, 
making NRZ CYCLE HIGH. WRT BD REQ SILO from REG E8/E16 will now follow REQ SILO 
TIME. This means that data is read from the silos at twice the rate that it is read during a data writle. The 
timing differences are shown at the bottom of Figure 6-36. 

For an IDB burst, CONTROL SILO 4 is alternately 1 and O. Because of the doubled data rate, the input to 
write buffer flip-flop WRT BUFF P is high when one write strobe arrives, and low when the next arrives. 
Consequently, WRT BUFF P changes state with every other write strobe (Figure 6-38). All the data silo 
bits are 0 and the other write buffer flip-flops do not change (Figure 6-40). Flux on track 4 is reversed at 
half the write strobe rate, or 1600 frpi. 
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When a tape mark is to be written, data silo 1, 2, 5, 7, and 8, and control silo 4 are set. Data silo 3, 6 and 9 
are cleared. Therefore, the data inputs to WRT BUFF 1, 2, 5, 7, 8, and P flip-flops are high when each 
write strobe arrives, and the flip-flops change state with each strobe. WRT BUFF 3, 6 and 9 do not change. 
Flux reverses on tracks 1, 2, 4, 5, 7 and 8 at the same rate as the write strobe, or 3200 frpi (Figures 6-39 
and 6-40). 
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6.6.3.5 Read After Write - Read after write is th~ same as a normal read (Paragraphs 6.6.1 and 6.6.2) 
with the following exceptions. 

1. The read threshold is adjusted upward by the main p,P to 20 percent of nominal tape signal. 

2. The PE formatter windows are adjusted only on data bits, rather than on phase and data bits. 

3. The main p,P does not transfer read data to the 1/0 function, but does check for errors. For 
example: 

Dead tracks 
Pari tv 
Preamble/postamble format 

Any error is flagged as a fatal write error. 

6.7 STATUS REPORTING 
In the preceding sections, various hardware components and functions have been shown to cause attention 
conditions, assert the I/O branch bus or p,P BBUS, or otherwise provide status information to the main p,P. 
The main p,P uses this information to determine the operational condition of the machine and to maintain 
the TSSR and extended status registers. This section discusses the status reporting features of the hardware 
as a distinct function. 

Many status conditions have no direct correlation with a specific hardware component or feature. For 
example, DCK (density check) is a condition determined by the main p,P by checking for the presence of 
the lOB. On the other hand, there is no direct status check on some of the major hardware functions. The 
write function has no means of reporting status directly to the main p,P. Instead, the main p,P can test to see 
that the silo is emptied at the proper rate and the write and erase functions are checked during read after 
write. 

Figure 6-41 is a simplified functional diagram of the status reporting function. Table 6-16 provides 
amplifying information. 

In a general sense, status conditions are used to determine branch points within or at the end of some 
microcode routine. Main CROM bits 24 through 17 (and bit 00 in one case) are coded to select a particular 
input to a ILP BBUS multiplexer. If the condition is asserted, the ILP BBUS will be asserted, satisfying the 
condition to execute a jump instruction. For example if a jump were to be executed when lOS A TIN is 
high, bits 24 through 17 of the jump instruction would be encoded as 044 (octal). As in Table 6-16 and 
Figure 6-41, the output of DEC E 19 that enables p,P BBUS MUX' E27 on the M8967 board would be 
selected (bits 24 through 22 = 0, bit 22 = 1), and input 2 to that multiplexer would be selected (bit 18 = 1, 
bit 17 = 0). Note that in the jump instruction the CROM fields are labeled MASK (bits 24 through 21) 
and SRC REG (bits 20 through 17). Refer to Paragraph 6.3.2.3.4 for a complete description of the jump 
instruction. The address of the next location may come from CROM 02 through 13 or from the ILP OBUS 
via the PC buffer. The I/O section operates in a similar manner. 

The A TIN logic on the M8963 board requires additional preparation on the part of the microcode. Many 
of the attention conditions must be enabled by a register write over the ILP OBUS before the condition can 
assert A TIN. Furthermore, some conditions are multiplexed onto the ILP IBUS. Similarly, the appropriate 
CBUS IN inputs must be selected by means of a register write before MUX E24 on M8963 is sampled. For 
example, if a jump were to be executed when the Enter 0 switch was closed, CBUS MUX 0 and CBUS 
MUX 1 would both be cleared by a register write via the p,P OBUS, prior to the jump instruction. CROM 
bits 24 through 17 in the jump instruction would be 026 (octal) to select CBUS IN 3 as the input to ILP 
BBUS MUX E24 on the M8963 board. 

6-87 



0\ 
I 

00 
00 

r---, 
I M8923 I I SKEW LIMIT 
L __ J L ____ _ 

Figure 6-41 Status Reporting 

___ --1 
~-----, 

I
G159 

~ I 
I TRANSPORT STATUS 

I · 
I 

I 
I 
I 
I 
I 
I 
I 
L __ , _ 

r;: = -7l AC LO 

I L~2.~rl POWER 

L!U~.J 

_ ...J 

lOS ATTN 

F8962---1 
I ROM 2 -= I 
. I ~--, 

.....,:.. ..... ~I BBUS ~LO PC 

I 
I LOGIC I 
L __ ..J 

I 
I 
I 
I 

-----------'------, 
I 

02·13 



Table 6-16 Status Reporting Summary 

~PCROM 

22222 1110 
432109870 

00000 

OOOOOOOOX 
OOOOOOOIX 
OOOOOOIOX 
OOOOOlOOX 

OOOOOlOIX 
OOOOOllOX 
OOOOOlllX 

00001 

~P BBUS Condition 

Selects M8962 E4/E9. 

~PN 
~PZ 
~PC 
A TIN 1\ STK DD 

STK BD(GND) 
ROM 2 (GND) 
GND 

Selects M8963 E30/E24. 

Attention conditions 

STACKPERR 
STACKOFLO 
WRITE FLAG 
IOSATIN 
ATINLIMIT 
ATINTACH 
ACLOLATE 

CBUS MUX 0 1\ CBUS MUX I 

00 01 10 

OOOOlOOOX CBUSINO EOTSEN EOTSEN EOTLT 
OOOOIOOIX CBUSINI BOT SEN BOT SEN BOTLT 
OOOOIOIOX CBUSIN2 WRLSW MOTION WRLLT 
OOOOIOllX CBUSIN3 ENTOSW FORDIR DCKLT 
00001 100X CBUSIN4 DOITSW TACH 2 VVLT 
00001 10lX CBUSIN5 LIMITSW LIMITSW UOKLT 
00001 IIOX CBUSIN6 ONLINESW CLKTACH ONLLT 
00001 lllX CBUSIN7 REEL MTR ON REEL MTR ON LOADLT 

X = Do not care 
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Table 6-16 Status Reporting Summary (Cont) 

~PCROM 

22222 1110 
432109870 

OOOIX 

OOOIX XOOX 
OOOIX XOIX 
OOOIX XIOX 
OOOIX XlIX 

OIOOX 

OIOOX XOOO 
OIOOX XOOI 
OIOOX XOIO 
OIOOX XOIl 
OIOOX XIOO 
OIOOX XIOI 
OIOOX XIIO 
OIOOX XIO~ 
OIOIX XXXX 
OIIOX XXXX 
OlllX XXXX 

1000X 

1000X XXXX 
100lX XXXX 
1010X XXXX 
101lX XXXX 
1l00X XXXX 
1l0lX XXXX 
IIIOX XXXX 
IIIIX XXX X 

~P DDUS Condition 

Selects M8967 EI9/E27. 

I/OCROMERR 
RDY 
IOSATIN 
SLIR 

Selects M8922 E 18 

MUXPAR=GND 
MUX PAR = BRDY P 
MUX PAR = DD TRK P 
MUX PAR = DSK DD TRK P 
MUXPAR=GND 
MUX PAR = DSK DDTRK P V DSK DATA P 
MUX PAR = DSK DATA P 
MUXPAR = DSKDDTRKPV -DSK DATA P 
VPE 
FMTFLG 
SKEW LIMIT 

Selects M8922 E16. 

MUD 
RFMK 
PREAM 
90F9 
OOF9 
CORRDATA 
INCORRDATA 
80F9 
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Table 6-16 Status Reporting Summary (Cont) 

I/OCROM 

1100 
1098 

OXXX 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 

10XX 

1000 
1001 
1010 
1011 

llXX 

1100 
1101 
1110 
1111 

x = Do not care 

I/O BBUS Condition 

Selects M8967 E15. 

PLUS D (High) 
RDY 
FLG 
INTENAB 
SWAB 
EOX 
",PCROMERR 
SLIR 

Selects M8966 E9. 

FCZER 
FCMIN 1 
SLOR 
SILO PAR ERR 

Selects M8965 E17. 

RESYNC SHFT IN 
SRCMSB 
OPCRECD 
A TIN Attention conditions 

DLTERR 
SERPARERR 
SILO PAR ERR 

OPC3} OPC 2 Any op code except 
OPC 1 17 (octal) 
OPCO 
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Table 6-16 Status Reporting Summary (Cont) 

I/OCROM 

III 100 
431 098 

010 XXX 

010001 
010010 
010011 
010 100 
010 101 

x = Do not care 

lOS A TIN / ROY / FLG Condition 

Selects M8967 E22. 

SETRDY 
SETFLG 
RSTFLG 
SET IOSATIN 
RSTIOSATIN 
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7.1 SCOPE 

CHAPTER 7 
SERVICING 

This chapter provides complete TSll preventive and corrective maintenance procedures. Figures 7-1 
through 7-3 show the major assemblies referenced throughout this chapter. 

You can access all deckplate components, the maintenance panel, and TSll backplane by simply turning 
the service latch and swinging open the deckplate. You can access all modules in the card cage and the 
power supply by opening the rear door of the equipment cabinet. 

7.2 MAINTENANCE PHILOSOPHY 
The TS 11 DECmagtape transport system is a highly reliable system that will provide years of trouble-free 
performance when correctly maintained. 

There are no required Field Service preventive maintenance (PM) procedures. 

Customer care should include daily cleaning of the head and tape path and running of the Customer 
Confidence Test at least once every six months. 

POWER SUPPLY 

MAINTENANCE 
PANEL 

POWER 
CONTROLLER 

UNIBUS 
INTERFACE 

M ...... OOI 

Figure 7-1 TS 11 Subsystem Major Assemblies 
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Figure 7-2 Transport Assemblies (Front View) 
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Figure 7-3 Transport Assemblies (Rear View) 
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A series of internal microdiagnostics run automatically, and provide failure information, whenever the 
. TSll is powered up, initialized, or not busy. 

Corrective maintenance (CM) involves troubleshooting at the system level with on-line diagnostics~ and ,at 
the subsystem level with TSll microdiagnostics and visual methods to locate the failure. Figure 7-4 out­
lines the suggested troubleshooting procedure. You should isolate the failure to an electrical area (rnodule) 
or a mechanical assembly. Then you can replace or adjust the faulty module or mechanical assernbly as 
required. 

7.3 SPECIAL TOOLS 
In addition to the standard Digital tool kit (PN 29-18303), you need the tools listed in Table 7-1 to service 
the TSll. 

C START 

INDIVIDUALL Y 
LOAD F AI LING 
TEST VIA 
OPERATOR PANEL 

Figure 7-4 Troubleshooting Flowchart 

I. CHECK E34 
2. LIMIT SWITCH 
3. UP REEL ENAB 

r-------, 
REFER TO TEST I 

I DEF/NUMBERS I I... ________ J 

CHECK 
LINE VOLTAGE 
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Table 7-1 Test Equipment 

Description 

Oscilloscope with probes (2-XI0) 
Master skew tape (1200 ft) 
Master skew tape (600 ft) 
Penlight 
BOT IEOT markers 
Hub spanner wrench 
Double-height extender 
1-3/8 in. socket (3/4 in. drive) 
(Local purchase) 

3/4 in. drive torque wrench 
(Local purchase) 

Hub height gauge 
Special test tape 
Tension gauge (0 g to 1000 g) 
Torque screwdriver 
Phillips bit 2 (for use with 
torque screwdriver) 
Digital multi meter 

Lamp removal and replacement tool 

7.4 DIAGNOSTICS 

Part Number 

29-19224 
29-22020 
29-10780 
90-09177 
29-22999 
W984 
9 GT47549 
Sears Roebuck 
part number 
9 GT4443 
Sears Roebuck 
part number 
96-07951 
29-11696 
29-20664 
29-13212 
29-11772 

Fluke 8020A 
or equivalent 
29-24042 

The TSll microdiagnostics and on-line software diagnostics together provide you with the tools necessary 
to quickly check out and repair a TS 11 subsystem. On-line diagnostics include PDP-II and VAX-based 
software. The TS 11 microdiagnostics include initialization diagnostics, in-line diagnostics, and off-line 
diagnostics. 

7.4.1 Initialization and In-Line Diagnostics 
These diagnostics consist of five tests contained in the TS 11 microcode and executed by the TS 11 main 
microprocessor. These diagnostics run without operator intervention and without tape motion. Two tests 
detect fatal errors, and the other three detect nonfatal errors. The maintenance panel displays information 
identifying fatal errors. The operator panel displays information identifying nonfatal errors. 

The five tests together are referred to as initialization diagnostics. The microprocessor runs the initializa­
tion diagnostics when activated by a subsystem power up, maintenance panel RESET, subsystem 
initialization, or Unibus inititialization. The five tests are listed here in the order of their execution. During 
execution, certain transport registers are reset to an initial value. 

1. UTSTM 
2. STAKM 
3. IOTSM 
4. CATSM 
5. PETSM 
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UTSTM, CA TSM, and parts of the remaining three tests make up the in-line diagnostics. The in-line diag­
nostics run in the same sequence as the initial diagnostics. However, portions of STAKM, PETSM, and 
IOTSM are not run because of operational requirements (for example, to preserve the contents of transport 
registers). The microprocessor runs the in-line diagnostics anytime the host has not accessed the TSII for 
500 ms in normal operation (that is, with the MAINT MODE/NORMAL switch, on the maintenance 
panel, in the down position). 

7.4.1.1 UTSTM - This tests the M8962 microprocessor module, M8964 main ROM module, M8968 
extended ROM module, and part of the M8963 microprocessor module. The test may run with only the 
M8962 and M8964 modules plugged in. If M8968 is not plugged in, UTSTM loops and tests only M8962 
and M8964. If M8968 is plugged in, the microcode senses its presence and expands the sequence to test the 
module. Similarly, if M8963 is not present, the microprocessor loops and tests M8962, M8964 and M8968. 
UTSTM runs to completion only if all four modules are plugged in. Note that the UTSTM microcode 
includes two subtests, DISPM and MTCTM. 

The UTSTM test exercises all TS 11 instructions, and checks the microprocessor input bus (~P IBUS) and 
microprocessor output bus (#,P OBUS). This test also checks the ability to execute instructions at 'Various 
locations (for example, address tests that turn PC bits on and off). 

All errors found by UTSTM are considered fatal. These errors halt the microprocessor. And on thc~ main­
tenance panel, the CLK STP and CRaM PERR indicators turn on and the PCll to PCO LEOs display the 
error PC. However, with UTSTM successfully completed, the microprocessor goes on to the STAKM test. 

The UTSTM test cannot locate problems in the following areas of the M8962, M8964, and M8968 
modules. 

• Logic on M8962 associated with maintenance panel switches. You can test this logic manually. 

• Logic on M8962 that generates special clock signals for M8922 and M8963. A malfunction in 
the M8962 logic is indicated by failure of microdiagnostic tests associated with M8922 and 
M8963. 

• Some memory locations that are not exercised on the M8968 extended ROM module. Incorrect 
data received from an untested location is normally indicated by a CRaM parity error and a 
halt at the bad location. 

• Logic on M8964 that asserts a CROM parity error, or logic on M8962 that detects a CRaM 
parity error. You can test this logic by unplugging the CBUS cable while running the STAKM 
test. As a result, the CBUS test fails because of a bad parity location. 

7.4.1.2 STAKM - This tests M8963 and its communication with the G159 via the CBUS cable. The test 
runs with M8962, M8963, M8964, and M8968 plugged in. If the CBUS cable is not plugged in, the pro­
gram halts at location 1776, indicating a CBUS communication failure. Note that unplugging the CBUS 
cable is a good test for detecting CRaM parity errors, since the absence of the cable causes a parity error. 

STAKM does an address and data test on the 64-byte push/pop RAM on M8963. Also, STAKM tests 
stack parity, overflow detection logic, attention branch logic, and attention register inputs associated with 
the stack. In addition, ST AKM performs data wraparound on the CBUS and checks all the CBUS branch 
logic. 
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The ST AKM test cannot locate the following problems on M8963. 

• CBUS MUX 00 L hung high. These errors result in 
CATSM failure. 

CBUS MUX 01 L hung low. 

CBUS CLR REG L hung high. 

CBUS REG SEL L hung low. 

Tach sync flip-flop failed. 

Tach attention flip-flop 
failed. 

• CBUS CLR SWITCHES L You can diagnose these 
or ATTEN LIMIT L hung high errors by using a switch 
or low. loop (Paragraph 7.5.2). 

• CBUS STOP CAPS L hung high. You can test this signal 
by stopping the 
microprocessor while the 
capstan is moving under 
micro control. The 
capstan should stop and 
the reel motors should 
turn off. 

• ATTN H stuck low because You can check this 
Unibus signal AC LO. problem by powering down 

the TS 11, with the host 
CPU connected and the 
MICRO OK indicator on. 
The result should be TC 
= 16 and FC = 3 in the 
TSSR. 

• lOS ATTN H failure. This signal is tested by 
10TSM. 

With ST AKM successfully completed, the microprocessor goes on to the IOTSM test if M8967 is plugged 
in. If M8967 is not present, the operator panel indicators display error number 100 (I/O micro test failure). 

7.4.1.3 IOTSM - This tests M8965, M8966, and M8967, and the attention logic on the M8963 involving 
lOS A TTEN H. It also performs a data wraparound of the TSII serial bus. If the bus is not connected, the 
test fails and the operator panel displays 110. All 10TSM errors are considered nonfatal and are identified 
as numbers 100 through 110 on the operator panel, when the test fails. 
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10TSM mainly tests M8965, M8966, and M8967 as a set. However some testing on individual boards is 
possible. With only M8967 plugged in, the first two parts of 10TSM run. Error number 100 then appears 
to indicate correct operation of M8967. Then the M8966 can be added, with error number 103 indicating 
correct operation. M8965 can be added in a similar manner. 

The 10TSM test does not locate the following problems. 

• Any errors on M8966 associated with the write board silo test. These errors are detected by 
PETSM. 

• Any errors on M8965 associated with SERIAL BUS INIT L. This signal is initiated by a CPU 
instruction. In practice, running the control logic test or pressing ST ART on the CPU console 
asserts SERIAL BUS INIT L. 

• Any bad I/O ROM locations that require an operational sequence for valid data content. The 
bad locations are indicated by a fatal error report to the TSSR when the sequences are initiated 
(Paragraph 5.1.3). Note that the TSSR records no errors if an I/O ROM parity error exists in 
the part of the microcode that delivers I/O messages to the TSII. 

7.4.1.4 CA TSM - This tests the G 159 capstan module and that part of M8963 not tested by STAKM 
and IOTSM. The first thing CA TSM checks is the 1 KHz clock generated by the G 159 capstan module. 
During the remainder of the test, the microprocessor gives the capstan module forward and reverse com­
mands in maintenance mode, while simulating optical tachometer pulses to check the logic portion of the 
digital servo system. 

CA TSM does not test the following areas. 

• Multiplexers on analog 
side of speed register 

Deceleration one-shots 

Servo amplifier 

Rewind command 

Tachometer pulse amplifier 

Reel Motor On signal (from 
G159) 

Light bulbs 

D/A ladder 

Checked by off-line tests. 
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• WRITE LOCK switch 

Limit switches 

EOTsensor 

LOAD/REW /UNLD switch 

EOTswitch 

BOT sensor 

ON-LINE switch 

Attention Limit signal 
(from M8963) 

Checked by switch loop 
(Paragraph 7.5.2). 

7.4.1.5 PETSM - This tests parts of M8923, G157, M8929, M8924 and M8922. You can check most of 
what is not tested here with the off-line diagnostics. The remainder is tested by the control logic test. 

PETSM checks the clock logic on M8929, including the silo interface signals to the M8966 that are not 
checked by IOTSM. The test also checks the 200 ms pulse generators on G 157 and M8923 (for example, 
POS P H and NEG P H). In addition, PETSM checks the center frequency of the VCO on M8922, and 
the ability of the M8924 window logic to track POS/NEG peaks. 

PETSM checks the data flow through G 157, M8923, M8924, and M8922. This test also performs an 
XOR/checksum test on the M8922 formatter table look-up ROM. The Control Logic program checks 
each location for good data. 

7.4.2 Off-Line Diagnostics 
These diagnostics consist of 578 microdiagnostic test routines in the TSII. These tests check transport 
operations including tape motion, read data, and write data. You must load a special test tape on the trans­
port to run the off-line tests. The off-line tests are classified as follows. 

Maintenance mode diagnostics - Refers to all 578 routines that are selected and run by trained ser­
vice personnel. You can execute these tests by using the operator panel while the TSII is in mainten­
ance mode (with the MAINT MODE/NORMAL switch, on the maintenance panel in the up posi­
tion). Maintenance mode diagnostics can execute individually. ,However, selecting test 1 causes the 
TSll to run tests 2 through 478 in autosequence mode. 

Customer confidence test - Refers to a subset of off-line tests that the customer can run in autose­
quence to verify TSII operation. You can execute these tests by using the operator panel in normal 
operation. 

Table 7-2 lists all 578 maintenance mode tests. An asterisk (*) indicates that a test also runs as part of the 
customer confidence test. 
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Table 7-2 Maintenance Mode Diagnostics 

Test Test Name 

o Illegal (Causes reel motors to turn on.) 
1 PM test (auto-sequence tests 2 through 47) 
2 Capstan clock (1 KHz clock) (CA TSM) 
3 Capstan servo simulation forward (CA TSM) 
4 Capstan servo simulation reverse (CA TSM) 
5 * Reel motors off 
6* Reel motors on 
7* Tach phase forward 

10* Tack phase reverse 
11 * Forward speed 
12 * Reverse speed 
13 * Capstan deceleration 
14 Loop 10TST (Check I/O micro attention logic and data path.) 
15 Loop lOTI (lOCNO register frame counter test) 
16 Loop IOT2 (silo with good parity/write flag) 
17 Loop IOT3 (silo with bad parity/data late) 
20 Loop IOT4 (10 looparound zeros) 
21 Loop IOT5 (10 looparound ones) 
22 Loop IOT6 (10 looparound MUX/shift length) 
23 Loop IOT7 (Silo clocked by WRT board.) 
24 Loop PETS 1 (FMT flag/FMT mode) 
25 Loop PETS2 (peak shift/FWD-REV MUX) 
26 Loop PETS3 (format ROM checksum test) 
27 Not used 
30 Not used 
31 Skew signal calibration 
32* Write head 
33* Erase head 
37* Feedthrough 
40* Tracking 
41* PE data (write) 
42* PE data (write, read forward) 
43* PE data (write, read reverse) 
44 * PE signal sag RD FWD HI threshold 
45* PE signal sag RD REV HI threshold 
46* Rewind 
47 Loop IOT7 (serial bus wraparound) 

This is the end of the auto-sequenced tests. You must access the following tests directly by test number. 

34 Minimum amplitude 
35 Maximum amplitude 
50 Forward/reverse skew 
51 Forward read 
52 Reverse read 
53 Write zeros 
54 Write alternating ones/zeros 
55 LoopSTAKM 
56 LoopCBUS 
57 Manual switch and light (switch loop) 

7-10 



7.4.2.1 Customer Confidence Test - The customer can run this test without going inside the cabinet and 
setting the MAINT MODE switch. The test verifies the drive. A special test tape must be loaded (LOAD 
indicator on), write enabled, and the drive must be off-line. To run the test push both the LOAD and EOT 
operator panel push buttons together. The display will show 300, indicating the customer confidence test 
will run as soon as you press the ON-LINE switch on. If a test fails, the test number flashes in the indica­
tors. If all tests pass, the indicators display a rotating pattern (Jackpot). To return the drive to normal 
operation at any time, press the ON-LINE switch again. 

7.4.2.2 Maintenance Mode Diagnostics - These tests a.re used by trained service personnel to debug or 
adjust the TSII. Paragraph 7.5.1 explains how to operate the TSII in maintenace mode. The following 
section list and describes the maintenance mode diagnostics. 

Test 1. Auto Sequence 
This test causes automatic sequencing of tests 2 through 47. If any test fails, further testing is suspended 
and the failing test number is left flashing on the operator panel. If no test fails, the operator panel displays 
the current test in progress. And when all tests are done, the panel displays the Jackpot pattern (three ones 
rotating left in a field of zeros). 

Test 2. Capstan Board Test 
This test checks the period of the capstan 1 ms clock on the G 159. The test also checks the tach sync 
flip-flop and Attention (A TIN H) signal on the M8963. In normal operation, a positive edge on signal 
Tach Phase 1 sets the tach sync flip-flop, and also asserts the Attention signal if enabled. For diagnostic 
purposes, the capstan clock appears on the CBUS line normally used for Tach Phase 1. 

Test 3. Capstan Simulated Motion Forward Test 
This test turns on the Capstan Maintenance signal to prevent the capstan from moving, and then simulates 
an acceleration and deceleration in the forward direction. The test checks the speed register, the Motion 
signal, and the Forward signal. Figure 7-5 shows the scope trace you should see in the forward direction. 

CAPSTAN J 
MAINTENANCE 

FORWARD _J 
MOTION .J 

L 

I~-------------------

TACHPHASE1 ~~ 

TACH PHASE 2 ~~ 

ABC D E 

TIME LOOK FOR 

A DIRECTION SIGNAL SHOULD BE VALID, MOTION 
SIGNAL SHOULD BE 1. 

B SPEED REGISTER SHOULD READ BETWEEN 174 AND 204. 
MOTION SIGNAL SHOULD BE 1. 

C SIMULATE VERY SLOW SPEED. SPEED REGISTER SHOULD 
READ 377 IN FORWARD, 0 IN REVERSE. MOTION SIGNAL 
SHOULD BE 1. 

o SIMULATE DECELERATION AND VERY FAST SPEED. 
SPEED REGISTER SHOULD READ 0 IN FORWARD, 377 IN REVERSE. 
MOTION SIGNAL SHOULD BE 1. 

E MOTION SIGNAL SHOULD BE 0 BECAUSE DIRECTION WAS 
REVERSED BY 1 TICK. 

Figure 7-5 Capstan Simulated Motion Waveforms 
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Test 4. Capstan Simulated Motion Reverse Test 
This test is the same as test 3, except that the simulated motion is in the reverse direction. Figure 7-5 ,also 
applies to test 4. However, the Reverse signal is active (as opposed to the Forward signal) and the tach 
phases are reversed. 

Test 5. Reel Motors Off 
This test turns the reel motors off and checks for the negation of the Reel Motor On signal generated by 
G159. 

Errors 

Reel Motor On signal is 1. 

Test 6. Reel Motors On 
This test turns the reel motors on and checks for the assertion of the Reel Motor On signal generated by 
G159. 

Errors 

Reel Motor On signal is O. 

Test 7. Tach Phase Test Forward 
While moving the tape forward, this test checks the phase relationship between signals Tach Phase I and 
Tach Phase 2. These signals are generated by the capstan tachometer. The correct phase difference 
between the two tach signals is 90 degrees. If this test fails, try to adjust the tachometer (Paragr,aph 
7.6.3.2). After repeated failure, replace the capstan motor assembly or G159. 

Errors 

4 Phase angles totally confused (for example, overlapping). 

3 Phase difference exceeds limit. 

Test 10. Tach Phase Test Reverse 
This test is the same as test 7, except for reverse tape motion. 

Test 11. Forward Speed Test 
This test checks capstan speed in the forward direction. The tape accelerates for 20 capstan ticks and then 
stops. The speed is averaged over 8 capstan ticks. Ideal speed is 177, but a speed between 172 and 204 is 
acceptable. 

Errors 

Capstan too slow. 

2 Capstan too fast. 

Test 12. Reverse Speed Test 
This test is the same as test II, except for reverse tape motion. Ideal speed is 200, but a speed between 173 
and 205 is acceptable. 
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Test 13. Capstan Deceleration Test 
This test accelerates the tape in the forward and then reverse direction. For each direction, the test moves 
the tape 45 ticks and then turns off the capstan drive to stop the capstan. In each case, the test measures 
the number of ticks required for the tape to change direction after the capstan drive turns off. The tick 
limits are 13 to 19 while running in maintenance mode and exactly 16 when looping on this test. Note that 
it is impossible to adjust most drives well enough to completely turn off the operator panel indicators while 
looping on this test. A well-adjusted drive does not have any indicator completely on. 

Errors 

10 REV overshoot (Took too many ticks to stop in REV.) 

4 REV undershoot (Took too few ticks to stop in REV or bounced back.) 

2 FWD overshoot (Took too many ticks to stop in FWD.) 

FWD undershoot (Took too few ticks to stop in FWD or bounced back.) 

Test 14. I/O Micro Basic Test 
In this test, the main microprocessor sets the I/O microprocessor on M8967 to single-step through the 
following sequence. Executing this sequence ensures that the I/O micro can set and reset the I/O Attention 
signal to the main micro, cause the enabling and disabling of the main micro Attention line, and accept 
from and pass data to the main micro. This sequence also tests the .I0RDY bit. The main micro then 
requests the I/O micro to run the CROM parity test (IRSPAT) that contains bad parity. The I/O micro 
should halt with a parity error and set .lOA TN. 

Now the I/O is allowed to free run. The first routine requested is the CROM parity test. This test contains 
bad parity; the I/O should halt with a parity error and the .lOA TN should be set. 

Test IS. I/O Micro Flag and Frame Counter Test 
This test again tests the I/O microprocessor's ability to send good data to the main microprocessor. This 
ability is required for on-line testing. The test also checks the three flag bits that the main micro can set and 
the I/O micro can sense: IC.EOX, IC.SWB, and IC.lE. In addition, the test checks the frame counter. 

The first part of the test runs IR$DTT, which executes in the I/O CROM address space, returns 070, and 
sets .I0RDY. The main micro then checks for 070 and clears .I0RDY. The I/O micro then returns 307 
and sets .I0RDY again. The internal I/O flag (.FLG) is checked here too. 

Then the main micro requests three tests (IR$CBO, IR$CBl, IR$CB2) to run, to test the IC.EOX, 
IC.SWB and IC.lE flag bits. In each test, the main micro sets one of the flag bits and clears the others. For 
example in IR$CBO, the main micro sets IC.EOX. 

The second part of the test loads all Is into the frame counter and causes the I/O micro to run IR$FCT. 
Running IR$FCT increments the frame counter and returns 0 if the FCO and FC 1 bits are all right. The 
main micro then loads 377 into the frame counter. The I/O micro transfers the 377 to the window register. 
And the main micro checks that the window register is 377. Finally, the test rotates a 0 in a field of 1 sand 
causes the I/O micro to make sure that the FC 1 bit is O. 
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Test 16. I/O Silo Good Parity Data Test 
This' test writes a sequence of data bytes with good parity into the I/O silo. The sequence is 000, 377,000, 
001, 002, 004, 010, 020, 040, 100, 200. The main micro writes the first two bytes, since IC.SMX equals 1. 
IS.WRF (write flag bit) equals 0 for the first byte, and 1 for the second byte. The I/O micro writes the 
other nine bytes in the sequence, since IC.SMX equals O. The main micro then causes the I/O micro to 
clock the data back from the I/O silo. On the first two bytes, the test checks the write flag attention bit in 
the ATTN register, and the Attention signal from the main micro. Finally, the I/O micro returns the 
contents of the OPERI register to the main micro. In effect, the main micro double-checks to see if an I/O 
silo parity error occurred on any of the bytes. 

Test 17. I/O Silo Bad Parity Data Test 
This test puts a 1 into the silo data register (IOSDO) and rotates a 1 in the silo control register (lOSeO), 
each time clocking the data into the silo. Then the main microprocessor puts 200 in 10SCO and rotates a I 
in the 10SOO register, clocking the silo as before. The above sequence is done 4 times to fill the silo, which 
can store 64 bytes. The silo is clocked one more time to make sure the data late error bit can be set. Then 
the main micro causes the I/O micro to run a routine that empties the silo byte-by-byte while checking for 
a silo parity error. Finally, the test writes a I into the 10SCO register and causes the I/O micro to write a 
byte into the silo. The I/O micro reads a byte and should detect bad silo parity. 

Test 20. I/O Looparound Zeros Test 
This test causes the I/O micro to write a 3 into the I/O extended address register (EXADRO), a 0 into the 
opcode register, and a 0 into the shift register. The test then does eight shifts, to move the data from the 
opcode and extended address registers to the shift register, where it can be read. The test allows for the 
parity bit during the shift. Two conditional jump bits, Shift Out (.SHOUT) and Opcode Received 
(.OPREC), are checked. The I/O micro then returns the contents of the shift register, which should be 
006. A 367 is the mask of relevant bits because of serial bus parity uncertainty. If any conditional jump 
bits are bad, the I/O micro returns data that appears bad from the shift register, and therefore an error is 
declared. 

Test 21. I/O Looparound Ones Test 
This test is the same as test 20 except that the shift register receives a -I, the extended address register 
(EXADRO) rec(~ives a 0, and the opcode register receives a 17. The data returned to the main micro should 
be 361. A 367 is the mask of relevant bits because of the serial bus parity uncertainty. 

Test 22. I/O Looparound Multiplex Test 
This test checks the ability of the I/O micro to multiplex the shifting sequence from a 5-bit, to a 21-bit, to 
a 23-bit shift. The test also checks the I/O STWORD and STBYT instructions used for opcode 
modification. 

The I/O micro first clears the extended address register (EXADRO) and shift register (SHFHO), and sets 
the opcode register to 10002 with the shift multiplexer in 5-bit shift mode (CC.5C). The I/O micro then 
shifts by 4 so the opcode register should contain XI 002. Then the I/O inicro selects the 21-bit shift mode 
(CC.21 C), shifts 24 times, and returns the resulting data from the low byte of the shift register to the main 
micro for data comparison. The data should be XX XX XI 02. 

The second part of the test checks the 23-bit shift mode, STBYT, and STWORD. The I/O micro writes Os 
into the EXADRO and shift registers, and writes 01002 into the opcode buffer with 23-bit shift mode 
(CC.23C). The I/O micro then does a STBYT instruction to make the buffer contain 0 1102, and shifts 5 
bits so the low byte of the shift register contains XX XO 1 IOX2. In addition, the I/O micro moves the 1 
IOX2 to the opcode buffer. 
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The I/O micro then does a STWORD instruction to make the opcode buffer contain 1 00X2 and shifts 4 
bits so the low byte of the shift register equals XX XXI OOX2. Finally, the I/O micro moves this result to 
the main micro for data checking. 

Test 23. Write Board Clock Test 
This test makes sure that the M892.9 write control board can empty the silo at three selectable data rates. 
The test has three parts for low, medium, and high frequency. The main micro loads the I/O silo with 7, 
14, or 28 data bytes, plus an extra byte with the write flag turned on. For each frequency, the main micro 
turns on the write control board and counts the time from the turn-on until the write flag appears. The time 
must be within a certain range or an error is declared. 

Test 24. Formatter Flag and Sync-Up Test 
The first part of the test sets and clears the formatter control flag (FC.FLO) and makes sure the conditional 
jump works. 

The next part of the test loads twenty Os into the I/O silo for the formatter to sync up with, and then loads 
70 frames of alternating 1s and Os in all tracks. While loading, the write control board and formatter are 
turned on. The formatter is in FC.VCC mode. The write control board then clocks the data off the I/O silo 
for the formatter to sync up with. However, before the first 1s character, the main micro loads FC.RRE 
and FC.VCO to keep data from being clocked off the formatter silo. The test then waits for any of the nine 
tracks to go dead, indicating that the formatter silo is full. The time to fill the formatter silo must be within 
an acceptable range or an error is declared. 

For the rest of the test, all 64 bytes stored in the formatter silo are read. All these bytes are checked for 
data integrity. 

Test 25. Formatter Peak Shift and FWD/REV MUX Test 
This test checks the ability of the formatter (on the M8924 boards) to shift the data and phase window, in 
order to follow the peak shift and the FWD/REV MUX on the M8923 and G 157 boards. The test has 
eight subtests. Four tests run with the tape moving in the forward direction, and the same four tests then 
run in the reverse direction. At the beginning of each subtest, the preamble mode bit (FC.PRE) is pulsed to 
provide a scope trigger/reference point. 

Each test does a data shift in write mode and then read mode. The FC.RD bit in the formatter control 
register is set in read mode and cleared in write mode. This bit affects how the data or phase window shifts 
to follow the shifted phase reversal coming from the tape. In write mode, the data window should shift. In 
read mode, neither the data nor the phase window should shift significantly. The test passes if the track 
goes dead within + 1.6 p,s of the trailing edge of the first data window without any data. Note that for 
diagnostic purposes, the I/O micro simulates the tape data. 

Test 26. Formatter Table Look-Up ROM Checksum Test 
This test exercises the two table look-up ROM chips on the M8922 board and calculates a checksum of the 
data seen. This checksum is compared with what is known to be good. 

The test runs a subroutine once per ROM location for a total of 1024 times. Each subroutine goes through 
a veo sync-up phase, a preamble mode phase, and a data phase. But the only critical part of the test is the 
last couple of data bytes where the ROM outputs are actually polled. 

Test 27. Not Used 
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Test 30. Not Used 

Test 31. Skew Meter Calibration Test 
Using microprocessor-generated data, this test checks the calibration of the skew meter circuit on M8923. 
The skew meter limit must be between 2.6 #lS and 3.5 #lS. 

Errors 

2 Skew limit too loose; to correct, turn R49 on M8923 counterclockwise. 

1· Skew limit too tight; to correct, turn R49 on M8923 clockwise. 

Test 32. Data Head Test 

NOTE 
For tests 32 through 40, the indicators display all 
errors in the following format. 

200 Track active data error 
100 Data timeout on tests that expected to see 

data, or noise present on tests that expected to 
see no data 

20 Byte count error 
17 Track in error (binary weight; lOis parity 

track.) 

This test writes data at 3200 FeI (flux changes per inch), and does a read after write at 40 percent thresh­
old to verify the function of each of the read/write heads. The tracks are written one at a time in binary 
weight order. Eight 64-byte bursts are written per track, for a total of 72 bursts for all 9 tracks. All 64 
bytes are verified as correct for a good burst, and 5 of 8 blJrsts must be good for a good track. The error 
display indicates the binary weight of the track that gives the first error. Note that this test also exercises 
M8929, M8923, G057, and part of M8924 and M8922. 

Track-In-Error Decode Chart 

Operator Panel Indicators 
VOL DENS WRITE 

Track Bit Weight VALID ERROR LOCK BOT EOT 

I 2 (RD2) on on off on off 
2 o (RDO) on off off off off 
3 4 (RD4) on off on off orf 
4 P(RDP) on on off off off 
5 5 (RD5) on off on off on 
6 6 (RD6) on off on on off 
7 7 (RD7) on off on on on 
8 I (RDl) on off off off on 
9 3 (RD3) on off off on on 
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If this test fails, inspect the analog outputs of the read preamps at the test points on the motherboard. Also 
check the following items, which can cause this test to fail. 

Bad read or write head cable 

Preamp not adjusted or bad 

Threshold circuitry not adjusted or bad 

Bad G057, G 157, M8923, M8924, or M8922 

Erase head not erasing tape properly (Run test 33 to verify erase head.) 

Test 33. Erase Head Test 
This test uses the Data Head Test (test 32) to write data on tape. The test then verifies that the drive can 
erase the tape so that the residual signal is less than 7 percent. The test writes the bursts in a forward 
direction, goes reverse with the erase head activated, and then goes forward again looking for transitions. If 
any transitions are seen, an error is declared. 

The error display indicates the binary weight of the track that gives the first error. An error is usually 
caused by a dead or incorrectly adjusted erase head. However, the erase head driver on the M8929 could 
also be bad. 

NOTE 
The next several tests are related to threshold 
adjustments. This drive has eight microcode­
selectable threshold levels (codes 0 through 7) gener­
ated by the M8923 board. One or more of the levels 
may be bad. To test the threshold selection, place a 
scope probe on the positive (A03Al) or negative 
(A0381) threshold voltage. With the drive running 
normally (not in maintenance mode), the drive con­
tinually selects one after another threshold; you 
should see a step pattern as code 0, then code 1 
through code 7. The following thresholds are 
available. 

Threshold 
Code Volts (Percent) 

0 0.35 7 
1 0.6 12 
2 1.0 20 
3 2.0 40 
4 3.0 60 
5 2.7 54 
6 4.0 80 
7 6.0 120 
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Test 37. Feedthrough Test 
This test does a read simultaneous with the write, using test 32 patterns (except 800 FeI) with a 7 percent 
threshold. The test sets an error bit if any transitions are detected during the write. The test stops looking 
for transitions before the burst on tape gets to the read head. 

The error display indicates the binary weight of the track that gives the first error. If the test fails, you may 
have to replace the head. 

Track-In-Error Decode Chart 

Operator Panel Indicators 
VOL DENS WRITE 

Track Bit Weight VALID ERROR LOCK BOT EOT 

1 2 (RD2) on on off on off 
2 o (RDO) on off off off off 
3 4 (RD4) on off on off off 
4 P(RDP) on on off off off 
5 5 (RD5) on off on off on 
6 6 (RD6) on off on on off 
7 7 (RD7) on off on on on 
8 1 (RDl) on off off off on 
9 3 (RD3) on off off on on 

Test 40. Tracking Test 
This test makes sure the tape tracks over the head the same way in reverse as in forward. The test writes 
data by using test 32 patterns while the tape moves in the forward direction. The tape then reverses direc­
tion, going over the data again with the write head turned on and the erase head turned off. The tape 
reverses direction again, moving forward while scanning the reverse-written area at 7 percent threshold. 
The test declares an error if any noise is picked up. 

The error display indicates the binary weight of the track that gives the first error. If the test fails, you 
should check tape path alignment. 

NOTE 
For tests 41 through 45, the indicators display all 
errors in the following format. 

200 Fatal error (for example, limit exceeded, no 
data) 

100 Data error; VCO lost sync. 
40 Tape mark seen. 
20 Data error; VCO still synced. 

No track information is available with these tests. 

Test 41. PE Data Test (Write) 
This test writes 72 records (256 bytes) of alternate Is and Os at normal threshold (12 percent gap, 20 
percent data). The test sets an error bit if more than 4 of 72 records are bad. 

Test 42. PE Data Test (Write, Read Forward) 
This test does the write of test 41, the read reverse of test 43 without checking for errors, and then a read 
forward at 54 percent data threshold and 12 percent gap threshold. The test sets an error bit if mor,c than 
30 bad records are detected. 
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Test 43. PE Data Test (Write, Read Reverse) 
This test does the write of test 41, and then a read reverse at 60 percent data threshold and 12 percent gap 
thre~hold. The test sets an error bit if more than 30 bad records are detected. 

Test 44. PE Signal Sag Test (Read Forward) 
This test writes 64 records, positions back and forth over the data 10 times, then does a final read forward 
to check for errors. An error is declared if the drive cannot read 32 records without error at 54 percent 
threshold on the read forward. 

If this test fails, the drive may be erasing the tape slightly on repeated passes. The erase head may be too 
close to the tape or touching the tape. A worn write head may allow the erase head to get too close to the 
tape. 

Test 45. PE Signal Sag Test (Read Reverse) 
This test is the same as test 44, except that the final read is in reverse at 60 percent threshold. 

Test 46. Rewind 
This test rewinds the tape and stops at BOT. The indicators display an error if the limit switch is exceeded. 

Errors 

200 Limit switch exceeded or other fatal error. 

Test 47. I/O Serial Bus Wraparound 
This test ensures that the TSII interface can minimally respond to opcodes and data from the I/O micro. 
The I/O micro sends the TSll 18 bits of data with a serial bus parity error. The I/O micro also sends the 
opcode (received from M7982) to the main micro for checking. This opcode should be 118, indicating a 
serial bus parity error detected by M7982. Then the I/O micro sends data with good serial bus parity to 
M7982 and expects to see a 178 opcode return. However, as mentioned above, the actual check is done by 
the main micro. The data sent in the second transfer should appear in the TSBA register for examination 
via the host panel. The data in the high byte should be 252. The edit level of the I/O microcode should 
appear in the low byte. 

All other tests in the maintenance mode sequence run, even if the serial bus is not plugged in. This is 
because test 47 is the last test in the sequence. 

NOTE 
The following tests do not run during the auto­
sequence. They must be individually selected. 

Test 34. Minimum Amplitude Test 
This test writes data, using test 32 patterns with a read after write threshold of 80 percent. A gOOd burst 
must contain at least 56 of 64 flux changes; only I of 8 bursts must be verified as correct for a good track. 
Note that the threshold voltage should be 4 V (that is, 80 percent of 5 V) for this test. 

The error display indicates the binary weight of the track that gives the first error. If the test fails, look at 
the POS and NEG bit strobes, generated by G 1.57 and M8923. Most of the strobes should be present in 
most of the bursts. Note that you must run this test with the special test tape, because different tapes have 
widely varying responses. 

Test 35. Maximum Amplitude Test 
This test writes data, using test 32 patterns with a read after write threshold of 120 percent. A good burst 
must contain at least 8 of 64 flux changes; only I of 8 bursts must be verified as correct for a good track. 
Note that the voltage threshold should be 6 V (that is, 120 percent of 5 V) for this test. 
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The error display indicates the binary weight of the track that gives the first error. If the test fails, look at: 
the POS and NEG bit strobes, generated by G157 and M8923. For most bursts, only a couple of strobes 
should be present. You must run this test with the special test tape, because different tapes have widely 
varying responses. 

Test SO. Forward/Reverse Skew Test 
This test checks skew in both forward and reverse directions. The test rocks back and forth over about 3 
feet of tape, and displays an error only if the skew meter limit is exceeded during most of the pass. You 
must run this test with a skew tape. 

Errors 

2 Reverse skew error 

Forward skew error 

Test 51. Forward Read 

NOTE 
For tests 51 through 54, the operator panel displays 
the following error codes. 

200 Fatal error (for example, limit exceeded, no 
data) 

100 Data error; VCO lost sync. 
40 Tape mark seen. 
20 Data error; VCO still synced. 

This test does a normal PE read cycle. 

Test 52. Reverse Read 
This test is the same as test 51, except for reverse tape motion. 

Test 53. Write Zeros 
This test writes 256-character, all-zero records. 

Test 54. Write Alternating Ones 
This test is the same as test 53, except the data is alternating ones and zeros. 

Test 55. Stack Test 
This test loops the stack verification test in the STAKM microcode, with good and bad parity. The logilc 
tested is on M8963. If the test detects an error, the main micro indicates a fatal error by halting and 
displaying an error code between 1775 and 1777 on the maintenance panel. The operator panel display is 
meaningless. 

Test 56. CBUS Test 
This test loops the CBUS communication test in the STAKM microcode. If the test detects an en'or, the 
main micro indicates a fatal error by halting and displaying an error code between 1775 and 1777 on the 
maintenance panel. The operator panel display is meaningless. 
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Test 57. Manual Switch and Indicator Test (Switch Loop) 
With the capstan stopped, this test displays the condition of the following capstan board bits continuously. 

200 - Reel Motor On 
100 - ON-LINE switch 
*40 - Limit switches exceeded 
20 - LOAD switch 
10 - EOT switch 

* 4 - WRITE LOCK switch 
* 2 - BOT sensor 
* I - EOT sensor 

NOTE 
An asterisk (*) indicates the signal is latched. To 
reset, press the ON-LINE switch in. With the ON­
LINE switch in, these signals should still come 
through, but should not hold in the latched state 
when the signal goes away. 

The only way to exit this loop is to press RESET on the maintenance panel. 

Track-In-Error Decode Chart 

Operator Panel Indicators 
VOL DENS WRITE 

Track Bit Weight VALID ERROR LOCK BOT EOT 

I 2 (RD2) on on off on off 
2 o (RDO) on off off off off 
3 4 (RD4) on off on off off 
4 P(RDP) on on off off off 
5 5 (RD5) on off on off on 
6 6 (RD6) on off on on off 
7 7 (RD7) on off. on on on 
8 I (RDl) on off off off on 
9 3 (RD3) on off off on on 

7.4.3 On-Line Diagnostics 
This section describes the PDP-II and VAX-based diagnostics used for the TSII. Paragraphs 3.8 and 3.9 
in the TS 11 Pocket Service Guide provide operational details of the tests. 

7.4.3.1 PDP-II Based Diagnostics 
There are three PDP-II based diagnostics for the TSII. 

Control Logic Diagnostic (CZTSI) 
This diagnostic consists of 10 tests that can run individually or in an autosequence mode. CZTSI 
executes data wraparound through the TSII and exercises the various TSll commands and protocol 
logic. 

Each failure produces a printout at the console, detailing specific error information and a probable 
failing FRU. 
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Data Reliability (CZTSH) 
This diagnostic consists of five tests that can run individually or in an autosequence mode. CZTSI-I 
tests the ability of the TS II to read and write large amounts of data in both a standalone mode and a 
compatability mode. CZTSH can also perform an operator-selected sequence that can be helpful in 
troubleshooting. 

Each failure produces a printout at the console, detailing specific error information. 

DECX TSII Module (CXTSA) 
This test runs under the appropriate DEC X monitor and tests the TS II in its true system environ·· 
ment. It does numerous reads, writes, and compares, and reports the error information at the 
console. 

7.4.3.2 VAX-Based Diagnostics 
There are two VAX-based diagnostics for the TSII. 

Data Reliability Diagnostic (EVMAA) 
This test thoroughly checks out the tape system. EVMAA allows the operator to test the tape system 
without powering the system down. The diagnostic contains four sections: Qualification Test, Data. 
Reliability Test, Multidrive Test and Conversation Mode Test. 

Subsystem Repair Diagnostic (EVMAD), 
This is a standalone diagnostic that can test from 1 to 16 TSII subsystems. The diagnostic provides 
fault detection/isolation to the module level whenever possible. 

For further information on these diagnostics, refer to the appropriate diagnostic listing. 

7.4.4 Failure Description 
This section explains error information supplied by the various TSII diagnostics. 

7.4.4.1 Fatal Microprocessor Errors - These errors are caused by a microcode failure. The errors turn 
off the MICRO OK operator panel indicator and turn on the CLK STP and CROM PERR maintenance 
panel indicators. The PC indicators show the fatal error; the accepted range is from 1750 through 1777. 
Values outside this range indicate CROM parity errors. Table 7-3 lists the fatal error code, error descrip­
tion, and the module that probably failed. 

NOTE 
The present display in the operator panel indicators 
may not apply to the error. 

To loop microdiagnostics on error halt, raise the 
Override (OVR) switch. Set the HALT/RUN switch 
to HALT for single step. Set the HALT/RUN 
switch to RUN to loop continuously. Press the 
STEP switch to recycle. 
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Table 7-3 Fatal Microprocessor Errors 

Error 
(PC Probable 
counter) Test Error Description Module 

1750 Main micro detected CROM parity M8967 
error in I/O during operational 
code. 

OP END entry called at wrong time; 
microcode bug halt. 

10M received bad data from I/O at 
end of data operation when expecting 
record-length flags. Probably means 
I/O microproblem. 

Start I/O operation called at wrong 
time; probably microcode bug. 

NOTE 
DISPM and MTCfM are part of UTSTM. 

1751 DISPM Spurious A TIN M8963 
(Noise on .NATIN line?) 

1752 DISPM Fatal stack parity error or M8963 
MTCTM overflow error occurred, may be 

hardware failure of stack board 
or microcode stack bug halt. 

1753 DISPM Stack not empty and nothing more 
to do; may be hardware stack pointer 
problem or microcode bug (too many 
pushes or pops). 

MTCTM Maintenance mode fatal microcode 
bug halt. 

1754 UTSTM Stack pointer will not hold data. M8962 
M8963 
M8964 

1755 UTSTM Failure of one of branch tests. M8964 
M8968 
M8962 
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Table 7-3 Fatal Microprocessor Errors (Cont) 

Error 
(PC Probable 
counter) Test Error Description Module 

1756 UTSTM Failure of Z bit test - Z bit M8962 
says result of last arithmetic M8964 
operation was zero. 

1757 UTSTM Failure of N bit test - N bit M8962 
says result of last arithmetic M8964 
operation was negative or OBUS 
bit 7 was a one during last 
instruction. 

1760 UTSTM Failure of ones (not Z) test- M8962 
Z bit was set, even though result M8964 
of last operation was nonzero. 

1761 UTSTM Failure of C bit test - C bit M8962 
says result of last arithmetic M8964 
operation should have caused carry 
out of high-order stage of ALU. 

1762 UTSTM Failure of write/read external M8964 
test - Unsuccessful attempt to M8962 
write and read an external register 
(the PC buffer). 

1763 UTSTM Failure of register address/data M8962 
test - Each internal register M8964 
written with its own number, but 
gave discrepancy when read back. 

1764 UTSTM Failure of register test 2 - M8962 
Each register written with M8964 
complement of its own number, but 
gave discrepancy when read back. 

1765 UTSTM Failure of add arithmetic function. M8962 
M8964 

1766 UTSTM Failure of ASUB test. M8962 
M8964 

1767 UTSTM Failure of BSUB test. M8962 
M8964 
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Table 7-3 Fatal Microprocessor Errors (Cont) 

Error 
(PC Probable 
counter) Test Error Description Module 

1770 UTSTM Failure of shift test - M8962 
Unsuccessful attempt to shift M8964 
(rotate) data left or right. 

1771 UTSTM Failure of logical operands test M8962 
(AND, OR, NAND, XOR, etc.). M8964 

1772 STAKM Failure of stack parity test - M8963 
Bad parit.y written into the stack, 
but stack parity error not detected. 

1773 STAKM Failure of stack underflow/overflow M8963 
test - Attempted to push data on 
stack past location 77 (overflow) 
or pop data off stack past location 
zero (underflow), and did not get 
error (or attention condition). 

1774 STAKM Failure of stack address data M8963 
test - Some location(s) of stack 
do not contain correct data after 
being written. 

1775 STAKM Failure of capstan bus datawrap G159 
test - Data written into light M8963 
register and different data read CBUS 
back. cable 

1776 STAKM Failure of CBUS branch condition M8963 
test. 

1777 STAKM Failure of limit attention flag M8963 
- LIMIT A TIN was enabled, and 
status of limit switch does not 
agree with corresponding position 
in attention register. 

NOTE 
You can use off-line tests to scope loop after detec-
tion of a STAKM error. For STAKM errors 1772 
through 1774, loop on off-line test 55. For ST AKM 
errors 1775 through 1777, loop on test 56. 
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7.4.4.2 Nonfatal Microprocessor Errors - These errors turn off the CLK STP and CROM PERR main-
tenance panel indicators, and display an octal value from 100 to 337 in the operator panel indicators. Table 
7-4 lists the error codes, error descriptions, the module that probably failed, and scope loop. 

NOTE 
Table 7-4 is valid when in-line or initialization micro-
diagnostics are running. If off-line test were running, 
refer to Paragraph 7.4.4.3. 

Table 7-4 Nonfatal Microprocessor Errors 

Scope Operator 
Loop Panel 
Test Error Error Probable 
Number (Octal) Test Description Cause 

337 Operational Capstan runaway error- 0159 
Code Capstan did not stop Capstan 

within acceptable window motor 
after last command. assembly 

.300 Operational Limit switch or 
Code initialization failure. 

14 100 10TSM Basic I/O micro failure M8967 
- Parity error, 10ATN, 
handshaking, or data 
window test between I/O 
and main micro. 

NOTE 
Error 100 can also be caused by the serial bus 
.SHIN (shift in) stuck asserted. 

15 101 10TSM Error in I/O control M8966 
register test. M8967 

15 102 IOTSM Failure of frame M8966 
counter test. M8967 

16 103 IOTSM Failure of I/O silo M8966 
non parity error data M8963 
test or write flag. M8967 

17 104 10TSM Failure of I/O silo M8966 
parity error test or M8967 
data late test. 

20 105 IOTSM Failure of shift loop M896.5 
with zeros. 
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Table 7-4 Nonfatal Microprocessor Errors (Cont) 

Scope Opentor 
Loop Panel 
Test Error Error Probable 
Number (Octal) Test Description Cause 

21 106 IOTSM Failure of shift loop M8965 
with ones. 

22 107 IOTSM Failure of shift M8965 
length multiplexer. 

47 110 IOTSM Failure to receive M8965 
correct operating Serial 
code from TSII when bus 
responding to data sent cable 
over the serial bus. 

NOTE 
If CPU power is off, error 110 will occur. 

2 III CATSM Failure of I KHz GI59 
clock test, also test CBUS 
tach sync flip-flop. cable 

M8963 

3,4 112 CATSM Indicator register GI59 
changed when motion 
register cleared. 

3,4 113 CATSM FWD or MVG bits wrong GI59 
after one tick of 
simulated command, and 
tach pulses. 

3,4 114 CATSM Failure of simulated GI59 
capstan speed test -
Speed counter was out 
of range when tape 
motion at speed was 
simulated. 

3,4 115 CATSM Failure of simulated GI59 
slow capstan test -
Speed counter did not 
latch up with maximum 
count when slow tach 
ticks were simulated. 
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Table 7-4 Nonfatal Microprocessor Errors (Cont) 

Scope Operator 
Loop Panel 
Test Error Error Probable 
Number (Octal) Test Description Cause 

3,4 116 CATSM Failure of simulated GI59 
capstan deceleration 
test - Counter not 0 for 
forward or 377 for reverse 
while decelerating, or 
MVG bit not I. 

3,4 117 CATSM Failure of moving flop GI59 
to go to zero after 
stopping (direction 
reversal for one tach 
tick). 

23 120 PETSM Failure of write board M8929 
to turn on and empty M8966 
silo, or data late bit 
does not work. 

23 121 PETSM Failure of write board M8922 
to empty silo at correct M8929 
speed. 

24 124 PETSM Formatter flag does M8922 
not work on M8922. 

24 125 PETSM Formatter silo filling M8922 
and data error. VCOadj. 

M8923 
M8924 

25 126 PETSM Peak shift test error. M8924 
M8922 
M8923 
GI57 

26 127 PETSM Formatter table look-up M8922 
ROM checksum test M8923 
error. M8924 
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7.4.4.3 Off-Line Test Errors - These errors occur only when running off-line tests. If running in autose­
quence mode the failing test is displayed first. This failing test can be entered to run in standalone mode. 
The resulting error code in the operator panel describes the failure and the module that probably failed. 
Paragraph 7.S.1 explains how to run off-line tests in maintenance mode, and 7.4.2.1 explains how to run 
the customer confidence test. Table 7-S lists the failing test, operator panel indication, error description, 
and probable cause. The asterisks (.) indicate customer confidence tests. 

Table 7-5 

Scope 
Loop 
Test 
Number 

All 

2 

3,4 

3,4 

3,4 

3,4 

3,4 

3,4 

S· 

Customer Confidence or Maintenance Mode Test Errors 

Operator 
Panel 
Error 
(Octal) Error Description 

300 Init failure loaded, 
door interlock not out, 
limit switch closed. 

Various Indicates failed test 
number. 

III 1 ms capstan clock off 
speed T AC sync flip-flop 
or T AC A TIN signals 
not working. 

112 Operator panel affected by 
WRTCLR to MOT REG. 

113 MVG or FWD/REV 
flip-flop not okay. 

114 SPD REG out of tolerance 
(on speed). 

liS SPD REG wrong (slow cable). 

116 SPD wrong (deceleration). 

117 MVG not set during 
deceleration. 

Reel motors off; Reel 
Motors On signal was 1. 

7-29 

Probable Cause 

No test number 

See failed test 
description 

M8963, GlS9, 
motherboard, 
CBUScabie 

GlS9, CBUS cable 

G IS9, CBUS cable 

G IS9, CBUS cable 

G IS9, CBUS cable 

G IS9, CBUS cable 

GlS9, CBUS cable 

GlS8, GlS9, 
reel motor, 
CBUScable 



Table 7-5 Customer Confidence or Maintenance Mode Test Errors (Cont) 

Scope Operator 
Loop Panel 
Test Error 
Number (Octal) Error Description Probable Cause 

6* Reel motors on; Reel G158, G159, 
Motors On signal was O. reel motor 

7 to 10* 4 Phase angles confused. G159, tach 
adjustment, 
capstan motor 
assembly 

7 to 10* 3 Phase exceeded limit. G159, tach 
adjustment, 
capstan motor 
assembly 

11 to 12* 2 Capstan speed too fast. G159 

11 to 12* Capstan speed too slow. G159 

13* lO REV overshoot - Too G159, decel 
many ticks to stop REV. adjustment 

13* 4 REV undershoot - Too G159, decel 
few ticks or bounced back. adjustment 

13* 2 FWD overshoot - Too G159, decel 
many ticks to stop FWD. adjustment 

13* FWD undershoot. Too G159, decel 
few ticks or bounced back. adjustment 

14 100 I/O Micro step, I/O A TIN M8967,M8963 

15 101 IOCNO register test failed. M8967,M8966 

15 102 Frame counter test failed. M8966 

16 103 Silo good parity-data flag. M8966,M8963 

17 104 Silo bad parity-data late. M8966 

20 105 I/O looparound zeros test M8965 
failed. 

21 106 I/O looparound ones test M8965 
failed. 
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Table 7-5 Customer Confidence or Maintenance Mode Test Errors (Cont) 

Scope Operator 
Loop Panel 
Test Error 
Number (Octal) Error Description Probable Cause 

22 107 I/O looparound shift length M8965 
multiplexer test fail(~d. 

47 110 Serial bus/TSII alive. M8965, M7982, 
motherboard 

23 120 I/O silo not being M8929,M8966 
clocked by write board. 

23 121 Write board silo clock M8929 
out of range. 

24 124 FMT FLG in FMT CNTL M8922, veo 
REG test adjustment 

24 125 PE FMT mode, data, silo M8922, M8923, 
M8924, G 157, 
veo adjustment 

25 126 PE FMT early /late bit M8922, M8923, 
shift test failed. M8924, G 157, 

veo adjustment 

26 127 PE FMT table look-up M8922 
ROM checksum test 

31 2 Skew limit too loose- M8923, G157 
Turn R49, M8923 
counterclockwise. 

31 Skew limit too tight- M8923, G157 
Turn R49, M8923 
clockwise. 

NOTE 
Any of four error codes (17, 20, 100,200) can occur 
while running tests 32 through 40. More than one 
may appear at the same time (120 for example). 

32* 200 Track active data error. a057, M8929, 
G 157, cables, 
M8923, M8924, 
erase head, head 
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Table 7-5 Customer Confidence or Maintenance Mode Test Errors (Cont) 

Scope Operator 
Loop Panel 
Test Error 
Number (Octal) Error Description Probable Cause 

33 100 Erase head 

34 to 35 100 Data timeout if data G057, M8922, 
expected (tests 32, 34). preamp 
Noise when no data adjustment, 
expected (tests 33, 35 threshold 
through 40). adjustment, veo 

37* 17 Track in error - lOis Head 
parity track; decode to 
bit weight. 

40* 100 Head 

NOTE 
Any of four error codes (20, 40, 100, 200) can occur 
when running tests 41 through 45 or 51 through 54. 

41 to 45* 200 Fatal error. Limit Media, head 
exceeded or no data. threshold 

adjustment 

51 to 54 100 Data error - veo lost M8922, M8924, 
sync. M8929, threshold 

adjustment 

40 Tape mark seen. M8922, M8924, 
M8929, threshold 
adjustment 

20 Data error - veo still M8922, M8924, 
synced. M8929, threshold 

adjustment 

NOTE 
Any of four error codes (20, 40, 100,200) can occur 
when running tests 41 through 45 or 51 through 54. 

50 2 Reverse skew error. Head skew 
adjustment tape 
path, head 
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Table 7-5 Customer Confidence or Maintenance Mode Test Errors (Cont) 

Scope 
Loop 
Test 
Number 

50 

57 

57 

57 

57 

57 

57 

57 

57 

Operator 
Panel 
Error 
(Octal) Error Description 

200 

100 

40 

20 

10 

4 

2 

Forward skew error. 

NOTE 
Errors on tests 55 or 56 are indicated by the PC 
LEOs. The meaning of an error in the PC LEOs is 
shown in the "Fatal Microprocessor Errors" table. 

Reel motors on. 

ON-LINE switch in. (Turns on 
ON-LINE indicator.) 

Limit switch exceeded, 
latch set. (All limit 
switches turn on MICRO OK 
indicator.) 

LOAD switch in. (Turns on 
VOL VALID indicator.) 

ZEROS switch in. (Turns on 
DENS ERROR indicator.) 

Write lock lever out, write 
locked. (Turns on 
WRITE LOCK indicator.) 

BOT latch set. (BOT sensor 
turns on BOT indicator.) 

EOT latch set. (EOT sensor 
turns on EOT indicator.) 

NOTE 
Test 57 loops on itself. The loop is broken by press­
ing RESET on the maintenance panel. 
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Probable Cause 

Head skew 
adjustment tape 
path, head 

Limit switches 

ON-LINE switch 

Limit switches 

LOAD switch 

ZEROS switch 

Write lock 
assembly 

BOT IEOT sensor 

BOT IEOT sensor 



7.4.4.4 On-Line Failures - All failures generated when running on-line diagnostics produce an error 
printout at the console. The printouts include at least the function under test, associated status, and error 
register information~ Refer to Chapter 5 or the associated diagnostic listing for further information on 
troubleshooting these failures. 

7.5 TROUBLESHOOTING 
This section describes the troubleshooting procedures for the TSII. 

7.5.1 Maintenance Mode Operation 
You must load a write-enabled special test tape on the transport for maintenance mode operation. You can 
enter maintenance mode by setting the MAl NT MODE/NORMAL switch on the maintenance panel to 
MAINT MODE. When the TS II enters maintenance mode, all operator panel indicators are off. Also, the 
host CPU cannot access the TS II. 

You can select a test to execute in maintenance mode by entering the test number (octal) via the operator 
panel. The following table shows the switches to use. 

Operator Panel 
Normal 
Mode 

LOAD 
REW 
UNLD 

EOT 

ON-LINE 

Maintenance 
Mode 

ONES 

ZEROS 

START/STOP 

Description 

Enters a I into the LSB position, 
shifts the entire contents left, 
and displays the digit in the 
operator panel. 

Enters a 0 into the LSB position, 
shifts the entire contents left, 
and displays the digit in the 
operator panel. 

When pressed, executes the selected 
test. If the operator panel 
indicators are all off, the reel 
motor turns on. When released, 
halts the test running. 

NOTE 
In maintenance mode, the tape cannot be loaded. and 
automatically positioned to BOT. This function can 
be done only when the TSII is in normal mode. If the 
tape is loaded and positioned at BOT before entering 
maintenance mode, pressing ON-LINE with all oper­
ator panel indicators off has no effect. 

In maintenance mode, the operator panel displays error information in octal. Error information can be 
displayed in one of two ways. 

I. When you run test I (Auto Sequence), the operator panel displays the current test as it executes. 
If a failure occurs, the indicators continue to flash the failing test number. 

2. When you run any individual test other than test I, the operator panel displays error information 
related to that specific test. To interpret this information, refer to Paragraph 7.4.4.3. 
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Successful completion in autosequence mode is shown by a rotating pattern in the operator panel indicators 
(only when connected to a TS 11 with power applied). Exit to normal operation by setting the MAINT 
MODE/NORMAL switch to NORMAL, then replace the scratch tape. 

7.5.2 Manual Switch Test (Test 57) 
In maintenance mode, test 57 verifies the operation of various TSII switches and the operator panel. 
Usually, you select this test through the operator panel. The following procedure lets you execute test 57 
from the maintenance panel, if you suspect the operator panel is bad or the main microprocessor did not 
get to the microcode allowing selection of a test. 

I. Set HALT and clear MAINT MODE. 

2. Press RESET (PC = 0). 

3. Press STEP three times (PC = 41, 42, 43). 

4. Set MAl NT MODE and clear HALT. 

5. Press STEP. 

The test is now running. Refer to Paragraph 7.4.4.3 for test 57 error and status information. The only way 
to exit this test is to press RESET on the maintenance panel. 

7.5.3 Bring-Up Procedure 
This special procedure lets you bring up the system when it is "dead in the water." This condition exists 
when nothing else works (tape cannot be loaded or microdiagnostics run) and the power is okay. One of the 
modules that makes up the microprocessor or control read only memory (CROM) is not working, or a 
module that hangs on the microprocessor buses is hanging the bus. 

Hardware and microcode are structured so that all modules except the main micro and main ROM board 
can be removed from the system and then added one by one until a failure occurs. The diagnostic senses the 
modules as they are added and expands the test loop to include the new module's function. Perform the 
following initial set-up procedures. 

1. Power off. 

2. Remove all PC cards in the logic rack except M8962 (microprocessor) and M8964 (PC and 
ROM 1). 

3. Remove the cable from J2 on the backplane. This disconnects G 159 (capstan servo board). 

4. Remove the cable from J4 on the backplane (disconnects TSII Unibus interface card M7982). 

5. Set the MAINT MODE/NORMAL switch to NORMAL, the enable error (OVR) switch to 
enable, and the HALT/RUN switch to RUN. 

Starting with only M8962 and M8964 installed, perform the following test sequence procedure. 

I. Power up. 

2. Wait 20 seconds. 

3. Press RESET on the maintenance panel. 
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4. Table 7-6 lists the correct contents of the maintenance panel and operator panel displays. If the 
displays differ from Table 7-6, the last module added is bad. 

5. If all display indicators are correct, perform these steps. 

a. Power off. 

b. Insert the next card listed in the add column of Table 7-6. 

c. Go back to step I and continue testing. 

Table 7-6 Bring-Up Procedure Errors 

Operator 
Maintenance Panel Panel 

Module CLK CROM Errors 
Added STOP PERR (Octal) Comment 

M8962, off off Loop basic micro test 
M8964 RevC 
M8968 Rev F off off Loop basic micro test 
M8963 on on Control bus test 
GI59 cable off off 100 Basic IC test 
(J2 on 
motherboard) 
M8967 Rev D off off 100 Frame control test 
M8966 off off 103/100 I/O silo test 
M8965 off off 110 Serial bus wrap test 
M7982 (J4 on off off 120· Write board/silo test 
motherboard) 
M8929 off off 124 PE FMT flag test 
M8922 and off off 125 PE silo test 
interconnect 
jumper 
M8923, off off Micro System up (VCK OK). 
M8924, okay VOL VALID indicator 
G157 on. 

• 110 if host CPU power off. 

NOTE 
The indications in this table are correct for the high­
est Rev level of the ROM modules listed. Other Rev 
levels may show a different indication. If the opera­
tor panel displays something other than the errors 
listed in Table 7-6 and the latest module added is not 
the cause, check the nonfatal microprocessor errors 
(fable 7-4) for the probable cause of the error. 
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7.5.4 Data Track Card Identifier 
Table 7-7 shows which card is dead for each dead track recorded in extended register 2 (XSTAT2), using 
Data Reliability Program (CZTSH) Test 2 on PDP-II systems or Data Reliability Program (EVMAA) 
Section 2 on VAX systems. 

Table 7-7 Dead Track/Module Locations 

Dead Head Probable Bad 
Track Bit Track Location/Module 

1 0 2 2/ GIS7 6/M8924 
2 I 8 2/ GIS7 6/ M8924 
4 2 I I / GIS7 6/M8924 

10 3 9 I / GIS7 S / M8924 
20 4 3 I / GIS7 S /M8924 
40 S S 2/ GIS7 5/ M8924 

100 6 6 2/ GIS7 4/ M8924 
200 7 7 I / GI57 4/ M8924 
400 P 4 3/ M8923 4/M8924 

7.6 CHECKS AND ADJUSTMENTS 
This section describes the checks and adjustments for the TSII. 

7.6.1 Power Supply Checks and Adjustment 
Check the power supply outputs listed in Table 7-8 with a digital voltmeter (DVM). Adjust the +5 V and 
+ IS V outputs if necessary. Figure 7-6 shows the power supply, and Figure 7-7 shows the layout of the 
Mate-N-Lok connectors. The power outputs are on connectors PIPS and P2PS. Table 7-9 lists the signals 
and wire colors at all four Mate-N-Lok connectors. 

Table 7-8 Voltage Checks and Adjustments 

Voltage Range (Volts) Test Point Wire Color Adjustment Point 

+5 Vdc regulated 5.0 to S.20 PIPS-7 Red H744 regulator 
PIPS-IO Red 

+ IS V dc regulated 14.5 to IS.5 PIPS-3 Yellow 5411086 regulator 
-IS V dc regulated 14 to 16 PIPS-II Blue Not adjustable 
+ 18 V dc unregulated 15 to 23 P2PS-I Yellow Not adjustable 
-18 V dc unregulated IS to 23 P2PS-4 Blue Not adjustable 
ACLOSVdc 7.0 (max) PIPS-6 Orange Not adjustable 
DeL05 Vdc 7.0 (max) PIPS-12 Green Not adjustable 
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NOTE: TRANSFORMER ASSEMBLY AND CAPACITOR 
BRACKET ASSEMBLY ARE MOUNTED INSIDE 
BOX AND ARE NOT SHOWN. 

Figure 7-6 Power Supply 
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Figure 7-7 Power Supply Mate-N-Lok Connector Layout 
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Table 7-9 Wiring Charts for TSll 70-16288 Power Supply Mate-N-Lock Connectors 

Connector Connector 
Plug Color Plug Color 

PIPS-I P2PS-I Yellow (+18 V unregulated 
PIPS-2 Black (ground) P2PS-2 Black (ground) 
PIPS-3 Yellow (+ 15 V regulated P2PS-3 Black (ground) 
PIPS-4 P2PS-4 Blue (-18 V unregulated) 
PIPS-5 Black (ground) P2PS-5 
PIPS-6 Orange (AC LO) P2PS-6 
PIPS-7 Red (+5 V regulated) P3PS-I Blue(AC LO) 
PIPS-8 Black (ground) P3PS-2 Brown (logic cage fan) 
PIPS-9 Black (ground) P3PS-3 Green/Yellow (ground) 
PIPS-IO Red (+5 V regulated) P3PS-4 
PIPS-II Blue (-15 V regulated) P4PS-I White (AC LO) 
PIPS-12 Green (DC LO) P4PS-2 Black (reel motor) 

P4PS-3 - (GI58) 

7.6.2 Mechanical Adjustments 
This section describes mechanical adjustments for the TSII. 

7.6.2.1 Snap Lock Hub Height Check and Adjustment - Check and adjust the snap lock hub height as 
follows. Refer to Figures 7-8 and 7-9. 

Check 

I. Insert the hub height gauge (PN 9607951) from the rear of the door casting through the slot to 
the left of the hub. The base of the gauge should rest against the rear of the casting, with the 
concave side facing the reel motor. 

2. Hold the base of the gauge tight against the rear of the casting, and rotate the three surfaces on 
the end of the gauge. The rear of the "Go" surface should just clear the front surface of the hub 
flange. The "No Go" surface should not clear the flange surface. 

Adjustment 

I. Remove the snap lock hub assembly (Paragraph 7.7.2.1). 

2. Add or remove shims as needed to satisfy the set position of the gauge. 

3. Replace the inner hub (Paragraph 7.7.2.2). 

4. Repeat step 2. 

5. If correct, replace outer hub (Paragraph 7.7.2.2). 
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Figure 7-8 Deckplate Assembly 
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Figure 7-9 Snap Lock Hub Cross Section 
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~ =HUB ADAPTER 

MA·e04tci 

Figure 7-10 Hub Adapter 

7.6.2.2 Fixed Reel Hub Height Adjustment - Check and adjust the fixed reel hub height as follows. 
Refer to Figures 7-8 and 7-10. 

Check 

l. Remove the three phillips screws holding the reel to the hub, and remove the reel assembly. 

2. Insert the hub height gauge (PN 9607951) from the rear of the door casting through the slot to 
the left of the hub. The base of the gauge should rest against the rear of the casting, with the 
concave side facing the reel motor. 

3. Hold the base of the gauge tight against the rear of the casting, and rotate the three surfaces on 
the end of the gauge. The rear of the "Go" surface should just clear the front surface of the hub 
flange. The "No Go" surface should not clear the flange surface. 

Adjustment 

1. If an adjustment is needed, loosen the two set screws holding the hub to the motor shaft. 

2. Position the "Set" surface of the hub height gauge over the front surface of the hub flange. Hold 
the base of the gauge tight against the casting, and move the hub until contact is made between 
the "Set" surface and the hub flange. 

3. Now tighten the two hub set screws and check the adjustment with the "Go" and "No Go" 
surfaces of the gauge as described in the check procedure. 

4. Reinstall the reel assembly. 
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7.6.2.3 Tension Arm Transducer Coarse Adjustment - Perform the tension arm transducer coarse 
adjustment as follows. 

NOTE 
To perform the following adjustment, remove any 
tape mounted. Then lower each tension arm to its 
lowest position and insert a screwdriver into the 
holes at the rear of the deckplate to hold the tension 
arms in position. The hole for the upper arm is 
behind the upper tension spring. The hole for the 
lower arm is just above the lower tension spring. 

1. Switch to maintenance mode. Run test 6. 

2. Loosen the tension arm transducer holding screws. 

3. Adjust the upper transducer for no movement of the supply reel. Tighten the screw. 

4. Adjust the lower transducer for no movement of the takeup reel. Tighten the screw. 

5. Stop test 6, remove the screwdrivers, and do the fine adjustment. 

7.6.2.4 Tension Arm Transducer Fine Adjustment - Perform the tension arm transducer fine adjustment 
as follows. 

1. Load a scratch tape. 

2. Run test 50 in maintenance mode. 

3. Observe the position of the tension arms while the tape is moving. There should be a clearance of 
1/2 inch to 1 inch between the tension arms and the limit switches at both ends of their travel. If 
an arm is close at one limit and far away at the other limit, a fine adjustment is necessary. 

4. With the tension arms moving, adjust the transducer for the tension arm needing adjustment 
until the clearance between the tension arm and the limit switches (at both ends of travel) are 
equal. 

NOTE 
Use caution when adjusting transducers while the 
tape is moving; a large adjustment may exceed the 
limits, dropping tape tension. 

5. Tighten transducer screws. 

6. Repeat step 3. 
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7.6.2.5 Reel Motor and Brake Check - The brakes and the reel motors are both controlled by GI58. The 
brakes are used only as a "parking brake," and engage when the reel motors are powered down. Check the 
reel motor and brake as follows. 

I. Apply power to the system, noting fan motor operation. 

2. Load the tape. 

3. Power down reel motors by either tripping a limit switch or the interlock switch manually, and 
observe the tension arms. If either tension arm reaches the upper limit switch, the brake is not 
holding; replace the associated reel motor. 

7.6.2.6 Tape Tension Coarse Adjustment - Perform the tape tension coarse adjustment as follows. Refer 
to Figure 7-11. 

I. Power down the system. 

2. Use a I foot length of tape with loops at each end to attach a 2 pound force gauge to the upper 
arm as shown. Place the tape between the upper fixed guide and the upper roller guide, then pull 
the arm in the direction shown to the approximate center of its swing. Take care to zero the 
force gauge in the actual position used to make the measurement. Adjust the upper spring 
adjustment screw on the back of the deckplate until the gauge reads 475 g ± 15 g. 

3. Use the same I foot length of tape to attach the 2 pound force gauge to the lower arm as shown. 
Place the tape between the capstan and the lower roller guide, then pull the arm in the direction 
shown to the approximate center of its swing. With the gauge properly zeroed, adjust the lower 
spring adjustment screw on the back of the deckplate until the gauge reads 525 g ± 15 g. 

rrrrrrm 

o 

MA·3996 

Figure 7-11 Tension Arm Adjustment 
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7.6.2.7 Tape Tension Fine Adjustment - Perform the tape tension fine adjustment as follows. 

1. Mount a scratch tape and load to BOT. 

2. Disconnect both push-on leads from the capstan motor. 

3. Connect one lead of a 0 to 1 amp ammeter to a +5 V source. (You can use CIon GI59.) 
Connect the other lead to one of the capstan motor terminals. 

4. Use a wire lead to connect the other capstan motor terminal to ground. The motor will start to 
turn when the connection is made. 

5. To reverse the direction of the capstan motor, switch the ammeter and ground leads on the 
capstan terminals. 

6. Measure the current in both directions and adjust the upper spring adjusting screw until the 
current reading is equal in both directions. 

7. Disconnect the meter and reconnect the motor leads. 

8. Press RESET on the maintenance panel. 

9. Check the capstan deceleration adjustment (Paragraph 7.6.3.4). 

7.6.2.8 Tape Path Alignment - You must align the tape path if you replace any part in the tape path, or if 
you see tape edge damage. The tape path includes the supply reel, rollers, tension arms, tape spring guides, 
capstan, and take-up reel (Figure 7-12). The alignment procedure's main purpose is to guarantee that the 
magnetic tape moves in the same plane as the reference surface (the rear machined surface of the deck­
plate), in both forward and reverse. To ensure this, the capstan and all guides must be perpendicular to the 
tape reference surface, and all set at the same height. 

You can see the effects of capstan misalignment in both the horizontal and vertical planes. If the capstan is 
misaligned in the horizontal direction, then the tape moves in and out, with respect to the tape reference 
surface, as the tape moves in the forward and reverse directions. 

NOTE 
Forward tape motion is when tape moves from the 
magnetic head toward the capstan. Reverse tape 
motion is when tape moves from the capstan toward 
the magnetic head. 

If the capstan is misaligned in the vertical direction, the tape remains off center of the capstan, regardless 
of tape direction. 

If a roller guide is misaligned, you can see puckering of the tape at that guide. 

NOTE 
Ensure that the hub beight adjustment is correct 
before continuing. 
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Figure 7-12 Tape Path Alignment 
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1. Proceed as follows to position the capstan on the motor shaft (Figure 7-13). 

a. Loosen the capstan locking clamp with an Allen wrench. Remove the capstan and clamp. 
Check the capstan inside surfac,e for roughness or foreign material that may inhibit correct 
fitting to the shaft. Also check the capstan shaft for roughness or excessive dirt. 

b. Clean the capstan surface with a wipe or lint-free cloth moistened with water, or the special 
solution in the DECmagtape cleaning kit (TUCOI). Do not use any cleaner other than 
water or DECmagtape cleaner to clean the capstan. 

c. Reposition the capstan and locking clamp onto the capstan motor shaft. The end of the 
motor shaft should be flush with the capstan's front surface. Tighten the locking clamp. 
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Figure 7-13 Capstan Positioning on Capstan Motor Shaft 

2. Proceed as follows to inspect the tape path (Figure 7-12). 

a. Mount and thread a scratch tape, but do not load (reel motors are off, but tension arms are 
in approximate center of their swing). 

b. Make sure the tape is on the center of the capstan surface. 

c. Examine the tape from one roller to another. See if either tape edge has slack when com­
pared to the other edge. Using a pen light to reflect from the tape improves this inspection. 
If an edge shows any slack, the roller at that point is not aligned correctly and should be 
replaced. 

NOTE 
The tension arm and rollers are preadjusted as a sub­
assembly before mounting on the tape deck. If more 
than one arm assembly is replaced and the slackness 
persists, check that the beadplate is seated correctly. 
Also check that no foreign material is jammed 
between the rear of the deckplate and the arm 
assembly. 

d. When the slackness is removed, proceed with the capstan alignment. 

3. Proceed as follows to align the capstan. 

NOTE 
Adjusting screw 2 may cause the tape to start mov­
ing on the capstan while the tape is moving forward 
and reverse. 
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a. Load a scratch tape to BOT. Place the unit into maintenance mode. Carefully remove the 
clamp washers on the top of the fixed guides. A ceramic washer under the clamp washer 
comes off at the same time. Handle these washers with care; they are extremely hard and 
brittle. Also, note that the washer is beveled on one side. This beveled side must be 
mounted facing the tape ·when you reassemble the guides. When you remove the screw 
holding the washer, the guide remains mounted to the headplate. 

b. Use test 50 and move the tape forward and reverse. Observe the relative position of the 
tape with respect to the capstan. Ideally, the tape should remain in the center of the cap­
stan when tape is moving in either direction. If the tape moves on the capstan when you 
change directions, use an Allen wrench to turn gimbal screw 1 (Figure 7-14) about one turn 
(in either direction, remembering which direction you turned the screw). Perform this 
adjustment while the tape is moving. If the tape motion is reduced, you are turning the 
screw in the right direction. If motion increases, turn the screw in the opposite direction. 

Repeat the above procedure until there is no visible tape motion on the capstan. Then stop 
test 50. 

c. Now use test 11 to run the tape in a steady state condition forward. If the tape is not 
tracking in the center of the capstan, turn gimbal screw 2 (Figure 7-14) as follows. If the 
tape is tracking too close to the deckplate, turn screw 2 counterclockwise. If the tape is 
tracking away from the deckplate, turn the screw in a clockwise direction. 

d. Use test 11 to run the tape in a steady state condition, and press the two spring-loaded 
washers on the lower part of the fixed guides. Monitor the reference edge of the tape (the 
edge closest to the operator). It should track right at the edge of the top of both guides. If 
this does not happen, adjust screw 2. 

GIMBAL 
SCREW #1 

CAPSTAN 
GIMBAL 

GIMBAL 
SCREW #2 

MA-3986 

Figure 7-14 Capstan Gimbal Adjustment 
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e. Now use test 50 to run the tape forward and reverse. Again, press the spring-loaded wash­
ers and monitor the tape reference edge at the guide. If there is any movement of tape 
position, slightly readjust screw I. 

Repeat steps d and e for the best condition. 

f. Reassemble the ceramic washer and clamp washer to the fixed guide, using 5 in.lbs. of 
torque. 

CAUTION 
Excessive torque will crack the ceramic. washer. 

7.6.2.9 BOT/EOT Adjustment - To adjust the BOT/EOT sensor (Figure 7-15), loosen the holding screw 
and position the sensor so the face of the sensor is parallel to a mounted tape. 

With the BOT reflector strip positioned under the sensor, you should see a voltage of 3V or more at lEI pin 
5 on G159. With the BOT reflector strip not under the sensor, the voltage should be IV or less at EI pin 5. 

With the EOT reflector strip positioned under the sensor, you should see a voltage of 3V or more at EI pin 
7 on G 159. With the EOT reflector strip not under the sensor, the voltage should be I V or less at E 1 pin 7. 

If the adjustment of the sensor is correct and the signal levels are wrong, replace the sensor. 

UPPER FIXED 
______ GUIDE SURFACE 

BOT/EOT SENSOR 
ASSEMBLY 

TAPE CLEANER 
SURFACE 

[:;::=:::l:----~ E RASE HEAD 
SURFACE 

RDJWRT HEAD 
SURFACE 

HEAD AZIMUTH 
ADJUSTING 
SCREW 

LOWER FIXED 
. GUIDE SURFACE 

MA·3118' 

Figure 7-15 BOT IEOT Sensor and 
Head Skew Adjustment 
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7.6.2.10 Limit Switches Check - Use the microdiagnostics manual switch test (test 57) to check proper 
operation of the tension arm limit switches. (Refer to Paragraph 7.5.2 and Figure 7-3.) 

7.6.2.11 Write Lock Assembly Adjustment - Adjust the write lock assembly as follows. 

1. With no tape on the transport, the clearance between the outer edge of the snap lock hub and the 
actuator arm of the write lock assembly should be 0.100 inches to 0.350 inches, when measured 
with a feeler gauge. 

2. To adjust the write lock assembly, loosen the two screws that fasten the assembly to the back of 
the deckplate and slide the assembly in the necessary direction. 

3. Tighten the screws. 

7.6.3 Electrical Checks and Adjustments 
This section describes the electrical checks and adjustments for the TSII. 

7.6.3.1 Capstan Null Adjustment - Adjust the capstan null as follows. 

1. With the TSII powered up, connect a DVM between the red lead of the capstan motor and 
ground. 

2. Adjust R26 on G159 (marker N on the module) for 0 V ± 0.1 V. 

7.6.3.2 Capstan Tachometer Alignment (Duty Cycle and Phasing) 

NOTE 
Tape should not be loaded when aligning the 
tachometer. 

The optical tachometer provides the feedback signal to the capstan servo logic. The tachometer must be 
accurately aligned to ensure correct TS11 operation. (Refer to Figure 7-16.) Align the optical tachometer 
as follows. 

CAUTION 
The encoder disk is very sharp. Be careful to keep 
your fingers away from the disk while you are 
adjusting the assembly, or you could easily cut 
yourself. 

1. Carefully remove the encoder dust cover. Make sure that the encoder disk is free of dirt and 
scratches, and is in the approximate center of the encoder base slot; take care that the disk is not 
rubbing against either inside slot edge. If the disk is rubbing (or not near the center), loosen the 
collar clamp and adjust the disk to near the slot center. Tighten the collar clamp screw. 

2. Turn the G 159 null potentiometer R26 (Figure 7-3) approximately four turns in the clockwise 
direction. Note that the capstan begins turning in a counterclockwise direction, as viewed from 
the front of the transport. 
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Figure 7-16 Capstan Tachometer Encoder Assembly 

3. Set up a test oscilloscope as follows. 

Channell 
Channel 2 
Vertical coupling 
Horizontal 
Trigger 

Mode 

5V/cm 
5V/cm 
dc 
100 p,s/cm 
Channel I, normal, positive 
slope, AC coupled 
Chop 
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MA-8413 

Figure 7-17 Capstan Tachometer Phase 

4. Place a pin extender onto G 159 chip E29. Place probe 1 onto E29 pin 3 and probe 2 onto E29 
pin 5. 

NOTE 
At this time, the capstan motor is not running under 
servo control. Therefore, do not worry if speed error 
and jitter appear to be out of spee. 

5. Place oscilloscope trace 1 at the top of the screen and trace 2 at the bottom. Adjust the two 
encoder assembly potentiometers (Figure 7-16) for 50 percent ±5 percent duty cycle square 
waves on both traces. Note that the potentiometers independently adjust each wave shape. 

6. Slightly loosen the two encoder assembly mounting screws (Figure 7-16). Carefully move the 
assembly in or out (a very small amount) to obtain a 90 degree ±10 percent phase shift between 
the two traces, with pin 5 (probe 2) leading pin 3 (probe 1) as shown in Figure 7-17. Tighten the 
mounting screws. 

7. Recheck the square waves and the phase shift. If either or both are out of tolerance, perform the 
adjustment(s) again. 

8. If these adjustment tolerances cannot be met, replace the capstan motor assembly and perform 
the adjustments again. 

9. Perform the capstan null adjustment (Paragraph 7.6.3.1). 

10. Toggle S9 on GI59 in alternating directions and observe the capstan motion. Check for 50 per­
cent duty cycle square waves and the 90 degree phase shift in both forward and reverse direc­
tions. If they are not correct, perform the procedure(s) again. The trace for channel 2 will flip 
180 degree from forward to reverse. 

7-51 



7.6.3.3 Capstan Speed Check - Check the capstan speed as follows. 

I. Load a scratch tape and run test 50 in maintenance mode. 

Set up the oscilloscope as follows. 

Channell 
Vertical coupling 
Horizontal 
Trigger 

Mode 

5 V JCOl 
dc 
50 p.sjcm 
Channel I, normal, positive slope, 
ACcoupled 
Channell 

2. Check at E29 pin 3 (Tach Phase 1) or E29 pin 5 (Tach Phase 2) on G159. 

3. Check that the Tach Phase (lor 2) signal is at a 250 p.s period. The limits are 243 p,s to 257 p.s, 
in both forward and reverse (Figure 7-18). 

4. Check the jitter on the leading edge of the signal (Figure 7-18). This is the same edge that the 
scope is triggered from. The jitter should be less than 12.5 p.s +5 percent. If all capstan adjust­
ments are good and jitter is more than 12.5 p.s replace the capstan. 

SIGNAL PERIOD 

t-------CHECK FOR 243,,5·267 "s----~ 

_ADJTO 118".·131 "'-1 

TIME BASE I 
60IAIIcm 

TIME BASE 
100"s/cm 

I 

JITTER 

...... ____ ~ ..... r::--JITTER 

-t LESS THEN 6% 
I I I I 

Figure 7-18 Capstan Speed Adjustment 
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7.6.3.4 Capstan Forward and Reverse Deceleration Adjustment - Adjust the capstan forward and 
reverse deceleration as follows. 

1. Load a reel of tape. 

2. Run test 13 in maintenance mode. 

3. Observe the operator panel indicators EOT, BOT, DENS ERROR, and WRITE LOCK. EOT 
and BOT correspond to the forward direction; DENS ERROR and WRITE LOCK correspond 
to reverse. None of these indicators should be solid on or solid off. They should all flicker 
equally. 

4. Adjust R87 on G 159 for forward (F on the module). 

Adjust R95 on G 159 for reverse (R on the module). 

NOTE 
This adjustment will drift if the test continues to run 
after the adjustment is made. Make this adjustment 
once and do not adjust for drift. 

7.6.3.5 Read Preamplifiers - Adjust the read preamplifiers in maintenance mode, with the special test 
tape loaded. 

Set up the oscilloscope as follows. 

Channell 
Vertical coupling 
Horizontal 
Trigger 

2Vjcm 
dc 
0.5ms 
Auto Trig 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Remove the preamplifier board shield. 

Run test 54. 

Connect the channel I scope probe to TPO 1FigUre 7-19), 

Adjust the bit weight zero gain potentiometer (Figure 7-19) for 10 V p-p + 0.25 V in the pream­
ble section of the analog signal on the scope I (Figure 7-20). 

Move the scope probe to the remaining test Joints and adjust the corresponding gain potentiom­
eters, including test point TPP (Figure 7-191~ 

I 

Make sure the data section of the signals ~t TPO through TP7 does not exceed 16.7 V p-p 
(Figure 7-20). \ 

! 

Reinstall the board shield. 
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Figure 7-19 Read Preamplifier Locator 
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Figure 7-20 Read Preamplifier Adjustment 
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7.6.3.6 VCO Adjustment - Adjust the VCO in maintenance mode, with a special test tape loaded. Set up 
the oscilloscope as described for the threshold adjust~ent. 

Channell 
Channel 2 

! 

Monitor ROO on the maintenanFe panel. 
Monitor VCO test point on M8~22 (lower test point). 

i 

I. Run test 54. Adjust the potentiometer on ~8922 for minimal level shift (dc between data and 
no data portions of the signal on channel 2 \at 3 Vdc level). Refer to Figure 7-21. 

7.6.3.7 
loaded. 

Threshold Adjustment - Adjust the thresh~ld in maintenance mode, with a special test tape 

Set up the oscilloscope as follows. I 
I 

I 
Channell 
Channel 2 
Vertical coupling 
Horizontal 
Trigger 
Mode 
Channell 
Channel 2 

5V/cm 
I V/cm 
dc 
2 ms/cm 
Channel I, normal, positive slope 
Alternate 
Monitor ROO on the maintenance panel. 
Monitor pin A3A I on the backplane. 

PREAMBLE") I ,OAT". If POSTAM~E DATA, 
ANALOG 
REFERENCE 

TlME- 2 ms/cm 

:~~~:~:AN. 1 1111 1111 1111 

(MOTHER 
BOARD) 

VCO 
SIGNA).. 

I 

3V~~:--------¥NW 

I 
I 

GAIN- 2V------------+------------

1 V/em 

SCOPE 
CHAN.2 1 V _______ .;-_____ _ 

PIN­
TPl 

OV----------,~---------

THRESHOLD 
SIGNAL 

GAIN- I 
lV/em O.9V~: ~ 

SCOPE ~ 
CHAN. 2 OV I 

PIN- A3Al 
(MOTHER 
BOARD) 

I 
I 

MA·3982 

Figure 7-21 VCO and Threshold Waveforms 
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1. Run test 54 and verify that pin A3A 1 is 0.9 V ± 0.1 V during the data section of the analog 
signal (Figure 7-21). 

2. Adjust the top potentiometer (R46) of the M8923 if needed. 

7.6.3.8 Skew Meter Adjustment - Adjust the skew meter as follows. 

NOTE 
This adjustment does not affect any operational 
characteristics of the TSll. The skew meter is a cir­
cuit used by the TS 11 microdiagnostics to determine 
electrically if the head is skewed properly. Check the 
skew meter before the head is deskewed. 

I. Run test 31 in maintenance mode. 

2. The operator panel indicators should not be on for this adjustment. However, it is helpful to 
center the adjustment. 

3. To center the adjustment, turn R49 (bottom potentiometer) on M8923 until either the BOT or 
EOT indicators tum on. 

4. Turn R49 in the opposite direction, counting the number of turns until the other indicator turns 
on. 

5. Tunl R49 back half the amount of turns counted in step 4. All operator panel indicators should 
turn off. 

NOTE 
During this adjustment, there wiD be some delay 
between the time R49 is adjusted and the indicators 
change. 

7.6.3.9 Head Skew Check and Adjustment - Check the head skew as follows. 

Check 

NOTE 
Check the skew meter (Paragraph 7.6.3.8) and tape 
path alignment (Paragraph 7.6.2.8) before doing this 
adjustment. 

1. Load a master skew tape. 

2. Run test 50 in maintenance mode. 

3. Observe the operator panel; all indicators should be off. The following indicators show errors. 

I/EOT - Forward skew error 
2/BOT - Reverse skew error 
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Adjustment 

1. Load a master skew tape. 

2. Run test 51 in maintenance mode to check the forward skew, or test 52 to check the reverse 
skew. 

3. Connect the channell scope probe to the skew out test point on the maintenance panel. Adjust 
the head azimuth screw (Figure 7-15) to meet these voltages. 

Forward 
Reverse 

At or near 0 V (2.5 V max) 
At or near 0 V (3.0 V max) 

4. Run test 50 to ensure there are no errors. 

Alternate Adjustment 

Set up the oscilloscope as follows. 

Channell 
Vertical coupling 
Horizontal 
Trigger 
Channell 

2V/em 
de 
1 p,s/cm 
Channel 1, normal, positive slope 
Monitor B3VI (packet signal). 

I. Load a master skew tape. 

2. In maintenance mode, run test 51 and test 52 to check forward and reverse skew respectively. 

3. Make sure that the packet signal is 2.5 p,s or less in the forward direction and 3.0 p,s or less in the 
reverse direction. Adjust the head azimuth screw (Figure 7-15) to meet these specifications. 

4. Run test 50 to ensure there are no errors. 

7.7 REMOVAL AND REPLACEMENT PROCEDURES 
This section outlines the removal and replacement procedures for the TSII component assemblies. Refer 
to Table 7-10 for the adjustments that are necessary when you replace a component. Some components 
have a single removal and replacement procedure. 

NOTE 
The capstan, capstan motor/tachometer, tension 
arms, lower fixed guide, and head assembly directly 
affect the path of the tape as it moves through the 
tape transport. If you replace any of these items, you 
must align the tape path (Paragraph 7.6.2.8). 
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Table 7-10 Component Replacement and Adjustment Cross .. Reference 

Component Replaced 

Reel motor 

Capstan motor assembly 

Capstan wheel 

Snap lock hub 

Fixed hub 

Headplate assembly 

Tension arm transducer 

Tension arm 

Buffer arm 

Write lockout assembly 

Limit switch 

BOT fEOT sensor 

Power supply 

G159 

G057 

G158 

M8922 

M8923 

Adjustment to Check or Perform 

Hub height 
Reel fitting (upper) 
Write ring (upper) 

Capstan motor null adjustment 
Capstan deceleration 
Tape path alignment 

Tape path alignment 

Hub height 
Reel fitting 
Write ring 

Hub height 

Tape path alignment 
Preamplifier 
Threshold 
Head skew 

Transducer null 
Tape tension 

Transducer null 
Tape tension 
Tape path alignment 

Tape path alignment 

Write lockout assembly 

Limit switch 

BOT fEOT sensor 

Voltage (+5 V) 

Capstan motor null 
Capstan deceleration 

Preamplifier 

Transducer null 

VCO 

Skew limit and threshold 
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7.7.1 Module Removal and Replacement 
This section describes module removal and replacement procedures. 

7.7.1.1 Double-Height Module - Remove any double-height module as follows. 

1. Remove power from the TS 11. 

2. After gaining access to the rear of the TSl1, remove the module retaining bar. 

3. The modules are numbered 1 to 15 (Figure 7-22). 

4. To remove a module, grasp the plastic handle and pull straight out. 

5. When removing M8962 or M8922, remove the interconnect jumper block first. 

6. To install a module, align the module with the correct slots in the logic rack and push firmly 
straight in. 

7. Reinstall the retaining bar. 

72PIN 
LOGIC OVER TOP MODULE 
ENCLOSURE CONNECTORS CONNECTORS 

nh n n n n n ~~ n n ~ n noon 
1.0 to CTI ,... M Q)"" NN"""" .". M ,... ,... 

~~~~~~~ ~~~~~~~I.O 

uuuuuuu UUUUUUUU 

TO TS11 
(M7982) 
(70-14094) 
(FLAT CABLE) 

J3 
c::::J ,-------, 

J2 TEST ~-l 
POINTS ~v 

r--·----------, 
I MAINTENANCE I 

: PANEL : '-_ .. _________ ...J 

PICO FUSES 

(OPPOSITE SIDE) FROM J1 ON READ 
TO J 1 ON CAPSTAN 
MODULE (G159) MOTHER PREAMPS (G057) 
(70-13581) BOARD (70-14186) 

ASSEMBLY (FLAT CABLE) 
TO WRITE HEAD 

(WRITE CABLE) 
(70-14149) 

NOTE: M8922 AND M8962 MODULES IN SLOTS 
7 AND 8 ARE JOINED BY AN OVER-THE-TOP 
MODULE CONNECTOR. 

Figure 7-22 Logic Rack (Rear View) 
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7.7.1.2 G158 Reel Servo Board - Remove the GI58 reel servo board as follows. 

I. Remove power from the TS II. 

2. Open the front door. Unlock and swing open the transport. 

3. Disconnect plug connectors J6/P6, JIO/PIO, JII/PII, JI2/PI2, JI3/PI3, J14/P14, JIS/PIS, 
and J16/P16 from GI58 (Figure 7-3). 

4. Release the flat cable from the cable clip on the triac heat sink cover. 

5. Remove the four screws holding G 158 to the deckplate. 

6. Remove G158. 

7. Re:move the triac heat sink cover containing the flat cable clip and warning label. 

8. To install G 158, reverse steps 3 through 7. 

9. Reapply power to TSII. 

7.7.1.3 G159 Capstan Servo Board - Remove the GI59 capstan servo board as follows. 

I. Remove power from the TSII. 

2. Open the front door. Unlock and swing open the transport. 

3. Disconnect plug connectors J I/PI, J2/P2, J3/P3, J4/P4, and J5/P5 from G 159 (Figure 7-3), 

4. Remove the four screws holding GI59 to the mounting brackets. 

5. Remove GI59. 

6. To install G 159, reverse steps 3 and 4. 

7. Reapply power to the TS II. 

7.7.1.4 G057 Read Amplifier Board - Remove the read amplifier board as follows. 

J. Remove power from the TSII. 

2. Open the front door. Unlock and swing open the transport. 

3. Remove the board shield covering G057. 

4. Disconnect plug connectors JI/PI and J2/P2 from G057 (Figure 7-3). 

5. Remove the three screws holding G057; take care not to lose the insulating washers on the back 
of the board, or under the screw heads. 

6. Remove G057. 
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7. To install G057, reverse steps 3 through 5. Make sure the insulating washers are between the 
back of the board and the metal standoffs, and under the correct screw heads. 

8. Reapply power to the TSII. 

NOTE 
If you replace a ROM module~ make sure to perform 
the bring-up procedure (Paragraph 7.5.3) and record 
the indications for use in troubleshooting. 

7.7.2 Snap Lock Hub Assembly (Supply Reel) 
This section describes how to remove, replace, and rebuild the snap lock hub assembly. 

7.7.2.1 Removal - Remove the snap lock hub as follows. 

I. Remove power from the TSII. 

2. Remove the tape reel, if mounted. 

3. Lift the locking tab and remove the index screw from the outer hub. 

4. Grasp the outer hub and rotate it counterclockwise to unthread the hub from the hub adapter. 
Remove the outer hub. 

5. Remove the latch lever and the thrust washer from the outer hub. 

6. Remove the 1-3/8 inch nut from the hub adapter with a 1-3/8 inch socket, while holding the 
inner hub in place with a spanner wrench. 

7. Remove the inner hub and woodruff key. The woodruff key is the small piece of metal in the 
groove of the hub adapter. 

NOTE 
If hub adapter does not have to be removed, skip 
steps 8 and 9. 

8. Remove the motor and motor spacer from the casting (Paragraph 7.7.10). 

9. With the motor removed, unscrew the two Allen screws that hold the hub adapter to the motor 
shaft. Remove the hub adapter. 

7.7.2.2 Replacement - Install the snap lock hub as follows. 

I. Remove power from the TS II. 

2. With the reel motor removed from the transport casting, assemble the hub adapter to the motor 
shaft by sliding it on and lining up the two setscrews with the two flat surfaces on the shaft. Use 
a feeler gauge to set the spacing between the hub adapter and the motor mounting surface. Once 
the spacing (0.8 mm or 0.031 inches) is established, tighten the two setscrews (Figure 7-9). 

3. Position the motor spacer on the motor mounting surface, making sure to align the mounting 
holes of the spacer with the mounting holes of the motor. 
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4. Install the motor and motor spacer on the deckplate, using four 1/4-20 X 1 inch hex screws and 
four 1/4 inch split washers. 

5. Slide four 0.010 circular metal shims (part of the hub kit) onto the hub adapter. 

6. Slide the inner hub onto the hub adapter as follows. 

a. Make sure the woodruff key in the hub adapter is in place. 

b. Line up the slot on the inner hub with the woodruff key in the hub adapter, and slide the 
inner hub into place. 

7. Thread the 1-3/8 inch nut onto the adapter and finger tighten. 

8. Adjust the hub height (Paragraph 7.6.2.1). 

9. Using a 1-3/8 inch socket and a torque wrench (see special tools list), tighten the 1-3/8 inch nut 
onto the hub adapter, while holding the inner hub in place with a spanner wrench. Tighten to a 
torque of 20 ft. Ib (24 N .m). 

10. Lightly lubricate the 0 ring chamfer on both outer and inner hub pieces with silicone grease. 

11. Place the 0 ring over the outer hub assembly. 

12. Lubricate the thrust washer with silicone grease before sliding it over the latch lever shaft. 

13. Install the shaft through the outer hub and thread it into the adapter, making sure that the 0 
ring is in place. 

14. Hold the inner hub while rotating the outer hub clockwise, until the outer hub bottoms. Continue 
to hold the inner hub and rotate the outer hub counterclockwise until the latch lever closes 
smoothly. 

15. Wipe away any excess grease from the outer surfaces of the hub assembly and mount a nUlmber 
of tape reels, fine tuning this rotational adjustment to ensure a constant engagement of all the 
reels .. 

16. Install the index screw through the outer hub into the inner hub. Locate the nearest hole in the 
inner hub before screwing it in (Figure 7-9). 

17. Verify that the WRITE LOCK switch adjustment is still within tolerance (Paragraph 7.6.2.11). 

7.7.2.3 Rebuilding - If the snap lock hub requir<!s rebuilding, use the following procedure. 

1. Perform steps 1 through 4 of Paragraph 7.7.2.1. 

2. Remove the old 0 ring from around the outer hub and replace it with the new 0 ring from the 
rebuild kit. 

3. Remove the old thrust washer from the front of the outer hub and replace it with the new thrust 
washer from the rebuild kit. 

4. Replace the hub assembly as detailed in Paragraph 7.7.2.2, steps 10 through 16. 
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7.7.3 Take-Up Reel 
This section describes how to remove and replace the fixed take-up reel. 

7.7.3.1 Removal - Remove the take-up reel as follows. 

1. Remove power from the TS 11. 

2. Remove the three phillips screws frOIn the front of the reel (Figure 7-8). 

3. The reel now comes apart in four pieces: trim plate, front flange, inner hub, and rear flange. 

NOTE 
Step 4 is required only when replacing the lower 
motor or the hub casting itself. Otherwise, you are 
finished removing the fixed take-up reel with step 3. 

4. Remove the hub casting by loosening the two Allen screws and sliding the casting off the reel 
motor shaft. 

7.7.3.2 Replacement - Install the take-up reel as follows. 

NOTE 
If the hub casting has not been removed, start at step 
3. 

1. Slide the hub casting onto the lower motor shaft. 

2. Adjust the hub height (Paragraph 7.6.2.2). 

3. Install the rear flange (Figure 7-8) over the hub casting. 

4. Place the center ring onto the hub casting. 

5. Install the front flange. 

6. Place the trimplate over the front flange and secure it with three phillips screws used in step 2 of 
removal. Do not tighten. 

7. Rotate the front and rear flanges until the flange holes line up with each other. 

S. Tighten the three phillips screws. 

7.7.4 Capstan Wheel 
Remove the capstan wheel (PN 7 4-ISO 1 0) as follows. 

1. Remove power from the TSI1. 

2. Remove the capstan by loosening the locking clamp screw (Figure 7-13) with an Allen wrench 
and by sliding the wheel and clamp off the capstan motor shaft. 

3. Check the end of the shaft for burrs. If any burrs exist, remove them with an abrasive cloth 
(crocus or emery). 
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4. Install the new capstan wheel by placing the clamp over the split ring and sliding the wheel over 
the shaft. Make sure the outside surface of the capstan wheel is flush with the end of the capstan 
motor shaft. 

5. Tighten the clamp on the shaft. 

6. Check tape path alignment (Paragraph 7.6.2.8). 

7. Run microdiagnostics to completion. 

7.7.5 Capstan Motor and Tachometer 
Remove the capstan motor and tachometer assembly (PN 70-16677-00) as follows. 

NOTE 
The capstan motor and tachometer is a single assem­
bly; you cannot replace the tachometer alone. 

1. Remove power from the TS 11 . 

2. Open the front door. Unlock and swing open the transport. 

3. Unplug the black and red wires from the capstan motor. Remember where the wires were 
connected. 

4. Disconnect the tachometer signal cable at in-line plug P9 /19. 

5. Remove the capstan wheel (Paragraph 7.7.4). 

6. Remove the front bezel (Paragraph 7.7.11) and take-up reel assembly (Paragraph 7.7.3..1). 

7. While supporting the motor from the rear, remove the four phillips screws from the front of the 
casting that hold the motor and tachometer assembly to the gimbal mounting surface. 

8. Install the new motor and tachometer assembly by reversing steps 3 through 7. Make sure the 
motor cable and cable clamp are near the top of the motor when installed. 

NOTE 
When you replace the older style capstan motor with 
the Mate-N-Lock 4-pill connector, you must use a 
special adapter (PN 70~ 17511-00). 

9. Align the tape path (Paragraph 7.6.2.8). 

10. Run microdiagnostics to completion. 
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7.7.6 Lower Roller Guide 
Remove the lower roller guide (PN 70-15475) as follows. 

NOTE 
You can only replace the lower roller guide; the 
upper guide is part of the head assembly. 

1. Remove the front bezel (Paragraph 7.7.11.1) and take-up reel (Paragraph 7.7.3.1). 

2. Remove the lower roller guide assembly by removing the two phillips screws that hold the 
assembly to the casting (Figure 7-8). 

3. Install a new lower roller guide, using the two screws removed in step 2. 

4. Install the front bezel (Paragraph 7.7.11.2) and take-up reel (Paragraph 7.7.3.2). 

5. Check the tape path alignment (Paragraph 7.6.2.8.) 

6. Run microdiagnostics to completion. 

7.7.7. Headplate Assembly 
Remove the headplate assembly as follows. 

NOTE 
The components of this assembly are not field 
replaceable. Do not attempt to replace or align the 
read/write head, erase head, tape cleaner, or any of 
the tape guides. If you suspect any problems with the 
above parts, replace the entire headplate assembly. 

1. Remove power from the TS 11. 

2. Open the front door. Unlock and swing open the transport. 

3. Unplug the read, write, and erase head cables, and BOT /EOT sensor cable. 

4. Unplug the upper cable connected to the G057 read preamplifier module. 

5. Remove the G057 module and housing assembly by removing the two phillips screws. 

6. Support the headplate assembly and remove the two phillips screws at the front of the casting, 
holding it in place. 

7. Remove the BOT/EOT sensor from the head plate and install on the new head plate. 

NOTE 
It is possible to install the headplate assembly upside 
down. Make sure you mount it in the correct position 
(read/write head points to the right). 
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8. Mount the new headplate assembly, using the two screws removed in step 6. 

9. Mount the a057 module and housing assembly, using the screws removed in step 5. 

10. Plug in the upper a057 cable. 

11. Plug in the read, write, and erase head cables, and the BOT /EOT sensor cable. 

12. Align the tape path (Paragraph 7.6.2.8). 

13. Adjust the read preamplifiers (Paragraph 7.6.3.5). 

14. Adjust the skew (Paragraph 7.6.3.9). 

15. Adjust the threshold (Paragraph 7.6.3.7) 

16. Run microdiagnostics to completion. 

7.7.8 BOT jEOT Sensor Assembly 
Remove the BOT fEaT sensor assembly (PN 12-11720) as follows. 

1. Remove power from the TS11. 

2. Open the front door. Unlock and swing open the transport. 

3. Locate the sensor mounted on the headplate assembly (Figure 7-15). 

4. Disconnect the sensor assembly from its cable harness by separating the in-line plug and 
connector. 

5. Loosen and remove the mounting screw, being careful not to come in contact with any of the 
head surfaces. 

6. Remove the sensor assembly. 

7. Mount the new sensor assembly, using the screw removed in step 5. 

8. Reconnect the sensor assembly cable to its wiring harness by joining the in-line plug pieces. 

9. Align the new sensor (Paragraph 7.6.2.9). 

7.7.9 Lower Reel Motor Assembly 
The reel motor, brake, and fan are one assembly. You cannot replace the components individually. Remove 
the lower reel motor assembly (PN 70-13578) as follows. 

l. Remove power from the TSll. 

2. Remove the take-up reel flanges and take-up reel hub assembly (Paragraph 7.7.3.1). 
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3. Open the front door. Unlock and swing open the transport. 

WARNING 
There is 115 Vac applied to connector J12 on GlS8. 
Make sure you remove power from the TSll before 
touching G 158. 

4. Unplug the motor control and power cable (JI3) and the reel motor fan power cable (JI4) on 
G 158. Also disconnect the ground wire from the deckplate. 

CAUTION 
When removing these four screws, you must support 
tbe reel motor assembly from the rear. If support is 
not supplied, the motor and/or spacers will fall when 
the screws are removed. 

5. Remove the four hex screws that hold the lower motor to the transport (Figure 7-8). 

6. Remove the reel motor. 

CAUTION 
Due to motor spacing, the upper reel motor is 
mounted with 1 inch screws, while the lower motor is 
mounted with 3/4 inch screws. Do not use any other 
size screws, or damage to the motor will result. 

7. Install the new lower reel motor assembly, using the screws removed in step 5. 

8. Install the hub casting and the flanges (Paragraph 7.7.3.2). 

9. Plug in the motor control and power cable (JI3) and the reel motor fan power cable (JI4) 
removed in step 4 to G 158. Also connect the ground wire to the deckplate. 

10. Check the hub height adjustment (Paragraph 7.6.2.2), 

7.7.10 Upper Reel Motor Assembly 
Remove the upper reel motor assembly (PN 70-13578) as follows. 

1. Remove power from the TSll. 

2. Remove the snap lock hub assembly (Paragraph 7.7.2.1). 

3. Open the front door. Unlock and swing open the transport. 

WARNING 
There is 115 Vac applied to connector J12 on GlS8. 
Make sure you remove power from the transport 
before touching GlS8. 
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4. Unplug the motor control and power cable (JI6) and the reel motor fan power cable (JI5) on 
G 158. Also disconnect the ground wire from the deckplate. 

CAUTION 
When removing these four screws, you must support 
the reel motor assembly from the rear. If support is 
not supplied, the motor and/or spacers will fall when 
the screws are removed. 

5. Remove the four hex screws that hold the upper motor to the transport (Figure 7-8). 

6. Remove the reel motor and motor spacer. 

CAUTION 
Due to motor spacing, the upper reel motor is 
mounted with I inch screws, while the lower motor is 
mounted with 3/4 inch screws. Do not use any other 
size screws, or damage to the motor will result. 

7. Install the upper reel motor and motor spacer assembly, using the screws removed in step 5. 

8. Install the snap lock hub assembly (Paragraph 7.7.2.2). 

9. Plug in the motor control and power cable (J 16) and the reel motor fan power cable (J 15) 
removed in step 4 to G 158. Also connect the ground wire to the deckplate. 

10. Check the hub height adjustment (Paragraph 7.6.2.1). 

7.7.11 TSII Bezel 
This section describes how to remove and replace the TS 11 bezel. 

7.7.11.1 Removal - Remove the TSll bezel as follows. 

1 . Remove tape from the drive. 

2. Remove the take-up reel (Paragraph 7.7.3.1). 

3. Remove the capstan wheel (Paragraph 7.7.4). 

4. Swing the deck plate open and remove the nine screws (eight on some drives) from the rear of the 
deckplate. 

5. Remove the bezel by lifting away from the front of the deckplate. 

NOTE 
On the new style deckplate, bezel mounting screws 
are located on front. 

7.7.11.2 Replacement - Install the TSII bezel as follows. 

1. Set the bezel on the front of the deckplate. 

2. Secure the bezel to the deck plate by fastening the nine screws (eight on some drives) from the 
rear of the deckplate. 
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3. Install the capstan wheel (Paragraph 7.7.4). 

4. Install the take-up reel (Paragraph 7.7.3.2). 

5. Check the tape path alignment (Paragraph 7.6.2.8). 

7.7.12 Tension Arm 
This section describes how to remove and replace the tension arm. 

7.7.12.1 Removal - Remove the tension arm as follows. 

NOTE 
You remove and replace tension arms as an assem­
bly. Do not remove or replace individual parts. 

1. Remove the take-up reel (Paragraph 7.7.3.1), the capstan wheel (Paragraph 7.7.4), and the front 
bezel (Paragraph 7.7.11.1). 

2. Hold the upper end of the upper tension spring securely with your index finger (thumb against 
the edge of the transport). While holding the spring, loosen and remove the adjusting block 
screw in the upper spring tension block to remove the spring. 

3. Move the tension arm to its near vertical position, against the upper stop. 

4. Unhook the transducer cable from the locating pin in the pivot arm housing. 

5. Unscrew the three phillips screws (from the front) that hold the tension arm assembly to the 
deckplate. 

6. Rotate the assembly 90 degrees (to the casting), then remove the assembly from the rear 
through the clover-shaped opening in the casting. 

7.7.12.2 Replacement - Install the tension arm (PN 70-14014) as follows. 

1. Insert the tension arm in the casting from the rear, through the clover-shaped opening and posi­
tion it over the three mounting holes. Mount the arm with the three screws used in step 5 of the 
removal procedure. Make sure the hole in the pivot arm housing opens toward the tension block 
assembly. This ensures that the cable does not rub against the pivot arm housing. 

2. Return the tension arm to near vertical position. 

3. Reconnect the transducer cable to the locating pin in the pivot arm housing. 

4. Again, tensioning the spring by hand, pull the spring toward the tension adjusting block and 
begin turning the adjusting block screw into the spring adjusting block. 

5. The upper tension arm should rest against its upper limit switch (in a near vertical position). 

6. Perform the tension arm coarse adjustment (Paragraph 7.6.2.6). 

7. Perform the tension arm fine adjustment (Paragraph 7.6.2.7). 

8. Install the front bezel (Paragraph 7.7.11.2) and take-up reel (Paragraph 7.7.3.2). 
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9. Perform the transducer coarse adjustment (Paragraph 7.6.2.3). 

10. Perform the transducer fine adjustment (Paragraph 7.6.2.4). 

11. Check the tape path alignment (Paragraph 7.6.2.8). 

12. Run microdiagnostics to completion. 

7.7.13 Tension Arm Transducer 
This section describes how to remove and replace the tension arm transducer. 

7.7.13.1 Removal - Remove the tension arm transducer as follows. 

1. Remove power from the TS11. 

2. Unhook the transducer cable from the associated tension arm (Paragraph 7.7.12.1). 

3. Disconnect the appropriate plug from G 158. 

J 1 0 - lower transducer 
J 11 - upper transducer 

4. Loosen the screw holding the transducer in the transducer block. 

5. Slide the transducer from the transducer block. 

7.7.13.2 Replacement - Install the tension arm transducer as follows. 

1. Install the new transducer in the transducer block. 

2. Insert (do not tighten) the screw holding the transducer. 

3. Plug in the appropriate cable on the G 158. 

4. Connect the transducer cable to the associated tension arm (Paragraph 7.7.12.2). 

5. Perform the tension arm coarse adjustment (Paragraph 7.6.2.6). 

6. Perform the transducer coarse adjustment (Paragraph 7.6.2.3) . 

. 7. Perform the tension arm fine adjustment (Paragraph 7.6.2.7). 

8. Perform the transducer fine adjustment (Paragraph 7.6.2.4). 

9. Check the tape path alignment (Paragraph 7.6.2.8). 

7.7.14 Write Lock Assembly 
Remove the write lock assembly (PN 70-16318) as follows. 

1. Remove power from the TS 11. 

2. Open the front door. Unlock and swing open the transport. 

3. Separate the in-line cable Mate-N-Lok connector P7/J7 on the write lock assembly. 
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4. Remove the two phillips screws holding the write lock assembly to the rear of the deckplate 
casting. 

5. Install a new write lock assembly, using the screws removed in step 4. 

6. Reconnect the in-line cable connector P7 / J7. 

7. Adjust the write lock assembly (Paragraph 7.6.2.11). 

7.7.15 Reel Motor Capacitors 
Remove a reel motor capacitor (PN 10-17233) as follows. 

1. Remove power from the TSll. 

WARNING 
Make sure that you remove power from the trans­
port. There is 115 Vac applied to G 158, which you 
will be working near. 

2. Open the front door. Unlock and swing open the transport. 

3. Disconnect the two black wires connected to the capacitor with Faston connectors. 

4. Remove the four phillips screws holding the capacitor mounting plate to the rear of the 
deckplate. 

5. Mount the new capacitor with the four screws removed in step 4. 

6. Connect the two black wires to the new capacitor. 

7.7.16 Limit Switches 

NOTE 
If you have the old style 40 ~F capacitors in the 
TSll, replace with 50 ~F capacitors (330 V, PN 
10-17233). 

Remove a limit switch (PN 70-15666) as follows. 

1. Remove power from the TS 11. 

2. Open the front door. Unlock and swing open the transport. 

3. Locate the switch you are replacing. 

4. Disconnect the two wires connected to the switch by Faston connectors. 

5. Remove the phillips screw holding the limit switch to the rear of the casting. 

6. Install a new limit switch using the screw removed in step 5. 

7. Connect the two wires to the appropriate terminals on the new switch. 

8. Check the limit switch adjustment (Paragraph 7.6.2.10). 
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7.7.17 Operator Control Panel Bulbs 
Replace defective control panel bulbs (PN 12-12716) as follows. 

I. Remove power from the TSII. 

2. Firmly grasp the switch cover of the bulb you are replacing with the thumb and forefinger. 

3. Pull firmly, straight out. Pulling at an angle may damage the switch cover or the switch locating 
tab. 

4. Remove the defective bulb from its socket by pulling the bulb straight out. 

5. Insert a new bulb in the socket and push straight in until the bulb is seated. 

6. Replace the switch cover by keying it with the locating tab and pushing the cover straight on. 
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