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will go high, thus permitting another transport on the same cable to 

control the lines. 

All transport inputs are ignored when SELECT is false. All of the input 

mode and motion co11111ands go to the control logic section of the recorder, 

as shown in the block diagram. If the transpor~ is ready, on line and 

selected the control logic passes the FORWARD and REVERSE input commands 

on to the capstan servo to generate the desired motion. 

A REWIND co11111and input pulse sets a latch in the control logic which 

generates the rewind conrnand to the capstan servo. The transport READY 

output goes false during the rewind operation. The control logic 

monitors the BOT sensor and generates the commands required to return 

the tape to the load point. 

The control logic also contains a read/write flip-flop which stores the 

desired mode of operation at the beginning of each motion command. If 

a write operation is commanded, the control logic checks the status of 

the transport and write ring detector and, if writing is permi"tted, 

turns on the write power and erase head. 

Additional circuitry included in the control logic section interfaces 

the operator control panel with the motor servos and generates the 

transport status outputs. 

The write circuitry portion of the transport receives binary characters 

and a write clock from the external system, converts each character to 

the NRZI code and records the character on the tape. 

The read circuitry amplifies the low amplitude signals from the head, 

electronically de-skews each character and stores it in an output register. 
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The READ DATA STROaE output generates a pulse each tirn.e a comple.te c~~racter 

ha$ been stored. 

All of the functions· described above are performed by the R.ell card. 

The MC17 card contains the power regulators and mo~or drive circ1,1itry. 

5.J Power Supplies 

The transport contains three diode-capacitor rectifiers which ptodute 

outputs of +20 voe, +8 VDe, and ..:20 voe. The+ and -20 voe supplies are 

fused and fed to all three motor servos as well as to +12 voe and -12 voe 

regulator.s. The +8 voe provides power to a +5yoe ,regulator. 

Th.e three regulators are located 'on the Meli card. "Jumper ~ires on the 
i 

can:i permit the isolation of any of the regulators from its load to facilitate 

trc;>ubleshooting. The +12 VOC regulator produces voltages employed by the 

+5 VDC and -12 VDC regulators. In the event of a failure or overload 

of the +12 voe regulator the other two regulators wip thus appear to 

be inoper~tive. All three regulators include overload and short 

circuit protection. 

The +12 VDC regulator output and zener reference' are employed by two emitter 

follower supplies to provide +5.6 VDe and +5.0 voe output.s. The +5.6 

VOC output powers the arm position seesing photocells. The +5(s) ,output 

is employed in the capstan and reel servo circuits to keep them independent 

of the +5 volt regulator during a power failure sequence. 

A potentiometer permits setting the +12 voe regulator to preGisely 

12 volts. The +5 and ~12 regulators track the +12 volt output and w~ll 
' . 

. ' 

.be within 5%. of .their nominal voltages if the +12 regulator is properly 

adjusted. 
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5,4 Capstan Servo System 

As indicated in Figure 5-2, the capstan servo consists of ramp generators, 

a servo amplifier and a motor-tachometer. Forward and reverse c0111Tiands 

cause the FWD/REV RAMP GENERATOR to produce trapezoidal wavefonns with 

rise and fall times corresponding to the specified start/stop time for 

the transport. The CAPSTAN SERVO AMPLIFIER drives the capstan motor in 

a manner to make the tachometer output equal to the output of the FWD/REV 

ramp generator. Figure 5-3 illustrates the wavefonns occurring at each 

stage of the capstan servo during forward and reverse operation. Referring 

to the Capstan Servo Schematic Diagram, SC0147, the FORWARD and REVERSE 

input lines are converted by ZS into a bipolar corrmand signal which appears 

at TPl. The circuitry which includes Zl and Z3 is a unity gain inverter 

which has an adjustable linear rise and fall time. This circuit adds the 

trapezoidal ramps to the TPl signal which force the capstan to start and stop 

in a controlled and constant time and distance. The resultant waveform (TP2) 

is applied to polarity splitter Z2. This circuit separates the forward and 

reverse ramps to pennit independent speed adjustments. The forward (negative) 

ramps appear at TP3 and reverse (positive) ramps at TP4. These ramps are 

applied to the input of the DC servo amplifier via speed setting potentiometers. 

The servo amplifier always generates a voltage which causes the 

tachometer output voltage to be equal and opposite in polarity to the intput 

ramp (except for a scale factor). 

The rewind ramp generator consists of Z7 and Ql8. A rewind input causes 

Z7 pin 3 to go high, creating an exponential ramp at the base of Ql8. 

This wavefonn is buffered by Ql8 and applied to the servo amplifier through 

isolation diodes. The output of the rewind ramp generator may be monitored 

at TP6. At the conclusion of the rewind Z7 pin 3 goes low, creating an 
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exponential delay which stops the capstan. 

If the rewind button is depressed with the tape at the BOT marker the REELS 

ON signal goes low but REVERSE goes high (+5V). When this combination 

occurs Z7 pin 8 goes low. This signal causes the rewind ramp generator 

to operate at a much lower voltage, resulting in a slow speed unload 

operation. 

5.5 Reel Servo System, Dwg. No. SC-0159 

Each reel motor is powered by a bipolar DC servo amplifier which monitors 

the position of the associated tension arm and drives the reel motor with 

a voltage sufficient to keep the tension arm within its operating 

area, approximately a 40° arc. Within this arc the tension arm provides 

a constant tape tension, irregardless of arm position. 

Since the reels cannot be accelerated as rapidly as the capstan, when the 

capstan starts it will pull tape from the tension arm, causing the arm to 

move. The position of each arm is sensed by a differential photocell which 

is masked with an eccentric slit in a shutter attached to the arm shaft. 

The servo amplifier produces an output voltage proportional to desired 

arm position, arm position error and arm velocity. This voltage will 

accelerate the reel motor up to speed before the tension arm has moved out 

of its 40° arc. The system is stable for any combination of forward/reverse 

operation at any frequency. 

Each servo amplifier includes a ramp generator (Z9 and Zl4) driven by the 

capstan ramps which specifies desired arm position. As the reel achieves 

full speed this ramp generator brings the tension arm away from the center 

of the operating region so that the full 40° arc will be available should 

the capstan suddenly reverse direction. 
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Each servo amplifier also includes a cu.rrent limiting circuit. Current 

through the reel motor is mmiitored by a 0.1 ohm resistor and the resulting 

voltage is amplified by Zll or Zl3. If the voltage generated by Zll or 

Zl3 is sufficient to cause the associated diodes to conduct, the servo 

current limits, providing protection to the amplifier components as well 

as more efficient operation of the motors during acceleration. 

The servo amplifiers have only one co:nttc-01 inpYt, REELS ON. When this signal 

is high (+5VDC), Q54 and Q55 are off and the amplifiers are in normal 

operation mode. When REELS ON is low, Q54 and Q55 turn on, causing the 

arm position ramp generators to move the tension arms close to the mechanical 

rest. This mode occurs when the reels are first activated by the LOAD 

button, or when the REWIND button is pressed with the tape at the BOT 

mark, initiating an unload operation. 

When the machine is first turned ot.t or is not in operation, the servo 

amplifiers are disconnected from the motors by the servo relay Kl. When 

REELS ON goes high, indicating the lOAO button has been depressed, Kl is 

activated and the reels apply tension to the tape and move the tension 

arms to the center of their operathrg areas. 

5.6 Tape Protection System 

The transport includes se·nsing, tim~lig and energy storage elements 

which provide complete contro, of the transport if a power failure occurs. 

This feature provides assu•rance that no damage to a tape can occur as a 

result of a power failure. Addltfo'na~ circuitry monitors the tension 

arm operation and physica1 ly discor'l'll'ects the motors from the servo 

amplifiers if a ·reel servo falls. T'h'is circuitry is shown on Dwg. No. 

LD-0016. 
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Upon detecting a power failure the fransport locks out external commands and 

brings the tape to a halt under servo control, as if a normal stop were 

being performed. When the tape has been halted the tension arms are 

gently moved to the stops. The tape is maintained under normal tension 

until after the tension arms have been relaxed, thus keeping the tape 

properly threaded and ready to resume operations when power is available. 

The AC power line is monitored by the circuit including Q44. The power 

transformer secondary is coupled through a 10 volt zener diode to a 

rectifier. The zener diode makes line voltages below approximately 80 volts 

look like a total power failure lo the circuit. Each cycle of line 

voltage deposits a charge on Q44's base capacitor, holding Q44 on. If 

this charge is not renewed within approximately 3 cycles, Q44 will turn off, 

initiating the power failure sequence. 

When Q44 turns off its collector rises to approximately +20 volts. This 

causes SET BT to go high, clearing all flip flops in the control logic. 

Q44 also causes the circuit composed of Q42 and Q43 to generate a 300 

millisecond pulse. This pulse holds the servo relay on to permit the 

reels and capstan to be stopped. Sufficient energy is stored in the power 

supply filter capacitors to stop any motion within 300 milliseconds. 

W42 also clamps to ground all motion commands and the REELS ON command. 

When REELS ON is pulled low Q54 and Q55 turn on, causing the reel servo 

ramp generators to move the tension arms to the operating position nearest 

the mechanical stop. Thus at the end of the 300 millisecond pulse all 

motion has stopped and the arms are very near the rest positions. At 

the conclusion of the pulse the servo relay is released. 

The circuit containing Q51, Q52, and Q59 is an exponential ramp generator 

which is connected to the reel motors through the servo relay any time the 
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the motors are disconnected from the servo amplifiers. During the 300 

millisecond power failure pulse this ramp generator is charged via Q51. 

At the conclusion of the pulse when the servo relay is released, the motors 

are connected to the "relaxer11 ramp generator. All energy remaining 

in the main filter capacitors is employed by the relaxer to gradually 

move the tension arms to the mechanical stops while maintaining 

sufficient tape tension to keep the tape threaded. The power failure control 

circuitry is highly immune to any noise or extraneous voltages occurring 

on the power lines before, during or after a power failure occurs and has 

been designed and tested for use in applications requiring an unattended 

restart capability. 

The tape protection system also includes a microswitch which monitors 

the position of the tension arms. Should a servo or motor failure occur, 

the reel will generally lose all tension or attempt to apply excessive 

tension. In either case the tension arm will move outside of its normal 

operating area, activating the microswitch via a cam. If this occurs 

the tape protection circuitry immediately disconnects the motors from the 

servo amplifiers by opening servo relay Kl. The SET BT signal is also 

activated, placing the transport off line and clearing all flip flops 

in the control logic. 

5.7 File Protect Feature 

When a reel of tape containing a write ring is installed the ring actuates 

a small plunger in the tape deck which throws a microswitch. When the 

LOAD button is depressed the plunger is pulled away from the write ring 

by the write ring solenoid and the RING IN lamp illuminates. If a write 

ring is not installed on the reel none of the above occurs and no power 

is available to the transport's write and erase circuits. 
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5.8 Recording Circuitry 

A simplified schematic of the data handling circuitry is presented in 

Figure 5-4 for one channel of data electronics. The leading edge of 

each SFC and SRC input command creates a slightly delayed pulse which strobes 

the state of the SWS input into the read/write status flip flop. If 

the SWS input is true (low) the status flip flop will be set to the write 

state unless the flip flop is held off by one of the four "clear write" 

cond it i ans. 

With the status flip flop in the write mode transistor QlO is on and 

power is applied to the erase head and write circuitry. If the transport 

is a single gap read/write unit the write power is also connected to the 

read enable gate to disable the transport read outputs during write 

operations. 

Transports equipped with the overwrite options store the state of the 

OVERWRITE input in the OVW flip flop (Z4), at the same time as the SWS 

input is stored. When set, this flip flop causes the read/write status 

flip flop to clear after the LRCC is written, thereby turning off the write 

and erase heads while the tape is still in motion. This avoids erasing 

the following record when performing an overwrite (updating) operation. 

The operation of a typical channel of write and read circuitry is illustrated 

in Figure 5-5. Each WDS input pulse strobes the NRZI flip flops. If the 

WRITE DATA input is true (low) the J and K inputs of the associated NRZI 

flip flop will be high and the flip flop will toggle, switching the current 

in the write head to the opposite winding. This records a "one" by 

reversing the flux direction on the magnetic tape. 

A pulse on the WRITE AMPLIFIER RESET input line sets all of the NRZI flip 
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flops to the high state, thereby aligning all tracks in the same flux 

direction and writing a "one" in those channels which have toggled an 

odd number of times. The character thus written is the LRCC. 

5.9 Read Circuitry 

The simplified schematic in Figure 5-4 and the associated waveforms in 

Figure 5-5 illustrate the overall operation of a typical channel of read 

electronics. The voltage induced in the read head by the recorded 

data is amplified by a controlled bandwidth differential amplifier 

for maximum noise immunity. Each amplifier includes a gain adjustment 

to compensate for track-to-track variations in the head windings. 

Following each data amplifier is a unity-gain inverter. The original and 

inverted waveforms are employed by the data rectifier to produce the full 

wave rectified signal shown in Figure 5-5. Each half-cycle signal at the 

data rectifier output represents a "one" on the tape. 

The actual bit location on the tape corresponds to the peak of the data 

rectifier output waveform. A peak-detecting circuit is employed to sense 

this point in order to minimize inter-track skew and to make this skew 

independent of signal amplitude. The output of the peak detector is a 

pulse of fixed duration which sets the flip flop in the de-skewing 

register to the one state. If a zero was recorded no signal is induced 

in the read head and the flip flop is not set. 

The format of the data written on the tape insures that each character will 

contain at least one "one". Thus if all tracks are "ored" together the 

resultant signal serves to indicate when a character is being read. This 

function is accomplished by the skew bus shown in Figure 5-4. The 

waveforms in Figure 5-6 illustrate the operation of the synchronization and 

de-skewing circuitry. The first "one" to arrive in each character sets its 

flip flop and pulls down the skew bus through an isolating diode. 
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When the skew bus drops, the skew gate one-shot generates a pulse 

nominally equal to one-half of the character period. At the end of this 

interval all "ones" in the character will have arrived and set the appropriate 

flip flops in the de-skewing register and it can safely be assumed that 

the remaining channels are reading zeros. In practice, all bits in a 

character generally arrive within fifteen percent of the character period. 

The trailing edge of the skew gate pulse triggers the read clock one-shot. 

This circuit produces a 2 microsecond pulse at the recorder RDS output 

which informs the external system that a de-skewed character is available 

at the READ DATA outputs. Shortly after the trailing edge of the read 

clock pulse the de-skewing register is cleared and is then ready for the 

next character. 

The 9 data rectifier circuits are connected to a common line controlling 

the clipping level of the playback amplifiers. When this line is at 

ground potential normal reading occurs. For read-after-write operations 

the line is raised to +1.3 volts, thereby raising each channel's threshold 

level. In dual gap recorders the threshold level is controlled by the 

transport read/write status flip flop. Single gap machines have a RTHl 

input which permits the external system to control the threshold. 

Another input, RTH2, causes the data rectifier control line to switch to 

negative, thereby defeating the level discrimination normally provided 

by the data rectifier. This feature aids in the recovery of severely 

degraded data. The three read threshold levels control the amplitude 

required from the read head to trigger the peak detector circuit. The 

high level requires at least 50 per cent of nominal amplitude and is employed 

when checking the quality of data after it is written. Dual gap read-after­

write machines automatically employ the high level when in read-after-
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write mode. The normal read threshold will reliably detect data at 20 

per cent of the nominal amplitude while offering a maximum of noise 

discrimination. In the low threshold mode the machine sensitivity is 

approximately 10 per cent of the nominal amplitude, enabling recovery 

of data in severed ropou ts. 

5. 10 Control Circuitry, Dwg. No. LD-0002 

The transport control circuitry interfaces the machine inputs and outputs 

to the motor circuitry, photo-electric sensors, etc. The control 

circuitry also generates the rewind to load point sequence. 

5. 10. 1 Photo-electric sensors 

The BOT (Beginning of Tape) and EOT (End of Tape) sensors sink 

current through the level setting potentiometers on the BEC pc 

board, Dwg. No. SB-0028. The BEC-BES assembly is a high reliability 

unit utilizing an infrared LED as a light source for detecting the 

BOT and EOT markers on tape. The BES is the BOT-EOT sensor assembly 

mounted on the front plate of the recorder. The BEC card is mounted 

on two stand offs on the back of the front plate directly behind 

the BOT sensor assembly. 

Operation for BOT and EOT is identical and hence only BOT will be 

discussed. When the BOT marker is in front of the BOT-EQT sensor 

assembly, the BOT sensor conducts, dropping the voltage on pin 5 of 

the comparator below the threshold established by the voltage divider 

on pin 4. At this time, the comparator output switches to ground; 

making BOT true. BOT is an input to the recorder control board 

(RC-11 for NRZI transports, RA-16 for P.E. or P.E./NRZI) of the 

transport. While the tab is sensed, the sensor line will be below 

one volt, causing the associated logic signal (Z20-ll for BOT, 
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Z20-3 for EOT) to go high. The two signals are buffered and 

gated by Zl6 which creates the LOAD POINT and END OF TAPE 

machine outputs. 

The simultaneous occurrence of BOT and EQT indicates that the 

photo-sensors are viewing a mirror which is normally hidden when 

tape is threaded on the machine. This condition is detected at 

Z20-8 and employed to set signal BT (Broken Tape) high. BT is 

also set high by Q5 when power is applied to the machine. When BT 

is high all control flip flops are cleared and the machine will not 

go on line. The REELS ON signal at P4-J will be low, killing power 

in all motors. 

5. 10.2 LOAD Sequence 

The BT line can be set low only by pressing the LOAD button with 

tape threaded on the machine. Refer to Figure 5-7 which illustrates 

the signals described below. When BT goes low the REELS ON line goes 

high and the reel servos apply tension to the tape. The delay 

circuit consisting of Zl5, Qll, Ql2, and Ql3 fires and produces a 

positive pulse at Ql3 after a delay of approximately half a second. 

This pulse sets the LOAD signal (Zl4-8) high, causing FORWARD (P4-8) 

to go high and the tape to move forward searching for the BOT mark. 

When the BOT marker is sensed the LOAD signal is cleared by Zl4-6, 

halting tape motion. The Qll, Q12, A13 delay circuit is again fired 

and the delayed pulse from Ql3 is steered into the ROY latch via 

Zl9-8, setting ROY high. At this time the machine is at rest at the 

BOT mark and the ARM I/0 signal (Zl8-8) and READY output (Z17-8) 

will go true if the machine is selected and on line. The ARM l/0 
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signal gates all motion command inputs and all machine outputs. 

5. 10.3 ON/OFF LINE Control 

The ON/OFF LINE pushbutton permits the operator to control access 

to the recorder by placing the machine either on line or off line. 

The gate output at Z61-ll generates a low going pulse each time the 

pushbutton is depressed. This pulse toggles the ON LINE flip flop 

unless it is being held off by a broken tape condition via Z7-6. 

Note that the ON LINE flip flop may also be reset by the REWIND 

button (Via Z?-3) and by the OFF LINE input command via Z7-3. The 

machine may be placed permanently on line by removing the l-2 and 

3-4 jumpers on the RCll card and installing the 5-6 and 7-8 jumpers. 

5. 10.4 Rewind 

A Rewind operation returns the tape to the load point. Rewind 

operations may be initiated by the REWIND pushbutton or the REWIND 

input command. Figure 5-8 illustrates the waveforms occurring during 

a rewind. When a rewind is initiated, the RWD signal (Z9-3) is 

set high, causing a rewind command to the motors to go high 

(P4-H). The tape moves backwards at high speed until the BOT 

marker is sensed. When Zl5-3 goes low, the Qll, Ql2, Ql3 delay 

circuit is armed and fires when Zl5-3 returns high at the trailing 

edge of the BOT marker. The half-second delay created by this 

circuit permits the tape to decelerate. Following the delay a 

positive pulse from Ql3 initiates the return to the BOT mark. 

The remainder of the sequence is identical to that described in 

paragraph 5. 10.2 for a load operation. 

5 HJ. 5 Unload 

If the REWIND button is depressed while the tape is at the load 
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point, the machine enters the unload mode and slowly rewinds the 

tape leader onto the supply reel. Point Zl0-8 is the logical 

"and" of REWIND button and BOT and sets the UNLOAD flip flop. 

The REELS ON signal drops and REVERSE at P4-3 goes high, causing 

reverse motion. When the tape has been completely rewound, the BT 

(Broken Tape) line goes high, clearing all flip flops and shutting 

down the motors. 

5. 10.6 Input Commands 

The FORWARD, REVERSE, and REWIND input commands are gated by ARM 

I/0, thus blocking the commands if the machine is not ready, selected, 

and on line. The REVERSE and REWIND inputs are also blocked if BOT 

is high. 

The circuitry associated with Q3 generates a positive pulse at 

Z8-13 and Z4-3 shortly after the leading edge of all FORWARD and 

REVERSE co1T1T1ands. This pulse strobes the SWS input into the ARM 

WRITE flip flop and the OVERWRITE input into the OVW flip flop. 

When the ARM WRITE flip flop is set, power for the write and 

erase heads is activated via QlO. The ARM WRITE flip flop will not 

set unless the tape reel has a write ring inserted. The flip flop 

is automatically cleared by a rewind, offline or no tape condition. 

If the OVW flip flop is set at the beginning of a write operation, 

the write power will be shut off when the WRITE AMPLIFIER RESET input 

goes true. This feature permits the write and erase heads to be 

de-energized, the write power will decay smoothly to avoid recording 

a transient on the tape. 
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6. 1 Introduction 

SECTION VI 

MAINTENANCE AND REPAIR 

This section provides information on electrical and mechanical 

adjustments, parts replacement.and problem isolation. In the event of 

a malfunction of the transpart refer to paragraph 6-3 for suggestions on 

how to localize the problem. The transport block diagram (Figure 5-1) 

should be consulted when attempting to localize a failure. 

6.2 Preventive Maintenance 

It is absoultely necessary to periodically clean the tape head, tape 

cleaner, tape guides, arm rollers and capstan to remove dust and accumulated 

tape oxide particles. Any small particle between the tape and head is 

capable of causing a 11 dropout 11 which may obscure hundreds of data 

bits. Such dropouts are by far the most prevalent cause of tape errors. 

DAILY: 

Tape transports which are in regular use should be cleaned daily or after 

the equivalent of 10 full reels have been run through the machine. 

Machines which are used infrequently should be cleaned before each use. 

Cleaning is best accomplished with a cotton swab or lint-free cloth 

moistened with isopropyl alcohol. Do not use carbon tetrachloride or 

other strong solvents on the machine. Do not use abrasive materials 

or rough cloths. 

Thoroughly clean and wipe all surfaces which touch the tape. Rotate the 

capstan and arm rollers while cleani,ng to assure complete removal of all 

contaminants. Once cleaned, a surface should not be touched with fingers. 

The stationary tape guides near the head, the tape cleaner and the head 
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itself (including the small erase head) should be particularly clean. 

Following cleaning allow sufficient time for the acohol to evaporate or 

dry the machine with a soft, lint-free cloth before using. 

QUARTERLY: 

At quarterly intervals a complete cleaning of the machine is 

recommended to remove all buildups of dust, dirt and tape oxide. The 

bottom flange of the tape guides is normally rotated in the cleaning 

process and should last indefiriitely. The upper flange is fixed 

and should be removed and rotated periodically. Removal of this flange 

permits better access to the tape guide for cleaning as well as providing 

a new wear surface when the flange is replaced. The flange should be 

removed by loosening the socket screw accessible from the front 

of the machine. 

The door and major surfaces of the transport should be cleaned with a 

commercial non-abrasive cleaner such as Windex and a soft cloth. 

2000 HOUR CHECK 

Regular preventive maintenance checks at 2000 operating hour intervals 

are recommended. 

l. Clean machine and rotate upper flange of tape guides as 

described under quarterly checks. 
f 

2. Check tape guides, tape cleaner, hubs, etc. for loose screws 

by wiggling them. 

3. Inspect rubber rings on reel hubs for excessive wear and replace 

them as necessary. 

4. Inspect tape head for excessive wear. The head has flat 

gutters on each side of the tape area. When the head wears 

down to the depth of the gutters it must be replaced. Head 
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life is expected to be 5,000 hours of continuous operation, 

corresponding to approximately 10,000 full reels of tape. 

Worn heads may have a trade-in value. Consult factory for 

details. 

5. Remove and inspect at least one capstan motor brush and one 

reel motor brush. If the brush is less than 3/16 inch (5 mm) 

in length or appears chipped, cracked or burnt, the motor 

should be replaced. Expected motor life is 5,000 hours 

of continuous operation. 

6. Check tension arm positions and readjust if necessary. 

See paragraph 6.4.3. 

7. Check tape speed and start/stop times and readjust as necessary. 

See paragraph 6.4.4. 

8. Check BOT/EQT adjustments. See paragraph 6.5.2. 

9. Check read amplifier gains. See paragraph 6.5.3. 

10. Check read ske~ See paragraph 6.16. 

6.3 Troubleshooting Guide 

The following paragraphs describe troubleshooting procedures and techniques 

for localizing and replacing faulty components. Repair of electronic 

problems may be done by replacing the MC17 or RCll cards or by 

troubleshooting down to the component level. After locating and replacing 

the faulty component, some readjustment may be required. Table 6-1 

indicates which adjustments should be checked after replacing any of the 

listed components. 

Check the following list for the most_ fikely ·railure·s~· 

6-3 



6.3. 1 Power Supplies 

The three regulated power supply voltages should be checked as 

a preliminary step under almost all circumstances. See 

paragraph 6.4 

1. Blown fuse: See paragraph 6. 6 

2. Overvoltage: Faulty power supply component. Isolate with 

DC voltage measurement. 

3. Undervoltage: Faulty power supply component or excessive 

load. Open load jumpers on MC17 card to isolate problem. 

Note that if the +12 supply fails the +5 and -12 supplies 

may not operate properly until the failure in the +12 supply 

is corrected. 

6.3.2 Improper Response to Operator Controls 

1. Motors start when power is applied. 

Component failure. If more than one motor is affected check 

RCll card control logic, particularly QS, Q9 and Z15. If only 

one motor spins check components in associated servo circuitry. 

Possible dirty PC board contact or improperly inserted RCll 

card. 

2. No response from LOAD button. 

A. Check tape path and insure that tape is properly threaded. 

B. Check BOT/EOT sensor adjustments. See paragraph 6.5.2. 

C. Check power supplies. 

D. Check BT latch in control logic. Zl5 pin 9 should be 

high and Z15 pin 12 should go low when LOAD button is 

depressed. 

E. Check arm limit microswitch for proper operation. 
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3. Tape 11 takes off 11 when LOAD is pressed. 

A. Tape not threaded around an arm roller. Check tape path. 

B. Component failure in one reel servo system Check arm 

sensor assembly and lamp. Check DC voltages in reel servos. 

4. Capstan does not start when LOAD is pressed. 

A. Tape at BOT mark or BOT sensor out of alignment. 

B. Service switch in reverse position. 

C. Component failure in capstan servo circuitry. Check 

DC voltages. 

5. Tape does not stop at BOT mark. 

A. BOT marker missing or dirty. 

B. Service switch in forward position. 

C. BOT sensor out of adjustment. See paragraph 6.5.2. 

D. BOT/EQT sensors or lamp defective. Indicated by +5V at 

BOT test point, unaffected by pot adjustment. Replace 

assembly. 

E. Z20 on RCll defective. 

6.3.3 Improper Response to Input Commands 

1. Transport does not respond to motion commands. 

A. Interface cable fault. Check input levels on RCll card. 

B. Transport is not READY. Check components in control 

logic on RCll card. 

2. Tape moves but transport does not write. 

A. Check for presence of write enable ring on supply reel. 

RING IN lamp should be lit. 

B. Check SWS input on RCll card at Zl pin 1. Should be low. 

C. Check ARM WRITE and WRITE POWER signals on RCll card. 

Both should be +5 volts. 
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D. Check WDS input on RCll card at Z51 pin 4. 

3. Data improperly written. 

A. Review interface requirements in Section 4. Check WRITE 

CLOCK frequency and pre-data and post-data time delays. 

Check parity generator. 

B. Check write circuitry and head by writing all ones while 

checking waveforms on the RCll card at all 18 head wires. 

See paragraphs 5.8 and 6.10~ 

C. Check for presence of the WARS input pulse on the RCll 

card at Z51 pin 9. 

D. Check operation of erase head by verifying that P3 pin 21 

is at approximately 0.5 volts while writing. Verify 

that this voltage drops to zero when the REWIND and/or 

OFF LINE buttons are pressed. 

E. Dip 11 all ones" tape in "Magna-See" (trademark of Soundcraft) 

solution and inspect tape for any indication of a worn or 

damaged head. 

4. Machine reads incorrectly. 

A. Thoroughly clean head, capstan, tape guides, and arm rollers. 

See paragraph 6.2. 

B. Check tape path against tape path diagram. 

C. Defective component. Check for presence of data at all 

9 READ DATA outputs while reading all ones tape. Check 

waveforms in READ DATA STROBE generation chain. See 

paragraph 5.9. 

D. Open head lead. Check continuity from ground to each 

of 18 read amplifier inputs. 

E. Tape tracking or skew is out of specifications. Check 
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for loose mechanical components then re·adjust following 

procedure of paragraph 6.16. 

F. Check read amplifier gain setting per paragraph 6.5.3. 

G. Shorted write circuitry (in single gap read/write machines) 

passes current to read circuitry. DC voltage at read 

amplifier inputs should be zero. 

H. Improperly adjusted flux gate (Dual gap read-after-write 

machines only). Check crosstalk and adjust if out of 

specification. See paragraph 6. 10. 

I. Incorrect tape speed. 

Measure READ DATA STROBE frequency with oscilloscope. 

If maximum observed frequency error exceeds 10 per cent 

check power supplies for proper voltages and regulation. 

Re-adjust capstan speed and START/STOP ramps if necessary. 

See paragraphs 5.3 and 6.4.4. 

J. Motor brush noise pick-up. Read a thoroughly bulk-erased 

tape while monitoring RDS output. If any pulses occur 

isolate defective motor by removing tape from capstan 

(paragraph 6.9} and electrically and/or manually 

manipulating each motor. 

6.4 MC17 Replacement Procedure 

The MC card (the one with the large heatsink) contains the power regulators 

and motor control circuitry. If this card is changed the new card must 

be aligned as described below. 

Boards manufactured for one tape speed cannot be installed in a unit 

designed for another speed unless several components are changed. 

6-7 



Part Replaced 

MC Card 

RC Card 

BOT/EOT SENSOR 

Arm Position Sensor 

Head or Tape Guide 

Power Supply 
Component 

Capstan Motor 

Reel Motor 

TABLE 6-1 
.. , 

TRANSPORT ADJUSTMENTS 

·Related Adjustments· 

Ann Position potentiometers 
Capstan potentiometers 
+12V potentiometer 

BOT/EOT potentiometers 
Read Amplifier Gains 

BOT/EOT potentiometers 

Sensor Alignment 
Arm Position potentiometers 

Skew Adjustment 
Read Amplifier Gains 
Flux Gate 

+12V Regulator potentiometer 

Skew Adjustment 
Captsan potentiometers 

Hub Height 
Arm Centering potention1eters 
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6.4 
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6.5.2 

6. 17 
6.4.2 

6. 18 
6.5.3 
6. 10 

6.7 

6. 18 
6.4.4 

6. 14 
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CAUTION: 

Do not remove the MC17 card illlllediately after removing power from the 

recorder. Wait for at least one minute after removing power before removing 

the board. 

MC 17 BOARD REPLACEMENT 

6.4.1 Replacing Card. 

1. Note the forward and reverse positions of each arm indicated 

by the dimples on the front plate. Refer to Figure 6-1, 

Tension Arm Operating Positions. 

2. Verify that the four (4) potentiometers on the new card 

marked TU ARC, TU CEN, SUP CEN, and SUP ARC are in the 

center of their rotation. 

3. The card chassis may be hinged open by removing two screws 

to improve access to the MC17 card mounting screws. 

4. Remove the two (2) screws, one at each end of the MC17 heatsink. 

5. Remove the defective board and install the new board. 

6. Verify that the new MC17 board is firmly seated in its two 

connectors and reinstall the two hold down screws. 

7. Apply power to the unit and verify power supply voltages at the 

fuses (+20 and -20 VDC) and at the jumpers of the MC17 

(+12, -12, +5, +5s VDC). 

8. Place a piece of tape between the BOT/EQT Sensor assembly and 

the mirror post to prevent the unit from seeing the mirror. 

6.4.2 Preliminary Reel Servo Setup 

l. Depress LOAD button. The take up and supply reel motors should 

rotate as long as the button is depressed. 

2. Hold the supply tension arm in the center of available arc. 

3. Depress LOAD and ON LINE simultaneously. Verify that this 
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causes the capstan motor to halt. 

4. With supply motor turning and the arm held center, adjust 

SUP CEN potentiometer to make the supply reel motor stop 

turning. See the MC17 Card drawing in Section 7 for 

location of all pots and test points. 

5, Secure the supply ann so it cannot return to the rest 

position. A write ring looped around the arm roller and the 

nearby tape guide is a convenient way to accomplish this. 

NOTE: If the supply ann is accidentally moved to either 

extreme of the operating arc it will trip a microswitch 

which shuts down all motors. If this occurs secure the supply 

ann , press LOAD to start the motors, then press LOAD and 

ON LINE to halt the capstan motor. The capstan motor must be 

halted to properly perfonn the preliminary arm centering 

adjustment. 

6. Hold the take up tension arm in the center of its available 

arc and adjust the TU CEN pot to make the take up reel motor 

stop turning. 

7. Load a scrub tape and press LOAD. The tape should advance to 

BOT and halt. If the anns move out of range and shut down the 

machine, adjust the TU ARC and/or SUP ARC pots counter­

clockwise to keep the anns within the operating area. 

8. Run the machine forward and reverse with the service switch or 

a TC-12 maintenance card, If the anns move out of range, 

adjust the pots to keep the anns within the operating area. 

This is a preliminary adjustment. 
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6.4.3 Capstan Servo Adjustments 

The following adjustments must be performed following replacement of 

the capstan motor-tachometer or the MC17 card. 

1. Connect a voltmeter or osc i 11 oscope to TPl 5. This 

ooint is indicated on the MC17 card drawing in Section 

VII. This drawing also shows all test points and potentiometers 

used in this procedure. 

2. Turn on the tape transport. 

3. Adjust the ZERO pot to get zero volts on the meter or scope. 

4. Forward Speed 

Load a tape on the machine, press LOAD and wait for the tape to 

halt at BOT. Then place the service switch in the forward 

position. Adjust the FWD SP pot for the proper speed. 

SPEED MEASURING TECHNIQUES 

A. The most accurate method of speed measurement is to read a tape 

known to be accurate in density. A frequency counter or oscilloscope 

is connected to a read amplifier test point (on RCll card) and the 

speed adjusted to provide the correct frequency. The frequency 

should be equal to the product of the tape speed and the known tape 

density. For example, 25 ips x 800 cpi = 20,000 characters per 

second. 

B. A round stick-on label will be found on the capstan motor­

tachometer or near the recorder nameplate. The tachometer output 

voltage corresponding to the recorder's forward, reverse, and 

rewind speed is listed on the sticker. These readings were taken 

at TP5 on the MC17 card. The speed pots may be adjusted to 

duplicate these readings by monitoring TPS with an accurate voltmeter. 
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5. Reverse Speed 

Move the service switch to the reverse position. Adjust the 

REV SP pot for the proper speed. 

6. Rewind Speed 

Run the tape forward a while so the rewind will last long 

enough to adjust the speed. Monitor TP5 with a voltmeter 

or scope and press REWIND. Adjust the RWD SP pot to duplicate the 

reading found on the sticker for "RW" . 

7. Start/Stop Ramps 

90% 
SPEED 

Operate the machine in a start-stop mode in the forward direction 

by generating appropriate colllTiands in the controlling system. 

Alternatively, this operation may be produced by a Digi-Data 

TC-12 test card or by grounding JlOl pin 30 (SELECT) and 

applying a 5 volt square wave at 10 Hz or less to JlOl pin 8 

(SYNCHRONOUS FORWARD COMMAND). Connect an oscilloscope with 

a calibrated time base to J2 pin 17 or to TP5 on the MC card. 

Synchronize the oscilloscope to the SFC input or to TPl so that 

the triggering occurs at the beginning or each waveform shown below. 

The RAMPS potentiometer controls the duration of the start and stop 

ramps and should be adjusted to bring the tape to 90% of full speed 

in 90% of the nominal specified start/stop time. Thus the 

potentiometer should be set to place the 90% amplitude point at 

the following time: 

90% 
START TIME 

If the capstan servo system 
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90% OF 
SPEED START TIME 

12. 5 i ps 27.0 msec 

18.75 ips 18. 0 msec 

25.0 ips 13.5 msec 

operating properly the start 



and stop times in both the forward and reverse directions will all 

be equal, Any significant difference indicates a defective 

component in the ramp generation circuitry. 

6.4.4 Reel Servo Adjustments 

l. Load the transport with a reel of tape. Press LOAD. The tape 

should advance to BOT and halt. 

2. Run the machine forward and reverse with the service switch or a 

TC-12 maintenance card. Adjust the CEN and ARC pots for each arm 

to position them exactly at the positions shown in Figure 6-1. 

The dimple should be in line with the center line of the arm and 

roller. Make repeated small adjustments of the two pots, checking 

the forward and reverse position of the arm after each adjustment. 

The ARC pot is used to move the two arm positions apart, the CEN 

pot to shift both positions in a common direction. 

6.5 RCll Replacement Procedure 

6.5. l Replacing Card 

l. Remove power from the unit. 

2. Disconnect the I/0 connector from the RCll board. 

3. The card chassis may be hinged open by removing two screws 

to improve access to the RCll card mounting screws. 

4. Remove the two hold down screws and remove the RCll board. 

5. Install the new Rl board, insuring that the two connectors 

are firnly seated. 

6. Replace the two hold down screws. 

7. Replace the two screws to secure the hinged chassis to the recorder. 
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6.5.2 BOT/EQT Adjustment Procedure 

Turn BOT and EQT potentiometers fully clockwise on RCll board. 

See Section 6.15 for BOT and EOT setup procedures. 

6.5.3 Read Amplifier Adjustments 

The gain of each of the 9 (or 7) read amplifiers must be 

adjusted following replacement of the tape head or RCll card. The 

test points and pots are easily accessbile from the rear of 

the machine. The gains should be adjusted while reading a 

standard reference level tape recorded at 800 bpi with an all 

ones pattern. Do not employ a master skew tape for this 

adjustment. A new high quality freshly recorded tape may be 

employed if necessary. 

1. Connect an oscilloscope to one of the 9 read data 

test points (See RCll card drawing in Section 7). 

2. Load the reference tape. 

3. After the tape halts at BOT move the service switch to 

the forward position. 
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4. Adjust the read amplifier pot to obtain 6.0 volts peak-to-valley 

on the oscilloscope. 

5. Repeat the adjustment for each track. 

6.6 Power Supply Troubleshooting 

The power supply circuitry located on the MC card generates five output 

voltages. These are provided by regulators for +12, -12, and +5 volts 

and emitter follower circuits for the +5(S) and +5.6 volt outputs. 

The +12 volt regulator output is employed by all of the other power supplies. 

Thus if the +12 regulator malfunctions all of the supplies will appear 

to be inoperative. A potentiometer permits setting the +12 volt output 

to precisely +12.00 volts. The +5 and -12 volt regulators track the +12 

output so the potentiometer will actually set all three regulators. 

If the tape transport is malfunctioning, the following tests should be 

performed to check for proper beha'vior of all power supplies. 

1. Check the rectified DC supplies 

J2 pin 11: +20 VCD (15 to 20 V range) 

J2 pin 13: -20 voe (15 to 20 v range) 

J2 pin 12: +8 voe (7 to 10 v range) 

If these voltages are incorrect check fuses, rectifiers and 

capacitors. 
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2. Regulators 

The +12, +5, and -12 VDC outputs can be measured at the 

load isolation jumpers on the MC card or at Jl pins T, 

R, and N respectively. A reading greater than 5% off the 

nominal indicates a malfunction. 

3. +5(S) Supply 

This supply is used on the MC card only and can be checked 

at the load isolation jumper labeled +5(S). The 

voltage should be between +4.5 and +5.5 volts. 

4. +5.6 Supply 

This supply powers the arm position sensor photocells. 

It should produce between +5.0 and +6.2 volts at J2 pins 

7 and 8. 

If any power supply output is abnormal, isolate the faulty component(s) 

with DC voltage measurements. Each regulator includes a protective 

current limiter which will reduce the output voltage in case of severe 

overload. To check for this possibility the loads may be removed from 

each supply by opening the associated jumper on the MC card. A blown 

transistor can be detected by determining the voltage between emitter 

and base. A forward voltage in excess of 1 volt across base-to-emitter 

indicates that the transistor has opened. If a bad transistor is found all 

other transistors in the associated circuit should be carefully checked 

before turning the circuit on. 

If the DC fuses have blown then all power transistors on the heat sink 

should be checked with an ohm meter for collector-emitter short 

circuits before replacing the fuses. 

6-17 



6.7 Power Supply Adjustment 

The +12 volt regulator includes a potentiometer to set the output 

voltage. Since the +5 and -12 volt regulators are referenced to 

+12, this potentiometer will simultaneously set all three regulators 

to the proper voltages. The potentiometer is factory set to provide 

exactly +12.00 volts and should not require re-setting unless the 5.6 volt 

zener, Q26 or Q27, or a resistor associated with the potentiometer is 

changes. If it is necessary to set the potentiometer the +12 should be 

set as accurately as possible. Following this the arm centering 

potentiometers (paragraph 6.4.3) and capstan zero adjustments 

(paragraph 6.4.4) should be checked as these circuits employ the 12 volt 

regulator as a reference source. 

If the zener diode or any component in the +5(S) emitter follower 

circuit is changed the capstan speed and ramp adjustments should be 

checked and reset if required. 

6.8 Capstan Servo Troubleshooting 

The capstan servo provides control of the capstan start and stop operations 

and holds the tape speed constant during forward, reverse and rewind 

operations. The servo amplifier includes five potentiometers which 

set forward, reverse and rewind speeds, amplifier zero and start/stop 

time. 

Troubleshooting of the capstan servo may be performed by signal tracing 

with a voltmeter or oscilloscope. The capstan servo schematic diagram 

in Section 7 shows the DC voltages occurring at various points throughout 

the ramp generator and servo amplifier circuitry. 

Thread the machine and then press the LOAD button. This will generate a 

forward command, creating the indicated voltages. Depressing the LOAD 
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button also actuates relay Kl, which connects the capstan and reel motors 

to their respective servo amplifiers. With Kl activated, the capstan 

may be run forward and reverse with the service switch. If a power 

transistor in the capstan servo power amplifier is found to be bad the 

other power transistors in the amplifier should be carefully checked 

before applying power. 

The speed and start/stop control circuits of the servo depend upon the 

+5(S) power supply, all 1% resistors in the servo, the timing capacitor 

at Zl and the four diodes connected to the capstan +5(S) lines. Changing 

any of the above mentioned components of the motor/tachometer will 

change the tape speed or start/stop time, necessitating re-adjustment 

of the capstan potentiometers as described above. If it is necessary to 

replace other components such as transistors or operational amplifiers 

the servo should not require readjustment. 

6.9 Reel Servo Troubleshooting 

The two reel servos photoelectrically sense the position of the tension 

arms and control the reel motors to maintain the tension arms within a 

specified operating area. Each servo includes potentiometers which set 

the center and width of the operating area. 

The reel servos may be easily checked and exercised without tape on the 

machine by defeating certain interlocks and manipulating the tension arms. 

This may be accomplished by hanging a small piece of tape in front of the 

BOT/EOT sensor to block its view of the mirror post. Pressing the 

LOAD button will then activate all motors as long as the button is held 

down. If the motors do not come on check the fuses, power supplies, 

control logic and relay Kl. If a DC fuse has blown all power transistors 

on the heat sink should be checked with an ohm meter for collector-emitter 
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To keep the motors on after releasing the LOAD button the tension arm limit 

switch must be defeated by holding the supply reel tension arm within its 

operating range or by grounding Pl pin 21. 

With the machine in this mode the capstan should be going forward and each 

reel should be spinning in a direction which would wind tape onto it. 

Pressing the LOAD and ON/OFF LINE buttons simultaneously should halt 

the capstan and condition the reel servos for normal operation. 

With the capstan stopped, move the tension arm back and forth through the 

available operating arc. The reel motor should reverse direction each 

time the tension arm goes through the center of the arc. If this occurs 

the arm position sensor and servo power amplifier are operating correctly. 

If a motor will not rotate, trace through the associated servo circuitry 

with a voltmeter to isolate the defect. 

With no tape on the machine and the capstan stopped the outputs of 

operational amplifiers 29, 211, 213 and 214 should be zero volts and 

the circuit is reduced to a straight forward DC amplifier. The amplifier 

output should go positive when the arm sensor voltage input is lower than 

3 volts and negative when it is above 3 volts. If a power transistor is 

found to be defective the other power transistors in the same amplifier 

should be carefully checked before applying power. 

6. 10 Flux Gate Adjustment 

The flux gate is installed only on machines with dual gap read-after-write 

heads. It is a hinged shield located directly in front of the tape 

head and provides magnetic shielding between the write and read head gaps. 

Its adjustment should be checked following head replacement or if errors 

are occurring in the read-after-write mode. 
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The recorder must be operating and writing "all ones" patterns to properly 
, 

check the flux gate position. If a TC-12 card is not available, this mode 

of operation may be set up by grounding the recorder SELECT, SFC, and SWS 

inputs at the interface connector (JlOl pins 8, 28 and 30). Apply a 5V pulse 

train at lOKHz to the WDS input (JlOl pin 24). Ground Z51 pin 2 on the 

RCll board to create the "all ones" condition. 

Load a scratch tape on the machine and press LOAD. When the tape has 

reached the load point and halted. carefully remove the tape from the 

capstan, permitting it to wrap around the right hand tape guide instead 

of the capstan. Now when the ON/OFF LINE button is pressed the capstan 

will move forward and the write circuits will be writing all ones, but 

the tape will not move. 

Observe the read amplifier output voltage on any track at the anode of 

any of the diodes located immediately adjacent to the nine gain pots. 

The waveform observed must be less than 1.5 volts peak-to-peak. 

If the waveform exceeds the specification re-adjust the flux gate by 

loosening the two screws securing it to the front plate and moving it to 

obtain the smallest possible peak-to-peak signal. The shielding material 

must not touch the tape. The top of the flux gate rests against the top 

of the head. Adjust the assembly so that it is parallel to the head and 

as close as possible without interfering with tape motion. Tune for 

minimum cross talk amplitude by shifting the assembly from side to 

side very slowly to locate the optimum position. 

Then carefully tighten the two mounting screws and verify that the assemlby 

is still at the optimum position. 
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6.11 Tape Tension Measurement 

The tape tension is controlled by the spring attached to the two torque 

arms mounted on the tension arm shafts. This spring is a precision unit 

and should not be replaced with a conmercial stock unit. 

The tape tension is measured as shown in Figure 6-2. A length of tape or 

string is tied to the tape guide closest to the take-up reel and threaded 

as shown. Attach a l pound spring guage to the tape and pull the guage 

until the tension arm is in the position shown. The guage must be pulled 

in the direction shown. The tape tension should be 7 +l ounces 

(198 ~ 28 grams). 

If the tape tension is incorrect check the position of the tension arms 

when they are resting against the mechanical stop. They should be within 

1/8 inch of the "rest" position shown in Figure 6-1. The arm positions 

may be adjusted by loosening the clamping screw located on the internal 

torque arm, rotating the tension arm to the specified position and 

then tightening the clamping screw very firmly. Let the arm snap against 

the stop several times and re-check its position to verify that the screw 

is tight enough to prevent slippage. Check each end of the spring to 

insure that no binding is occurring. After performing the mechanical 

adjustment check the tension arm sensor adjustments described in paragraph 

6.4.3. 

6. 12 Head Replacement 

The tape head may require replacement after prolonged use or in event of an 

internal wiring problem. The head should be inspected occasionally for 

signs of wear. If the head crown is worn down to the depth of the side 

gutters the head should be retired. 

Replacement heads are available from Digi-Data. Prior to shipping they 
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tested and all wiring is properly shielded, stripped and tinned. If 

the machine is returned to the factory for head replacement the 

wiring, testing and alignment can be done in the transport instead of 

a test jig at no additional expense. 

To replace a head in the field unsolder the head leads from J3, remove the 

two head retaining screws and pull the head leads through the hole in 

the plate. 

Insert the new head leads through the hole and attach the new head with 

the two screws, including all washers in the proper order. Run the head 

leads to J3 following the same path that the old wires followed and 

attach the leads to connector J3. The head leads break out of the 

shielding in the proper sequence for attachment to J3. Consult the 

instructions packed with the new head for proper color coding. Figure 6-3 

is a head wiring diagram listing the pin numbers assigned to each track. 

Following head replacement adjust the read amplifier gains (paragraph 

6.5.3) and check the read skew following the procedure in paragraph 

6. 16. If the machine has a flux gate its adjustment should be checked as 

described in paragraph 6. 10. 

6. 13 Capstan Motor Replacement 

The capstan motor is attached to the tape transport by four screws 

accessible from the front of the machine. The capstan is attached to the 

motor shaft with a set screw and must be removed before changing the 

motor. The capstan motor wires unplug from a connector near the power 

chassis. 
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When installing the new motor check to insure that the mounting surface and 

motor are clean to avoid any perpendicularity problems between the capstan 

and tape. After replacing the motor, the capstan adjustments outlined in 

paragraph 6.4.4 must be perfonned and the read skew should be checked 

as described in paragraph 6. 16. 

6.14 Reel Motor Replacement 

Each reel hub is attached to the reel motor shaft with a set screw. 

Remove the rubber covering from the take-up hub to expose the take-up hub 

set screw. After removing the reel hub, the four motor mounting screws are 

accessible from the front of the machine. Unplug and remove the motor. 

When installing the new motor, insure that the mounting surface and motor 

face are clean. Connect the motor plug and tighten the four mounting 

screws and replace the reel hub on the motor shaft. Be sure that the hub 

is oriented so that its set screw is aligned with the flat on the motor 

shaft. 

The height of the hub may be adjusted with a Digi-Data hub height guage or 

by loading a reel of tape on the machine and observing the tape as it 

travels from one end to the other. The tape must not touch the reel or 

hub flanges on either side at either end. 

Following reel motor replacement, the arm position centering adjustment 

should be checked {paragraph 6.4.3). 

6. 15 BOT-EOT Sensor Assembly Replacement 

Refer to FIG. 6-4 for pictorial view of BOT-EOT sensor assembly. 

1. Remove the four wires connected between the BOT-EOT sensor assembly· 

and the BEC card by pulling the PCV connectors from the wire wrap pins. 

2. Remove the two 6-32 scre\-JS and associated hardware from the BEC card. 
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and remove the card. 

3. Remove the stand off from the BOT-EOT sensor assembly with a 1/4" 

wrench and remove the assembly by pulling the four wires thru the 

front plate. 

4. Obtain a replacement unit. Thread the wires from the new unit thru 

the same hole as wires were removed in step 3. 

5. Insert BOT-EOT sensor assembly stud thru the front plate, attach the 

stand off, and tighten it finger tight. 

6. Thread a scrub tape on unit; do not apply power. 

7. Align BOT-EQT sensor assembly parallel to tape (See following figure). 

TAPE GUIDES 

/ BOT-EOT SENSOR 

I 

--------- \ 

RECORD HEAD 

REFLECTIVE MARKER POST 

FRONT PLATE TOP VIEW 
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8. Tighten stand off with a 1/4 11 wrench. 

9. Reinstall BEC card with the two 6-32 screws and hardware 

removed in step 2. 

10. Connect the four wires from the BOT-EQT sensor assembly 

to the wire wrap pins on the BEC card (Refer to FIG. 6-4 

for wire locations). 

tlOTE: The following steps must be performed with the door of the 

recorder open. 

11. Thread a new brown tap~ (not black) on the unit. 

12. Connect a voltmeter or oscilloscope to BOT test point 

(See FIG. 6-4 for test points and adjustment locations). 

13. After at least a one minute warm up. adjust the BOT pot 

for +8. 0 volts. 

NOTE: If a brown tape is not available, use a black tape and 

adjust pot for +9.0 volts. 

14. Repeat steps 12 and 13 for the EQT test point. 

15. Check operation of sensors by inserting a reflective 

surface between the BOT-EQT sensor assembly and the tape. 

If both BOT and EOT are sensed properly. the tension arms 

will completely relax. 

6. 16 Read Skew Measurement and Adjustment 

Skew occurs if the tape is not exactly perpendicular to the head. 

The skew must be checked and corrected if necessary following 

replacement of the tape head or tape guides. A master skew tape 

is read and the tape path adjusted so that all bits of a character 

will be read simultaneously. 
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The RCll card includes a skew test point (STP) which generates a 

waveform with a fall time corresponding to the transport's skew. 

A similar testpoint is provided on the TC-12 maintenance card. 

Figure 6-5 presents the oscilloscope waveform at these test points 

and lists the specification limits for the standard tape speed. 

Read the master skew tape and measure the skew time between the 

first and last transitions as shown in Figure 6-5. If the skew 

time exceeds the specification, determine which tape guide needs 

to be raised by lightly pushing the tape against the spring-loaded 

flange of each guide. The guide which increases the skew should 

be raised by installing shims between it and the main plate. 

A .0005 inch shim will change the skew by approximately 50% 

of the skew time specification. Shim only one guide. Tighten the 

tape guide mounting screw and make sure that the skew is now 

within the specification. 
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6.17 Arm Position Sensor Adjustment 

If replacing the arm position sensor or lamp, see Figure 6-6. 

Following replacement the sensor must be aligned. 

?~nsor !l_lj_gnment 

l. The slotted black shutter should be mounted so that the slit appears 

to move inward as the arm is pulled away from the rest position. 

If the slit moves outward, reverse the shutter. All washers must 

be installed as they were. 

2. Connect a voltmeter or oscilloscope to: 

Supply servo: Pl-1 or TP7 on MC17 card 

TU servo: Pl-11 or TP8 on MC17 card 

3. Turn the recorder on and, with the shutter mounting screw loose, 

rotate the shutter to produce a reading of +l.8 volts on 

the voltmeter. 

4. Lightly tighten the shutter mounting screw. 

5. The operation of the sensor assembly may be checked by moving the 

tension arm through approximately a 40° arc while observing the 

voltmeter. The voltage should rise smoothly to approximately 4 volts. 

6. Tighten the shutter mounting screw, making sure that the voltmeter 

reading is between +l .7 and +2.0 volts after tightening. The screw 

should then be secured with a daub of glyptal or epoxy. 

7. The two microswitch actuators on the supply arm shutter should 

be positioned so that the microswitch is actuated just before the 

arm hits the mechanical stop. If the cams require re-adjustment 

loosen them with an allen wrench, slide them to the appropriate 

position and then tiqhten the screw. 

8. Adjust the ann position pots as described in paragraph 6.4.2. 
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