






















































































































5. 10. 1 

5. 10.2 

Photo-electric sensors 

The BOT (Beginning of Tape ) and EOT (End of Tape) sensors pull current 

through the level setting potentiometers while viewing the reflective tabs on 

the tape. While the tab is sensed the sensor I ine will be below one volt, causing 

the associated logic signal (Z20-11 for BOT, 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 EOT indicates that the photo-sensors 

are viewing a mirror which is normally hidden when tape is threaded on the 

machine. Th is condition is detected ot Z20-8 and employed to set s.ignal 

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. 

LOAD Sequence 

The BT I ine 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 I ine goes high and the reel servos 

apply tension to the tape. The delay circuit consisting of Z15, Qll, Ql2, 

and Q13 fires and produces a positive pulse at Ql3 after a delay of approx­

imately half a second. 

This pulse sets the LOAD signal (Zl4-8) high, causing FORWARD (P4-B) 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 Z14-6, halting 

tape motion. The Ql 1, Ql2, Ql3 delay circuit is again fired and the delayed 

pulse from Q13 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 1/0 signal 

(ZlS-8) and READY output (Zl7-8) will go true if the machine is selected and 

on line. The ARM 1/0 signal gates all motion command inputs and all 

machine outputs. 
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5. 10. 3 

5. 10.4 

5. 10.5 

5. 10.6 

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 thot the ON LINE flip flop may also be reset 

by the REWIND button (via Z7-3) and by the OFF LINE input command via 

Z7-8. The machine may be placed permanently on line by removing the 1-2 

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

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 tcipe moves bockwards at righ speed until the BOT 

marker is sensed. When 715-3 goes low the 01 l, 012, Q13 delay circuit is 

armed and fires when Z 15-3 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 013 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. 

Unload 

If the REWIND button is depressed while the tape is at the load 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. 

Input Commands 

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

thus blocking the commands if the machine is not ready, selected and on line. 
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The REVERSE and REWIND inputs are also blocked if BOT is high. 

The circuitry associated with Q3 generates a positive pulse at ZS-13 and 

Z4-3 shortly after the leading edge of all FORWARD and REVERSE commands. 

This pulse strobes the SNS input into the ARM WRITE flip flop and the OVER­

WRITE input into the OVW flip flop. When the ARM WRITE flip flop is set power 

for the write and erase heads is activated via Q 10. The ARM WRITE flip flop 

wil I not set unless the tape reel has a write ring inserted. The flip flop is 

automatically cleared by a rewind, offl ine 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. 

Th is feature permits the write and erase heads to be de-energized as soon as 

possible after replacing a block in order to avoid erasing the succeeding block. 

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

a transient on the tape. 
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6. 1 lntroducti on 

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 transport 

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 absolutely 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 "dropout" 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 mo.istened 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 cleaning 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 itself (including the small erase head) should be particularly 

clean. Following cleaning allow sufficient time for the alcohol 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 al I 

buildups of dust, dirt and tape oxide. The bottom flange of the tape guides is 

normally rotated in the cleaning process and should last indefinitely. The upper flange 
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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 accessib I e from the front of the mac hi n c. 

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 !"ape guides as described under 

quarterly checks. 

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 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 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 capst-:m 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 opera ti on. 

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/EOT adjustments. See paragraph 6.5. 2. 

9. Check read amplifier gains. See paragraph 6.5.3. 

10. Check read skew. See paragraph 6.16. 
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6.3 Troubleshooting Guide 

The fol lowing paragraphs describe troubleshooting procedures and techniques for 

localizing and replacing faulty components. Repair of electronic problems may 

be done by replacing the MCl 7 or RCl l cards or by troubleshooting down to the 

component level. After locating and replacing the faulty component, some 

readjustment may be required. Table 6-1 indicatet which adjustments should be 

be checked after replacing any of the listed components. 

Check the following list for the most likely failures. 

6. 3. l Power Supp Ii es 

The three regulated power supply voltages should be checked as a 

preliminary step under almost all circumstances. See paragraph 6.6. 

l. 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 MCl 7 card to isolate problem. 

Note that if the +12 supply fails the +5 c:md -12 supplies may 

not operate properly unti I the failure in the +12 supply is 

corrected. 

6. 3. 2 Improper Response to Operator Controls 

l. Motors start when power is applied. 

Component failure. If more than one motor is affected check RCl l card 

control logic, particularly Q5, Q9, and Zl5. If only one 

motor spins check. components in associated servo circuitry. 

Possible dirty PC board contact or improperly inserted RCl 1 

card. 

2. No response from LOAD button. 

A. Check tape pc1th and insure thot tape is properly threaded. 

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

C. Check power supplies. 
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D. Check BT latch in control logic. Z15 pin 9 should be 

high and Zl5 pin 12 should go low when LOAD button is 

depressed. 

E. Check arm limit microswitch for proper operation. 

3. Tape "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 S':msor 

assembly and lamp. Check DC voltages in reel servos. 

4. Capstan does not start when LOAD is pressed. 

A. Tope 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. Tope 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./EOT sensors or lamp defective. Indicated by +5V at 

BOT test point, unaffected by pot adjustment. Replace assembly. 

E. Z20 on RCl l defective. 

6.3.3 Improper Response to Input Commands 

l • Transport does not respond to motion commands. 

A. Interface cable fault. Check input levels on RCl l card. 

B. Transport is not READY. Check components in control logic 

on RC 11 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 RCl 1 card at Zl pin 1. Should be low. 

C. Check ARM WRITE and WRITE POWER signals on RCl 1 card. 

Both should be +5 volts. 

D. Check WDS input on RCl 1 card at Z51 pin 4. 
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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 RCl l card at all 18 head wires. See paragraphs 

5.8 and 6.10. 

C. Check for presence of the WARS input pulse on the RCl l 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 "all ones" tape in "Magna-See" (trademark of &>undcraft} 

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 al I 9 READ 

DA TA outputs whi I e reading a II 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 ofcspecifications. Check for loose 

mechanical components then re-adjust fol lowing procedure of 

paragraph 6. 16. 

F. Check read amplifier gain settings 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. 
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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. 
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6.4 MCl 7 Replacement Procedure 

The MCl 7 card (the one with the large finned heatsink) contains the power regulators 

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

described below. 

MCl 7 cards cannot be interchanged from one model (1600, 1700) to another due to 

a different heatsink orientation. Boards manufactured for one tape speed cannot be 

installed in a unit designed for another speed unless several components are changed. 

CAUTION: 

Do not remove the MC17 card immediately after removing power from the recorder. 

Wait for at least one minute after removing power before removing the board. 

6.4. 1 

MC 17 BOARD REPLACEMENT 

Replacing Card. 

1. With power off and tape not loaded, attach four (4) pieces of 

masking tape to the face plate under each tension arm and mark the 

tape at the measurements shown at the forwrJrd and reverse positions 

of each arm. 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 MCl 7 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 MCl 7 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 cit the 

fuses (+20 and -20 VDC) and at the jumpers of the MC 17 

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

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

mirror post to prevent the unit from seeing the mirror. 
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6.4. 2 Preliminary Reel Servo Setup 

1 • 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 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 MCl 7 Card drawing in section 7 for the location of all 

pots and test points. 

5. Secure the supply arm 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 arm 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 arm, press LOAD to start the motors, then 

press LOAD and ON LI NE to halt the capstan motor. The capstan 

motor must be halted to properly perform 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 arms move out of range and shut down the machine, 

adjust the TU ARC and/or SUP ARC pots counterclockwise to keep the 

arms within the operating area. 

8. Run the machine forward and reverse with the service switch or a TC-12 

maintenance card. If the arms move out of range, adjust the pots 

to keep the arms within the operating area. This is a preliminary 

adjustment. 
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6.4.3 Reel Servo Adjustments 

l. If not already done, attach masking tape to the face plate and mark 

the forward and reverse positions of each arm. The I ocati ons 

are shown in Figure 6-1. 

2. Load the transpbrt with a smal I or practically empty reel of tape. 

Press LOAD. The tape should advance to BOT and halt. 

3, 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. 

Make repeated smal I 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. 

6.4.4 Capstan Servo Adjusmtents 

The fol lowing adjustments must be performed fol lowing replacement of the 

capstan motor - tachometer or the MCl 7 card. 

l. Connect a voltmerer or oscilloscope to the right end of Rl34. This 

point is indi coted on the MCl 7 card drawing in Section 7. This 

drawing also shows all test points and potentiometers used in this 

precedure. 

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 connec!"ed to a read armplifier test point 

{on the RC 11 card) and the speed adjusted to provide the 
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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 MCl 7 card. The 

speed pots may be adjusted to dupli cote these readings by 

monitoring TP5 with an accurate voltmeter. 

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 wi 11 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 11 RW 11 • 

7. Start/Stop Ramps 

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

by generating appropriate commands in the controlling system. 

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

TC12 test card or by grounding JlOl pin 30 (SELECD 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 triggering occurs 

at the beginning of 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 900k of the nominal specified 

start/stop time. Thus the potentiometer should be set to place the 
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90% 

90% amplitude point at the following time: 

90% OF START TIME 

SPEED 

6. 25 ips 

12.5 ips 

18.75 ips 

25.0 ips 

37 .5 ips 

45 .O ips 

900/o OF 
START TIME 

54.0 msec 

27.0 msec 

18.0 msec 

13.5 msec 

9 .0 msec 

7.5 msec 

If the capstan servo system is 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. 

6.5 RCl 1 Replacement Procedure 

6.5. 1 Replacing Card 

1. Remove power from the unit. 

2. Disconnect the 1/0 connector from the RCl l board. 

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

improve access to the RC 11 card mounting screws. 

4. Remove the two hold down screws and remove the RCl 1 board. 

5. lnstal I the new RCl 1 board, insuring that the two connectors 

are firmly seated. 

6. Replace the two hold down screws. 

7. Replace the two screws to secure the h~nged chassis to the recorder. 

6. 5. 2 BOT/EOT Adjustment: 

1. Load a new brown tape (not black) on the unit. 

2. Connect a voltmeter or osci I loscope to the BOT test point on the RCl 1 

card. See Section 7 for a drawing of the RCl 1 card illustrating 

al I testpoints and adjustment locations. 

3. Advance the tape beyond the BOT marker so the BOT/EOT sensor 

block is looking at the tape. 

6-13 



4. After at least one minute warm up, set the BOT pot to give a 

+2.5 volt reading. 

5. Obtain the same reading at the EOT test point by adjusting the 

EOT pot. 

The operation of the sensors may be checked by inserting a reflective 

surface between the sensor housing and the tape. If both BOT and 

EOT are sensed properly, the tension arms wi II completely relax. 

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 RCl l card. The test points and pots are 

easily accessible 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. 

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 
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T ,ABLE 6-1 

TRANSPORT ADJUSTMENTS 

Part Replaced Related Adjustments 

MC Card Arm Position potentiometers 
Capstan potentiometers 

RC Card BOT/EOT potentiometers 
Read Amplifier Gains 

f;(, T,.. ··- .J T ::; EN SOR BOT /EOT potentiometers 

Arm Position Sensor Sensor Alignment 
Arm Posi,ti on potentiometers 

Head or Tape Guide Skew Adjustment 
Read Arnpl ifier Gains 
Flux Gate 

Power Supply + l 2V Regulator potentiometer 
Component 

Capstan Motor Skew Adjustment 
Capstan potentiometers 

Reel Motor Hub Height 
Arm Centering potentiometers 
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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 behavior of all power supplies. 

1. Check the rectified DC supplies. 

J2 pin 11: +20 voe (16 to 25 v range) 

J2 pin 13: -20 voe (16 to 25 v range) 

J2 pin 12: +8 VDC (7 to 10 V range) 

If these voltages are incorrect check fuses, rectifiers and capacitors. 

2. Regulators 

The + 12, +5, and -1 2 VDC outputs can be measured 

at the load isolation jumpers on the MC card or at 

Jl pins T, Rand N respectively. A reading greater than 

5% off the nominal indi cotes 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 
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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 mete~ for collector - emitter short circuits before replacing the 

fuses. 

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 changed. 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 ti me. 

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 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. 
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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. 

Also check the diodes located on the RP power card which protect the servo transistors 

from inductive voltages generated by the motor. 

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 comp°".1ents or the 

motor/tachometer wil I change the tape speed or start/stop ti me, necessitating re-adjustment 

of the capstan potentiometers as described in 6. 4.4. If it is necessary to replace other 

components such as transistors or operational amplifiers the ser-.o should notrequire 

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 

I ong as the button is he Id 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 short circuits. 

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. 
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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 ore. 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 Z9, Zl l, Zl 3 and Z14 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. Also check the diodes 

on RP power card which protect the servo amplifier from motor transients. 

6. 10 Flux Gate Adjustment 

The flux gate is installed only on machines with dual gap read-ofter-write heads. It 

ii:; 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-ofter-write mode. 

The recorder must be operating and writing "al I ones 11 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 lOK Hz 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. 
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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 

mlilst be less than l .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 assembly is sti II at 

the optimum position. 

6.11 Tape Tension Measurement 

The tape tension is control led 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 

commercial 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 toke-up reel and threaded as shown. Attach a 1 pound 

spring guage to the tape and pull the guoge until the tension arm is in the position shown. 
+ The guage must be pulled in the direction shown. The tape tension should be 7 - 1 ounces 

+ 
(198 - 28 grams). 

If the tape tension is incorrect check the position of the tension arms when they ore 

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. 
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6. l 2 Head Replacement 

The tape head may require replacement afte1 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 are 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 rn 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 P3 following the same 

path that the old wires followed and attach the leads to connector P3. The head leads 

break out of the shielding in the proper sequence for attachment to P3. 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 fol lowing the procedure in prargraph 6. 16. If the machine has a flux 

gate its adjustment should be checked as described in paragraph 6. l 0. 

6. 13 Capstan Motor Replacement 

The capstan motor is attached to tl-ie 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 

the power board. 

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 

performed and the read skew should be checked as described in paragraph 6. 16. 

6-23 



"~"'""•-
loli_ ..... .u ... .ii-......... 

NOTE:SINGLE GAP READ/WRITE HEADS 
ARE WIRED TO PINS A THRU V 
WITH JUMPERS INSTALLED FROM 
PIN A TO PIN I, 8 TO 21 ••• •• V TO 18. 

PJ 
@ 

ERASE HEAD-+ 

HEAD SHIELDS ERASE HEAD COMMON 
WRITE HEAD COMMON 
READ HEAD COMMON 
-

I- 7- 7- I-

I+ 7+ 7+ I+ 

2- 6- G- 2-

2+ 6+ G+ 2+ 
Lj- 5- 5- Lj-

4-+ 5+ 5+ Lj+ 

8- Lj- Lj- 8-
8+ Lj+ Lj+ 8+ 

A- ]- 3- A-

A+ 3+ 3+ A+ 

B- 2- 2- B-

8+ 2-+ 2+ 8+ 

I- I-

I+ I+ 

o- 0-

"' O+ O+ 
x 
m c- P- P- (-m 

J 
-I 0 

o:i - C+ P+ P+ (+ 
r- G') 

0 
>_ 

I 'Tl ~ I zo 7TRACK 9TRACK SEE 9TRACK 7TRACK 
~> WRITE WRITE NOTE READ READ 
c -f HEAD HEAD HEAD HEAD 1 Q )> 

I ~("') 

1 ?Q 
:::0 
:"tJ 

FIGURE 6-3 HEAD WIRING DIAGRAM 6-24 I 



6. 14 Reel Motor Replacement 

Each reel hub is attached to the reel motor shaft with a set screw. On model 1600, 

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 Dig i-Data hub height gauge 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 Replacement 

The BOT/EOT sensor assembly contains two phototransistors and the lamp. If any of 

these components fai I the sensor block should be replaced. Disconnect the four wires 

and remove the sensor assembly by removing the mounting screw from the rear of the 

panel. 

To install the new unit insert the four wi_res through the hole in the recorder front 

panel. Position the face of the sensor housing parallel to the tape path and tighten 

the mounting screw. Connect the four wires as shown in Figure 6-4. 

The BOT and EOT sensor adjustments described in paragraph 6.5. 2 must be performed 

after replacement of the sensor block. 

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 
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bits of a character will be read simultaneously. 

The RCl 1 card includes a skew test point (STP) which generates a waveform with a 

fall time corresponding l"o the transp::xt's skew. A ~imilar 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 speeds. 

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. 

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. 

Sensor Al ignm~nt 

1. 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 sutter. All washers must be 

i nsta 11 ed as they were. 

2. Connect a voltmeter or osci I loscope to: 

Supply servo: Pl-1 or TP7 on MCl 7 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 • B vol ts 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 60 degree arc while observing 

the voltmeter. The voltage should rise smoothly to approximately 4 volts. 
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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 mi croswitch 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 tighten the screw. 

8. Adjust the arm position pets as described in paragraph 6.4. 2. 
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SECTION VII 

DRAWINGS (NRZI) 
DWG. NO. 

1. Schematic, MCl 7 Power Supplies SC-0146 

2. Schematic, MC17 Capstan Servo SC-0147 

3. Schematic, M07 Reel Servo SC-0159 

4. Schematic, Relay Control LD-0011 

5. Assembly, MCl 7 Card CD-0035 

6. Version Table MC17 Card CA-0044 

7. Assembly RPl 6 Card CD-0036 

8. Schematic RCl 1 Control Logic LD-0002 

9. Schematic RCl 1 Write Circuitry SC-0153 

10. Schematic, RCl l Read Circuitry SC-0154 

11. Assembly RC 11 Card CD-0037 

12. Version Table RCl l Card CA-0026 

13. Plug Location Diagram 1600: RA-0068 

14. 1700: RA-0069 

15. Card Location Diagram 1600: RA-0067 

16. 1700: RA-0070 

17. Transport Outline 1600: RA-0071 

18. 1700: RA-0072 

19. Schematic IC-12 Interface Connector SA-0031 

20. Assembly I C-12 Card CB-0095 

21. Daisychain Interface Connector CXl 2 LB-0038 

22. 120/220 Volt Connections RA-0094 

23. lnstal lotion 1700 Recorder RC-0073 
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RES IN OHMS, l/<I W, 5% XSTR. 2N3414; 
DIODES IN914; 
CAPS IN rf 

2. CAPS Cl51 THROUGH Cl62 ARE O.lrf 500V 

+20 

REVERSE 

REELS _Q!i_ ·----- ",,, ____ _ 

CAPSTAN SERVO 

SEE SC-0147 

P2 

17 
u 
16 
T 

Pl 
~~~~~~~~~~~~~~~~~~~--14 

CR CR CR CR 
151 152 153 154 

SUPPY MOTOR SERVO 

SEE SC-0159 

TAKE-UP MOTOR SERVO 

SEE SC-0159 

D 

A 

9 
K 

10 
L 

REW N1~D--+-----------+-+-----
+5(5) 

R283 
15K 

TP14 

R273 
IOOK 

CRl58 

..____._____..POWER FAIL 
TO CAPSTAN 

Q50 



17 17 MPI 
u u 
16 16 
T T Cl54 

2 

7' 6 3 TACH 
Kl I (151 

I .01 
4 

Pl I 500V 
I CAPSTAN W2 

MOTOR 

_ _.W3 

A A +20~ .. I 
Cl56 "'ZO(R) 

I 

1Nc 
9 9 Kl I 9 
K K 

10~ 
MP2 

I Cl60 
R303 

10 
I 

no •fiQw~na 
10 
L L I (161 

2 2 MOTOR 

W6 
RA 

K2 6 

-20(R)~ 
W? 

RA 
R305 I Cl62 
7.5.JL I 
IOW I 

I 
15 I MP3 
s 

fl I Cl57 
R302 ~fi9 220 TAKE-UP REEL 

I 2 MOTOR 

(158 (152 

[)n1 
W4 

(163 I 

K2 I 12 
I 

1391 
-- W5 

+20(R)~~-J 
R~04 I r15g ~ t20(R) 

I 
7.5 .0- I - · r 1 · >OW 

_J 

Kl CRl77 

I 
IN4002 16 

1e lie 

9 10 

-- ---·-- Kl: P&B RIO-El -X4-V700(24V) cry~ 
I I~~ 8 

I 

I 
13 6 7 

~~ ~.$ 5 

CRl78 ~ K2 IN4002 

17 17 
K2: P&B RIO-El-X2-V700 (24V) I (MODEL 1700) 

RELAY BASE 
(BOTTOM VIE~ 

VERSION MODEL K2 RA JUMPERS 

T - I 1600-25 IPS &BELOW OMIT 33 2W WI, WZ, W4, W6 

WI -2 1600-37,V,, IPS 
INSTALL FOR V700 SERIES RELAYS 

OMIT 33 2W WI, W2, W4, W6 

t20 (R) 
-3 1700 INST AIL 117 5W WI, W2, W5, W7 

-20 (R) 

:•111 ... \1 •. """·" 
J .. I' DIGl-DATA CORP. 

r); .... .,,, •• --'" ,,. ~ 

, .. ~, . ,, ,, ,. •(••·· ..w • .. LD-001 

RELAY CONTRO 



<.!) 

5l :ii 
0 :l 

lb § 8 !<! 
:;i u .. 

02 

\.~'""~" "'°"~m CAPSTAN RAMP ADJUSTMENT 

CAPSTAN SERVO ZERO ADJUSTMENT 

UVERSE SPEED ADJUSTMENT 

~--FORWARD SPEED ADJUSTMENT 

TPl - RAMP GENERATOR INPUT 
TP2 - lAMP GENERATOR OUTPUT 

TP3 - FORWARD RAMP 

TP4 - REVERSE RAMP 

TP5 - TACHOMETER 
TP6 - REWIND RAMP 

TP 15 - CAl'STAN.-CSO 

CAPSTAN SERVO 

le 
~ 

"' " u c N 

04 

P2 

NOTE: ALL POWER TRANSISTOR CASES ARE TIED TO COLLECTOR AND ARE ELECTRICALL' 

05 06 

CllO 

A 

+12V ADJUSTMENT 

- POWER SUPPLIES 

REGULA TOR OUTPUT 
TEST POINTS 



ECTllCALLY HOT 

)R OUTPUT 
<TS 

z 
22 

TPIJ - POWER FAIL ONE SHOT 
TP14 - POWER FAIL TO CAPSTAN 

TAKE UP ARM CENTER POSITION ADJUSTMENT 

SUPPLY ARM CENTER POSITION ADJUSTMENT 

SUPPLY ARM ARC WIDTH ADJUSTMENT----/ 

TP7 - SUPPLY ARM PHOTOCELL 

TPB - TAKE UP ARM PHOTOCELL 

TP 9 - SUPPLY ARM SERVO RAMP 
TPlO - TAKE UP ARM SERVO RAMP 

TPl 1 - SUPPLY MOTOR CURRENT 

TP12 - TAKE UP MOTOR CURRENT 

--~---REEL SERVO AND---~'-------- REEL SERVOS 
RELAY CONTROL 

1 
I 

IREV A CD· 003! 
MC17 BOARD 



- - - - ~ - - - -

MODEL 1600 MODEL 1700 

SPEED 12.5 18.75 25 37.5 12.5 18.75 25 37.5 45 

RA lOK 1% 14. 7K 1~ lOK 1% 7.5K 1°k lOK 1% 
RB 470K 470K 750K 750K 750K 

RC l47.5K 1% 47.5K 1°/c 47.5K lOfc 47.5K 1°/c 47.5K l°lc 
RD l MEG 1 MEG l MEG 1 MEG 1 MEG 

RF l.5K l.5K 1.5K 1_._5K l,5K 
RG 3.3K 3.3K 4.7K 4.7K 4.7K 

RH 3.3K l.BK 3.3K 3.3K 3.3K 

RI 2.2K l.5K 2.2K 2.2K 2.2K 
RJ ----5. 1 ..n.... 5W PW5- ------ ~lOW ... ------6. 1tw10 ---- -------- -------
RK 33u. 33fl- 33..a... 33_a_ 4 7 .£l.. 47~ 47.n.. 

-
CA 1 .O uf 1 .O uf l .O uf 1 .O uf 1 .O uf MYLAR l 00/o 

CB 4. 7 uf 6.8 uf 4.7 uf 4.7 uf 4.7 uf TANT. 

cc 6.8 uf 3.3 uf 4.7 uf 4 .7 uf _4.. 7 uf TANT. 
CD .27 uf • 27 uf .68 uf • 27 uf .27 uf TANT • 

CR 1 OMIT OMIT IN914 IN914 IN914 

UNLESS SPECIFIED RESISTORS 
ARE l/4W 5% 

VERSION TABLE DIGl-DATA CORPORATION 
MCJL -
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+20 VDC 

---------------POWER RECTIFIERS----
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llEEL MOTOlt 
CONNECTOltS 
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THIS SECTION INSTJLEO FO« 17000NLV; 

• 
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I 3 l 19 18 17 ~ S oooooouo 
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0 

LK H ED IA 
00 0 00 00 
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• 

0 

CD• 

APlG BO~~D 



SfC. 
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O'IW 
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WAR'6 

RWC 
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Jtot 
6 1---IJ..!'Z.:r--... 

"'-'-'--""r-, 

(i:> 1---l::!r--.. 
b.!:1 ........ -'31'--.. 

BOT 

RWD RIOOI 

P4 RIOOI 
4:11<.. •!!" ......,M;"-.-------....J 

.. R.'-" WR\iE. UIJ\.P 
~------ ~O R.E~O ( WR.1'1'E. C::.l<..'T~ 
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A.RM T./O 
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WlCO" 
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JIOI 
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4 (o 

49 

so 

3 

4'Z 
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SERVIC'i. SW 
(1F 1u•:;~~i.C) 

=-c,._w:..1'tl 

l=l.'i.\/'C.RSI. 

SO\..'C.\.;010 0'-l 

RE.W\\,.JO 

R'i.E.\.<;, 01..1 

OIJ 1..11..JE. L.A'MP 

+1'2.V 

0"-1 \.I 1-JE. 

IJR!.! 

\.OW $P'-E:D 

Sl\JG~:: C:.AP 

7 TRK 

FPT 

OIJ 1..llJE 
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l""o 

I -

u 

2 

s 

~ s~~~~·~~~FF 
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4 K POWER \.lf' R.E.$E."; 

CIOll 4"7l<. 

RI050 <::<'=> 

·P11J 14 RIOS! 

(<..) 0.1 11.'...l..1~ 

\OV 
+-SV 

'F'llJ 1 
c101~- ~'-'- tc. 
C101e 

.. sv 
(P4 ·'2.) 

\JOTE.5-. 
I \.li.ll..E.SS Oi\.\'i::RWISE. IJOTE.D' 

DIOOE.S ' \l..l~\4-

XC:.TR IJPU : 21.J 3414 
X~iR f'l.JP • '-USi'3'3 
2.-IU GAiE.'5' ~IJ\'D 84G.l.J 
4·11J ~iE.S • SU\5844\.J 
;r.+ : S1Ji4"741..l 
;t8 -. ~\.llSBO~'Sl..l 
i!G.'2..: Si.li40G:.l..l 

34 EOT 
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4 

+svoc 
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OIGl-DATA CORP. 



+5 

JIOI 
WD7 CLSBl ~ti 3 

6 

WD5 8 

WD4 

WD3 
WRITE 
DATA 
INPUTS 

WD2 3 

fWDI II 

OMIT 

FOR 1 7 TRACK 

woo 82 8 

WOP @------>---• 3 

JIOI 
WDS INPUT 4 . ..,___ ____ -'-' 

WAR5--~~-----+--+-"<-J 
(ZG2-5) 

P3 

ARM 1/0 ------' 
(ZIB-8) 

ARM WRITE -------' 
(Z2 -3) 

WRITE @1------------­
POWER 

I Z57 

2 

I Z55 

6 

+s 

Q51 

------·-

Q52 

059 

060 

Q61 

5 

+5 

I 5K 

a.: 
R6 et:: 

TRK 7 0 
u 
<( 

< Ci 
+ I 

l? 
TRK 5 

Ci 

TRK 4 tp 

WRITE u 
HEAD a: 

TRK 3 ~(f) 
<l I-
er:: ::> 
Cl u 
<l er:: 

TRK 2 o-u 
uw 

+ - I-
I- -
<l a: 

TRK I ~5 
I u 
(j) 

TRK 0 
I 

~+ 
---~ 

I 
1 TRK P 
I 
I 

~+ 
- _J 

NOTES: 
·I RESISTOR VA.LUES IN OHMS. 
2. ALL TRANSISTORS 2N5139. 
3. SEE VERSION TABLE CA-0026 

FOR UNSPECIFIED COMPONENTS 
4 Z51-53 ARE SNl5846 OR EQUIV. 

Z50 IS SN15844 OR EQUIV 
Z54-58 ARE SN 158099 OR EQUIV. 

RI083 p3 

will 

r0 
I.() 

0 

u 
(/) 

LL 

0 

..... 
w 
w 
I 
V') 

100 hi\ ____ ...._____,VV'--_.---~ ERASE HEAD + 
4.7 MF. 

CI037 
IN914 

SCHEMATIC: WRITE CIRCUITS 



READ 
HEAD 

DDS 
INPUT 

--OMIT FOH DUAi_ GAP SN?Z?Qgp 

cr101 · CD ~\'J4~~Jt-g~•_/jRJOo\ ~ J ,,;,3 t·--• + 
R2 CRl02+ LJ RIOZ I K "l7K 15K 1f:o1'K2 " _,,.r·K ~flll') 

J ., <ii 7K SNIS846N SNl5844N 

-C - O? '1 '() f' Cs R B \ 'J i I () 1 
;:>3 HI RI 2 I ,F 2 I I p ·II v'V'v' l + 11• 't1'J f) fl - Jl()I 

P _ =j=CG l Z22 c 3Z21 .... 1-NV--I, ---1 __ - CRIOB 

1 ~- 3. 4 j ~ 101 1 _ • 5 . . I 'iK .:.]QI~, > i,1 [1111~1. tot 
RI RI lli104 1 ~7 iu 1f .,_ ~- <l'K 11' I~ 

+5 . . 4.pf 47K >4.7K 20pf [cri1c6 R111 l ·cR101 lR~~4 II __ ,_ - --

(/) , -- c104 •I? ··12 i; 1c·1 c100 I • - r U:Af\ '-.Kc-N 
.I MF-'- Q - ·n . SKEW T,P.J , - L 

"§' (10.alT · 1I Idds - _ Blf) 
~ (1027 to+ -::: THRESHOLD IUUK 

Cl036 - --~--------· •LEVEL Rll02 
I - - - - - - - ·-· - - I '..-, 

©1 flll,;.\ 1 1 Jl/lo\r-. ~ ·· \.--6 

c..: 
~ 

0 
u 
<( 

~ 
0 
I 

l? o: 724 n~ rns Q1'11j•' .. './' '1j741r@Ruo1 
1 ' ' 1 i I OM1 r 0 

@-~ - - - - - - - - - - - -- -- - - - - - - - : t ;/ 4~)>:) ,.. i cf J FOR 
~ Rll04 I :J, 8 ' g - - 7TPACK 

I - : Z26 Z25 I ~. OjZ~2_?-r--i 1? ~>o@RDI) 
®-1 020 cm 1 'i*IJ?_Rlr;; 

1-----------·--- I 1'1 ' 1 _,_ 

22 --_ :28---- -Z:~ - - -. 022 ,:"'~'.'z \l ~q;f '~tt~4~S@RD2~~TS ~ ~ 
3~ Z30 229 024 025'- :.i~~:,~ f~@JRD3 [§ :::J 

~ -- --- --- ------· ,,,,, ;_ W(z~-~ Ll ,~ '""'" ;; ~ 
4 1 Z32 Z31 --t"':L~-J ! .14JZ~~/\6_§;RD4 

®{_ _ -- --- -- -- -- - -- -- - - -- - -- - -- -- :~ - - o:7: 'Jf'.~~.~)oP~i [,, ~ ~ ~ 
®-i Rll08 ! ) . ; L">/ ~- 0:: 

<j 

LO 

0 

u 
(/) 

LL. 

0 

I-­
LU 
LU 

:r: 
V) 

5~r - - - - - ''4 -.... :33 - - - - Q28 .. Q29j- ~~?;:,:~,1' tr':J!'{?g)RDO ~ 
®1 111109 f---j--->;1;,.r::\ 6 .... l-5L__ .. 

6 , z35 z35 : ; .=u.'.~!r- - 'll1~!\:~>9(WRD6 ___ ..__.,. 
1 u30 u31 1 c_[--~ '"Bl t r W I • ?j746)>,•-i. f cw:------------- --------------- RlllO. ~j 1~1f/~fl)f: f 1~~---

? : Z38 Z37 --:-t ~:A"~•~J . 1r(1 Z49 8@Rl.l7 CLSBJ 

Ci'LJV Q32 ()33, I [ __ ! ·, . ]:!R9i t 
'f./'. I ! i:' /ljflj}• i. 

L _ _ _ _ _ _ _ __ Tu .. 1 1 Nort:s 

~L·ioz" •2_2 l'°'V_,._+i2V J----- --~----- '"o!- -Rio-·ei R~ .$, • r· -~- .... , 5 __ , I LNLFSC, SPECIFIED ALL. NPN'S 
·'- v I -Rl'54' ' JRIC]55i3 ; ' < 7 i\f<E2WA14ALLPNP'S2N5139 

~ .. 1 ~ ,soi 1RJ K K 470 l::oK 4 iv<' 1 >;sK ? .. A DOD R 914 
\:f.'l../c10•_,,-Tt:.22 l"V"::'::-_ I SK - j ( 10"1 41~p1ff l l -~lll(f,2 , L.L I ES A E IN 

"'" _ v R1os2 111 ~I~ , 1 i"iu, 1 :'> ur.J1_Ess SPECIFIED CAPACITOR 

@'arr• • -12v ~273 ,~~· 6 1 ~.?,Ktr::(/'\ cE QJ-_-~6: ,\1;:>~0~1'02 L \Err, 1·'(1~ 1 oJg ' 1 vALuEs ARE 1N MFD. " ) ····~ ) (_t/ I i ,4 l.Jr_JIESS SPECIFIED F~ESISTOR 
- Hlbj~~ 1, c-006 0 ~ 1 ~ 1 1<t) k VALLJ,-CAREINOHMS 

J. '" - r _J?-',t\li _ ~_,GET914 - --~_:· i l __ . t_-:::. 
-_-- I > I r;,\f F [_ I I ~' . c OR UN ff OF IED COMPO'ENTS 

+5 I RJQ0.~~41!(fi4~-Gll914 'I · __ ···. :£EVLR51'.)NTABLECA·002G 
- -R:\vv,,_4u~,'~ 035-i 3+5 .. E>. UNUSE-:D INPUTS TIED 7 '' - 1 

'1 TO+ 5 
TRACK ~I . 040 I " 1067 I SK f' ' 4 - JIOI . 

'--O_N_L_Y ___ ,c1 _ _.~ 1063 _ +S : ______ -=- ____ - == 1 __ -~~=._5 Z49 6@RDS OUTPUT 

------·----' ·::~=:~~ --~iii-~- 06L' i<ll<~~; . j ~~~~LE 
_ _ __ lR1i/.\' ___ • ~ (<Qv 

RI069 , Q4 I 
-- ·----~--- -· --

+5 

10111 1 ________ 12l -~@JIOI 
' t3fZ39 52 DD I OU l FUf 

QG.) . - .. .-:Pg----------r- ,, 
'-----..._,TIP29 12J.': 

150 ·-=~ 
..__,_~_, 2W 

RI078 

SCHEMATIC: READ CIRCUITS 



99;:::================~-----
r-991 -:__;~===================== - - ~THIS SECTION OMITTED FOi 100L-- - = 

I I - '-. WllTE ONLY MA.CHINES ----- - , 0:::::::::::::-----

rB'i r:i ®~$~'''~~ ----------7;~------=::c~ '& Q l? '"¢ - - - - - - / 

:~0~ ~ $~f~ .. o·~~ 1~ f.l®~r.:i~~r~1~0§ ,-~1~~0~01 
I ~,~ .. ;t LJ / / ·~.,, 0~' ""'"~'- LJ " LJ LJ I LJ ®)J @2 
', - . .. .. _ _ _ _ =/- _ _ _ _ 

1 _ _ 8 @i .. ~ r @, QJI l Q29 u 027 Q2S u '.:- ----- t ~~ Q33 t) I 

§-ill@- ! 

JlOI 

-{!!Qffi-- ! Q32 QJO Q2S Q26 Q24 

§ 

s---------------
PJ 

z 
22 

k------WRITE CIRCUIT----.+------------- _ _________ READ CIRCUIT--

C> 
~ l'l ~ 

;;; :!! 
8 ~ :> 

2 &:' 8 If' !(! 3 ' .... 
0 - .., 

a 
~ 

~ v u u N .. .. 



_----=--=------_TI 

L - _, 

G}22 Q20 Q18 
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22 
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------------~•----------CONTROL CIRCUIT--------ot 

CD·0037 

RCll BOARD 



9 TRACK 

--~-:-V-EM_R_Y~ __ :_~_(\_J-+--1-;_: 5-~-I S--·-\-::-~--~--1-1 ? ~-=·8 ~-'jf ~~ ~~~:~~1~:: ' :~:: . ;~-rt--_;_·~_-:-:--. --+-~-----+-------~~-=== 
Cc. 470pF 410£ 220p_f 220£.f IDO_p_f IOo_e_f IOOe_f IOO_p_f' 

C D I. 0 I. 0 0. l/ 7 I. 0 0. 4 7 t. 0 0. 4 7 I . 0 a-.------+--------+--
( E t-1'11(1..AR. .006& .OO(,Sl .0033 .0033 .00/S .0615" .001 .00\ 

.,__c~~~----+--1o_o~p_+-+_1_oo_L~f~~11 __ ~---+~-~-1--1_0_0~-~-+-+-_10_0_'..f.~f~~1o_o_~~f-+! __ 10_0~£-~-+--1o_o_~F·~~-1_o_o~r_f-+~~--+---·-·-
c G- • o o l • o o I 1 • o o l • O o I • 00 I • 0 0 I • 0 0 I • 0 0 I 

t--C-J:i~~~~~~_::._~--+-1~..:_~-+-~-··~-~T~~~"'!---~~~r-~~~~,~~--+--__ --1--~---+--~~-+-~~~----ci 

-

Rt 7SO 75"0 l.S-1< f .. S-K 7SOA. 2.2 K I 1.01< c.2K l 
l 470 4- 70 R2 

I °J., i 10.7 K I 0. 7 I< 

4 70 4 7D 410 470 _Lf 70 l 470 

!6.S"KT1~.5K I0.7K 17.4 k 17.4K J 0.7k 

__ R_5_~---+-3_q_o~---10_0~-~-·~----~--+~~~+--3_0_0~---'-o_o~---'-s_o~~1_,_o_o~---J-~_o~---'-o_o~---~~__,.;~~~ 
_r?_G _____ J_t_. _5" K l I o o l -------1-----i--Y_._7_K----1'1t--i-._5'_K_+--Y_. 7_K--+_+._._7_K_i_4_._7_K_+---4_. 7_K--+-------1+1---------1 

,_:: L ;_j: i t ~ -t~~=-,-----_-+..._-~ ·==·~._-:::_-:_: .. =---~'-~-~._~-=-~=:-:' -='i_--=7=-_k=·_-_,__--=-_ + ___ -~~~=-~=~x.~k===4=·=7=K===~=··=~=;===='f-.=7=K.========-_..-L~-=---_---
1 i j 

7 
R3 l '7 C> 15.fk 15.4 k 

--

R 4- I/., 33. 2 I< ! 33.21'( 
··-----< 

TRACK: AS ABOVE EY,CEPT; 

1!5.L/K l 5". 4 K 23.7 k 2 3. 7 k 12 s: 5 k: 2 S-. 5' K 

33.2 K 33.2 I< 52.3 K 52. 3 K 56.2. K 56.2.K 
-4--

RC!\ VE.RS\ ON TABLE. 
-3 

DIGl-DATA CORP. 

SHEET I OF I I c A - 0 0 2 '° 8 
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BOTTOM VIEW 

PLUG LOCATION DIAGRAM DIGl-DATA CORPORATION 
1600 RECORDER 

SHEET \ OF T T RA-0068 
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I I 

I I 

R\G~T S\DE. 

PLUG LOC,A..TIO'J O\A.GR~M 

MODE.L \700 
DIGl-DATA CORPORATION 

SHEET 1 OF \ J R A-Oot;,q 



COMPONT SIDE ~,__.__, __________ ------------~D__,l...j 
~~~------------------------~1~, ..... ~..-j...------ OPTIONAL CARDS 

[ ~ J r RCll CARD 
L.__ ___________________ -+-'J--~MCl7 CARD 

COMPO NET SIDE __ .j_J_.)Lr...----1-....1:,........,=-r-----------;--..l:::L. ,_,__,] 

(MC 17) ~ 
~..__~-+-+--- RP 16 CARD 

l l 1 

TOP VIEW 

CARD LOCATION DIAGRAM DIGl-DATA CORPORATION 
1600 RECORDER 

SHEET I OF I R -oor;;.7 



CO..._. PO t.J~tST 
SIDE TO 
REAR OF 
MACHltJi: 
FOR A.\..L. 

C.~RDS 

MC\7 

RCI\ ~ 

O~TIO~A-~-'~~'rl=;---[~~L.-.LD_~ 
~ 1~--------1 

• 

L JL....__.__.a-'-1.....__ __ --i 

LE.FT S\DE 

b 

CARD LOC.~TIO~ O\~GRAM DIGl-DATA CORPORATION 
ODE.\... \100 

SHEET \ OF \ R A - o o 7 o 
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C.ot-.>F'I GiURATlO~ A B 
CE.I'-\ (Z. C.~RD~) C\~/4 1is/e 

FoR.MAJTER. 
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(LL (,~RDS) 

1000 BPI 0£.M 
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TOTA,.L 
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ll 3/s 

IZ 15/e 
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I. THEORY OF OPERATION 

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 recorder. The BEC 

card is mounted on two stand offs on the back of the front plate directly behind the 

BOT sensor assembly (See Fig. 1). 

Refer to the schematic diagram of LED sensor assembly in section 4 of this 

addendum. Operation for BOT and EOT is identical and hence only BOT will be discussed. 

When the BOT marker is in front of the BOT-EOT 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. 

II. BOT/EOT ADJUSTMENT PROCEDURE 

NOTE: The following procedure must be performed with the door of the 

recorder open. 

1. Thread a new brown tape (not black) on the unit. 

2. Co~nect a voltmeter or oscilloscope to BOT test point (See Fig. 

for test points and adjustment locations). 

3. 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. 

4. Repeat steps 2 and 3 for the EOT test point. 

5. Check operation of sensors by inserting a reflective surface between 

the BOT-EOT sensor assembly and the tape. If both BOT and EOT 

are sensed properly, the tension arms will completely relax. 

Ill. BOT-EOT SENSOR ASSEMBLY REPLACEMENT 

Refer to Fig. 1 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 screws and associated hardware from the BEC 



card and remove the card. 

3. Remove the stand off from the BOT-EOT sensor assembly with a 1/411 

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 where 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-EOT sensor assembly parallel to tape (See following figure) 

TAPE GUIDES 

BOT-EOT SENSOR 

~ 0 1A~ 

RECORD HEAD 

REFLECTIVE MARKER POST 

FRONT PLATE TOP VIEW 

8. Tighten stand off with a 1/ 4 11 wrench. 

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

in step 2. 



10. Connect the four wires from the BOT-EOT sensor assembly to the wire 

wrap pins on the BEC card. (Refer to Fig. 1 for wire locations) 

11. Perform the BOT-EOT adjustment procedure in section II of the addendum. 

IV. DRAWINGS 

Figure 1 - BOT/EOT SENSOR WIRING DIAGRAM 

Schematic diagram BOT sensor, BES and BEC (DDC-SB-0028) 



- ,...,_ 

WHT BOT 

BOT 
ADJUST 

V/Q. 

EOT 
ADJUST 

80T/£0T SENSOR 
ASSEMBLY 

/-BEC CARD 

/ 

--------BOT/EOT 5£NSOR 
ASSEMBLY STANDOFF 

~EOT TEST POINT 
~/30 T TE.ST POINT 

80T/£0T SENSOR 
WIR G DIAG. FIG. 1 

DIGl-DATA CORPORATION 

SHEET I OF I 



8£5 BlC 
68 2W 

I 
CR I 

!OK 
OP 131 W 1'. 

~ 

50k 

6 5 + 
.05p.~ 

I 20 v LM, 
~ 

QI ..... - 4 
FPT-1008 

BOT SENSOR IOI< IOK 

-

6 

LM 
5 + 

.os,µ1 I SOK 7 

Q2 
20V _ 

........ -
FPT-1008 

/OK 
£01SENSOR 

7 

--

MATER 
FINISH 

L------+-------1 TOLER1 .__ ____ ...._ ____ ....,. OTHER1 

.,__-----+------t 3 PLA~ .__ ____ ..,_ ____ __. 2 PLA1 

...._ _____ ....., ____ __. FRAcn 

ANGLE~ 

NEXT ASS'Y USED ON 



REV ECN NO DATE APP 

A 0362 11/20/74 /: cJ 

8 0426 I-SI-75 O.Ow 

....._---~----<.... 4 BES PO W€R 

.... 3 

--i.osf'r 
I20V 

339 "2--~---c 3 BOT 

3.39 

, 12 

I 
"-Z EOT 

....._ _____ -< s CND 

~AL~-----1~--S~IGN~A~TU~R--E ---l~D~AT~E~ DIGI - DATA CORPORATION 
DR- ~·EUSTIS li}i~7__?1- 8580 DORSEY RUN ROAD 

\NCE-UNLESS 
llSE SPECIFIED 
,f :1:.005 
:E :1: .OIO 
>NS ± l/t4 

:1: V2 ° 
i SCALE THIS 

CHK-0.w•L~"~" .i11917'1 .JESSUP, MD. 20794 

~~~-l:5PfiLCR l/h217'. SCALE: DNA SHEET I OF I 

...___......_ _ ___,..~_... SCHEMATIC DIAGRAM BOT 
~------iti--...... SENSOR, BES e 8£C 

rev 
B 



l QID 
~~/\ JOK 

~. 

~ 
0 ~ "'~ r\ 

LIVI .3~9 I "'~K?~ ~ 
~ ~~ .. ~ 
(X) I sol{ \9 -{2g]-
l 

A - [ 501(~ 
~ '" I M 

i.....i t 2 3 ~ 5 6 rZ--, .Ji 
I 
I 

~ " 
A 

NOTES: 
/, PAR7:s LISr PC-A006S4 

2.. EXCEPT WHERE NOTED:ALL RESISTOR VALUES IN OH"'IS, 
5% Y"/ ~ALL CAPACITOR VALUES AR€ IN MFLJ. 

MATER I. 
FINISH-

a..-------~-·~·---« TOLERA 
.....,_ ____ .,..._ ____ ""'OTHER~ 

1-----~~+------1 3 PLAC 
._M........,.c .... -_0_0_7_3..__.,.._1_2 .... oiiiiimiiiiao __ -1 2 PLAO 

.,..M .... '~ B-.... ~-o ..... S3iiiiiiiiiiiioo_.,_1_6 .... o .... c __ ...... FRACTIO 
MC-008.3 1120 ANGLES 

._M,....;,..;8...,-_.o .... 0_6......-3_,....,.!_l_O ... D __ --t DO. NOT 
NEXT ASS'Y · USED ON PR INT 



REV 

A 

B 

WIRE WRAP 
PIN 

SECTION A-A 

- SIGNATURE DATE -
DR-J.Eu.sr1s lt 1726/7.f_ 

CE-UNLESS CHK-
>E SPECIFIED ENG- f Sf't"! tl If.. 11722)741_ 
±.005 CUST-
±.010 
s ± 1/64 
±~o 

SCALE THIS 

ECN NO DATE 

036.2 11/20/7'1 

042~ 1/ 31/ 75 

BEC BOARD 

INSERT WIRE WRAP PINS 
~ROM .50LDERSIDE 

AF 

P.J 
Dot..: 

DIGl-DATA CORPORATION 
8580 DORSEY RUN ROAD 

JESSUP, MD. 20794 
scALE=z 11 SHEET I OF I 

ASSY 8EC(BOT/£0T) 
size ldWg no rw 
8 PC-B006a3 '8 


	000
	001
	002
	003
	004
	005
	006
	1-01
	1-02
	1-03
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	3-01
	3-02
	3-04
	3-05
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	4-24
	5-01
	5-02
	5-03
	5-04
	5-05
	5-06
	5-07
	5-08
	5-09
	5-10
	5-11
	5-12
	5-13
	5-14
	5-15
	5-16
	5-17
	5-18
	5-19
	5-20
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07
	6-08
	6-09
	6-10
	6-11
	6-12
	6-13
	6-14
	6-15
	6-16
	6-17
	6-18
	6-19
	6-20
	6-21
	6-22
	6-23
	6-24
	6-25
	6-26
	6-27
	6-28
	6-29
	6-30
	7-01
	7-02
	7-03
	7-04
	7-05a
	7-05b
	7-06a
	7-06b
	7-07
	7-08a
	7-08b
	7-09a
	7-09b
	7-10
	7-11
	7-12a
	7-12b
	7-13
	7-14
	7-15
	7-16
	7-17
	7-18
	7-19
	7-20
	7-21
	7-22
	7-23
	7-24
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07a
	A-07b
	A-08a
	A-08b



