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1-1. SCOPE. 

SECTIDN I 
GENERAL DESCRIPTIDN 

This technical manual describes the installation, operation, theory of operation, and 
maintenance of the Ampex TM -11 Tape Transport. (See Figure 1-1.) Section I includes a 
general description of the equipment and lists performance characteristics. 

1-2. GENERAL DESCRIPTION. 

The tape transport moves computer grade magnetic tape across a dual-stack magnetic 
read/write head assembly, in response to commands from either an operator control panel 
or from remote equipment. Tape is moved in either the forward or reverse direction, or 
held at a standstill by a servo-controlled direct-drive capstan. 

The capstan draws tape from the storage loops in the vacuum chambers. The reel 
motors are servo -controlled to maintain the correct supply of tape within the chambers. 

The tape is held in contact with the capstan by uniform tension derived from the 
vacuum columns. The vacuum columns remain active during the rewind operation to provide 
the tension required to ensure proper tape packing. Precision air-lubricated tape guides 
ensure accurate tape tracking; a positive pressure system provides the lubricating air-flow 
to the tape guides. 

. . '" . 
The read/write head assembly reads information from the tape (to external equipment 

or the optional data electronics) and writes information on the tape (from external equipment 
or the optional data electronics). 

A two -channel photosense head detects reflective markers fixed to the tape. The photo
sense signals are amplified and are provided to the transport control electronics, the data 
electronics (option), and the external equipment. 

Electro -mechanical interlocks protect the operator, the tape, and the equipment in 
the event of failure .. Programming·is inhibited while the equipment stabilizes and the vacuum 
and positive pressures build up. 

The optional data electronics is described in the Data Electronics Technical Manual. 

1-3. PERFORMANCE CHARACTERISTICS. 

Performance characteristics for the tape transport are listed in Table 1-1. Perform
ance characteristics for the optional data electronics are listed in the Data Electronics 
Technical Manual. 
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Figure 1-1 
TM -11 Tape Transport 
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TABLE 1-1 
TM-11 TAPE TRANSPORT PERFORMANCE CHARACTERISTICS 

TAPE WIDTH 1/2 inch tape 
Ampex, IBM, or NAB reels 

TAPE SPEEDS 120 ips standard 
75 and 112.5 ips optional 

REWIND SPEED 2400 ft in less than 100 seconds 

START/STOP TIME 120 ips: 3.8 ms 
112.5 ips: 4.0 ms 
75 ips: 6.0 ms 

START DISTANCE 0.225 inch nominal 

STOP DISTANCE O. 225 inch nominal 

LONG TERM SPEED VARIATION ±3% or less of operational speed 

INSTANTANEOUS SPEED VARIATION ISV = ±3% or less of operational speed 
SHORT TERM 10 ms after start command 

INTERCHANNEL TIME DISPLACEMENT 120 ips: 4.11 flsec max 
(STATIC SKEW + 1/2 DYNAMIC SKEW) 112.5 ips: 4.40 flsec max 

75 ips: 6.56 flsec max 

STATIC SKEW (MAX) 120 ips = 3.36 flsec 
112.5 ips = 3.60 flsec 
75 ips = 5.36 flsec 

DYNAMIC SKEW (P -P) 120 ips = 1. 5 flsec 
112.5 ips = 1. 6 flsec 
75 ips = 2.4 flsec 

POWER REQUIREMENTS Voltage: 115 VAC nominal (standard) 
230 V AC (optional) 

Frequency: 48 to 62 cps 
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1-4. MAJOR ASSEMBLIES. 

The major assemblies of the TM -11 Tape Transport are the cabinet blower assembly, 
the cable assemblies, the capstan servo assembly, the control electronics assembly, the 
optional data electronics, the electronics frame, the enclosure, the input/output panel, the 
logic power supply, the optional operator control panel, the reel servo assembly, the tape 
deck, the vacuum blower housing assembly, and either the vacuum control assembly or the 
autotransformer assembly. 

1-5. AUTOTRANSFORMER ASSEMBLY. 

The autotransformer assembly contains an autotransformer, a compressor unit, and 
two relays. The autotransformer provides operating power for the vacuum -blower motor; 
taps on the autotransformer provide for discrete adjustment of the tape -transport vacuum 
pressure by changing the voltage supplied to the vacuum-blower motor. The compressor 
unit provides the positive pressure used at the air-lubricated tape guides, the write-enable
switch assembly, and the magnetic head tape gate. One of the relays is used in the tape load 
circuit, the other is used in the door-interlock override circuit. 

1-6. CABINET BLOWER ASSEMBLY. 

The cabinet blower assembly provides cooling for the tape transport. 

1-7. CABLE ASSEMBLIES. 

Cable and harness assemblies are determined by transport mounting and by selection 
of optional features. 

1-8. CAPSTAN SERVO ASSEMBLY. 

The capstan servo assembly provides power for the capstan motor and contains the 
power components of the capstan servo system. Field excitation for electromagnetic-field 
capstan motors is provided by a field supply furnished in the capstan servo assembly when 
such motors are used .. 

1-9. CONTROL ELECTRONICS ASSEMBLY. 

The control electronics assembly contains the printed circuit board (PCB) assemblies 
which control the tape transport. 
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1-10. DATA ELECTRONICS ASSEMBLY (OPTION). 

The data electronics assembly contains the printed circuit board assemblies which 
control the writing and reading of data on the tape passing over the magnetic head assembly. 
The data electronics is an optional feature. 

1-11. ELECTRONICS FRAME. 

The electronics frame mounts into a standard 24-inch rack-type mount or into the 
TM-ll console cabinet. The capstan servo assembly, the reel servo assembly, the control 
electronics assembly, the logic power supply, the optional data electronics, and the cabinet 
blower assembly are mounted on the electronics frame. The frame is hinged and provides 
access to the console cabinet and to the assemblies mounted on the frame. 

1-12. ENCLOSURES. 

The TM-11 Tape Transport is designed for vertical installation in a standard 24-inch 
rack -type mount or for installation in the Ampex TM -11 console cabinet. 

1-13. INPUT/OUTPUT PANEL. 

The input/output panel provides receptacles for AC power input and distribution and 
for remote input and output lines. A circuit breaker on the panel provides overload protec
tiori for the AC power input to the tape transport. The panel also contains two AC convenience 
receptacles, which are connected directly to the AC power input. A fuse on the panel provides 
overload protection for the convenience receptacles. A second fuse on the panel provides 
overload protection for a voltage step-down transformer mounted on the input/output panel. 
The transformer supplies operating power for the control relay on the panel. The relay is 
used in the power on -off control circuit. 

1-14. LOGIC POWER SUPPLY. 

The logic power supply provides +24V and -24V unregulated DC voltages and +12V, 
-12V, and -6V regulated DC voltages for the control electronics PCB assemblies and for the 
optional data electronics. 

1-15. OPERATOR CONTROL PANEL. 

The operator control panel (OCP) provides local control for the tape transport. The 
OCP is an optional feature, except when the data electronics option is taken; the OCP is then 
furnished as standard equipment. 
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1-16. REEL SERVO ASSEMBLY. 

The reel servo assembly provides power for the reel motors and reel brakes, and 
power for all 12 ~volt DC relays used in the tapetransport. 

1-17 . TAPE DECK. 

The tape deck consists of all tape drive components mounted on a web-reinforced 
precision casting. A plenum is molded into the casting, and with the addition of a ported 
cover plate, serves as the positive-pressure manifold for the tape deck. Also mounted 
on the tape deck are the tape cleaners and the photosense, magnetic head, reel hub, and 
write -enable -switch assemblies. 

1-18. Magnetic Head Assembly. The standard magnetic head assembly is either a 7-track 
dual-stack read/write unit capable of reading and writing in IBM compatible format, or a 
9-track unit capable of reading and writing in ASCII compatible format. An erase head is 
supplied as an optional feature. 

1-19. Photosense Assembly. The photosense assembly provides IBM compatible BOT 
(beginning-of-tape; at load point) and EOT (end-of-tape) photosensing of reflective tabs on 
the back of the tape. 

1-20. Reel Retainers. Reel retainers are a selective feature. IBM or NAB compatible 
screw -down reel retainers may be selected for either the fixed or the file reel. The fixed 
reel may be a permanently-mounted precision reel assembly. 

1-21. Tape Cleaners. The tape cleaners provide for collection of shed materials from the 
oxide surface of the magnetic tape. A low-velocity air-flow through the tape cleaners deposits 
these particles in the vacuum -blower -housing plenum. 

1-22. Write Enable Switch Assembly. A write enable switch assembly is provided for 
either the IBM or the NAB compatible file reel. 

1-23. VACUUM BLOWER HOUSING ASSEMBLY. 

The vacuum blovver housing assembly contains the vacuum blower and a large 
capacity plenum, which reduces vacuum pressure fluctuation under rapid load changes. 
The vacuum blower provides the cooling for the capstan motor and the vacuum for the tape 
cleaners and the vacuum chambers. 
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1-24. VACUUM CONTROL ASSEMBLY. 

The vacuum control assembly contains the vacuum-blower-motor speed control 
circuit, a compressor unit, and two relays. The vacuum -blower -motor speed control cir
cuit provides operating power for the vacuum -blower motor and maintains a preset motor 
speed, independent of line voltage fluctuations and minor load changes. The compressor 
unit provides the positive pressure used at the air-lubricated tape guides, the write-enable
switch assembly, and the magnetic head tape gate. One of the relays is used in the tape 
load circuit, the other is used in the door-interlock override circuit. 
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2-1. INTRODUCTION. 

SECTIDN II 
INSTALLATIDN 

This section provides information for the installation of the tape transport. 

2-2. GENERAL. 

The TM-ll Tape Transport is designed for installation in the Ampex TM-ll 
cabinet or in a standard 24 -inch rack -type enclosure. 

The TM -11 Cable Diagram in Section VII is the interconnecting cabling diagram 
for the basic transport. When the data electronics option is taken, the TM-11211 Cable 
Diagram in Section VII is used as the interconnecting cabling diagram. 

2-3. CUSTOM INSTALLATIONS. 

Tape reels and overlay panels must be removed to install mounting screws for 
standard 24-inch rack-type tape transport installation. Table 2-1 lists the assemblies by 
reference designation number. See the applicable TM -11 cable diagram in Section VII for 
a ssembly locations. 

2-4. UNPACKING. 

Custom-built crates are designed for shipping Ampex equipment. When an en
closure is supplied with the equipment, the components are installed in the cabinet and are 
ready for installation and operation. When no cabinet is supplied, custom shipping crates 
are provided for the com ponents . 

Care should be exercised during unpacking and the equipment should be checked for 
shipping damage prior to application of power. 

The input/output panel is installed with spacers to recess the front of the panel 
from the mounting frame during shipment. These spacers must be removed when the tape 
transport is installed. 

2-5. PHYSICAL DIMENSIONS AND WEIGHTS. 

Table 2-2 lists assembly dimensions and weights. The approximate weight of a 
system can be calculated by adding the weights of the selected assemblies. 
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2-2 

TABLE 2-1 
REFERENCE DESIGNATION NUMBERS OF ASSEMBLIES 

REFERENCE 
DESIGNATION 

NUMBER ASSEMBLY 

Al Front frame 

AlAI Tape deck 

AlA2 Vacuum control assembly 
(or autotransformer assembly) 

AIA3 Vacuum blower housing assembly 

A2 Electronics frame 

A2Al Capstan servo assembly 

A2A2 Reel servo assembly 

A2A3 Control electronics assembly 

A2A4 Logic power supply 

A2A5 Data electronics (option) 

A2A6 Cabinet blower assembly 

A3 Operator control panel (option)* 

A4 Input/output panel 

*The operator control panel is supplied as standard equipment 
when the data electronics option is taken. 



TABLE 2-2 
PHYSICAL DIMENSIONS AND WEIGHTS 

HEIGHT DEPTH WIDTH WEIGHT 
ASSEMBLY (INCHES) (INCHES) (INCHES) (POUNDS) 

Tape Deck and Front Frame 59-1/2 14 24 169 

Vacuum Control Assy 16-1/4 8-3/4 21-1/2 50 
(or Autotransformer Assy) 16-1/4 8-3/4 21-1/2 70 

Vacuum Blower Housing Assy 9 13 21-3/4 21 

Electronics Frame 56-7/8 3 24 20 

Capstan Servo Assy 10-1/2 9 19 60 

Reel Servo Assy 5-1/4 9 19 45 

Control Electronics Assy 7 8 19 15 

Logic Power Supply 5-1/4 9 19 35 

Data Electronics 14 6-1/2 19 30 

Cabinet Blower Assy 8-3/4 9-1/2 19 24 

Input/Output Panel 3-1/2 5 24 6 

Operator Control Panel 1-3/4 3-1/2 11-7/8 10 

TM-11 Cabinet Assy 68-1/2 29-1/2 30 220 

2-3 



2-6. POWER REQUIREMENTS. 

The TM-11 Tape Transport is wired for 115 volt operation unless otherwise speci
fied. Maximum operating current at 115 VAC is 24 amperes. Tapped transformers in the 
vacuum control assembly (or the autotransformer assembly), the servo assemblies, the 
input/ output panel, and the logic power supply provide for operation with either 115 ±ll. 5 
VAC or 230 ±23 VAC input voltage. AC input power is applied at J 1 on the input/output 
panel. (See Figure 2-1.) 

2-7. INPUT/OUTPUT SIGNALS AND CONNECTIONS. 

The input/output signals to the tape transport consist of remote control command 
and status signals and read/write data signals. Connector J4 on the Ampex input/output 
panel (Figure 2-1) provides connections for the customer-furnished transport control 
cable used for the command and status signals. Table 2 -3 lists the command and status 
signals and pin des ignations for the connector. Connector J5 on the input/ output panel pro
vides the connections for the read -data output signals and the write -data input signals. This 
connector also provides the connections for the optional erase signal. Table 2 -:4 lists the 
read - and write -data pin designations and the erase -signal pin designations for the connector. 
If the operator control panel is not supplied, equivalent controls should be provided for local 
control during tape changes and maintenance. Connector J2 on the control electronics 
assembly provides connections for a customer -furnished operator -control-panel equivalent; 
the signal requirements and pin designations are listed in Table 2 -5 . Refer to Section III for 
the description of the operator control panel functions. 

When the data electronics option is taken, connector J4 on the input/output panel 
provides connections for all input signals from the customer to the tape transport. 
Connector J5 on the input/output panel provides connections for all output signals from the 
tape transport to the customer. These input and output signals are described in the Data 
Electronics Technical Manual. Table 2 -6 herein lists input signals and pin designations for 
connector J4. Table 2-7 lists output signals and pin designations for connector J5. 

2 -8. INPUT /OUTPUT CONNECTORS. 

Mating connectors for customer fabricated cables are provided. (See Figure 2 -1.) 

2 -9. COMMAND SIGNALS. 

Command signals to the tape transport control electronics must fulfill the following 
requirements. The FALSE level must be 0 ±1.25 volts. The TRUE level may be -10 to 
-14 volts. Input impedance shall not be less· than 2000 ohms, nor more than 3000 ohms. 
Input lines from the remote'source shall incorporate source ground. Command signals 
are listed in Table 2 -3 . 
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TABLE 2-3 
CONTROL CONNECTIONS (TRANSPORT WITHOUT DATA ELECTRONICS) 

INPUT -OUTPUT PANEL 
A4J4 PIN NO. SIGNAL DESCRIPTION TYPE 

A REWINDING STATUS (-) STATUS 

B READY STATUS (-) STATUS 

C HIGH/LOW DENSITY STATUS (-/+) STATUS 

D SELECT (-) COMMAND 

E UNIT SELECT (-) STATUS 

F SELECT AND REMOTE INDICATOR (+) STATUS 

H HIGH/LOW DENSITY SELECT (-/+) COMMAND 
(OUTPUT) 

J REWIND COMMAND (-) COMMAND 

K REWIND AND LOCKOUT (-) COMMAND 

L GROUND --

M BEGINNING -OF -TAPE (-) STATUS 

N END-OF-TAPE (-) STATUS 

P GROUND --

R FORWARD/REVERSE (-/+)* COMMAND 

S RUN/STOP (-/+)** COMMAND 

T GROUND --

U WRITE ENABLE STATUS (NC) STATUS 

V ,I WRITE ENABLE STATUS (C) STATUS 
.1 

W WRITE ENABLE STATUS (NO) STATUS 

X SHIELD --

. * . REVERSE /STOP ( - /+) when Fwd/Stop -Rev /Stop logic is supplied. 
**FORWARD/STOP (-/+) when Fwd/Stop-Rev/Stop logic is supplied. 
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TABLE 2-4 
DATA INPUT CONNECTIONS (TRANSPORT WITHOUT DATA ELECTRONICS) 

INPUT/OUTPUT PANEL 
A4J5 PIN NO. SIGNAL DESCRIPTION 

A Write Data 1 Return 
B . W rite Data 2 Return 
C Write Data 1 
D Write Data 2 
E Write Data 3 
F Write Data 4 
G Write Data 5 
H Write Data 6 

J Erase Head 
K Erase Head Return 
L Write Head Ground (Grd Lug) 
M W rite Head Center Tape (Option) 
N Write Data 9 Return 
P Write Data 8 
R W rite Data 3 Return 
S Write Data 8 Return 
T W rite Data 4 Return 
U Write Data 5 Return 
V W rite Data 6 Return 
W Write Data 7 Return 
y Write Data 6 
Z Write Data 7 
a Read Data 1 
b Read Data 2 
c Read Data 1 Return 
d Write Cable Common Shield 
e Read Data 4 
f Read Data 3 
g Read Data 4 Return 
h Read Data 5 
j Read Data 6 
k Read Data 2 Return 
1 Read Data 7 
m Read Data 8 
n Read Data 7 Return 
p Read Data 8 Return 
r Read Data 9 
s Read Data 5 Return 
t Read Cable Common Shield 
u Read Data 3 Return 
v Read Data 9 Return 
w Read Head Ground 
y Read Data 6 Return 
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TABLE 2-5 
LOCAL CONTROL CONNECTIONS 

CONTROL ELECTRONICS 
A2A3J2 PIN NO. FUNCTION REQUIREMENTS 

1 and 17 Power interlock Pin 1 connected to pin 17 when 
power is on 

2 and 18 Power on -off Pin 2 connected to pin 18 for power 
on 

3 Remote select Momentarily connected to logic 
ground for remote select. Other-
wise, open circuit. 

4 Chassis ground - --

5 Local select Momentarily connected to logic 
ground for local select. Other-
wise, open circuit. 

6 OCP reset Momentarily connected to logic 
ground during remote select, local 
select, or stop command. Other-
wise, open circuit. 

7 High/low density Connected to -12 volt logic bus 
select for high density select. Connected 

to logic ground for low density 
select. 

8 Forward Momentarily connected to OCP 
command enable bus for forward command. 

Otherwise, open circuit. 

9, 21, and 23 Load tape into Pin 9 connected to pin 23 (+12 volt 
vacuum cham- relay bus) when pin 8 is connected 
bers (energizes to OCP enable bus. Otherwise, 
reel servo connected to pin 21 (+12 volt relay 
ready relay) interlocked bus). 

10 Reverse Momentarily connected to OCP 
command enable bus for reverse command . 

Otherwise, open circuit. 
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TABLE 2-5 
LOCAL CONTROL CONNECTIONS (Continued) 

CONTROL ELECTRONICS 
A2A3J2 PIN NO. FUNCTION REQUIREMENTS 

11 Rewind command Momentarily connected to OCP 
enable bus for rewind command. 
Otherwise, open circuit. 

12 Stop command Momentarily connected to logic 
ground for stop command. Other-
wise, open circuit. 

13 Drives select- 12 -volt indicator lamp connected 
and -remote between pin 13 and -12 volt logic 
indicator lamp bus. 

14 Drives local 12 -volt indicator lamp connected 
indicator lamp between pin 14 and -12 volt logic 

bus. 

15 Drives remote 12 -volt indicator lamp connected 
indicator lamp between pin 15 and -12 volt logic 

bus. 

16 Drives file pro- 12 -volt indicator lamp connected 
tect indicator between pin 16 and -12 volt logic 
lamp bus. 

17 Refer to pin 1 

18 Refer to pin 2 

19 -12 Volt logic bus -- -

20 Logic ground ---

21 Refer to pin 9 

22 OCP enable bus ---

23 Refer to pin 9 
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TABLE 2-5 
LOCAL CONTROL CONNECTIONS (Continued) 

CONTROL ELECTRONICS 
A2A3J2 PIN NO. FUNCTION REQUIREMENTS 

24 Shield connection All cabling to connector A2A3J2 
(logic ground) must be shielded. (Common 

shield satisfactory.) 

25 through 30 Spares - --

--- High -density- 12 -volt indicator lamp connected 
select indicator between logic ground and -12 volt 

logic bus when pin 7 is connected 
to -12 volt logic bus. 

- -- Low -density- 12 -volt indicator lamp connected 
select indicator between logic ground and -12 volt 

logic bus when pin 7 is connected 
to logic ground. 

--- Power-on 12-volt indicator lamp connected 
indicator between logic ground and -12 volt 

logic bus. 

2-10. Select. When FALSE, the select line disables tape motion inputs to the control 
electronics and also disables status outputs from the control electronics. A select TRUE 
level will enable the remote inputs if the transport is in the ready and remote status. 
Transport ready requires that all interlocks are closed. Remote is TRUE when the REMOTE 
pushbutton, on the operator control panel, has been pressed. 

2-11. Forward/Reverse. * When TRUE, forward direction is selected. When FALSE, 
reverse direction is selected. The forward/reverse level must be established 5 usec prior 
to a RUN command. A change in level on this line, while the tape is in motion, will cause 
the tape to stop. 

*Used when Run/Stop-Fwd/Rev logic is supplied. 

2-10 



TABLE 2-6 
TYPICAL INPUT CONNECTIONS (TRANSPORT WITf-I DATA ELECTRONICS 

INPUT /OUTPUT 
PANEL A4J4 

PIN NO. SIGNAL DESCRIPTION 

A Ground 
B Ground 
C Write Data 1 (-) 
D Write Data 2 (-) 
E Write Data 3 (-) 
F Write Data 4 (-) 
G Spare 
H Ground 
J Ground 
K Ground 
L Ground 
M Write Data 5 (-) 
N Write Data 6 (-) 
P Write Data 7 (-) 
R Write Data 8 (-) 
S Write Data 9 (-) 
T Ground 
U Ground 
V Ground 
W WRITE STROBE (-) 
X WRITE RESET (-) 
Y RUN/STOP (-/+)* 
z REWIND and LOCKOUT (-) 
a Ground 
b Ground 
c WRITE PERMIT (-) 
d READ PERMIT (-) 
e FORWARD /REVERSE (- /+)** 
f REWIND COMMAND (-) 
g Ground 
h Ground 
j Spare 
k Spare 
1 ODD/EVEN PARITY (-/+) 
m Shield Ground 

*FORWARD/STOP (-/+) when Fwd/Stop-Rev/Stop logic is supplied. 
**REVERSE/STOP (- /+) when Fwd/Stop-Rev /Stop logic is suppLied. 
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TABLE 2-7 
TYPICAL OUTPUT CONNECTIONS (TRANSPORT WITH DATA ELECTRONICS) 

INPUT /OUTPUT 
PANEL A4JS 1 

PIN NO. SIGNAL DESIGNATION 

A Ground 
B Ground 
C Read Data 1 (-) 
D Read Data 2 (-) 
E Read Data 3 (-) 
F Read Data 4 (-) 
G Read Data 8 (-) 
H Ground 
J Ground 
K Ground 
L Ground 
M Read Data S (-) 
N Read Data 6 (-) 
P Read Data 7 (-) 
R READ CLOCK (-) 
S Ground 
T Ground 
U Ground 
V WRITE ENABLE STATUS (C) 
W BEGINNING -OF -TAPE (-) 
X END-OF-TAPE (-) 
Y REWINDING STATUS (-) 
Z READY STATUS (-) 
a WRITE ENABLE STATUS (NO) 
b WRITE ENABLE STATUS (NC) , 
c WRITE CHECK ERROR (-) 
d Ground 
e HIGH!LOWDENSITY STATUS (-/+) 
f Read Data 9 (-) 
g Ground· 
h PARITY ERROR(-) 
j Spare 
k UNIT SELECT (-) 
1 SELECT AND REMOTE INDICATOR (+) 
m Shield Ground 
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2-12. Run/Stop. * A transition to the TRUE level will cause the capstan to move the tape. 
The direction of the tape motion is determined by the previously established forward/ 
reverse line. A FALSE level will cause tape motion to stop. 

2-13. Forward/Stop~* A transition to the TRUE level on the forward/stop line will cause 
the capstan to move the tape in the forward direction. A change in level on this line, while 
the tape is in motion, will cause the tape to stop. 

2-14. Reverse/Stop'!'* A transition to the TRUE level on the reverse/stop line will cause 
the capstan to move the tape in the reverse direction. A change i~ level on this line, while 
the tape is in motion, will cause the tape to stop. 

2-15. Rewind. A TRUE level will initiate a high speed rewind cycle. The tape will rewind 
to the BOT photosense tab and the capstan will place the tape at the load pOint. The trans
port will remain in remote mode. High speed in the forward direction can be provided as 
an optional feature. 

2 -16. Rewind and Lockout. A TRUE level will initiate a high speed rewind cycle and 
return the transport to local mode. The tape will rewind to the BOT photosense tab and the 
capstan will place the tape at the load point. Unloading of tape from the BOT tab is done 
manually after operating the TAPE LOAD switch. 

2-17. High/Low Density Select. This line is a command output from the operator control 
panel. The line is used to select the bit-packing density when the data electronics option 
is taken. When high-density packing is selected the line is at the TRUE level. When low
density packing is selected the line is at the FALSE level. 

2-18. STATUS SIGNALS. 

Status signals are returned to the external equipment and are provided for the 
operator control panel. Output levels, with a 25 foot cable, are -12 ±2 volts (5 rna max 
to the load) and 0 ±1.25 volts (5 rna max from the load) for TRUE and FALSE, respectively, 
unless otherwise indicated. Status signals to the external equipment are enabled when in the 
remote mode. The indicator outputs, to the operator control panel, are active in either 
remote or local mode. Status signals are listed in Table 2 -3. 

*Used when Run/Stop-Fwd/Rev logic is supplied. 
**Used when Fwd/Stop-Rev /Stop logic is supplied. 
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2-19. Ready. The Ready line remains at the FALSE level until all tape transport interlocks 
are closed. The ready output is active in the remOte mode. 

2-20. Unit Select. A TRUE level on the Unit Select line acknowledges that the tape trans
port has been selected by a TRUE level at the select input. The unit select output is active 
in the remote mode. 

2-21. Select and Remote Indicator. This line is driven by a line driver having a passive 
output. The line driver must be terminated with an indicator lamp returned to -12 volts. 
When so terminated, the line driver output is 0 volts whenever the Unit Select line is at the 
TRUE level, otherwise, the line driver output is 125 ohms returned to ground. 

2-22. Beginning-of-Tape (At Load-Point). A TRUE level indicates that the BOT photosense 
tab is being sensed. The BOT output is active in the remote mode. 

2-23. End-of-Tape. A TRUE level indicates that the EaT photosense tab is being sensed. 
The EaT output is active in the remote mode. 

2-24. Rewinding. A TRUE level indicates that the tape is rewinding. The rewind status 
output is active in the remote mode. 

2-25. High/LOW Density. The density status line acknowledges the density select 
level. A TRUE level indicates that high density has been selected. The density status line 
is active in the remote mode. 

2-26. Write Enable Status. Three lines are provided to indicate the state of the write 
enable switch. When a file-protect condition exists, the normally closed contact is at logic 
ground level. When a write enable condition exists, the normally open contact is at logic 
ground level. These lines are active in both the remote and local mode. 

2-27. DATA SIGNALS .. 

The magnetic head assembly is designed for writing and reading NRZI (non -return
to·::'zero, change on ONEs) digital type infor~a.tion. An instantaneous change in the direction 
of write current causes a ONE to be written on magnetic tape. A reversalof the magnetic . . 
flux direction on the tape will be sensed by the read head and will be interpreted as a ONE. 
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Write current requirements and read signal outputs are provided below for Ampex 
838 tape at a tape speed of 120 ips and a bit-packing density of 800 bpi, using a 7 -track 
head. These requirements are for direct connection to the heads; refer to the Data Elec
tronics Technical Manual for the data signal requirements when the data electronics option 
is taken. 

2-28. Write Data. The amplitude of the write input signals shall be 60 rna peak. A DC 
current flow of 60 rna through the optional erase head coil will reduce all previously written 
data to less than 3 percent. 

2-29. Read Data. The read head provides a 20 mv (peak-to-peak) output. 

2 -30. ENVIRONMENT. 

2-31. OPERATING ENVIRONMENT. 

The tape transport is designed for operation in a fixed position under the following 
conditions: 

Ambient Air Temperature. . . . . .. 32° to lOO°F 

Relative Humidity. . . . . . . . . . . .. 20% to 80% (with no condensation) 

Altitude . . . . . . . . . . . . . . . . . .. 0 to 7500 feet 

When enclosed, sufficient air must pass over the equipment in the enclosure to 
maintain the exhaust air temperature (above the transport at the top of the enclosure) at 
less than 120°F. The inlet air temperature shall be less than 90°F. Capstan motor and 
servo motor housing surface temperatures must not exceed 170°F. Printed circuit boards 
and the servo power amplifier temperatures must not exceed 120°F. 

2-32. STORAGE AND SHIPPING ENVIRONMENT. 

Sudden temperature changes which will cause condensation must be avoided. 

Ambient Air Temperature. . . . . .. -30° to +150°F 

Relative Humidity. . .•. . • . . . . . . .. 95% maximum 

Altitude . . . . . . . . . . . . . . . . . ." . o to 40, 000 feet 
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3 -1. INTRODUCTION. 

SECTION III 
OPERATION 

This section lists controls and indicators. Controls and interlocks are explained 
and tape loading instructions are presented. 

3-2. OPERATOR CONTROL PANEL CONTROLS AND INDICATORS. 

All operator controls and indicators except the TAPE LOAD and DOOR INTERLOCK 
OVERRIDE switches are located on the operator control panel of the transport as shown in 
Figure 3-1. 

3 -3. POWER Switch. The POWER switch is an alternate -action (push ON, push OFF) 
pushbutton indicator switch. When the switch is ON and power is applied to the tape trans
port, the POWER indicator is lighted. 

3-4. FILE PROTECT Indicator. The FILE PROTECT indicator is lighted when the write 
enable ring is not in place. This notifies the operator that the information presently on the 
tape or file is protected. 

3 -5. REMOTE Switch .. The REMOTE switch is a momentary -ON pushbutton indicator 
switchthat switches the transport to remote or automatic control. When the pushbutton is 
pressed, the REMOTE indicator lights ''white'' to indicate REMOTE ready condition. When 
the transport is operating in the remote mode, the REMOTE indicator lights "red". 

3 -6. LOCAL Switch. The LOCAL switch is a momentary-ON pushbutton indicator switch 
that switches the transport to local or manual control. When the transport is in the local 
or manual mode of operation, the LOCAL indicator is lighted. 

3-7. HIGH/LOW DENSITY Switch. The HIGH/LOW DENSITY switch is used with the 
. optional data electronics and is an alternate-action (push HIGH, push LOW) pushbutton 
indicator switch controlling the density of bit packing on the tape during the write mode of 
operation. When the transport. is in the high-density mode of operation, the HIGH portion 
of the HIGH/LOW DENSITY indicator is lighted. When the transport is in the low -density 
mode, the LOW portion of the HIGH/LOW DENSITY indicator is lighted. 
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OPERATOR CONTROL PANEL 

Figure 3-1 
Tape Transport Controls, Indicators, and Tape Loading Path 
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3-8. FORWARD Switch. The FORWARD switch is a momentary-ON pushbutton switch 
which initiates movement of tape in the forward direction. The FORWARD switch also by
passes the short/long loop sensors in the vacuum chambers. Thus, if the tape is loaded in 
the chambers but is not in the normal operating position, the reel servos are enabled to 
move tape into the correct operating position in the chambers by pressing the FORWARD 
pushbutton. 

3-9. REVERSE Switch. The REVERSE switch is a momentary-ON pushbutton switch 
which initiates movement of tape in the reverse direction at normal operation speed. 

3-10. REWIND Switch. The REWIND switch is a momentary-ON pushbutton switch which 
initiates movement of tape in the reverse direction at a high speed until the load point is 
reached. 

3-11. STOP Switch. The STOP switch is a momentary-ON pushbutton switch which stops 
all tape movement and resets the forward/reverse control circuits. Actuation of the switch 
returns the transport to local mode. 

3-12. TAPE LOAD AND DOOR INTERLOCK OVERRIDE SWITCHES. 

3-13. TAPE LOAD Switch. The TAPE LOAD switch is a latching-type pushbutton switch 
and is located on the tape ledge. When the switch is actuated to ON, the reel brakes are 
disengaged and the vacuum and positive pressures are turned off to facilitate tape loading 
and unloading. The switch must be actuated to OFF to resume normal operation of the tape 
transport. 

3-14. DOOR INTERLOCK OVERRIDE Switch. The DOOR INTERLOCK OVERRIDE switch 
is a momentary-ON pushbutton switch and is located on the tape ledge. Actuating the switch 
energizes an override relay which bypasses the reel access door interlock, thus permitting 
the tape transport to be operated with the reel access door open. The override circuit is 
disabled when the reel access door is closed. 

3-15. INTERLOCKS. 

If the power supply fails, the vacuum system or positive pressure system fails, the 
reel access door is opened, or tape is improperly positioned in the vacuum chambers, power 
is removed from the servomotors and the reel brakes are applied. 
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3-16. Power On~ The vacuum and positive pressure interlocks prevent operation of the 
tape transport until the equipment has stabilized and the vacuum and positive pressures have 
reached operating levels; This takes 3 to 4 seconds. 

3-17. POWER Off. When the POWER switch is actuated to the OFF position, power is 
removed from the transport. 

3 -18. Reel Access Door. The reel access door is provided with an interlock which will 
stop the tape transport should the access door be opened during operation. 

3-19. Vacuum Failure. If the extreme limits (long or short) of permissible tape position 
are exceeded in the vacuum storage chamber, the transport will stop. 

3-20. PHOTOSENSE TAB CONTROL. 

The two channel photo sense unit automatically stops the tape transport and gives an 
output to remote equipment when reflective tabs on the tape are sensed. Placement of 
reflective tabs in two channels on the tape is shown in Figure 3-2. 

MYLAR SIDE 
OF TAPE 
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Figure 3-2 
Reflective Tab Placement Diagram 



3-21. LOADING THE TAPE. (See Figure 3-1.) 

Follow the procedures of paragraph 
5 -3 for tape deck cleaning. 

Use Ampex Part No. 087 -007 head cleaner and a cotton swab to clean the head and the 
tape guides before starting to load the tape. As the tape reel brakes must be released while 
the tape is being loaded, power to the transport must be sWitched ON during the following 
steps. 

Step 1: (NAB Compatible Reel Retainer) Slip the file reel over the reel retainer. 
Hold the reel firmly against the turntable surface and rotate the retainer 
handle approximately 120 degrees clockwise, at which point the reel retainer 
handle will lock into position. Ensure that the reel is snugly mounted on the 
retainer, and is flush against the turntable. 

(IBM Compatible Reel Retainer) Slip the file reel over the reel retainer. 
Hold the reel firmly against the turntable surface and rotate the retainer 
knob clockwise to the mechanical stop. Ensure that the reel is snugly 
mounted on the retainer and is flush against the turntable. 

Step 2: Actuate the TAPE LOAD switch to ON; wait for the vacuum and positive 
pressures to reach zero. 

Step 3: Unwind 3 to 5 feet of tape leader from the reel. 

Step 4: Starting where the tape leaves the file reel, place the tape around the file 
reel right tape guide, under the tape cleaner, and over the file reel servo 
tachometer pulley. 

Step 5: Pass the tape across the top of the vacuum chamber on the file side of the 
transport, over the file center tape guide, across the photosense assembly, 
and across the read/write heads. 

Step 6: Pass the tape under the capstan file tape guide, around the capstan, and 
under the capstan fixed reel tape guide. 

Step 7: Pass the tape over the fixed reel center tape guide, across the top of the 
other vacuum chamber, over the fixed reel servo tachometer pulley, under 
the tape cleaner and the fixed reel left tape guide, and attach it to the fixed 
reel (the reel rotates .clockwise during wind). Wind at least three extra 
turns of tape on the fixed reel. 
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Step 8: Actuate the TAPE LOAD switch to OFF and close the reel access door. 

NO'. 
At least three seconds should be allowed 
between Steps 8 and 9 to let the vacuum 
reach a level which will pull the tape 
into the vacuum chamber. 

Step 9: Momentarily press the FORWARD pushbutton. This will enable the reel 
servos to form loops in the vacuum chambers. (Refer to paragraph 3 -8.) 

. . 



4-1. SCOPE. 

SECTION IV 
THEORY OF OPERATION 

This section include s details of the operation of the tape drive and the control elec
tronics. The tape drive (Figure 4-1) is comprised of the capstan servo system and the reel 
servo system. Commands from the control electronics cause the tape drive to move tape 
forward, reverse, or keep tape at a standstill. 

4-2. CAPSTAN SERVO SYSTEM. 

In response to command from the control electronics, the capstan servo system 
controls the direction,· acceleration, and velocity of capstan motion. The system is com
prised of the capstan motor and the capstan servo control. The voltage appearing across 
the capstan motor is supplied to the reel servo system as a capstan direction and velocit"y 
reference (CAPSTAN VELOCITY input). 

The servo system operates in two modes: steady-state or acceleration. In the 
steady-state mode, the capstan motor is either stopped, or running at a constant speed. 
In this mode, the servo system maintains constant voltage across the motor armature 
terminals. The induced armature voltage (back EMF) at constant speed is very large com
pared to the IR voltage drop in the armature windings, thus the speed of the motor under 
this condition is practically independent of normal load variations. In the acceleration 
mode, the servo system maintains constant current through the motor armature until the 
motor reaches the preset velocity; constant current through the motor armature provides 
a steady acceleration of motor speed. The armature current required to accelerate the 
armature and capstan inertial-mass is very large compared to the current required to over
come viscous and static friction losses, thus the acceleration of the motor speed under this 
condition is practically independent of normal load variations. 

4 -3. CAPSTAN MOTOR AND CAPSTAN. 

The capstan motor is mounted on the tape deck casting and is a DC servomotor. 
The motor has a high-torque-to-low-inertia ratio which permits rapid acceleration. The 
capstan is mounted directly on the motor shaft. The motor is supplied with either a 
permanent-magnet field or electromagnetic field. Systems using the electromagnetic-field 
motor are provided with a constant-current field power supply which is located in the cap
stan servo assembly. 
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4-4. CAPSTAN SERVO CONTROL. 

The capstan servo control consists of a bi -polar power amplifier and three control 
PCB assemblies. The power amplifier is located in the capstan servo assembly and the 
three PCB assemblies are located in the control electronics card cage. 

4-5. CAPSTAN SERVO SYSTEM OPERATION. (See Figure 4-2.) 

4-6. Steady-State Operation. Speed of the capstan motor during steady-state operation is 
principally controlled by the reference generator on the capstan velocity PCB, the control 
summing amplifier on the capstan acceleration PCB, and the power amplifier. The OVER
DRIVE input to the control summing amplifier is effectively at zero level, thus having no 
appreciable effect in the control circuit. When no forward or reverse command logic sig
nals are applied to the reference generator, the generator outputs are at zero volts DC. 
When a forward command logic signal is applied at the input of the reference generator, the 
generator produces a REF (+) signal voltage proportional to the preset forward velocity. The 
voltage is approxima tely +0.013 volt/ips (1. 56 volts at 120 ips) and is amplified in the con
trol summing and power amplifiers and applied to the capstan motor armature, which drives 
the capstan in the forward direction. When a reverse command logic signal is applied to the 
reference generator, the generator produces a REF (-) signal voltage (with negative polarity) 
proportional to the preset reverse velocity. This voltage is amplified in the control summing 
and power amplifiers and applied to the capstan motor armature, which drives the capstan 
in the reverse direction. Two potentiometers in the reference generator provide for speed 
control; one potentiometer controls the REF (+) signal voltage (forward speed), the other 
controls the REF (-) signal voltage (reverse speed). 

4-7. Power Amplifier. The power amplifier consists of a capstan control preamplifier 
stage and nonlinear emitter -follower driver and power ourput stages. The CAPSTAN CON
TRoL signal from the control summing amplifier is amplified in the capstan control pre
amplifier and then applied to the reverse driver stage. The reverse driver is operated 
class A and controls the reverse output stage and the forward driver, which are operated 
class B. The forward driver controls the forward output stage, which also is operated 
class B. 

When the CAPSTAN CONTROL signal is at zero level, the reverse driver conducts 
at a standby level that holds both the reverse output stage and the forward driver at cut-off: 
When the CAPSTAN CONTROL signal voltage goes positive (reverse command), current flow 
through the reverse driver is increased from standby to a level that biases on the reverse 
output stage, which provides a negative VOltage output to the capstan motor. When the 
CAPSTAN CONTROL signal VOltage goes negative (forward command), current flow through 
the reverse driver is decreased from standby to a level that biases on the forward driver, 
which biases on the forward output stage; the forward output stage then provides a positive 
voltage output to the capstan motor. 
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4 -8. Acceleration Control. During steady-state operation, the output from the limiting 
summ.ing amplifier is essentially zero due to the balancing action of the integrating ampli
fier. A nonzero output from the limiting summing amplifier causes the integrating ampli
fier output to change toward a voltage that will return the limiting summing amplifier out
put to zero. 

Prior to the start of acceleration, the limiting summing amplifier is balanced and 
the output of the integrating amplifier is a negative analog of the applied reference signal; 
when the applied reference signal changes, the limiting summing amplifier is unbalanced, 
producing an inverted and amplified output. This output is again inverted and amplified in 
.the drive inverter, summed with the output from the dead -band amplifier, and fed back to 
the input of the control summing amplifier as the OVERDRIVE signal. The reference volt
age and the large OVERDRIVE signal have the same polarity, thus the total input to the con
trol summing amplifier is very large, driving the control summing amplifier and power 
amplifier towards saturation. The motor armature current is sensed by the current control 
circuit through the CURRENT SENSE signal, which is the voltage appearing across the shunt 
resistor in the capstan motor return line. When the CURRENT SENSE voltage matches the 
preset limits of the dead-band amplifier, the amplifier produces a nonzero output which is 
subtracted from the signal voltage; this feedback prevents the armature current from increas
ing further. The loop consisting of the control summing amplifier, the power amplifier, the 
capstan motor, and the dead -band amplifier is then balanced and the motor armature current 
is maintained at a preset value, causing a steady motor acceleration. The leading and trail
ing edges of the drive current pulse from the dead -band amplifier are step shaped to compen
sate for the spring-mass energy transfer between the motor armature and the capstan. This 
function is performed by the two pulse shapers on the capstan current control PCB, which 
operate whenever the DRIVE (+) or DRIVE (-) signal from the drive inverters on the capstan 
acceleration PCB changes level at the start or end of an acceleration period. 

The FEEDBACK signal is applied to the noninverting inpt;lt of the dead -band amplifier. 
The FEEDBACK signal is the summed REF (+), REF (-), and AC output from the control 
summing amplifier. The AC output is a phase-shifted feedback. and prevents oscillation in 
the capstan servo system during acceleration. The REF (+) and REF (-) summed signals 
cause an increase in the amplitude of the OVERDRIVE signal during starting acceleration to 
decrease start time. 

The CURRENT SENSE voltage is also applied to the inverting input of the integrating 
amplifier; the DRIVE (+) and DRIVE (-) signals are summed with the DRIVE REF signal and 
the balanCing input and applied to the noninverting input of the integrating amplifier. The 
balancing input to the integrating amplifier, from the limiting summing amplifier, is can
celled during acceleration by the summed DRIVE (+) and DRIVE (-) signals. The DRIVE 
REF signal compensates the integrator for the effects of tape friction. The output of the 
integrating amplifier during acceleration is proportional to the time integral of the motor 
armature current (which is in turn proportional to the instantaneous velocity of the motor 
armature) with the constant of integration continuously modified by the noninverting input to 
the integrating amplifier. The circuit constants are such that the output of the integrating 
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amplifier becomes equal to the negative of the reference voltage at the time that the motor 
velocity reaches the preset value. At that time the limiting summing amplifier becomes 
balanced, removing the OVERDRIVE signal from the input of the control summing amplifier. 
The motor armature current then decreases to a low value, since the output of the power 
amplifier is almost equal to the induced voltage in the motor. The capstan servo system 
then operates in the steady-state mode until the reference voltage is changed. 

4-9. High Speed Control. The high-speed-control circuit operates in conjunction with the 
reference generator to increase the voltage of the REF (+) and REF (-) signals when high 
speed is programmed. When a REWIND logic command is applied, the high speed control 
is enabled. If either the REF (+) signal is positive or the REF (-) signal is negative, the 
control will supply timing signals to the reference generator to control the onset of a high 
speed condition so as not to exceed the capability of the reel servo system. The timing 
signals prevent high-speed motion until normal-speed reel servo motion has stabilized 
(about 400 ms after initiation ofa tape forward or tape reverse command). At this time, 
the high':'speed-control signal forward biases an associated transistor in the reference gen
erator and causes the reference voltage to increase about five volts-per-second until the 
preset reference voltage for high speed motion has been reached; the relatively.:..slow in
crease allows the. reel servo system to follow the tape motion. A potentiometer in the ref
erence generator provides control of the rewind speed (on CVE PCB assemblies only). 

When the REWIND logic command is removed (stop high.-speed motion command), 
the high-speed-control signals immediately reverse bias the associated transistor in the 
reference generator to return the reference voltage to the preset level for normal speed. 
At the same time, discharge of the timing capacitor in the high speed control re,verse biases 
the transistor controlling the inhibit circuit and the inhibit signal level goes negative; the 
negative signal is applied to the reference generator and causes the reference voltage to 
immediately drop to zero. The refe;rence voltage change causes the capstan to stop with the 
highest permissible deceleration. The discharge of the timing capacitor causes the inhibit 
signal to remain negative for about 400 ms, inhibiting forward or reverse tape commands 
for that time to allow the reel servo system to stabilize. 

When the FWD ( -) or REV (+) logic signal at the input of the reference generator is 
changed from a forward or reverse command to a stop command during high-speed operation, 
the high-speed-control signal immediately reverse biases the associated transistor ,in the 
reference generator to return the reference voltage to zero, causing the capstan to stop with 
the highest permissible deceleration.. At the same time, the inhibit signal goes negative as 
previously described, and remains negative for about 400 ms, inhibiting forward or reverse 
tape commands for that time to allow the reel servo system to stabilize. 
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4-10. REEL SERVO SYSTEM. 

The reel servo system (Figure 4-1) consists of two separate reel servo systems. 
The file reel servo system includes the file reel, the file reel motor, and the file reel servo 
control. The fixed reel servo system includes the fixed reel, the fixed reel motor, and the 
fixed reel servo control. Since both systems operate identically, only one description is 
included. The function of the reel servo system is to maintain the proper amount of tape 
within the vacuum chambers at all times. 

The capstan servo system accelerates or decelerates the tape from zero ips to 120 
ips in 3.8 milliseconds. This high speed intermittent movement of the tape exceeds the 
response capability of the relatively-high-inertia reel motors, thus requiring a low-friction 
tape storage device at the capstan input and output. Vacuum storage chambers are used on 
the tape transport for this purpose and "store" sufficient tape to allow the reel motors to 
reach the speed required to follow capstan tape motion. Loop sensors are located along one 
side of each vacuum chamber and are used for tape loop position sensing. 

When the tape is at a standstill, a tape loop will be formed in each vacuum chamber 
somewhere between the two middle loop sensors. The vacuum chamber lengths are such 
that when the tape is accelerated, the reel motor used for tape take-up can accelerate to the 
rotational speed corresponding to the final capstan tape velocity before the tape loop reaches 
the lower vacuum interlock port, and the reel motor used for tape feed can accelerate to the 
rotational speed corresponding to the final capstan tape velocity before the tape loop reaches 
the upper vacuum interlock port Of the other vacuum chamber. 

During transition from constant tape velocity in one direction to constant tape velocity 
in the opposite direction (e.g., forward to reverse) the vacuum chambers store sufficient 
tape to allow the reel motors to decelerate to zero velocity and accelerate to the required 
rotational speed in the opposite direction before the tape loop reaches the upper or lower 
vacuum interlock port, as determined by tape direction. The capstan servo system provides 
a 400 ms delay between high-speed commands, allowing the reel servo system to stabilize 
before a change in tape motion occurs. 

4 -11. TAPE REEL AND REEL MOTOR. 

The tape reel is coupled to the shaft of the reel motor. The reel motor is a DC 
series split-phase motor. Separate field windings control forward and reverse motion. 
A brake is attached to the rear of each motor. When power is removed from the brake, 
the brake is applied, stopping tape motion. 
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4-12. REEL SERVO CONTROL. 

The reel servo control consists of tape loop position sensing (Figure 4-3), the reel 
tachometer, the reel servo preamplifier, the reel servo driver, and the reel servo assembly. 
The function of the reel servo control is to control the motio~ of the reel.motor. 

4 -13 . TAPE LOOP POSITION SENSING. 

Four photoconductive units (loop sensors) sense the position of the tape loop in each 
vacuum chamber. Two loop sensors in each chamber sense the tape loop position during 
forward operation; these are the FEED FWD and LOOP SENSE FWD loop sensors. The 
other two loop sensors in each chamber sense the tape loop position during reverse opera
tion; these are the FEED REV and LOOP SENSE REV loop sensors. A separate excitation 
lamp provides the light source for each sensor. When the light source is exposed by the 
tape loop, the loop sensor resistance decreases, effectively providing a SWitching action by 
changing the bias level on an associated transist0r switch located in the reel servo preamp
lifier. Depending on the transistor switch function, the illuminated loop sensor changes a 
forward bias to reverse bias, or a reverse bias to forward bias. In forward operation, a 
short loop is maintained in the file reel vacuumehamber and a long loop is maintained in 
the fixed reel vacuum chamber. In reverse or rewind operation, a long loop is maintained 
in the file reel vacuum chamber and a short loop is maintained in the fixed reel vacuum 
chamber. 

4-14. REEL TACHOMETER AND PULLEY. 

The reel tachometer pulley is mounted directly to the shaft of the reel tachometer, 
which is mounted between the vacuum chamber and the tape reel. The tachometer produces 
a DC output proportional to the speed of shaft rotation and monitors the velocity of tape pass
ing between the tape reel and vacuum chamber. The high frequency component of the tachom
eter output is filtered out and the DC voltage is supplied to the reel servo preamplifier. 

4-15. REEL SERVO SYSTEM OPERATION. 

Operation of the 120 ips transport reel servo system is described. Operation of the 
112.5 ips, and 75 ips transports is identical, except for speed and start/stop times. 

4-16. Forward Operation, Tape Initially at Rest. (See Figures 4-4 and 4-5.) When the 
tape is at a standstill the tape loops in the vacuum chambers rest at some point between the 
FEED FWD and FEED REV loop sensors. When a forward command is applied to the capstan 
servo system, the capstan accelerates the tape rapidly to a velocity of 120 ips. The tape 
loop in the file reel vacuum chamber will be drawn towards the FEED FWD loop sensor as 
the capstan pulls tape. When the tape loop passes the FEED FWD loop sensor, the sensor 
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is illuminated and biases off the associated transistor switch in the reel servo preamplifier. 
When the transistor switch is cut off, a voltage divider circuit which had been effectively 
grounded by the transistor switch is enabled. The CAPSTAN VELOCITY input, which at this 
time is the ·positive voltage appearing across the capstan motor, is applied to the voltage 
divider as a reference of the capstan velocity. The output from the voltage divider is applied 
to the OUTPUT FILE summing junction. The relatively-high positive voltage at the summing 
junction causes a high current flow through the reel servo driver input in the positive direc
tion. This high current flow is amplified in the reel servo driver amplifier and phase-splitter 
stage and applied to the input of the forward Schmitt trigger stage, where it exceeds the trig
ger level and turns on the Schmitt trigger. When the Schmitt trigger is on it gates on the 
forward output SCR in the reel servo assembly, which applies operating voltage to the file 
reel motor, accelerating the motor in the forward direction. The amplifier and phase": 
splitter stage also applies an inverted signal (negative polarity) to the input of the reverse 
Schmitt trigger stage, which remains cut off. 

When the file reel motor starts rotating, tape is fed from the file reel into the file 
reel vacuum chamber. The tape passes over the file reel tachometer pulley, rotating the 
tachometer shaft; the tachometer produces a negative DC voltage output directly proportional 
to the speed of the tape being supplied from the file reel. This negative DC voltage is applied 
to the OUTPUT FILE summing junction, where it is summed with the output from the voltage 
divider circuit. Figure 4-6 shows the control voltage appearing at the input of the Schmitt 
trigger during tape acceleration from a standstill to a constant velocity. The outputs from 
the reel tachometer and the FEED FWD voltage divider are summed and produce voltage 
curve 1. When the tape velocity reaches speed A, the sum of the reel tachometer output 
and FEED FWD voltage divider output is zero, and the forward Schmitt trigger is cut off, 
which allows the forward output SCR to turn off. When the forward output SCR turns off, 
operating power is removed from the reel motor and the inertia of the reel motor maintains 
the forward rotation. The tape velocity from the file reel at this time is approximately 
90 percent of that of the ,_capstan velocity . 

Since the tape is being supplied to the vacuum chamber at a rate 10 percent slower 
than it is being removed, the tape loop will continue upwards and pass the LOOP SENSE FWD 

. loop sensor, which will then be illuminated. The illuminated sensor biases off the associated 
transistor switch in the reel servo preamplifier, enabling the LOOP SE~SE FWD voltage 
divider 0 The two voltage divider outputs (F EED FWD and LOOP SENSE FWD) are summed 
with the reel tachometer output and produce voltage curve 2 shown in Figure 4-6. The 
resultant voltage exceeds the trigger level of the forward Schmitt trigger, turning on that 
circuit. The Schmitt trigger then gates on the forward output SCR and the reel motor is 
accelerated in the forward direction. The acceleration continues until the tape velocity 
reaches speed B, at whiCh time the resultant of the FEED FWD voltage divider output, the 
LOOP SENSE FWD voltage divider output, and the reel tachometer output reaches zero (as 
shown by voltage curve 3), which cuts off the forward Schmitt trigger:. When the forward 
Schmitt trigger is cut off, the forward output SCR turns off, which removes operating power 

. from the reel motor. The inertia of the reel motor maintains the forward rotation. The 
tape velocity from the file reel at this time is approximately 110 percent of the capstan 
velocity . 
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Since the tape is being supplied to the vacuum chamber at a rate 10 percent faster 
than it is being removed, the tape loop moves downward and covers the LOOP SENSE FWD 
loop sensor, which biases on the associated transistor switch in the reel servo preamplifier. 
That transistor is then saturated and effectively grounds the LOOP SENSE FWD voltage 
divider, causing the control voltage to go negative, as shown by voltage curve 4. This neg
ative voltage holds the forward Schmitt trigger cut off. Since the amplifier and phase -splitter 
stage also applies an opposite polarity signal to the input of the reverse Schmitt trigger, that 
circuit is triggered on and gates on the reverse output SCR in the reel servo assembly. When 
the reverse output SCR is gated on, operating power is applied to the reverse windings of the 
file reel motor and the motor is decelerated. This deceleration continues until the tape veloc
ity drops to speed A, where the sum of the reel tachometer output and FEED FWD voltage 
divider output is again zero, which cuts off the reverse Schmitt trigger. This allows the 
reverse output SCR to turn off, which removes operating,power from the reel motor. The 
inertia of the reel motor maintains the forward rotation. The tape velocity from the file 
reel at this time is again approximately 90 percent of the capstan velocity. 

Since the tape is again being supplied to the vacuum chamber at a rate 10 percent 
slower than it is being removed, the tape loop will move upwards, pass the LOOP SENSE FWD 
loop sensor and initiate the previously described sequence of forward and reverse power 
application to the reel motor. Thus, at constant capstan velocity, the reel servo system 
"hunts" as controlled by voltage curves 2, 3, 4, and 5 shown in Figure 4-6. This causes 
the tape loop to move above and below the LOOP SENSE FWD loop sensor. 

The fixed reel servo control operates in the same manner as described for the file 
reel, except that the tape and tape loop move in the opposite direction to that described for 
the file reel. 

4 -17 . Reverse Operation. (See Figures 4 -4 and 4 -5.) Operation of the reel servo control 
circuitry for reverse or rewind tape drive is identical to that described for forward operation, 
except that the CAPSTAN VELOCITY input voltage has a negative polarity, the tape loop posi
tion is sensed by the reverse loop sensors which control the reverse transistor switches, the 
reel tachometer output voltage is positive, and the tape and tape loops move in the opposite 
direction to that described for forward operation. 

4-18. Forward to Reverse Operation. (See Figures 4-4 and 4-5.) When the tape is moving 
forward at a constant capstan velocity, the tape loops are moving above and below the LOOP 
SENSE FWD loop sensors. When the command to the capstan servo system is changed from 
forward to reverse, the capstan rapidly reverses direction. The CAPSTAN VELOCITY input 
voltage drops from the positive level to zero in 3.8 ms, then increases to the negative level 
in another 3.8 ms. The reel servo system changes from forward to reverse operation in the 
following manner (file reel servo operation will be described)~ 

Initially, the tape velocity from the file reel is at speed B shown in Figure 4-7, and 
the forward output SCR has just turned off; removing operating power from the reel motor 
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(this condition was selected for description, the transfer from forward to reverse operation 
can occur at any time). The tape loop is above the LOOP SENSE FWD loop sensor. When 
the capstan motor reverses direction, the CAPSTAN VELOCITY input voltage goes negative, 
reducing the FEED FWD and LOOP SENSE FWD vOltage divider outputs to a lower DC volt
age, established by a biasing circuit. When this occurs, the principal input to the OUTPUT 
FILE summing junction will be the reel tachometer output, which is now a relatively-high 
negative voltage. This high negative voltage produces voltage curve 1, which triggers the 
reverse Schmitt trigger circuit. This in turn gates on the reverse output SCR, which applies 
operating power to the reverse windings of the reel motor. The reel motor then starts decel
erating and the decreasing speed of the reel tachometer produces the output causing voltage 
curve 2. The capstan IS feeding tape into the vacuum chamber at the preset velocity ,caus
ing the tape loop to move downward in the vacuum chamber (the reel motor is still rotating 
forward, also feeding tape into the vacuum chamber). When the reel tape velocity reaches 
zero, the output from the reel tachometer is zero, which cuts off the reverse Schmitt trig
ger. This ailows the reverse output SCR to turn off, which removes operating power from 
the reel motor, thus allowing the reel motor to stop. The reel motor is stopped before the 
tape loop reaches the FEED REV loop sensor. When the tape loop moves downward past the 
FEED REV loop sensor, the reel servo system then operates in the same manner as pre
viously described for reverse operation. 

4-19. Reverse to Forward Operation. Reverse to forward operation of the reel servo con
trol circuitry is identical to the forward to reverse operation previously described, with the 
exception of the voltage polarities of the loop sensors and transistor SWitches, and the tape 
and tape loop direction of motion. 

4-20. Null Detector Circuit. (See the reel servo assembly schematic in Section VII.) 
Power to the reel motors is supplied from the +115 volt rms full-wave bridge rectifier circuit 
in the reel servo assembly. The output of the rectifier circuit is a pulsating DC voltage 
which has a peak value of approximately +163 volts. If a reel motor SCR is switched on when 
the instantaneous voltage is at or near the peak value, high frequency noise (RFI) will be gen
erated. The amount of RFI generated can be minimized by allowing the SCR to switch on only 
when the pulsating DC voltage is at a low instantaneous value. A"null detector circuit, con
sisting of Q5 and associated component parts in the reel servo assembly, performs this 
function. 

Current flow through R4, CRI4, and CR26 clamps the voltage at the emitter of Q5 
to -1 volt. The base of Q5 is controlled by the pulsating DC voltage applied through Rl. 
The voltage divider circuit consisting of R3 and Rl shifts the voltage level applied to the base 
of Q5 to provide a negative voltage at the base when the pulsating DC voltage is at a low . 
positive instantaneous value. The threshold level of the null detector circuit is established by 
Rl and R3. CR 13 limits the negative base-to-emitter voltage differential to 0.5 volts. 

When the instantaneous voltage of the +115 volt rectifier circuit is above the threshold 
. level, the base-to-emitter voltage differential at Q5 is positive,. and Q5 is saturated. CR21 
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is forward biased and clamps the voltage at the gate of each SCR to -0.5 volt, which reverse 
biases the gate -to -cathode junction of each SCR. (The cathode of each SCR is at +0.5 volt, 
established by current flow through CR19.) When a Schmitt trigger in the reel servo driver 
is triggered during the time Q5 is saturated, the SCR is prevented from conducting by the 
clamped gate-to-cathode negative voltage; the SCR will start conducting only when Q5 is 
cut off. 

When the instantaneous voltage of the +115 volt rectifier circuit is below the threshold 
level, the base-to-emitter voltage differential at Q5 is negative, and Q5 is cut off. The 
collector of Q5 swings positive and CR21 is back biased. The SCR can then be gated on by 
the positive gate voltage from the Schmitt trigger. When the positive gate voltage is removed, 
the SCR stops conducting the next time the pulsating DC voltage returns to zero, since the 
current in the SCR is then reduced to zero. 

4-21. Reel Brake Operation. During normal operation, the deenergized tape load relay 
(located in the autotransformer assembly) provides power to the reel brakes, causing the 
brakes to release. During tape loading or unloading, the tape load relay is energized, and 
the reel brakes are released by power provided by the de energized reel servo ready relay 
(located in the reel servo assembly). 

4-22. Tape Loop Positioning (Transport Stopped). When the tape transport is stopped, the 
tape loop is positioned between the FEED FWD and FEED REV loop sensors by the reel 
servo system. Since the capstan motor is not operating, the CAPSTAN VELOCITY input is 
zero volts, which would not trigger the Schmitt trigger circuits to start the servo action. 
Reel servo operation with the capstan motor stopped is provided by DC bias voltages applied 
to the transistor switch voltage dividers. The DC bias voltages are sufficient to trigger the 
Schmitt trigger circuits when the loop sensors are covered or uncovered. The bias voltages 
are provided by the resistance voltage dividers shown in Figure 4-4 adjacent to the CAPSTAN 
VELOCITY input isolation diodes. The servo action is the same as previously described, 
except that the tape loop is positioned and then remains stationary (no forward or reverse 
tape motion). When tape is loaded on the tape transport, the reel servo system will posi.,. 
tion the tape loop as described when the FORWARD pushbutton is pressed and held 
momentarily. 

4-23. Tape Tension (Transport Stopped). Bias voltages are supplied to the reverse windings 
of the file reel motor and to the forward windings of the fixed reel motor to maintain a fixed 
tension on the tape against the vacuum pressure when the transport is stopped. The fixed 
tension prevents the tape loops in the vacuum chambers from moving downwards. The bias 
voltage is removed during tape loading and unloading when the TAPE LOAD switch is pressed. 
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4-24. VACUUM BUFFER STORAGE. 

The vacuum buffer storage isolates the capstan servo system from the reel servo 
system. With the capstan servo system isolated from the reel servo system, the capstan 
servo system accelerates a minimum of tape mass. As tape is drawn from the vacuum 
buffer storage, it is replaced by the reel servo system. The vacuum provides proper tape 
tension on both sides of the capstan. The vacuum buffer storage consists of a vacuum
blower assembly and two vacuum chamber assemblies. If the vacuum fails or the tape is in 
an abnormal position, the vacuum interlock switches interrupt the capstan servo system and 
the reel servo system, and the brakes are applied to the reel motors. If the tape loop is 
too short, the upper vacuum interlock switch orifice is exposed to the vacuum within the 
chamber, which actuates the switch. If the tape loop is too long, the lower vacuum interlock 
switch orifice is exposed to the air directly, which actuates the switch. 

4-25. VACUUM PRESSURE CONTROL (VACUUM CONTROL ASSEMBLY ONLY). 

The vacuum pressure is maintained at a preset level by the vacuum -blower motor, 
which is operated at a constant speed by the vacuum -blower -motor speed control circuit. 
An SCR speed control circuit, located in the vacuum control assembly, regulates the average 
power applied to the motor; with constant average power applied, the motor operates at a 
constant speed. ' 

The motor is connected in series with the diode bridge and the bridge load circuits. 
(See the vacuum control schematic diagram in Section VII.) The diode bridge consists of 
CRl, CR2, CR3, and CR4. The bridge load circuits consist of SCR Ql and the gate control 
circuits. When SCR Ql is not conducting, current flow through the motor is limited to a low 
value by the relatively-high impedance of the gate control circuits. (See Figure 4-8.) When 
SCR Ql is conducting, full line voltage, less the small voltage drop across two of the bridge 
diodes and Ql, is applied to the motor. The average power applied to the motor is deter
mined by the peak value of the input voltage, the input-voltage phase angle at which Ql is 
gated on, and the input-voltage phase angle at which Ql is cut off. The motor-speed control 
circuit controls the phase angle at which Ql is gated on. Ql is cut off each time the input 
voltage goes through the zero-voltage point and the anode current drops below the holding 
level. An integrating circuit senses the average power applied to the motor and changes the 
phase angle at which Ql is gated on to maintain the average power at a preset level. This 
phase angle change holds the motor speed constant over the normal input voltage range. 

The output from the bridge is a full-wave rectified pulsating DC voltage. At the 
beginning of each half cycle, the DC voltage from the bridge establishes 18 volts across 
zener diode VRl. (See Figure 4 -9B.) C4 starts to charge to that voltage through R3. (See 
Figure 4-9C.) When C4 charges to the firing voltage of unijunction transistor Q2, Q2 con
ducts and C4 discharges rapidly through R4' and baseBI to emitter of Q2. The rapid dis
charge of C4 produces a positive voltage spike at the gate of SCR Ql, and Ql is triggered on. 
(See Figure 4-9E.) (Current flow through Ql produces the positive voltage appearing at the 
gate of Ql immediately after the voltage spike.) As C4 discharges, the emitter current of Q2 
drops below the holding current level and Q2 stops conducting. 
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When Ql is gated on, the voltage across Rl and VRI drops to a low value, and C4 
remains in the discharged state. The input voltage is applied to the motor as previously 
described. During the positive half-cycles at the bridge input, rectifier diode CRS is for
ward biased. When CRS is forward biased, integrating capacitor CS charges to a voltage 
proportional to the voltage across the motor. (See Figure 4-90.) When Ql is cut off, CS 
starts to discharge slowly through R6 and RS. 

The voltage level to which CS charges affects the current flow through Q3, which, in 
turn, controls the rate at which C4 charges at the beginning of each half-cycle. When the 
input voltage is above the nominal value, CS charges to a relatively-high voltage, and current 
flow through Q3 is also relatively high. The current flow from Q3 flows through R3. The 
relatively-high current flow causes more voltage drop across R3 than during a nominal input 
voltage condition. Since the total voltage across C4 and R3 when SCR Ql is cut off is regu
lated to 18 volts by VRl, any increase in the voltage drop across R3 will reduce the voltage 
at C4, which causes an increase in the time required for C4 to charge to the firing voltage 
of Q2. Similarly, the relatively-low current flow through R3 when the input voltage is be
low the nominal value allows C4 to charge to the firing voltage of Q2 faster than when the 
input voltage is at the nominal value. This control of the C4 charging rate provides the 
average-power regulation that maintains a constant motor speed. 

Since CS is charged only during the Ql on time in the positive half-cycle of the input 
voltage and then starts discharging through R6 and RS, the change in the voltage across CS 
causes a greater current flow through Q3 at the beginning of the negative half-cycle of the 
input voltage than at the beginning of the positive half-cycle. This change causes the differ
ence in the phase angle delays shown in Figure 4-9 . 

Potentiometer R6 is used to set the speed control circuit for an average power 
output corresponding to a specific motor speed. When R6 is set for minimum resistance, 
less of the input voltage appears across CS and the average power output from the speed 
control circuit is relatively high. When R6 is set for maximum resistance, more of the 
input voltage appears across CS and the average power output from the speed control cir
cuit is relatively low. 

Zener diode VR2 is used to establish the required bias range for Q3. Capacitor C3 
prevents transients from gating on Q1. 

4-26. CONTROL ELECTRONICS. 

The control electronics accepts tape input control signals from the external equip
ment, issues tape control commands to the tape drive system, and returns status signals 
to the external equipment. (See the control electronics schematic in Section VII.) Tape 
command interlocks are provided by the control electronics to ensure that erroneous com
mand sequences will not cause tape damage or system malfunction. The control electronics 
also includes the necessary logic for rewind to load point and other computer-oriented 
functions. In the descriptions of the control electronics logic functions that follow, an UP 
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level indicates relatively positive as compared to the relatively-negative DOWN level. 
The operator control panel (optional equipment) provides switches and indicators to permit 
local operation of the tape transport for loading of tape and for maintenance. 

1101.1 

If the operator control panel option is not taken, 
equivalent circuitry should be connected to con
nector J2 of the control electronics. (See the 
operator control panel schematic in Section VII.) 

4-27. PRINTED CIRCUIT BOARD (PCB) ASSEMBLIES. 

The control electronics circuitry is on four PCB assemblies, which are located at J7, 
J8, J9, andJI0 in the control electronics card cage. Table 4-1 lists typical printed circuit 
board assemblies used in the control electronics and the tape drive system. Two forward/ 
reverse logic PCB assemblies are listed; one is used with Run/Stop-Fwd/Rev logic, the other 
is used with Fwd/Stop-Rev/Stop logic. Refer to Section VI for a detailed description of the 
operation of the circuits on the boards. 

TABLE 4-1 
PRINTED CIRCUIT BOARD CROSS-REFERENCE LIST 

MNEMONIC DESCRIPTION ASSEMBLY* SCHEMATIC * . LOCATION 

CAC Capstan Acceleration -C 3114631-10 3114632 J13 

CIA Capstan Current Control 3114627-10 3114626 J12 

CVE Capstan Velocity -E 3119513-01 3119515 J14 

Forward/Reverse Logic JlO 
FLA Run/Stop-Fwd/Rev 3107082-10 3107083 
FLC Fwd/Stop -Rev /Stop 3112360-10 3112361 

LLA Local/Remote Logic 3107102-10 3107103 J8 

PHC Photoamplifier Type C 3110237-10 3110238 J9 

RLC . Rewind Logic -C 3116167-10 3116168 J7 

RPB Reel Servo Preamplifier· 3116172-10 3116175 J15 

RRA Reel Servo Driver· 3110143-10 3110144 J16 

*Typical for TM -11 tape transports. 
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4-28. WRITE ENABLE SWITCH ASSEMBLY. 

When no write enable ring is installed in the file reel, the write enable switch (S7) 
contacts are as shown in the tape deck schematic in Section VII and the write enable relay 
(Kl) in the control electronics is deenergized. When the relay is deenergized, the FILE 
PROTECT indicator on the operator control panel is lighted. When the write enable ring is 
in place in the file reel, a sensor probe on the write enable switch assembly is forced back 
by the ring; a pneumatic actuator then retracts the sensor probe (when positive pressure is 
applied to the actuator) to prevent drag on the file reel. When the sensor probe is retracted, 
the write enable switch is actuated to the other position and the write enable relay is ener
gized. Power is removed from the FILE PROTECT indicator lamp when the relay is ener
gized. 

When the positive pressure drops to ambient, the sensor probe returns to the sense 
position and the write enable switch contacts return to their original position. 

4-29. PHOTOSENSE HEAD. 

The photosense head consists of a light source and the necessary photoelectric 
elements to sense the light reflected from the reflective markers on the tape. 

4 -30. POWER ON SEQUENCING. 

Circuit breaker CBl on the input/output panel must be set to the ON position before 
the AC input power at Jlcan be applied to the tape transport. When the POWER pushbutton 
switch on the operator control panel is in the ON position, AC relay Kl on the input/output 
panel is energized, and power is applied to the tape transport. The operating power for AC 
relay Kl is provided by transformer Tl on the input/output panel. Voltage limiter VRI on 
the panel limits the peak voltage applied to the relay coil. 

When power is applied to the tape transport, the transport is not ready for operation 
until the transport ready relay is energized through the transport-ready-relay interlock cir
cuits. (See Figure 4-10.) The transport:"'ready-relay interlock circuit is complete when the 
power supplies are operating, the reel access door interlock switch is closed, and the vacuum 
and po'sitive pressure switches sense proper vacuum and pressure. While the transport 
ready relay is not energized, an UP level is applied to the TRANSPORT READY input to the 
local/remote logic (LL) PCB. With the UP level applied to the TRANSPORT READY input, the 
MASTER RESET output from LL is at the UP level. The UP level MASTER RESET prevents 
any tape motion by resetting and inhibiting the outputs of the forward/reverse logic (FL) PCB 
and the rewind logic (RL) PCB. The UP level on the TRANSPORT READY input sets LL for 
local mode operation. When all interlocks are closed the transport ready relay is energized, 
applying a DOWN level to the TRANSPORT READY input of LL which causes the MASTER 
RESET signal to go to a DOWN level. The LOCAL pushbutton indicator is lighted, indicating 
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that the transport is ready for operation in the local mode. The transport ready relay is 
deenergized whenever an interlock is opened, stopping tape motion and returning the tape 
transport to the local mode. 

4 -31. LOCAL MODE OPERATION. 

The local mode is selected by any of the following: 

(a) Pressing the LOCAL pushbutton. When the LOCAL pushbutton is 
pressed, an UP level is applied to the LOCAL PB input to LL. 

(b) Pressing the STOP pushbutton. When the STOP pushbutton is 
pressed, an UP level is applied to the STOP PB input to LL. 

(c) Upon receipt of a DOWN level on the REWIND AND LOCKOUT input 
to RL, the GO LOCAL output from RL goes to the DOWN LEVEL, 
resetting LL to the local mode. 

(d) When an interlock is opened or during power on sequencing, as 
described previously. 

When the tape transport is in the local mode, the OCP ENABLE and REMOTE (-) 
outputs from LL go to the UP level and the LOCAL INDICATOR output is enabled. The OCP 
ENABLE output enables the FORWARD, REVERSE, and REWIND pushbutton switches on the 
operator control panel. The LOCAL INDICATOR output lights the LOCAL pushbutton indi
cator. The REMOTE (-) output enables the EOT input to FL. Inputs and outputs to the 
external equipment are disabled. 

4-32. Forward. When the FORWARD pushbutton is pressed, an UP level is applied to the 
FORWARD PB input to FL. This sets the FWD (-) output from FL to the DOWN level, 
causing the tape drive system to move tape in the forward direction. 

4-33. Reverse. When the REVERSE pushbutton is pressed, an.UP level is applied to the 
REVERSE PB input to FL. This sets the REV (+) output from FL to the UP level, causing 
the tape drive system to move tape in the reverse direction. 

4-34. Stop. Once initiated, tape motion will continue until the MASTER RESET goes to the 
UP level or a BOT or EOT tab is sensed. When the STOP, REMOTE, or LOCAL pushbutton 
is pressed, the respective PB input to LL gees to the UP level causing the MASTER RESET 
output to go to the UP level, which resets the FWD (-) and REV (+) outputs of FL, stopping 
tape motion. When the BOT tab is sensed, the BOT (+) output from the photoamplifier (PH) 
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PCB goes to the UP level, resetting the FWD (-) and REV (+) outputs from FL. When the 
EaT tab is sensed; the EaT (+) output from PH goes to the UP level, resetting the FWD (-) 
and REV (+) outputs from FL, stopping tape motion. 

4-35. Rewind. When the REWIND pushbutton is pressed, an UP level is applied to the 
REWIND PB input to RL. If the BOT tab is not sensed, the UP level REWIND PB input sets 
the REWIND (-) output to the DOWN level. The DOWN level REWIND (-) output is applied 
to the tape drive system, enabling high speed tape rewind. The DOWN level REWIND (-) 
signal is inverted to produce an UP level REWIND (+) signal. The UP level REWIND (+) 
signal is coupled through diode A2A3CR3 to FL and sets the REV (+) output to the UP level, 
causing the tape drive system to move tape in the reverse direction at high speed. The UP 
level REWIND (+) signal also sets the REWINDING (+) output to the UPlevel, which enables 
the BOT (+) input to FL. Tape rewinding continues until the STOP pushbutton is pressed or 
the BOT tab is sensed by the photo sense head. If the STOP pushbutton is pres sed, tape 
motion is stopped as described in paragraph 4-34 (the MASTER RESET signal also resets 
the REWIND and REWINDING outputs from RL). As the BOT tab passes the photo sense head, 

. the BOT (+) output from PH applies an UP level to the BOT (+) inputs of RL and FL. The 
BOT (+) input to RL resets the REWIND outputs and triggers a time delay circuit (located on 
the reel servo preamplifier PCB) that will reset the REWINDING output approximately 500 
milliseconds later. The 500 millisecond delay holds the REWINDING output TRUE while tape 
motion is stopped and the reel servo system stabilize s . The REWIND (-) output at the UP 
level initiates a rewind stop sequence in the tape drive system. 

If the BOT tab does not overshoot the photosense head following rewind, the 
REWINDING output from RL is reset by the SOO-milisecond time delay circuit on the reel 
servo preamplifier PCB and rewind is complete. 

If the BOT tab overshoots the photosense head, the negative-going BOT (+) signal 
produced when the BOT tab overshoots resets the REV (+) and REV (-) outputs and sets the 
FWD (-) output of FL to the UP level, which causes the tape drive system to reverse tape 
motion to the forward direction as soon as the tape drive system rewind stop sequence is 
completed. The UP leyel REV (-) output enables the TIME DELAY (+) input to RL (pin 22). 
When the BOT tab is returned to the photo sense head, the BOT (+) output from PH goes to the 
UP level and resets the REWINDING output from RL (through the TIME DELAY input) and 
the FWD output from FL; this stops tape motion and rewind is complete. 

4-36. Density Control. The HIGH/LOW DENSITY pushbutton switch controls the HI/La 
DENSITY SELECT output which is applied to RL and to either the data electronics when 
supplied or to the external equipment when the data electronics is not supplied. The input 
to RL is not enabled during local operation and has no effect; the HI/La DENSITY STATUS 
output from RL remains at the UP level during local operation. The HI/La DENSITY 
SELECT output is supplied to the external equipment through pm H of J4 on the input/output 
panel when the data electronics is not supplied. When the HIGH/LOW DENSITY pushbutton 
switch is in the HIGH position, the m/LQ DENSITY SELECT output is -12 volts; the output 
is 0 volts when the switch is in the LOW position. 
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4-37. REMOTE MODE OPERATION. 

Remote mode is selected when the REMOTE pushbutton is pressed. When the 
REMOTE pushbutton is pressed, an UP level is applied to the REMOTE PB input to LL. 
The REMOTE PB input disables the LOCAL INDICATOR output, resets the OCP ENABLE 
output to a DOWN level, and enables the REMOTE INDICATOR output and the SELECT (-) 
input of LL. The DOWN level OCP ENABLE output from LL removes control from the 
FORWARD, REVERSE, and REWIND pushbuttons on the operator control panel. The 
REMOTE INDICATOR output lights the REMOTE pushbutton indicator "white". 

A DOWN level SELECT (-) input to LL causes the UNIT SELECT (-) and SELECT & 
REMOTE (-) outputs from LL to go to the DOWN level and enables the SELECT & REMOTE 
INDICATOR output of LL. The SELECT & REMOTE INDICATOR output lights the REMOTE 
pushbutton indicator "red". The SELECT & REMOTE (-) output is applied to RL and resets 
the UNIT SELECT (+) output from RL to an UP level. The SELECT & REMOTE (-) input to 
RL also enables the REWIND COMMAND (-) and REWIND AND LOCKOUT (-) inputs to RL. 
The UNIT SELECT (+) output from RL performs the following functions: 

(a) Enables the HI/LO DENSITY and READY (+) inputs to RL and 
the REWINDING (+) input to the REWINDING STATUS (-) 
circuit of RL. The READY (-) output from RL goes to the 
DOWN level when the READY (+) input is enabled. 

(b) Enables the BOT (-) and EOT (-) outputs to the external equipment. 

(c) Enables the RUN/STOP and FWD/REV inputs (or the FWD/STOP 
and REV/STOP inputs) to FL. 

4-38. Forward and Reverse (RUN/STOP and FWD/REV Inputs). When the standard forward/ 
reverse logic PCB is supplied, a direction level must be established prior to the run tran
sition to move tape at normal speed in either the forward or reverse direction. An interval 
of 5 microseconds (minimum) should separate the commands. A DOWN level on the FWD/ 
REV input line to FL, followed (after 5 microseconds) by a transition to the DOWN level on 
the RUN/STOP input line to FL, will cause the tape to run forward. An UP level on the FWD/ 
REV line, followed by a DOWN level on the RUN/ STOP line, will cause the tape to run in the 
reverse direction. A transition from 0 volts to -12 volts on the RUN/STOP line constitutes 
a run command. A transition from -12 volts to 0 volts constitutes a stop command. Forward 
and reverse are selected as follows: 

(a) Forward. When the FWD/REV input to FL is set to -12 volts, the 
RUN/STOP input controls the forward run output. The transition of 
the RUN/STOP input to -12 volts sets the FWD (-) output from FL to 
the DOWN level. A DOWN level FWD (-) output from FL causes the 
tape drive system to move tape in the forward direction. 

4-27 



(b) Reverse. When the FWD/REV input to FL is set to 0 volts and the BOT 
tab is not sensed, the RUN/STOP input controls the REV (+) output from 
FL. If the BOT tab is sensed, the run command is ignored. The tran
sition of the RUN/STOP input to -12 volts sets the REV(+) output from 
FL to the UP level. An UP level REV (+) output from FL causes the tape 
drive system to move tape in the reverse direction. 

4-39. Forward and Reverse (FWD/STOP and REV/STOP Inputs). When the forward/reverse 
logic -C PCB is supplied, a level transition on one of the two direction lines establishes the 
direction and run command required to move tape at normal speed in either the forward or 
the reverse direction. A transition to the DOWN level on the FWD/STOP input line to FL 
will cause the tape to run forward. A transition to the DOWN level on the REV/STOP input 
line to FL will cause the tape to run in the reverse direction. A transition to the DOWN 
level on both lines will cause tape motion to stop (caused by improper input to logic circuits 
of the tape drive system). A transition from 0 volts to .-12 volts constitutes a run command. 
A transition from -12 volts to 0 volts constitutes a stop command. Forward and reverse are 
selected as follows: 

(a) Forward. A transition to -12 volts at the FWD/STOP input to FL 'sets 
the FWD (-) output from FL to the DOWN level. A DOWN level FWD (-) 
output from F L causes the tape drive system to move tape in the forward 
direction. 

(b) Reverse. When the BOT tab is not sensed, a transition to -12 volts at 
the REV/STOP input to FL sets the REV (+) output from FL to the UP 
level. An UP level REV (+) output from FL causes the tape drive 
system to move tape in the reverse direction. 

4":40. Stop. Once initiated, tape motion continues as long as the RUN/STOP input (or the 
FWD/STOP or REV/STOP input) remains. at -12 volts unless the BOT tab is sensed or the 
STOP, REMOTE, or LOCAL pushbutton is pressed. The FWD (-) or REV (+) output from 
FL is reset by the BOT or MASTER RESET (+) input to FL. The FWD (-) or REV (+) output 
from FL is also reset by the transition of .the RUN/STOP input (or the FWD/STOP or REV / 
STOP input) to 0 volts. The MASTER RESET (+) input to FL is set to the UP level by the 
respective PB input to LL when the STOP, REMOTE, or LOCAL pushbutton is pressed. 
When the STOP or LOCAL pushbutton is pressed, the tape transport is set to local mode. 
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NO'., 
When the EOT tab is sensed in the remote mode, tape motion 
is not stopped. The EaT (-) output to the external equipment 
indicates the EaT tab is being sensed. The external equip
ment must set the RUN/STOP input (or the FWD/STOP input) 
to zero volts to stop tape motion. This is provided so that if 
an operation is being performed when the EOT tab is sensed, 
the <?peration can be completed before the tape is stopped. 



4-41. Rewind. When the REWIND COMMAND (-) input to RL is at the DOWN level, the 
REWIND (-) output is set to the DOWN level, causing the tape drive system to initiate tape 
rewind as described in paragraph 4-35. Tape rewinding continues until the BOT tab passes 
the photosense head or the STOP pushbutton is pressed. If the STOP pushbutton is pressed, 
tape motion is stopped as described in paragraph 4-34; the MASTER RESET (+) signal also 
resets the tape transport to local mode. As the BOT tab passes the photosense head, the 
BOT (+) input from PH applies an UP level to the BOT (+) inputs of FL and RL. The BOT (+) 
input to RL resets the REWIND (-) outputs. The BOT (+) input to FL resets the FWD and 
REV outputs. This stops tape motion and rewind is complete, except as described in para
graph 4-35. The time delay circuit prevents the REWINDING (-) status signal from going 
FALSE for a period of 500 milliseconds after reverse tape motion stops, thus allowing the 
tape to be returned to the BOT tab. The BOT (-) status output is held FALSE during rewind 
by the REWINDING (-) signal from RL. 

NOTE t 

The REWIND COMMAND (-) input must be 
disabled by the external equipment during 
forward and reverse commands. The RUN/ 
STOP input (or the FWD/STOP and REV / 
STOP inputs) must be disabled by the external 
equipment during rewind. 

4-42. Rewind and Lockout. When the REWIND AND LOCKOUT (-) input to RL is at the 
DOWN level, it causes the tape to be rewound as described in paragraph 4-41. The DOWN 
level REWIND AND LOCKOUT (-) input to RL causes the GO LOCAL (-) output to go to the 
DOWN level, which resets the tape transport to the local mode. 

NOT. 

The REWIND AND LOCKOUT (-) input must 
be disabled by the external equipment during 
forward and reverse commands. The RUN/ 
STOP (or the FWD/STOP and REV/STOP 
inputs) must be disabled by the external 
equipment during the rewind and lockout 
operation. 
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4-43. Density Select Output. During remote mode operation, the HI/La DENSITY input 
to RL is enabled by the SELECT & REMOTE (-) input. When the HIGH/LOW DENSITY 
pushbutton switch is in the HIGH position, the HI/La DENSITY STATUS output from RL is 
at the DOWN level; when the switch is in the LOW position, the output is at the UP level. 
The HI/La DENSITY STATUS output is supplied to the external equipment through pin C 
.of}4 (or pin Y of}4 when the optional data .electronics is supplied) on the input/output paneL 

4 -44. READ/WRITE HEAD ASSEMBLY. 

The tape transport uses a dual...,stack head assembly for read and write functions. 
Head operation is electrically independent of other tape transport components (except when 
the optional data electronics is supplied) although accurate tape contact with the head 
assembly is derived mechanically from related transport parts. Read/write amplifiers and 
detectors are required to reproduce or deliver data signals to and from the head assembly 
when the optional data electronics is not supplied. An erase head may be incorporated as 
an optional feature. 
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5-1. GENERAL. 

SECTION V 
MAINTENANCE 

The TM-ll Tape Transport is designed to require minimum maintenance and 
service. Figures.5-1. 5-2. and 5-3 assist in rapid identification of major components. A 
listing of the tools and test equipment used in maintenance of the tape transport will be fOUIid 
in Table 5 -5 at the end of this section. 

5-2. PREVENTIVE MAINTENANCE. 

A program of planned preventive maintenance will prevent unscheduled down time. 
Maintenance procedures may be scheduled by either the number of eight hour shifts, or by 
the hours of running time. (Refer to Table 5 -1. ) 

Lubriation of the tape transport is not necessary. 

5-3. CLEANING THE TAPE DECK . 

. Check the tape deck as follows: 

Step 1: 

Solvents such as carbon tetrachloride may 
dissolve the head lamination adl:tesive. Use 
Ampex Head Cleaner (Catalog No. 087-007) 
for the head and metal guides. Denatured 
alcohol may be used for the capstan. vacuum 
chambers. and all rubber components. 

Ampex Head Cleaner shall not be used to clean 
rubber parts as its use will damage the rubber. 

Cleaning agents must not come in contact with 
the tape. Cleaning agents must not be allowed 
to penetrate bearings. 

Use a clean, lint-free cloth or cotton swab moistened with Ampex Head 
Cleaner to carefully wipe off all oxide and dirt that may be gathered ort 
or around head stacks, head cover, tape cleaner, and tape guides. 
Allow the cleaning agent to evaporate completely before loading tape 011 
the transport; the fluid agent may-damage the tape. 
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TABLE 5-1 
SCHEDULE OF PREVENTIVE MAINTENANCE 

MAINTENANCE FREQUENCY APPROX TOTAL TEXT 
OPERATION SHIFTS HOURS MIN EA QTY TIME REF 

Clean tape deck 1 8 3 1 3 5-3 

Clean positive -pres sure filter 15 120 5 1 5 5-6 

Clean capstan -motor filter 15 120 5 1 5 5-7 
screen 

Clean tape cleaners 100 800 3 2 6 5-4 

Clean cabinet 200 1600 10 1 10 5-5 

Replace capstan motor and 300 2400 10 1 10 5-10 
capstan 

Check vacuum -blower 1250 10,000 3 4 12 5-17 
motor brushes, 

Check reel motor brushes. 625 5000 3 4 12 5-14 

Replace. positive -pressure un~t 625 5000 15 1 15 --

Replace photosense head 1250 10,000 15 1 15 5-12 
assembly 

Replace reel motor and reel 1250 10,000 20 2 40 5-13 . 
brake 

Replace vacuum -blower unit 1250 10,000 15 1 15 5-17 

Replace loop sensor assembly 1250 10,000 5 8 40 --

Replace cabinet blower unit 1250 10,000 15 1 15 --

Replace reel tachometers and 3750 30,000 10 2 20 5-18 
pulleys 
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Step 2: Carefully place a clean,' lint-free cloth or cotton swab moistened with 
alcohol against the capstan. and tachometer pulley. Rotate the capstan and 
pulley by hand until all oxide and dirt· are removed. 

Step 3: Using a clean, lint-free cloth or cotton swab moistened with alcohol, 
throughly clean inside surfaces of thevacuum chambers. Remove 
oxide and dirt from the loop sensors and lamp windows. 

Step 4: Clean vacuum chamber covers by repeating above procedure. 

Step 5: Using a clean, lint-free dry cloth or cotton swab, thoroughly clean the 
surface of the photosense head. 

Step 6: Using a clean, lint-free dry cloth, thoroughly clean the surface of the 
tape ledge. 

5-4. CLEANING THE TAPE CLEANERS. 

Clean the tape cleaners as follows: 

Step 1: Remove the cleaner blades by loosening the blade retaining screws; the 
blades can then be removed from the cartridge. 

Step 2: Using a clean, lint-free cloth or cotton swab moistened with Ampex Head 
Cleaner, carefully wipe off all oxide and dirt that may have gathered on or 
around the corners and mating surfaces. 

Step 3: Reinstall blades and retaining screws, taking care that the blades are 
flush against the mating faces of the cartridge so that the tape path is not 
disturbed. 

5-5. CLEANING THE CABINET. 

5-6 

The entire cabinet housing the tape transport, the tape transport units, and the 
cabinet blower filter should be thoroughly cleaned. 

The window of the reel access door is plastic. 
Clean with a soft cloth moistened with denatured 
alcohol. Do not clean window with dry cloth. 



5-6. CLEANING THE POSITIVE-PRESSURE FILTER. 

Clean the positive -pressure filter as follows: 

Step 1: Remove the glass filter bowl by unscrewing the bowl from the filter 
body. 

Step 2: Remove the felt filter element. 

Step 3: Clean the filter element in alc.ohol and dry thoroughly. 

Step 4: Reassemble by reversing the procedure followed during disassembly. 

5-7. CLEANING THE CAPSTAN-MOTOR FILTER SCREEN. 

, Clean the capstan-motor filter screen as foHows: 

Permanent-Magnet-Field Motor. 

Do not attempt to disassemble the capstan motor 
for any purpose. The field magnet is extremely 
powerful, and must be demagnetized before the 
motor can be disassembled. The motor should 
be returned to the manufacturer for any repairs 
requiring disassembly. . 

Using a vacuum cleaner with a small brush attachment, vacuum all dust 
from the 14 screened air -intake ports on the capstan motor. 

Electromagnetic -Field Motor. 

Step 1: Remove the filter-screen cap from the motor air intake (located 
between the two cooling hose fittings). 

Step 2: Wash the filter-screen cap in a mild detergent solution, rinse~ and 
thtilU dry thoroughly. 

Step 3: Replace the filter-screen cap on the ,motor air intake. 

5-7 



5-8. REMOVAL AND REPLACEMENT PROCEDURES. 

5-9. UPPER OVERLAY PLATE REMOVAL AND REPLACEMENT. 

An upper overlay plate covers the mechanism of the tape deck. Remove the overlay 
plate as follows: 

5-10. 

5-8 

Step 1: Unload the tape from the transport. 

Step 2: Remove the fixed reel and hub assembly. The reel and hub assembly 
is held in place by three screws. 

Step 3: Remove the upper overlay plate. The overlay plate is held in place by 
four screws; two screws are located under each tape reel. 

Step 4: Reassemble by reversing the procedure followed during disassembly. 

CAPSTAN-MOTOR AND CAPSTAN REMOVAL AND REPLACEMENT. 

WARNING I 
Disconnect electrical power to prevent injury 
to personnel or damage to equipment. 

Step 1: Remove the upper overlay plate by following the procedure of 
paragraph 5 -9 . 

Step 2: Remove the capstan retaining screw. 

The capstan is a precision device which should be 
handled with extreme care. Handle the capstan by 
the hub to avoid contact with the peripheral surfaces 
of the capstan. A hub-type capstan puller should be 
used to remove the capstan. 

Step 3: Remove the capstan from the capstan motor shaft. 

Step 4: Disconnect the electrical wiring from the capstan motor. 



5 -11. 

5-12. 

Step 5: Remove the four screws holding the capstan motor to the tape deck 
casting (the motor must be supported while the screws are removed). 
Lift the capstan motor out of the tape deck casting from the rear. 

Step 6: Reassemble by reversing the procedure followed during removal. 

READ/WRITE HEAD REMOVAL AND REPLACEMENT. 

The head assembly is a precision instrument 
which should be handled with extreme care. 

Step 1: Remove the overlay plate by following the procedure of paragraph 5-9. 

Step 2: Remove the two screws securing the read/write head assembly to the 
tape deck casting. 

Step 3: Pull the read/write head assembly out to disconnect the electrical 
connectors. 

Step 4: Replace the read/write head assembly by reversing the procedure followed 
during removal. 

PHOTOSENSE HEAD REMOVAL AND REPLACEMENT. 

I WARNING I 
Disconnect electrical power to prevent injury to 
personnel or damage to equipment. 

Step 1: Remove the three screws holding the tape ledge in place. 

Step 2: Pull the tape ledge away from the tape deck to allow access to the two 
screws attaching the photosense mounting bracket to the deck. Remove 
the two screws . 

Step 3: Disconnect the photosense head fanning-strip electrical connector from 
A1A1TB4. 
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5-13. 

5-14. 

5-10 

Step 4: 

Step 5: 

Step 6: 

Pull the photo sense head electrical cable through the tape deck casting 
to remove the photo sense head and mounting bracket. 

Remove the two· Screws holding the photosense head to the mounting 
bracket and remove the photo sense head from the bracket. 

Replace the photosense head by reversing the procedure followed 
during removal. 

REEL RETAINER REMOVAL AND REPLACEMENT. 

Remove the IBM Type reel retainer as follows. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Remove the reel retainer cover assembly by rotating the locking knob 
counterclockwise. 

Remove the three Allen -head screws attaching the reel retainer base 
assembly to the reel motor turntable and remove the base assembly 
and turntable shim s . 

Replace the reel retainer by reversing the procedure foilowed during 
removal. Do not install the turntable shims at this time. 

Apply power to the tape transport. Load a reel of tape on the transport. 

Program the tape transport for forward and reverse operation. Check 
tape tracking at the reel of the newly installed reel retainer. Install 
turntabie shims (removed during Step 2) as necessary to obtain proper 
tape tracking. 

REEL MOTOR ASSEMBLY REMOVAL AND REPLACEMENT. 

Remove the reel motor assembly as follows: 

Step 1: 

Step 2: 

Step 3: 

Remove the reel (file or fixed) from the reel motor to be replaced. 
Ifa permanently-mounted fixed reel is used, the reel is held in place 
by three screws located under the dust cap at the center of the reel. 
Remove the three screws; remove the fixed reel and hub assembly 
and the turntable shims. 

Where used, remove the reel retainer in accordance with the procedure 
of paragraph 5-13. 

Remove the reel bra,ke in accordance with the procedure of paragraph 
5-15. 



5 -15. 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Step 9: 

Step 10: 

Step 11: 

Disconnect the reel motor electrical cable from terminal board 
AIAITB2. 

Remove the four nuts securing the reel motor to the tape deck casting. 
Remove the reel motor. 

NOTI 

Note the position of any shims located 
under the flange of the reel motor; re
tain the shims for use during reassembly. 

Install the reel motor in the tape deck casting. Install the shims 
removed during Step 5 in the same position from which they were 
removed. 

Check that the turntable base is parallel within O. 002-inch to the 
machined face of the tape deck casting. If necessary, relocate the 
shims installed in Step 6. 

Install the reel brake in accordance with the procedure of paragraph 
5 -15. 

Replace the permanently -mounted fixed reel removed in Step 1 (or the 
reel retainer removed in Step 2) by reversing the procedure followed 
during removal. Do not install the turntable shims at this time. 

Apply power to the tape transport. Load a reel of tape on the transport. 

Program the tape transport for forward and reverse operation. Check 
tape tracking at the reel of the newly installed reel motor. Install 
turntable shims as necessary to obtain proper tape tracking. 

REEL MOTOR BRAKE AND BRAKE LINING REMOVAL AND REPLACEMENT. 

Remove the reel motor brake and brake lining as follows. 

Step 1: Apply power to the transport and operate the TAPE LOAD switch. 
Ensure that the brake is in the energized position so that the reel 
rotates freely. 

To prevent loss of parts of the assembly 
due to spring, action, the brake should not 
be removed in the deenergized condition. 
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5-16. 

5-12 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Step 9: 

Step 10: 

With power applied, remove the four screws from the rear of the brake 
housing. Remove the brake assembly from the reel motor. (See 
Figure 5 -4.) 

Remove the reel brake lining assembly from the reel motor hub. ' 

To replace the brake lining assembly with a new part, place the new 
lining assembly onto the motor brake hub and reassemble the brake 
assembly, reversing the procedures outlined in Steps 2 and 3. Adjust 
the air gap in accordance with the procedure of paragraph 5 - 25. 

To replace the complete brake assembly, place the brake lining as
sembly removed in Step 3 into the brake housing. Remove the four 
mounting screws from the end plate. Place the end plate on the'brake 
housing and secure, using the four long screws removed in Step 2. 

Remove power from the transport. 

Disconnect the electrical cable of the brake from terminal board 
A1A1TB2. 

Connect the electrical cable of the new brake assembly to terminal 
board AlAI TB2. 

Apply power to the transport. 

Install the new brake assembly by reversing the procedures outlined in 
Steps 2 and 5 .. Adjust the air gap in accordance with the procedure of 
paragraph 5 -25. 

Do not remove the four long ,screws 
from the rear of the brake assembly 
before applying power to the transport. 

VACUUM CHAMBER REMOVAL'AND REPLACEMENT. 

Remove the vacuum chamber as follows. 

Step 1: 

Step 2: 

Remove the reel access door in accordance with the procedure of 
paragraph 5 - 20. 

Open the lower overlay door. 
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5-17. 

5-18. 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Step 9: 

Remove the vacuum chamber covers. 

Disconnect the electrical cables of the loop sensor assemblies at 
terminal board AlAI TB3. 

Disconnect the vacuum interlock tubing at the rear of the vacuum 
chamber. 

Loosen the screws securing the tape ledge. 

Remove the four screws attaching the vacuum chamber to the tape 
deck casting. Remove the screw at the bottom of the chamber securing 
the chamber bracket to the vacuum plemim. Pull the lower end of the 
chamber away from the tape deck to disconnect the vacuum -plenum 
supply tubing from the chamber outlet port. 

Remove the vacuum chamber. 

Replace the vacuum chamber by reversing the procedure followed 
during removal. 

CHECKING REEL MOTOR AND REPLACEMENT OF BRUSHES. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Remove reel. 

Grasp holddown knob firmly, move it in and out, checking for shaft 
end play. 

If any noticeable end play is felt, remove and replace reel motor in 
accordance with the procedure of paragraph 5 -14. 

Remove the screws holding the end dust cap on the motor and remove 
the dust cap. 

Remove the brushes from the brush holders; install new brushes. 

Reinstall the end dust cap. 

VACUUM -BLOWER UNIT AND MOTOR BRUSH REMOVAL AND REPLACEMENT. 
(See Figure 5-5.) 

Steps 1 through 6 describe the procedure for removing and replacing the vacuum-
. blower unit. Steps 7 and 8 are used for motor brush removal and replacement. . 

Step 1: Disconnect the power cable from the vacuurri -blower unit. 
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Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Remove the power connector from the blower motor bracket by pressing 
the two nylon legs toward the center of the connector; then push the 
connector through to the inside. 

Remove the three. screws securing the blower motor bracket to the 
bottom of the vacuum plenum. 

Remove the two nuts securing the blower motor bracket to the bracket 
support rods. 

Remove the blower motor bracket and the vacuum-blower unit. 

If the vacuum -blower unit is being replaced, reassemble by reversing 
the procedure followed during disassembly. 

Remove the screws holding the brush dust caps in place and remove the 
dust caps. Remove the copper clips holding the brushes in place by 
gently prying out with a screwdriver. Brushes will then pop out. 

·.01. 

Replace the brusha.ssembly when the 
brush does not extend.,at least 9/16-, .. 

inch (released condition) beyond the 
spring of the brush assembly. 

Replace the brushes by reversing the procedure of Step 7. 

5-19 ... ,REEL TACHOMETER ASSEMBLY REMOVAL AND REPLACEMENT. 

5-16 

Remove and replace the tachometer assembly In the following manner. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Disconnect the electrical connection at the rear of the tachometer. 

Remove the three screws holding the reel tachometer assembly to 
the tape deck casting. Lift the assembly out of the casting. . 

Remove the reel tachometer pulley from the shaft of the tachometer. 

Replace the reel tachometer assembly by reversing the disassembly 
procedure. 

Check the tracking of tape on the transport and adjust the position of· 
the reel tachometer pulley as necessary. 



5-20. 

5-21. 

REEL ACCESS DOOR REMOVAL AND REPLACEMENT. 

Remove the reel access door in the following manner: 

Step 1: 

Step 2: 

Remove the two screws attaching the reel access door lower stops to 
the side trim (one screw and stop on each side of the transport). 
Remove the stops. 

Slide the reel access door down until the door clears the notch cutout 
in side trim and remove the door. 

WRITE-ENABLE SWITCH ASSEMBLY REMOVAL AND REPLACEMENT. 

Remove and replace the write -enable switch assembly as follows (Step 5 is unique 
to switch replacement and Step 6 is unique to actuator assembly replacement): 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Disconnect the electrical cable of the write-enable switch from 
terminal board A1A1TB3 on the rear of the tape deck. 

Remove the two screws attaching the write -enable switch assembly to 
the tape deck casting and remove the assembly from the casting. 

Disconnect the positive -pressure supply tubing from the rear of the 
pneumatic actuator. 

Remove the two screws attaching the switch to the actuator assembly 
and remove the switch. 

Switch Replacement Only: Label each wire at switch to identify location, 
unsolder at terminals, and remove wires from switch. Attach the new 
switch tothe actuator assembly using the two attaching screws removed 
in Step 4, but do not tighten the screws. Connect the wires removed 
from the old switch to the correct terminals on the new switch and 
solder the three connections. 

Actuator Assembly Replacement Only: Attach switch to the new actuator 
assembly, using the two attaching screws removed in Step 4, but do not 
tighten the screws. 

Position the switch to be actuated when the bottom (opposite the pivot 
end) of the sensor unit is moved toward the switch 2 to 5 degrees from 
a position parallel to the front of the assembly bracket. Tighten the 
two switch attaching screws. 
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5-22. 

5 -23. 

5-18 

Step 8: 

Step 9: 

Replace the write -enable switch assembly by reversing the procedure 
followed during removal (Steps 1 through 3). 

Adjust the write-enable switch assembly in accordance with the 
procedure of paragraph 5-32. 

ADJUSTMENTS. 

VACUUM ADJUSTMENT. 

Adjust the vacuum pressure as follows. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Disconnect the tubing connecting the bottom interlock sense port of one 
of the vacuum chambers to the associated vacuum interlock switch at 
the switch end. Connect the loose end of the tubing to a vacuum gauge 
capable of measuring a to 35 in. -of-water to an accuracy of ±5%. 

Do not operate the tape transport in 
forward or reverse with the vacuum 
gauge connected. 

Adjust the tape loops in the file reel and fixed reel vacuum chambers 
so that the loops are halfway between the middle two loop sensors. 

Press the door interlock override pushbutton. 

Systems Using the Autotransformer Assembly: Measure the line 
voltage between terminals.11 and 12 of terminal board A1A2TB1 in 
the autotransformer assembly. Adjust the vacuum bleeder valves to 
obtain the vacuum shown inTable 5-2 for the line voltage measured. 
The bleeder valves are located at the back of the vacuum plenum 
adjacent to the capstan motor cooling hoses. (See Figure 5-2 .. ) 

Systems Using the Vacuum Control Assembly: Adjust potentiometer 
R6 jn the vacuum control assembly for a vacuum pressure of 23±1 
inches -of-water, as indicated on the vacuum gauge. Potentiometer R6 
is located adjacent to the fixed reel vacuum chamber. (See Figure 5 -1. ) 

Disconnect the vacuum gauge. Reconnect the tubing to the vacuum 
switch. 
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TABLE 5-2 
VACUUM VS LINE VOLTAGE 

LINE VOLTAGE VACUUM 
(RMS) (INCHES OF H2O) 

-10% 19 ±1 

NOMINAL 23 ±1 

+10% 27 ±1 

LOGIC POWER SUPPLY ADJUSTMENTS. 

Perform the following steps. (See Figure 5-6 for potentiometer location.) 

Step 1: 

Step 2: 

Step 3: 

Connect a DC digital voltmeter (DVM) between terminals 6 and 8 of 
terminal board A2A4TBI on the logic power supply (use terminal 8 as 
the zero volt reference). Adjust RIO (bottom potentiometer) on the 
power-supply regulator PCB to obtain +12.00 ±0.06 volts at terminal 6, 
as indicated on the DVM. 

Connect the DVM between terminals 2 and 4 of A2A4TBI (use terminal 4 
as the zero volt reference). Adjust R26 (top potentiometer) on the 
regulator PCB to obtain -12.00 ±O. 06 volts at terminal 2, as indicated 
on the DVM. 

Connect the DVM between terminals 10 and 12 of A2A4TBI (use terminal 
12 as the zero volt reference). Adjust R48 (middle potentiometer) on 
the regulator PCB to obtain -6.00 ±O. 03 volts at terminal 10, as indicated 
on the DVM. 

REEL BRAKE AIR -GAP ADJUSTMENT. 

Adjust the reel brake air-gap as follows. (See Figure 5-4.) 

Step 1: 

Step 2: 

Step 3: 

Remove power from the brake coil. 

Measure the air -gap between the armature and the outer pole of the 
electromagnet. The gap should be 0.015 ±O. 003 inch. If required, 
reset the air-gap in accordance with the procedures of Steps 3 through 8. 

Apply power to the brake coil. 
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Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Loosen the four screws securing the brake to the end plate. 

Rotate the adjusting sleeve to change the air -gap (one turn equals a 
0.062-inch change in the air-gap). 

Retighten the four screws loosened in Step 4. 

Remove power from the brake coil. 

Recheck the air-gap as described in Step 2. Repeat Steps 3 through 8 
if required. 

POSITIVE -PRESSURE ADJUSTMENTS. 

Adjust the pressure settings of the positive-pressure interlock switch and the 
positive-pressure regulator as follows (Step 4 is unique to setting the interlock-switch low 
pressure point): 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6; 

Remove the machine screw which seals the test fitting located on the 
positive -pressure manifold plate. Connect a 0 to 30 psig (±5 percent 
accuracy) pressure gauge to the test fitting. 

Apply power to the transport and press the STOP pushbutton. 

Using a 15/16-inch wrench, loosen the locknut on the positive-pressure 
regulator (hold the regulator body in place with a 3/4-inch open-end 
wrench to prevent the regulator body from turning with the locknut). 

Interlock-Switch Adjustment: Rotate the knurled knob on the pressure 
regulator in the counterclockwise direction (viewed from the knob end) 
to obtain a positive pressure of 5 ±1 psig, as indicated on the pressure 
gauge. Rotate the milled-edge wheel on the interlock switch assembly, 
as required, to obtain a setting where the switch is just actuated. 
Clockwise rotation of the wheel (viewed from the switch side) causes 
the switch to be actuated at a higher pressure; counterclockwise rotation 
causes actuation at a lower pressure. 

Rotate the knurled knob on the pressure regulator, as required, to 
obtain a positive pressure of 12 ±1 psig, as indicated on the pressure 
gauge. Clockwise rotation of the knob (viewed from the knob end) 
causes an increase in pressure; counterclockwise rotation causes a 
decrease in pressure. 

Tighten the locknut on the positive-pressure regulator. Ensure that 
the pressure setting is the same after the locknut is tightened. 
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Step 7: Disconnect the pressure gauge from the manifold fitting. Reseal the 
fitting with the machine screw removed in Step 1. Remove power 
from the tran sport. 

CAPSTAN SERVO SYSTEM ADJUSTMENTS. 

The capstan servo system adjustments are accomplished by potentiometers on the 
capstan servo control PCB assemblies (CA, CI, and CV). See Figure 5-6. When an 
electromagnetic -field capstan motor is used, an additional potentiometer located in the 
capstan servo assembly is used for adjustment of the field current. 
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NOTE 

Verify that power supply outputs are within 
0.5 percent of nominal value before making 
capstan servo system adjustments. 

Adjust the capstan servo system as follows. (See Figure 5-7.) 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Remove the capstan current control PCB (Cl, J12) from the control 
electronic s card cage. Adjust R 12 (top potentiometer) on CI fully 
counterclockwise. 

Do not disconnect capstan -motor field-winding 
lead with armature voltage applied. 

Electromagnetic-Field Capstan Motors Only: Adjust R44 on the capstqn 
servo assembly fully counterclockwise. Disconnect the capstan -motor 
field-winding lead at terminal A2Al TBI-2 on the capstan servo assembly. 
Connect a 0 to 5 ampere (±5 percent accuracy) ammeter between the dis
connected lead and terminal A2Al TBI-2 (connect the positive terminal 
of the ammeter to terminal A2A 1 TB 1 -2) . 

Connect an isolated DC voltmeter across the capstan -motor armature 
terminals (terminals A2AITBI-3 and A2AITBI-4 may be used). 

Apply power to the transport. Load a reel of tape on the transport, but 
do not place the tape around the capstan or capstan tape guides. 

Press the STOP pushbutton. Wait 30 seconds for the initial turn -on 
transient to disappear. 
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TABLE 5-3 
PREQUENCY VS TAPE SPEED 

TAPE SPEED COUNTS-PER-SECOND (800 BPI)* 

120 ips 48,000 ±480 

ll2.5 ips 45, 000 ±450 

75 ips 30, 000 ±300 

* Equation used: (Tape speed) x (BPI of tape) = counts-per-second 
Tolerance: ±1 percent 2 

Step AS: 

Step A6: 

Step A7: 

Recheck the speed in the forward direction and readjust R32, if 
necessary. Press the STOP pushbutton. 

CVE Capstan Velocity PCB Assemblies Only: Press the FORWARD 
pushbutton and transfer approximately 600 feet of tape to the fixed 
reel. Press the STOP pushbutton. Press the REWIND pushbutton. 
Adjust R42 (fourth -from -top potentiometer of five potentiometers) 
on CVE until the frequency counter indicates 120, 000 ±6000 counts
per-second (corresponding to a tape speed of 300 ±15 ips). Allow 
the tape to rewind completely. 

Remove power from the transport. 

METHOD B. U sing Stroboscope. 

Step Bl: 

Step B2: 

Step B3: 

Step B4: 

Load a reel of tape on the transport. 

Press the FORWARD pushbutton. Adjust R32 (third-from-top 
potentiometer) on the capstan velocity PCB (CV, J 14) until the 
capstan is rotating at the rpm (as measured with the stroboscope) 
listed in Table 5 -4 for the aPplicable tape speed. Press the STOP 
pushbutton. 

Press the REVERSE pushbutton. Adjust R36 (bottom potentiometer) . 
on CV as for R32, with the tape moving in the reverse direction. 
Press the STOP pushbutton. 

Recheck the speed in the forward direction and readjust R32, if 
necessary. Press the STOP pushbutton. 
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TABLE 5-4 
CAPSTAN RPM VS TAPE SPEED 

(CAPSTAN SPEED ADJUSTMENT) 

TAPE SPEED CAPSTAN RPM* 

120 ips 918 flO 

112.5 ips 735 ±8 

75 ips 574 ±6 

*Equation used: (7.65) x (tape speed) = RPM 
Tolerance: ±1 percent (rounded off) 

Step B5: CVE Capstan Velocity PCB Assembly Only: Press the FORWARD 
pushbutton and transfer approximately 600 feet of tape to the fixed 
reel. Press the STOP pushbutton. Press the REWIND pushbutton. 
Adjust R42 (fourth -from -top potentiometer of five potentiometers) 
on CVE until the capstan is rotating at 2295 ±1l5 rpm (as measured 
with the stroboscope). This rpm corresponds to a tape speed of 
300 ±15 ips. Allow the tape to rewind completely. 

Step B6: Remove power from the transport. 

Step 9: 

Step 10: 

Step 11: 

Step 12: 

Connect pin lQ of J13 to logic ground, using a clip leacL Insert the 
capstan current control PCB (CI) into J12 of the control electronics 
card cage. Apply power to the transport. Press the STOP push
button and wait 30 seconds. 

Jumper test points TPI (top) and.TP2 (center) on CI with a clip lead. 
Coruiect an oscilloscope to observe the waveform at test point TP3 
(bottom) on CI. Adjust R32 (bottom potentiOIp.eter) on CI until the 
positive and negative peaks of the waveform at TP3 are equidistant 
from zero volts, as indicated on the oscilloscope. 

Remove the clip lead between TPI and TP2 on CI. The voltage at TP3 
should be 0.00 ±O. 25 volts, as indicated on the oscilloscope. Remove 
the clip lead between pin 10 of J13 and logic ground. 

Connect the oscilloscope to observe the waveform at test point TP2 
(center) on CA. Adjust.R28 (bottom potentiometer) on CA for zero 
volts at TP2, as indicated on the oscilloscope. 



Step 13: 

Step 14: 

Step 15: 

Step 16: 

Step 17: 

Step 18: 

Step 19: 

Load a master tape (all ONE's) on the tape transport. Press the 
FORWARD pushbutton. Adjust R15 (top potentiometer) on CV for zero 
volts at TP2 on CA, as indicated on the oscilloscope. Press the STOP 
pushbutton. 

Press the REVERSE pushbutton. Adjust R33 (second-from-top potenti
ometer) on CV for zero volts at TP2 on CA, as indicated on the oscillo
scope. Press the STOP pushbutton. 

Press the REMOTE pushbutton. Using a programmer, program the 
transport to alternately drive forward for 20 ms, stop for 20 ms, 
drive reverse for 20 ms, and stop for 20 ms before repeating the cycle 
(a repetition rate of approximately 25 direction reversals per second). 
Connect the oscilloscope to a read head as shown in Figure 5 -8. Adjust 
R23 (third-from-top potentiometer) on CA to obtain a waveform similar 
to that shown in Figure 5 -9C. 

Adjust R26 (middle potentiometer) on CI to obtain the specified start 
time for the applicable tape speed, as indicated on the oscilloscope. 
The start times for the applicable tape speeds are as follows: 

(a) 120 IPS: 3.8ms. 

(b) ll2.5 IPS: 4.0 ms. 

(c) 75 IPS: 6.0 ms 

Sync the oscilloscope with the reverse STOP command. Adjust R23 
(third-from-top potentiometer) on CA for minimum amplitude of any 
satellites present during the r~verse OFF time (following the reverse 
stop), as indicated on the oscilloscope. (See Figure 5-9C for example 
of satellites.) 

Sync the oscilloscope with the forward STOP command. Adjust: Rl 
(second-from-top potentiometer) on CA for minimum amplitude of 
any satellites present during the forward OFF time (follOWing the 
forward stop), as indicated on the oscilloscope. 

Sync the oscilloscope with the forward RUN command. Adjust R12 
(top potentiometer) on CI to obtain an unmodulated leading-edge on the 
waveform during start time, as indicated on the oscilloscope. (See 
Figure 5 -9B for example of modulation.) Stop the transport. Press 
the LOCAL pushbutton.· 
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Step 20: 

Step 21: 

Step 22: 

Step 23: 

Step 24: 

Step 25: 

Step 26: 

Connect an isolated DC voltmeter across the capstan -motor armature 
terminals (terminals A2AITBl-3 and A2A1TBl-4 on the capstan servo 
assembly may be used). If required, adjust R14 (top potentiometer) 
on the capstan acceleration PCB (CA) to obtain zero volts between the 
capstan-motor armature terminals, as indicated on the voltmeter. 

Connect the oscilloscope to observe the waveform at test point TP2 
(center) on CA. If required, adjust R28 (bottom potentiometer) on CA 
for zero volts at TP2, as indicated on the oscilloscope. 

Press the REMOTE pushbutton. Using the programmer, program the 
transport to alternately drive forward for 20 ms, stop for 20 ms, drive 
reverse for 20 ms, and stop for 20 ms before repeating the cycle (a 
repetition rate of approximately 25 direction reversals per second). 
Connect the oscilloscope to a read head as shown in Figure 5 -8. 
Repeat Step 16, if required. 

Repeat Steps 17 and 18 with the addition of the following adjustment: 
Adjust R14 (top potentiometer) on CA for minimum amplitude of any 
satellites occurring approximately five milliseconds after the stop 
(Rl and R23 are adjusted for minimum amplitude of any satellites 
occurring immediately after the forward and reverse stops, 
respectively) . 

Sync the oscilloscope with the forward RUN command. Adjust R15 
(top potentiometer) on CV, if required, to obtain an instantaneous speed 
variation (ISV) of 10 percent or less during the 10-millisecond period 
following the forward start command, as indicated on the oscilloscope. 
(See Figure 5 -9C for example of ISV.) 

Sync the oscilloscope with the reverse RUN command. Adjust R33 
(sec ond -from -top potentiometer) on CV, if required, to obtain an ISV 
of 10 percent or less during the lO-millisecond period following the 
reverse start command, as indicated on the oscilloscope. Stop the 
transport. Press the LOCAL pushbutton. 

Connect the oscilloscope to observe the voltage at test point TP2 on 
CA. Press the FORWARD pushbutton and monitor the volwge at TP2 
on CA for several seconds. Press the STOP pushbutton. Press the 
reverse pushbutton and monitor the voltage at TP2 on CA for several 
seconds. Press the STOP pushbutton. Voltage in excess of 0.0 ±0.5 
volt during continuous run in either direction indicates excessive 
friction in the tape path. Remove power from the transport. 
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5 -28. REEL SERVO SYSTEM ADJUSTMENTS. 

The reel servo system adjustments are accomplished by potentiometers on the 
reel servo control PCB assemblies (RP and RR). See Figure 5 -6. 

NOI. 

Verify that power supply outputs are 
within 0.5 percent of nominal value 
before making reel servo system 
adjustments. 

5-29. Preliminary Adjustments. This portion of the adjustment procedure is to be 
followed only when the reel servo preamplifier PCB (RP) has been replaced. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Remove the reel servo preamplifier PCB (RP) from J15 of the control 
electronics card cilge. 

Connect an ohmmeter between terminals 1 and 2 of R8 (top potentiometer) 
on the reel servo preamplifier PCB (RP). Adjust R8 to obtain a resistance 
of 5000 ohms, as indicated on the ohmmeter. 

Connect the ohmmeter between terminals 1 and 2 of R9 (bottom potenti
ometer) on the PCB. Adjust R9 to obtain a resistance of 5000 ohms, as 
indicated on the ohmmeter. 

Insert the reel servo preamplifier PCB (RP) into J15 of the control 
electronics card cage. 

5 -30. Final Adjustments. This portion of the procedure is followed after the capstan 
servo system has been properly adjusted. 

Step 1: 

Step 2: 

5-30 

Apply power to the transport and load a reel of tape. Press the STOP 
pushbutton. Ensure that the tape loop in each vacuum chamber is 
between the FEED FWD and FEED REV loop sensors. 

Reel servo zero balance adjustment: Connect a DC voltmeter across 
test points 2TPI and 2TP2 on the reel servo driver PCB (RR). Adjust 
2R4 (top potentiometer) on RR for zero volts, as indicated on the volt
meter. Connect the voltmeter across test points ITPI and ITP2 on RR. 
Adjust lR4 (bottom potentiometer) on RR for zero volts, as indicated 
on the voltmeter. 



5-31. 

Step 3: 

Step 4: 

Fixed reel servo speed adjustment: JUIl1f1er test points TPI and TP2 
(bottom test points) on the reel servo preamplifier PCB (RP) with a clip 
lead. Press the FORWARD pushbutton. Adjust R8 (top potentiometer) 
on RP so that the tape loop in the fixed reel vacuum chamber remains 
between the LOOP SENSE FWD and FEED FWD loop sensors (located 
at the lower end of the vacuum chamber). Pres s the STOP pushbutton. 
Remove the clip lead. 

File reel servo speed adjustment: Jumper test points TP3 and TP4 (top 
test points) on the reel servo preamplifier PCB (RP) with a clip lead. 
Press the REVERSE pushbutton. Adjust R9 (bottom potentiometer) on 
RP so that the tape loop in the file reel vacuum chamber remains be
tween the LOOP SENSE REV and FEED REV loop sensors (located at 
the lower end of the vacuum chamber). Press the STOP pushbutton. 
Remove the clip lead. 

PHOTOSENSE THRESHOLD ADJUSTMENT. 

Adjust the photo sense threshold as follows. (See Figure 5-6.) 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Apply power to the transport. Load a test tape (with BOT and EOT 
reflective tabs attached) on the transport. (See Figure 3 -2 for correct 
tab placement.) Position the tape so that a BOT tab is over the outer 
section (away from the tape deck) of the photo sense head. 

Connect a DC VTVM or an oscilloscope to measure the voltage at pin 17 
of J9. Adjust lR2 (bottom potentiometer) on the photoamplifier PCB 
(PH, J9) until the voltage measured at pin 17 just switches from a nega
tive voltage (approximately -6 volts) to 0.0 ±O. 2 volts. Adjust 1R2 two 
full turns clockwise from the transition point setting. 

Position the tape so that no reflective tab is over the photo sense head. 
The voltage measured at pin 17 of J9 should switch from 0.0 ±O. 2 volts 
to a negative voltage when the BOT tab is moved off the photosense head. 

Position the tape so that an EOT tab is over the inner section (adjacent 
to tape deck) of the photosense head. 

Connect the DC VTVM or the oscilloscope to measure the voltage at 
pin 20 of J9. Adjust 2R2 (top potentiometer) on PH until the voltage 
measured at pin 20 just switches from a negative voltage (approximately· 
-6 volts) to 0.0 ±O. 2 volts. Adjust 2R2 two full turns clockwise from 
the transition point setting. 
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5-33. 

5-34. 

Step 6: Position the tape so that no reflective tab is over the photosense head. 
The voltage measured at pin 20 of J9 should switch from O. 0 ±O. 2 volts 
to a negative voltage when the EOT tab is moved off the photosense head. 

WRITE -ENABLE SWITCH ASSEMBLY ADJUSTMENT. 

Adjust the write -enable switch assembly as follows: 

Step 1: Loosen the two screws attaching the assembly to the tape deck casting. 
Adjust the assembly to position the sensor probe in the file reel write 
enable groove (ring removed). Tighten the two screws. . 

NOI. 

The sensor probe used with an IBM type 
reel consists of a headless screw located 
in the forward face of the hinged sensor 
unit at reel groove level. This headless 
screw is removed when an NAB type reel 
is used and the lower section of the sensor 
unit (from which the screw is removed) 
serves as the sensor probe. 

CHECKING OPERATIONAL PARAMETERS. 

START- AND STOP-TIME CHECKOUT. 

5 -35. Start Time Definition. Start time is defined as the time from the application of a 
RUN command until the tape passing over the read/write head has obtained the nominal 
speed. Start time is 3.8 ms maximum for 120 ips. 

5 -36. Stop Time Definition. Stop time is defined as the time from the application of a 
STOP command until all tape motion over the read/write head has ceased. Stop time is 
3.8 ms maximum for 120 ips. 

5 -37. Checkout Procedure. Start and stop times are checked by observing the output 
from a read head. The following equipment is required to check start and stop time. 

(a) Calibrated oscilloscope (Tektronix 535 or equivalent). 

(b) Master tape, recorded at 800 bpi. 
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(c) Read amplifier. 

(d) Start-stop programmer. 

Check the start and stop time as follows: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Apply power to the transport. Load the test tape on the transport. 
Press the STOP pushbutton. 

Connect the equipment as shown in Figure 5-10. 

Using the programmer, program the transport to start-stop in the 
forward and reverse directions at a rate of approximately 50 cycles 
per second. (10 ms forward, 10 ms stop, 10 ms reverse, and 10 ms 
stop. ) 

Trigger the oscilloscope with the programmer output to observe the 
start and stop characteristics. The leading edge of the read amplifier 
output must reach terminal voltage within 3. 8 ms* from initiation of 
RUN command, as shown in Figure 5-11. The trailing edge of the read 
amplifier output must intersect the zero axis within 3.8 ms* from 
initiation of STOP command. 

INTERCHANNEL TIME DISPLACEMENT ERROR (ITDE) CHECKOUT. 

The follOWing procedure permits measurement of interchannel time displacement 
error of any data track from any other data track or reference track. The procedure does 
not permit separation of errors introduced by write and read electronics. 

The follOWing equipment is required to measure ITDE: 

(a) Master tape recorded at 800 bpi. 

(b) Dual trace oscilloscope. 

(c) Read amplifiers. 

Check ITDE as follows: 

Step 1: 

Step 2: 

Step 3: 

*For 120 ips. 

Connect the test equipment as shown in Figure 5-12. 

Load the tape on the transport. 

Press the FORWARD pushbutton. A display such as is shown in 
Figure 5 -13 should appear on the oscilloscope. 

5-33 



5-34 

COMMAND TRANSPORT 
S IGNAL ---1I~--II" CONTROL 

CIRCUITRY 

--------------------------------~ .. TRIGGER INPUT 
OSCILLOSCOPE 

READ 
~~--+-;-.... AMPLIFIER I-----------------.,~VERT INPUT 

READ HEAD 

Figure 5-10 
Start- and Stop-Time Measurement, Test Setup 

FORWARD START - __ ~ START 

OPTION I ~--____ --__ --______ ~--~--~ FORWARD/STOP 
INPUT 

t-.....;----I REVERSE/STOP 
INPUT 

RUN/STOP 
INPUT 

FORWARD/REVERSE 
INPUT 

11"'---4 READ AMPLIFIER 
OUTPUT 

NOTE: All start and stop times to be 3.0 ms max 

Figure 5-11 
Start- and Stop-Time Measurement, Wave shape 



~.,,~_...p:t-___ ~ .. READ AMPLIFIER'-__ ~ ________ _ 

A TRIG 

DUAL - TRACE 
B OSCILLOSCOPE 

READ HEAD OF 
TRACK BEING CHECICID 

\~~')~"'+:"'----"READ AMPLIFIER'---..;.j 

Figure 5-12 
Interchannel Time Displacement Error, Test Setup 

REF~RENCE 
TRIGGER BIT 

.-

-~ [7 T\ 
/y I 

I 

I 
I 

I 
I 

I 

f 

" ~ :J" 
"," ~ ~ '..;:::::; 

~ 

'" 

r7 
" 

I---INTERCHANNEL TIME DIS 
ERROR FOR ONE HEAD 

PLACEMENT 

t-

~ V 

~ 7 
,-

,~ 

:..;;;:-' 
[7 

~ 

" 

"A" SWUP 

T SUPERIMPOSED 
TO FACILITATE 
MEASUREMENT 

.... ~ ~ '" .:4; ~ "B" SWEEP 
~ .... -

.:. , 
~ ~ t7 , 

: 
-

1 Microsecond/Div 

Figure 5-13 
Interchannel Time Displacement Error, TypicalWaveshape 

5-35 



5-39. 

5 -40. 

.Step 4: Switch the non -reference input of the oscilloscope to the other tracks 
in turn to measure the ITDE of each track with respect to the reference 
track. The ITDE must be as specified in Section I. 

PHOTOSENSE CHECKOUT. 

A test tape with reflective tabs attached is required to perform the following test. 

Check the photo sense as follows: 

Step 1: 

Step 2: 

Load the tape on the transport. 

Run the tape through completely. The tape transport should operate 
without interruption, but must stop whenever a tab passes over the 
photosensehead. 

TOOLS AND TEST EQUIPMENT. 

Table 5 -5 lists the general nature of tools and test equipment required to maintain 
the TM-11. Manufacturer's names and numbers are given only as a guide; any equivalent 
tool or test equipment may be used. 
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TOOL 

Capstan puller, hub type 
Gauge, thickness 
Mirror, inspection 
Penlight, heavy duty 
Pliers, diagonal cutting,S" 

Pliers, internal ring, 45° 
Pliers, long nose, 6" 
Pliers, needle nose, 6" 
Pliers, 7-1/2" 

TABLE 5-5 
SUGGESTED TOOLS 

Pressure gauge, 0 to 30 psig, ±5% 

Scale, steel, 6" 
Scissors, 2-1/2" blade 
Screwdriver, screw starter 
Screwdriver set, Phillips 
Screwdriver set, standard 

Screwdriver, stub, large 
Screwdriver, stub, medium 
Screwdriver, stub, small 
Scribe 
Soldering aid 

Soldering iron, low -voltage 
Stripper, wire 
Vacuum gauge, 0 to 35 in. H20, ±5% 
Wrench, adjustable, 6" 
Wrench, bristol 

Wrench set, Allen, handled, 0.35" through 9/64" 
Wrench set, open end, 15° and 75°, 

3/16" through 3/4" 

RECOMMENDEDEQUWMENT 

Ampex #3115577-10 
Starrett #66 
G.C. #5090 
Eveready #315 
Klein #202-5 

Truarc #21 
Klein #303-6 
Utica #777-6 
Proto #242 
Ampex #090-101 

Starrett #384 
Wiss #173 
Pearson #3 
Proto #9600A 
Snap-On #SD-130K 

Xcelite #R-5166 
Xcelite #R -3164 
Xcelite #R -184 
Starrett #70A 
Walsco #2530 

Weller #W -TCP 
Miller #100 
Ampex #090-028 
Crescent #AT16 
Allen #DS-060 

Allen #DS6075 
Williams # 1143PR 
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SECTIDN VI 
CIRCUIT DESCRIPTIDNS 

6-1. INTRODUCTION. 

This section contains detailed circuit descriptions of typical printed circuit board 
assemblies used in the transport electronics. The circuit descriptions are in alphabetical 
sequence by the mnemonic code of the PCB. Block diagrams and logic diagrams are included 
as an aid to the detailed explanation of the operation of each circuit. Schematic diagrams 
and assembly drawings of the PCB assemblies are located in Section VII. 

Circuit descriptions of special board assemblies, when required, are included in 
special addenda. 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

CAPSTAN ACCELERATION -C 
SCHEMATIC 3114632 

The capstan acceleration -C PCB assembly contains a summing amplifier, a limiting 
summing amplifier, an integrating amplifier, and two inverter stages . (See Figure 1.) 
Signal levels used in the following circuit descriptions are nominal. 

2. . THEOR Y OF OPERATION. 

Summing Amplifier. Transistors Q1, Q2, and Q3, and associated component parts 
form an operational summing amplifier. The REF (+) and REF (-) inputs are applied to the 
input summing junction of the amplifier through R6 and R 7, respectively. The OVERDRIVE 
input is applied to the summing junction through R5, CR1, and CR2. Diodes CR1 and CR2 
are used to isolate the summing junction from noise on the OVERDRIVE line. All the inputs 
are summed at the junction and balanced by inverse feedback through RlO. The output of the 
summing amplifier is applied to an external power amplifier through isolating resistor R22. 
Potentiometer R14 is used to adjust the initial balance of the summing amplifier, and is 
adjusted for zero volts across the capstan motor armature in the stopped condition, Re-· 
sistors R18 and R19 compensate the summing amplifier for the effects of supply voltage 
variations. 

FEEDBACK Output (Pin 9). The FEEDBACK output signal is derived in a summing 
junction having three inputs: the REV (+) input applied through R4, the REF (-) input 
applied through R8, and an AC signal from the summing amplifier applied through C5 and 
R9. All the inputs are summed at the junction and form the FEEDBACK output signal. 

Limiting Summing Amplifier. Transistors Q7, Q8, and Q9, zener diode VR1, and 
associated component parts form a limiting summing amplifier. Six inputs are applied to 
the input summing junction of the amplifier; the REF (+) input through R1 and R2, the 
REF (-) input through R3, the DRIVE (+) feedback through R39, the DRIVE (-) feedback' 
through R40, inverse feedback through R41, andthe output from the integrating amplifier 
through R38. All the inputs are summed at the junction and applied to base B1 of Q8. 

The amplifier has two outputs; one from the cathode of VR1, the other from the anode 
of VR1. The outputs are offset from each other by 4 volts. Diode CR5 prevents the output 
at the cathode of VR1 from going more negative than approximately 0.6 volts, by establishing 
heavy feedback through R42. Similarly, diode CR6 prevents the output at the anode of VR1 
from becoming more positive than 0.6 volt. Resistors R53 and R54 form a voltage divider 
to establish a voltage between the two output voltages, which is used as the inverse feedback 
through R41. Resistor R41 establishes the gain of the amplifier at approximately 10. The 
connection pOint between R53 and R54 is offset electrically from the static midpoint between 
the two outputs because the 4 volt offset between outputs varies slightly over the dynamic 
range of the amplifier, as the current through VR1 changes. This feedback is also applied 
to the non -inverting input of the integrating amplifier. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN ACCELERATION -C 
SCHEMATIC 3114632 

Potentiometer R1 is used to set the limiting summing amplifier output level produced 
by the REF (+) input signal. This effectively controls the constant of integration of the 
integrating amplifier during forward tape acceleration by setting the amplitude of the DRIVE 
(+) signal feedback to the integrating amplifier. 

Integrating Amplifier. Transistors Q4, Q5, and Q6, and associated component parts 
form an operational integrating amplifier. The integrating feedback network consists of 
R24 and C7. Resistor R24 represents motor damping torque, and capacitor C7 represents 
motor inertial load. Resistor R37 is used to prevent instability at high frequency by estab
·lishing adequate phase margins. The amplifier has two input pOints; one inverting, the other 
non-inverting. The CURRENT SENSE input is applied through R23 and R25 to the inverting 
input of the amplifier. Four inputs are applied to the summing junction at the non -inverting 
input of the amplifier; the DRIVE (+) signal through R33, the DRIVE (-) signal through R34, 
the DRIVE REF input through direct coupling, and the feedback from the limiting summing 
amplifier through R31 (the feedback signal is a non -inverting self-balancing input). 

Inverter Stages. Transistors Q10 and Q11, and associated component parts form two 
separate inverter stages. When the output of the limiting summing amplifier at the anode 
of VR1 goes approximately 2 volts more positive than the quiescent pOint, CR8 is forward 
biased and Q11 is cut off. The DRIVE (-) output follows the collector of Q11 to -12 volts. 
When the limiting summing amplifier is returned to a balanced condition, Q11 is biased on 
and the DRIVE (-) output goes to 0 volts. 

When the output of the limiting summing amplifier at the cathode of VR1 goes ap
proximately 2 volts more negative than the quiescent pOint, CR7 is forward biased and QlO 
is cut off. The DRIVE (+) output follows the collector of QlO to +12 volts. When the limiting 
summing amplifier is returned to a balanced condition, Q10 is biased on and the DRIVE (+) 
output goes to 0 volts. 

3. POWER REQUIREMENTS . 
.. . . ---

VOLTAGE CURRENT 

+12 VDC +3% 60 rna max 

-12 VDC ±3% 45 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 

The capstan current control PCB assembly contains a dead-band amplifier and two 
pulse shaper circuits. (See Figure 1.) Signal levels used in the following circuit descrip
tions are nominal. 

2. THEORY OF OPERATION. 

The capstan current control produces the OVERDRIVE signal, which is summed 
with the REF (+) and REF (-) signals and applied to the control summing amplifier on the 
capstan acceleration PCB assembly. The OVERDRIVE signal regulates the shape (of the 
leading and trailing edges) and the amplitude of the driving current pulse used to accelerate 
and decelerate the capstan motor. Circuit operation will be discussed for the forward 
acceleration mode; operation in the other modes is identical, except as noted in the descrip
tion .. 

Dead-Band Amplifier. The dead-band amplifier is comprised of Q9, QlO, QU, and 
associated component parts. The amplifier is similar to a conventional operational amplifier 
with the addition of the dead-band circuit consisting of CR8, CR9, CRI0, CRll, R21, R22, 
R23 and R24. The primary input junction of the dead-band amplifier is the junction at base 
Bl of QlO. In the quiescent state, CR8, CR9, CRlO, and CRll are forward biased and CR12 
and CR 13 are reverse biased; in this condition, no current flows through R25. The DRIVE 
(+) and DRIVE (-) inputs are at zero volts, thus no current flows through R3. The OVER
DRIVE output current is zero, since no current flows through R3 or R25. 

Leading- and Trailing- Edge Pulse Shaper. The leading- and trailing-edge pulse 
shaper is comprised of Ql, Q2, Q3, and associated component parts. When the DRIVE (+) 
and DRIVE (-) inputs are at zero volts, Ql, Q2, and Q3 conduct. Current flow from Ql 
through R4 establishes a negative VOltage at the base of Q3, which causes Q3 to conduct. 
The voltage at the collector of Q3 swings positive and forward biases CRI. Q2 is driven to 

saturation by the positive base -to -emitter voltage differential; the collector of Q2 swings 
to a low negative voltage. Diodes CR2 and CR3 are reverse biased and no current flows to 
the junction at base Bl of QlO. 

Trailing-Edge Pulse Shaper. The trailing-edge pulse shaper is comprised of Q4, 
Q5, Q6, Q7, Q8, and associated component parts. When the DRIVE (+) and DRIVE (-) 
inputs are at zero volts, Q4 and Q5 conduct. R15 has less resistance than R17, thus a 
negative base-to-emitter voltage differential is established at Q6. Q6 conducts and estab
lishes a positive voltage at the base of Q8. Q8 is cut off by the positive voltage at the base 
which is limited to approximately +0.5 volt by CR7. When Q8 is cut off, no current can 
flow through Q7. When Q7 and Q8 are cut off, the trailing-edge pulse shaper is effectively 
out of the dead-band circuit. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 

Leading- Edge Shaping and Pulse Amplitude Control. When forward acceleration or 
reverse deceleration is programmed, the DRIVE (+) input goes to approximately +8 volts. 
The DRIVE (-) input remains at zero volts. The DRIVE (CT) signal is derived through the 
voltage divider circuit consisting of Rl and R2, which is connected between the DRIVE (+) 
and DRIVE (-) inputs. The DRIVE (CT) signal is approximately +4 volts at this time, which 
causes a 400-microampere current flow in the OVERDRIVE output (through R3). 

When DRIVE (CT) goes positive, emitter-follower Ql couples the positive pulse 
through C5 to the emitter of Q2; the positive pulse cuts off Q2. Q2 remains cut off until 
C5 discharges through RIO and R8. Potentiometer RIO is used to preset the cut-off time 
of Q2 to approximately 500 microseconds. When Q2 is cut off, CR2 is forward biased, and 
the current flowing through R13 is added to that at the junction at base Bl of QIO. This 
action generates a step in the leading edge of the driving current pulse to the capstan motor 
by reducing the amount of current flow in the OVERDRIVE signal for the 500 microsecond 
period. 

The 400 -microampere current flow in the OVERDRIVE output (through R3) causes 
the control summing amplifier on the capstan acceleration PCB to increase the amplitude of 
the CAPSTAN CONTROL signal, which causes an increase in the voltage applied to the 
capstan motor. The increased capstan -motor voltage results in increased armature current, 
which causes the CURRENT SENSE input to become positive. The CURRENT SENSE input 
is the voltage analog of the capstan -motor armatUre current, and is approximately 50 milli
volts -per -ampere. The positive -voltage CURRENT SENSE input causes a current to flow 
through R27 and R26 and the junction at base Bl of QIO. This, in turn, causes the voltage 
at TP3 to swing slightly more negative, which transfers conduction from CR8 to CRIO and 
from CRll to CR9. When the current through R27 and R26 increases to the point at which 
it is equal to the current through R23 and R24, less the amount of current through R13, CR8 
and CRll become reverse biased and CR12 becomes forward biased. Current flows through 
R25, subtracting from the current through R3 at the OVERDRIVE output and preventing further 
increase in capstan -motor voltage and current. 

When Q2 conducts after being cut off for 500 microseconds, CR2 is again reverse 
biased, and the current through R13 is removed from the junction at base Bl of QIO. Removal 
of this positive input produces a negative-going change at base Bl of QIO; the dead-band ampli
fier inverts the negative-going signal, causing the voltage at TP3 to swing slightly positive. 
The positive voltage at TP3 causes CR8 and CRll to conduct again and causes CR12 to become 
reverse biased. When CR12 is reverse biased, the current through R27 and R26 is removed 
from the OVERDRIVE output, which r'eturns to the relatively-large 400-microampere current 
flow supplied through R3. This high -current signal causes the capstan -motor voltage and 
current to increase, which causes th~ current through R27 and R26 to increase. When the 
current through R27 and R26 increases to the point at which it is equal to the current through 
R23 and R24, CR8 andCRll become reverse biased and CR12 becomes forward biased. 
Current flows through R25, subtracting fro,m the current through R3 at the OVERDRIVE out
put and preventing further increase in capstan -motor voltage and current. At this point, the 
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ClRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 

capstan -motor current is stabilized on the flat-top -portion of the pulse and the motor is 
undergoing constant acceleration. The amplitude of the pulse is controlled by the setting 
of potentiometer R26. 

During generation of the driving current pulse, the summed FEEDBACK and STOP 
CONTROL inputs are applied at base B2 of QIO. The FEEDBACK input is a positive voltage 
during forward operation; the positive voltage causes the voltage at TP3 to swing slightly 
more positive during forward acceleration, thus causing an increase in the amplitude of the 
driving current pulse. The increased amplitude pulse increases the rate of acceleration, 
which causes the capstan -motor to reach forward speed faster than reverse speed. 

The STOP CONTROL input is not presently used. 

Trailing-Edge Shaping. At the end of the acceleration period, the DRIVE (+) input 
returns to zero volts. The DRIVE (CT) signal goes to zero volts, which stops the 400-
microampere current flow through R3 (and the OVERDRIVE output). 

When the DRIVE (+) input goes to zero volts, Ql is cut off by the negative base-to
emitter voltage differential established by the charge on C5. QI remains cut off until C5 
is discharged through R5, which takes approximately 500 microseconds. When Ql is cut off, 
Q3 is cut off by the positive voltage at its base. When Q3 is cut off, CRI is reverse biased, 
CR3 is forward biased, and the current through R14 is added to that at the junction at base 
BI of QIO. This action generates a step in the trailing edge of the driving current pulse to 
the capstan -motor by providing an opposing current flow to that caused by the CURRENT 
SENSE input (the dead -band amplifier has no dead -band at this time). 

When the DRIVE (+) input goes to zero volts, Q5 is cut off by the negative base-to
emitter voltage differential established by the discharge of C6 through RI8, CR4, Q4, and . 
R15. Q5 remains cut off until C6 is discharged; the discharge time of C6 is fixed at approx
imately 1.5 milliseconds. When Q5 is cut off, Q6 is cut off by the positive voltage at the 
base. When Q6 is cut off, the vOltag'e at the base of Q8 goes to a negative level, causing Q8 
to be saturated, which establishes a positive base-to-emitter voltage differential at Q7. 
Q7 is saturated and the collectors of both Q8 and Q7 are at zero volts, which establishes a 
zero-voltage-drop condition across R22 and R23; CR8 and CR9 are reverse biased. When 
CR8 and CR9 are reverse biased, the dead-band amplifier functions as a normal operational 
amplifier, and establishes a current through R25 (and the OVERDRIVE output) that causes 
the current through R27 and R26 (caused by the CURRENT SENSE input) to balance the current 
through R14 at the junction at base Bl of QI0. The current through R27 and R26 is approxi
mately one-half the magnitude of the dead-band current. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 

When Ql conducts after being cut off for 500 microseconds, Q3 conducts, CRI is 
forward biased, CR3 is reverse biased, and the current through R14 is removed from the 
junction at base Bl of QI0. The amplifier establishes a current through R25 (and the OVER
DRIVE output) that causes the current through R27 and R26 to drop to zero (CURRENT SENSE 
input at zero volts). The amplifier causes the current through R27 and R26 to remain at 
zero for 1.0 millisecond, which is the discharge time remaining for C6 after Ql conducts. 
When C6 is discharged, Q5 conducts, which causes Q6 to conduct. When Q6 conducts, Q8 
and Q7 are cut off. All circuits are then in the quiescent state. 

Potentiometer R32 is used to adjust the zero set of the dead -band amplifier, which, 
in turn, controls the zero current condition following a driving current pulse. 

Reverse-Acceleration and Forward-Deceleration Operation. Operation of the 
circuits during reverse acceleration and forward deceleration is similar to that previously 
described except that most of the signal polarities are the opposite (the OVERDRIVE output 
is negative instead of positive), current flow through the dead-band diodes follows the 
opposite path, the cut off periods of Ql and Q2 are reversed, and Q4 is cut off instead of Q5. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 40 rna max 

-12 VDC ±3% 25 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

CAPSTAN VELOCITY -D 
SCHEMATIC 311463H 

The capstan velocity -D PCB assembly contains a reference generator having (+) and (-) 
reference sections, a high-speed-control circuit, an inhibit circuit, and a drive reference 
circuit. (See Figure 1.) 

2. THEORY OF OPERATION. 

Reference Generator, (+) Section. The (+) section of the reference generator is com
prised of Ql, Q7, Q8, VR2, and associated component parts. Transistor QI is a logic gate 
which is normally saturated due to base current through R9. When the FWD (-) and REV (+) 
inputs are at the negative logic level, the current flow through Rll, RIO, and VRI exceeds 
that through R9; turning QI off. When QI is cut off, emitter follower Q7 couples the voltage 
divider consisting of R38, R32, and R34 to (+) zener diode VR2, providing a positive (+) 
reference output at the adjustable contact of potentiometer R32. 

The resistance of R38 is selected to provide the (+) reference output required for the 
desired nominal capstan speed. Transistor Q8 is cut off unless biased on by the high-speed
control circuit. When Q8 is biased on, R38 is bypassed and the (+) reference output increases 
to the value required for high speed operation (approximately +4 volts). The (+) section of 
the reference generator has three possible steady state outputs; zero volts, forward run 
reference, and fast forward reference. 

Reference Generator, (-) Section. The (-) section of the .reference generator is com
prised of Q2, Q9, QIO, VR3, and associated cOmponent parts. The (-) section is the comple
ment of the (+) section and operates in the same way, except that it provides negative (-) 
rather than positive (+) outputs, and is used for reverse motion. Transistor Q2 is normally 
saturated, and is cut off when REV (+) and FWD (-) inputs are at the zero volt logic level. 
The (-) reference is enabled when Q2is cut off. 

High-Speed-Control Circuit. The high-speed-control circuit is comprised of Q5, Q6, 
and as sociated com ponent parts. When the FAST ( -) input is at the zero volt logic level, 
CRI9 and CR20 are back biased and Q5 is biased on to saturation. The collector of Q5 is at 
o volts, which holds the base of Q6 negative through voltage divider resistors R28 and R29, 
and Q6 is saturated. When Q5 and Q6 are saturated, C6 and C5 are discharged. 

When the FAST (-) input is at the negative logic level, CRI9 and CR20 are forward 
biased and Q5 is cut off. When Q5 is cut off, Q6 is cut off by the positive voltage applied 
through voltage divider resistors R27, R28, and R29. If Q2 is conducting (reverse run not 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN VELOCITY -0 
SCHEMATIC 3114638 

programmed), CR8 is forward biased, holding one side of C5 at zero volts. CR21 is forward 
biased and clamps the collector of Q6 at approximately +1 volt, thus, the FAST (-) input has 
no effect on the reverse reference (-) circuit, since Q9 remains cut off. If Q2 is cut off 
(reverse run programmed), CR8 is back biased and timing capacitor C5 starts to charge to 
a negative level through R16 and CR 7. This negative -going voltage is coupled through CR21 
to the base of Q9. When the voltage at C5 reaches approximately -2 volts (400-millisecond 
charge time), Q9 begins to conduct, which reduces the impedance between the anode of VR3 
and the junction of R39 and R36. This action increases the reverse reference (-) output volt
age. The reverse reference (-) output voltage then follows the charge voltage at C5 (approx
imately 5- volts-per-second increase) until Q9 is saturated. When Q9 is saturated, the 
reverse reference (-) output voltage is at the preset level for high -speed-reverse tape motion. 

When high - speed -reverse tape motion is to be stopped, the FAST (-) input is changed 
to the zero volt logic level. This causes Q5 and Q6 to saturate; CR8 is forward biased and 
the negative side of C5 is clamped to near zero volts. This voltage is coupled through CR21 
to the base of Q9 and Q9 is cut off; the reverse reference (-) output voltage drops to the 
normal speed level. At the same time, C5 starts to discharge through R17, producing a 
positive-going puls~. GR11 and CR13 couple the positive-going pulse to the base of Q4 to 
initiate inhibit circuit operation. 

High speed in forward (optional) is controlled by the components associated with C6. 
If Q1 is conducting (forward run not programmed) when the FAST (-) input is at the negative 
logic level, CR9 is forward biased, holding one side of C6 at zero volts. CR17 is back 
biased and the positive voltage at the collector of Q5 has no effect on the forward reference 
(+) circuit. If Q1 is cut off (forward run programmed), CR9 is back biased and timing 
capacitor C6 starts to charge to a positive level through CR16 and R22. This positive-going 
voltage is coupled through CR22 to the base of Q8. When the voltage at C6 reaches approx
imately +2 volts (400-millisecond charge time), Q8 begins to conduct, which reduces the 
impedance between the cathode of VR2 and the junction of R38 and R32. This action increases 
the forward reference (+) output voltage. The forward reference (+) output voltage then 
follows the charge voltage at C6 (approximately 5-volts-per-second increase) until Q8 is 
saturated. When Q8 is saturated, the forward reference (+) output voltage is at the preset 
level for high-speed forward tape motion. 

When the high-speed-forward tape motion is to be stopped, the FAST (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR9 is forward 
biased and the voltage at the positive side of C6 is clamped to near zero volts. This voltage 
is coupled through CR22 to the base of Q8 and Q8 is cut off; the forward reference (+) output 
voltage drops to the normal speed level. At the same time, C6 starts to discharge through 
R23 and a negative voltage is developed at the emitter of Q4 which initiates inhibit circuit 
operation. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN VELOCITY -D, 
SCHEMATIC 31.146:3H 

Inhibit Circuit. The inhibit circuit is comprised of Q3, Q4, and associated component 
parts; and is controlled by the high -speed -control circuit. The inhibit circuit is in the quies
cent state when capacitors C6 and C5 are discharged. Current flow through CR16 and CRI7, 
respectively, produces +0.5 volt at the emitter of Q4 and -0.5 volt at the base of Q4. Q4 is 
saturated and Q3 is cut off, which enables the input circuit to the reference generator. 

When high-speed-forward tape motion is stopped, C6 discharges through R23, and the 
negative voltage produced at the emitter of Q4 causes Q4 to be cut off; Q3 conducts. When 
Q3 conducts, QI and Q2 are saturated regardless of the state of the FWD (-) and REV (+) 
logic inputs. The reference voltage output goes to zero volts. The discharge time of C6 is 
such that Ql and Q2 are held saturated for approximately 400-milliseconds following a stop 
from high speed. This delay inhibits forward or reverse commands for the 400-millisecond 
period to allow reel servo recovery. When C6 is discharged, Q4 starts conducting and Q3 
is cut off. Transistors Ql and Q2 are again controlled by the FWD (-) and REV(+) logic input 
signals. 

When high-speed-reverse tape motion is stopped, C5 discharges through R17, and the 
positive voltage produced is coupled through CRll and CR13 to the base of Q4. Q4 is cut off 
and Q3 conducts, which inhibits the reference generator input as described for the discharge 
of C6. The discharge time of C5 is the same as for C6. 

STOP CONTROL Output (Pin 13). When high-speed-forward tape motion is stopped, 
the negative voltage produced by the discharge of C6 through R23 is coupled through CR15 
and CR14 to pin 13 of the PCB. This provides a negative STOP CONTROL signal during the 
discharge time of C6. 

When high-speed-reverse tape motion is stopped, the positive voltage produced by 
the discharge of C5 through R17 is coupled through CRI0 and CR12 to pin 13 of the PCB. 
This provides a positive STOP CONTROL signal during the discharge time of C5. 

The STOP CONTROL output is not presently used._ 

Drive Reference Circuit. The drive reference circuit produces the DRIVE REF 
signal, which is used to compensate for tape friction occurring in the tape path. Potenti
ometers RlS and R33 are connected to the outputs of forward gate Ql and reverse gate Q2, 
respectively. This provides a positive voltage at R15 when forward drive is programmed 
and a negative voltage at R33 when reverse drive is programmed; otherwise, the voltage at 
R15 and R33 is at zero volts. The voltage at the wiper of RlS is applied through R3 toa 
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CIRCUIT BOARD DESCRIPTION 

2. THE OR Y OF OPERATION. (Continued) 

CAPSTAN VELOCITY -D 
SCHEMATIC 3114638 

summing junction. The voltage at the wiper of R33 is applied through R6 to the same sum
ming junction. The output of the summing junction is the DRIVE REF signal. Separate gate 
circuits in parallel with R3 and R6 reduce the level of the signal applied to the summing 
junction when the DRIVE (+) and DRIVE (-) inputs are at zero volts. 

During forward acceleration or reverse deceleration periods, the DRIVE (+) signal 
is approximately +8 volts and back biases CR1; when CR1 is back biased, the gate circuit 
through R1 and R2 is enabled and the level of the signal from R15 that is applied to the 
summing junction is increased. Enabling the gate circuit during reverse deceleration 
periods has no effect since the voltage at R15 is then zero volts. 

During reverse acceleration or forward deceleration periods, the 'DRIVE (-) signal 
is ,,lpproximately -8 volts and back biases, CR2; when CR2 is back biased, the gate circuit 
through R5 and R4 is enabled and the level of the signal from R33 that is applied to the 
summing junction is increased. Enabling the gate circuit during the forward deceleration 
periods has no effect since the voltage at R33 is then zero volts. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 30 rna max 

-12 VDC ±3% 30 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

CAPSTAN VELOCITY -E 
SCHEMATIC 3119515 

The capstan velocity -E PCB assembly contains a areference generator having (+) 
and (-) reference sections, a high -speed control circuit, an inhibit circuit, and a drive 
reference circuit. (See Figure 1.) Signal levels used in the following circuit descriptions 
are nominal. 

2. THEORY OF OPERATION. 

Reference Generator, (+) Section. The (+) section of the reference generator is 
comprised of Qt, Q7, Q8, VR2, and associated component parts. Transistor Ql is a logic 
gate which is normally saturated due to the base current through R9. When the FWD (-) 
and REV (+) inputs are at the negative logic level, the current flow through Rll, RIO, and 
VRI exceeds that through R9, turning Ql off. When Ql is cut off, emitter follower Q7 
couples the voltage divider consisting of R38, R32, and R34 to (+) zener diode VR2, pro
viding a positive (+) reference output at the wiper of potentiometer R32. 

Transistor Q8 is cut off unless biased on by the high-speed-Gontrol circuit. When 
Q8 is biased on, R4l is added in parallel with R38 and part of R32 and the (+) reference 
output increases to the value required for high speed operation (approximately +4 volts). 
The (+) section of the reference generator has three possible steady state outputs: zero 
volts, forward run reference, and fast forward reference. 

Reference Generator (-) Section. The (...;) section of the reference generat<?r is 
comprised of Q2, Q9, QlO, VR3, and associated component parts. The (-) section is the 
complement of the (+) section and operates in the same way, except that it provides negative 
(-) rather than positive (+) outputs, and is ,used for reverse motion. Transistor Q2 is nor
mally saturated, and is cut off when REV (+) and FWD (-) inputs are at the zero volt logic 
level. The (-) reference is enabled when Q2 is cut off. ' 

Transistor Q9 is cut off unless biased on by the high -speed -control circuit. When 
Q9 is biased on, potentiometer R42 is added in parallel with R39 and part of R36. Potenti
ometer R42 provides control of the rewind speed. 

, High-Speed-Control Circuit. The high-speed-control circuit is comprised of Q5, 
Q6, and associated component parts. When the REWIND (-) input is at the zero volt logic 
level,CR19 and CR20 are reverse biased and Q5 is biased on to saturation. The collector 
of Q5 is at a volts, which holds the base of Q6 negative through voltage divider resistors 
R28 and R29, and Q6 is saturated. When Q5 and Q6are saturated, C6 and C5 are discharged. 
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CIRCUIT BOARD DESCRIPTION 

2. THEOR Y OF OPERATION. (Continued) 

CAPSTAN VELOCITY - E 
SCHEMATIC 3119515 

When the REWIND (-) input goes to the negative logic level, CR19 and CR20 are 
forward biased and Q5 is cut off. When Q5 is cut off, Q6 is cut off by the positive voltage 
applied through voltage divider resistors R27, R28, and R29. If Q2 is conducting (reverse 
run not programmed) CR8 is forward biased, holding one side of C5 at zero volts. CR2l is 
forward biased and clamps the collector of Q6 at approximately +1 volt, thus the REWIND (-) 
input has no effect on the reverse reference (-) circuit, since Q9 remains cut off. If Q2 is 
cut off (reverse run programmed). CR8 is reverse biased and timing capacitor C5 star'ts to 
charge to a negative level through R 16 and CR 7. This negative -going voltage is coupled 
through CR2l to the base of Q9. When the voltage at C5 reaches approximately -2 volts 
(400-rriillisecond charge time), Q9 begins to conduct, which reduces the impedance between 
the anode of VR3 and the wiper of R36. This action increases the reverse reference (-) 
output voltage. The reverse reference (-) output voltage then follows the charge voltage at 
C5 (approximately 5-volts-per-second increase) until Q9 is saturated. When Q9 is saturated, 
the reverse reference (-) output voltage is at the preset level for high-speed-reverse tape 
motion. 

When high-speed-reverse tape motion is to be stopped, the REWIND (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR8 is forward 
biased and the negative side of C5 is clamped to near zero volts. This voltage is coupled 
through CR2l to the base of Q9 and Q9 is cut off; the reverse reference (-) output voltage 
drops to the normal speed level. At the same time, C5 starts to discharge through R17, 
producing a positive-going pulse. CR11 and CR13 couple the positive-going pulse to the base 
of Q4 tO,initiate inhibit circuit operation. 

High speed in forward (optional) is controlled by the components associated with C6. 
If Ql is conducting (forward run not programmed) when the REWIND (-) input is at the negative 
logic level, CR9 is forward biased, holding one side of C6 at zero volts. CR17 is reverse 
biased and the positive voltage at the collector of Q5 has no effect on the forward reference (+) 
circuit. If Ql is cut off (forward run programmed), CR9 is back biased and timing capacitor 
C6 starts to charge to a positive level through CR16 and R22. This positive-going voltage is 
coupled through CR22 to the base of Q8. When the voltage at C6 reaches approximately +2 
volts (400-millisecond charge time), Q8 begins to conduct, which reduces the impedance 
between the cathode of VR2 and the wiper of R32. This action increases the forward ref
erence (+) output voltage. The forward reference (+) output voltage then follows the charge 
voltage at C6 (approximately 5-volts-per-second increase) until Q8 is saturated. When Q8 
is saturated, the forward reference (+) output voltage if:! at the preset level for high-speed
forward tape motion. 

When high - speed -forWard tape motion is to be stopped, the REWIND (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR9 is forward 
biased and the voltage at the positive side ,of C6 is clamped to near zero volts. This voltage 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN VELOCITY -E 
SCHEMATIC 3119515 

is coupled through CR22 to the base of Q8 and Q8 is cut off; the forward reference (+) output 
voltage drops to the normal speed level. At the same time, C6 starts to discharge through 
R23 and a negative voltage is developed at the emitter of Q4 which initiates inhibit circuit 
operation. 

Inhibit Circuit. The inhibit circuit is comprised of Q3, Q4, and associated com
ponent parts; and is controlled by the high-speed-control circuit. The inhibit circuit is in 
the quiescent state when capacitors C6 and C5 are discharged. Current flow through CR16 
and CR17, respectively, produces +0.5 volt at the emitter of Q4 and -0.5 volt at the base of 
Q4. Q4 is saturated and Q3 is cut off, which enables the input circuit to the reference 
generator. 

When high -speed-forward tape motion is stopped, C6 discharges through R23, and 
the negative voltage produced at the emitter of Q4 causes Q4 to be cut off; Q3 conducts. 
When Q3 conducts, Q1 and Q2 are saturated regardless of the state of the FWD (-) and REV (+) 
logic inputs. The reference voltage output goes to zero volts. The discharge time of C6 is 
such that Q1 and Q2 are held saturated for approximately 400-milliseconds following a stop 
from high speed. This delay inhibits forward or reverse commands for the 400-millisecond 
period to allow reel servo recovery. When C6 is discharged, Q4 starts conducting and Q3 
is cut off. Transistors Q1 and Q2 are again controlled by the FWD (-) and REV (+) logic 
input signals. 

When high-speed-reverse tape motion is stopped, C5 discharges through R17, and 
the positive voltage produced is coupled through CRll and CR13 to the base of Q4. Q4 is 
cut off and Q3 conducts, which inhibits the reference generator input as described for the 
discharge of C6. The discharge time of C5 is the same as for C6. 

STOP CONTROL Output (Pin 13). When high -speed-forward tape motion is stopped, 
the negative voltage produced by the discharge of C6 through R23 is coupled through CR15 
and CR14 to pin 13 of the PCB. This provides a negative STOP CONTROL signal during the 
discharge time of C 6. 

When high -speed-reverse tape motion is stopped, the positive voltage produced by 
the discharge of C5 through R17 is coupled through CR10 and CR12 to pin 13 of the PCB. 
This provides a positive STOP CONTROL signal during the discharge time of C5. 

The STOP CONTROL output is not presently used. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

CAPSTAN VELOCITY - E 
SCHEMATIC 31195 IS 

Drive Reference Circuit. The drive reference circuit produces the DRIVE REF siS'11al 
which is used to compensate for tape friction occurring in the tape path. Potentiometers R15 
and R33 are connected to the outputs of forward gate Ql and reverse gate Q2, respectively. 
This provides a positive voltage at R15 when forward drive is programmed and anegative 
voltage at R33 when reverse drive is programmed; otherwise, the voltage at R15 and R33 is 
at zero volts. The voltage at the wiper of R15 is applied through R3 to a summing junction. 
The voltage at the wiper of R33 is applied through R6 to the same summing junction. The 
output of the summing junction is the DRIVE REF signal. Separate gate circuits in parallel 
with R3 and R6 reduce the level of the signal applied to the summing junction when the DRIVE 
(+) and DRIVE (-) inputs are at zero volts. 

During forward acceleration or reverse deceleration periods, the DRIVE (+) signal 
is approximately +8 volts and reverse biases CRl; when CRI is reverse biased, the gate 
circuit through Rl and R2 is enabled and the level of the signal from R15 that is applied to 
the summing junction is increased. Enabling the gate circuit during reverse deceleration 
periods has no effect since the voltage at R15 is then zero volts. 

During reverse acceleration or forward deceleration periods, the DRIVE (-) signal 
is approximately -8 volts and reverse biases CR2; when CR2 is reverse biased, the gate 
circuit through R5 and R4 is enabled and the level of the signal from R33 that is applied to 
the summing junction is increased. Enabling the gate circuit during the forward deceleration 
periods has no effect since the voltage at R33 is then zero volts. 

3. POWER REQUIREMENTS. 

.. VOLTAGE CURRENT 

+12 VDC ±3% 30 rna max 

-12 VDC ±3% 30 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

FORWARD/REVERSE LOGIC~' 
SCHEMATIC 3107083 

The forward/reverse logic PCB provides all logic necessary to perform the forward/ 
reverse function. Nine input signals are mechanized to provide four output signals for 
forward/reverse operation. Signal levels used in the following circuit descriptions are 
nominal. Tables 1 and 2 list operating signal levels . FWD/REV input signals are pro
grammed to be selected 5 microseconds before RUN/STOP input signals. 

2. THEOR Y OF OPERATION. (See Figure 1.) 

FWD (-) Output (Pin 28). FWD (-) output can be affected by FORWARD PB input, 
MASTER RESET input, BOT input, or mechani;zation of one of the following logic equations: 

(a) FWD (-) = (FWD) (RUN) (UNIT SELECT) 

(b) FWD (-) = (BOT going off tab) (REWINDING) 

(c) FWD (-) = (STOP) (UNIT SELECT) 

(d) FWD (-) = (EOT) (LOCAL) 

When the FORWARD PB input momentarily goes to zero volts, CR9 is forward biased 
and the voltage at the base of Q4 swings positive, which causes Q4 to be cut off. The 
negative-going voltage at the collector of Q4 is coupled through RIO to the base of Q5; the 
negative-going voltage drives Q5 to saturation. The forward flip-flop, consisting of Q4 and 
Q5, is then in the set state. The FWD (-) output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, CR6 is forward 
biased and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off. 
The negative-going voltage at the collector of Q5 is coupled through Rll to the base of Q4; 
the negative-going voltage drives Q4 to saturation. The forward flip-flop is then in. the 
reset state. Tl1e FWD (-) output is at zero volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator circuit comprised of R18 and C12 and is coupled 
through OR gate diode CR13 to the base of Q5; the positive pulse resets the forward ·flip
flop. The FWD (-) output is at zero volts. 

*Run/Stop and Fwd/Rev inputs. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

FORWARD/REVERSE LOGIC>:' 
SCHEMATIC 3107083 

For mechanization of logic equation (a), the FWD/REV input must be at -12 volts, the 
UNIT SELECT input must be at 0 volts, and the RUN/STOP input must make a negative 
transition from 0 volts to -12 volts. With the FWD/REV input at -12 volts, Q9 is cut off. 
When Q9 is cut off, AND gate transistor Q10 is cut off, which allows control of the AND gate 
output by the input to AND gate diode CR21. When the RUN/STOP input goes to -12 volts, 
Q6 and Q7 are cut off; CR2I is forward biased and Q8 is biased to saturation. The UNIT 
SELECT input at 0 volts enables the differentiator AND gate circuit comprised of R20 and 
CI4 and a +6 volt pulse is coupled through OR gate diode CRll to the base of Q4; the positive 
puls€ sets the forward flip-flop. The FWD (-) output is at -6 volts. The negative pulse 
from CI3 back biases OR gate diode CRI2 and has no effect on the forward flip-flop circuit. 
When Q9 is cut off, AND gate diode CR23 is forward biased, which causes Qll to be cut off. 
The negative pulse from CIS back biases CRI9 and has no effect on the reverse flip-flop 
circuit. 

For mechanization of logic equation (b), the REWINDING input must be at 0 volts and 
the BOT input must make a negative transition from 0 volts to -6 volts. When the BOT input 
goes to -6 volts, Q3 is biased to saturation. The REWINDING input at 0 volts enables the 
differentiator AND gate circuit comprised of RI4 and CIO and a +6 volt pulse is coupled 
through OR gate diode CRIO to the base of Q4; the positive pulse sets the forward flip-flop. 
The FWD (-) output is at -6 volts. 

For mechanization of logic equation (c), the UNIT SELECT input must be at 0 volts 
and the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When 
the RUN/STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Q8 is cut off. 
The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit comprised 
of RI9 and CI3 and a +6 volt pulse is coupled through OR gate diode CRI2 to the base of QS; 
the positive pulse resets the forward flip-flop. The FWD (-) output is at 0 volts. The 
negative pulse from CI4 back biases OR gate diode CRll and has no effect on the forward 
flip-flop circuit. 

For mechanization of logic equation (d), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at 
o volts enables the differentiator AND gate circuit comprised of R1S and Cll and a +6 volt 
pulse is coupled through OR gate diode CRI4 to the base of QS; the positive pulse resets 
the forward flip-flop. The FWD (-) output is at 0 volts. 

FWD (+) Output (Pin 26). FWD (+) output is the complement signal of FWD (-). Output 
voltages and their derivations are the same. 
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CIRCUIT BOARD DESCRIPTION 

2. THEOR Y OF OPERATION. (Continued) 

FORWARD/REVERSE LOGIC~~ 
SCHEMATIC 3107083 

REV (+) Output (Pin 34). REV (+) output can be affected by REVERSE PB input, MASTER 
RESET input, BOT input, or mechanization of one of the following logic equations: 

(a) REV (+) = (REV) (RUN) (UNIT SELECT) (BOT) 

(b) REV (+) = (STOP) (UNIT SELECT) 

(c) REV (+) = (EOT) (LOCAL) 

When the REVERSE PB input momentarily goes to zero volts, CR4 is forward biased 
and the voltage at the base of Ql swings positive, which causes Ql to be cut off. The 
negative-going voltage at the collector of Ql is coupled through R2 to the base of Q2; the 
negative-going voltage drives Q2 to saturation. The reverse flip-flop, consisting of Ql 
and Q2, is then in the set state. The REV (+) output is at zero volts. 

When the MASTER RESET input momentarily goes to zero volts, CRI is forward 
biased and the voltage at the base of Q2 swings positive, which causes Q2 to be cut off. 
The negative-going voltage at the collector of Q2 is coupled through R3 to the base of Ql; 
the negative-going voltage drives Ql to saturation. The reverse flip-flop is then in the 
reset state. The REV (+) output is at -6,yolts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator circuit comprised of R18 and C12 and is coupled 
through OR gate diode CR16 to the base of Q2; the positive pulse resets the reverse flip
flop. The REV (+) output is at -6 volts. 

For mechanization of logic equation (a), the FWD/REV input must be at 0 volts, the 
UNIT SELECT input must be at 0 volts, the BOT input must be at -6 volts, and the RUN/ 
STOP input must make a negative transition from 0 volts to -12 volts. With the FWD/REV 
input at 0 volts, Q9 is biased to saturation. When Q9 is saturated, AND gate diode CR23 
is back biased, and AND gate transistor Q10 is biased to saturation. When Q10 is saturated, 
the AND gate comprised of QlO and CR21 is disabled and Q8 is cut off. The BOT input at 
-6 volts back biases AND gate diode CR24; since CR23 is also back biased, the AND gate 
output is controlled by the input to AND gate diode CR22. When the RUN/STOP input goes to 
-12 volts, Q6 and Q7 are cut off; CR22 is back biased, which causes Qll to be biased to 
saturation. The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit 
comprised of R21 and CIS apd a +6 volt pulse is coupled through CR19 to the base of QI; the 
positive pulse sets the reverse flip-flop. The REV (+) output is at zero volts. The negative 
pulse from CI3 back biases OR gate diode,CR1S and has no effect on the reverse flip-flop 
circuit. The negative pulse from CI4 back biases OR gate diode CR11 and has no effect on 
the reverse flip-flop circuit. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

FORWARD/REVERSE LOGIC'~ 
SCHEMATIC 3107083 

For mechanization of logic equation (b), the UNIT SELECT input must be at 0 volts and 
the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When the RUN/ 
STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Qll is cut off. The UNIT 
SELECT input at 0 volts enables the differentiator AND gate circuit comprised of R19 and C13 
and a +6 volt pulse is coupled through OR gate diode CR1S to the base of Q2; the positive pulse 
resets the reverse flip-flop. The REV (+) output is at -6 volts. The negative pulse from CIS 
back biases CR19 and has no effect on the reverse flip-flap circuit. 

For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at 
o volts enables the differentiator AND gate circuit comprised of R1S and Cll and a +6 volt 
pulse is coupled through OR gate diode CR17 to the base of Q2; the positive pulse resets the 
reverse flip-flop. The REV (+) output is at -6 volts. 

REV (-) Output (Pin 32). REV (-) output is the complement Signal of REV (+). Output 
voltages and their derivations are the same. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 32 ma max 

-12 VDC ±3% 82 ma max 

- 6 VDC ±4% 40 ma max 
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC* 
SCHEMATIC 3107083 

TABLE 1 
FORWARD/REVERSE LOGIC, INPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGNATION LEVEL LEVEL 

10 Fwd/Rev ( - /+) a to -1 volt -8.5 to -12 volts 

12 Run/Stop ( - /+) a to -1 volt -8.5 to -12 volts 

14 Rewinding (+) a to -0.5 volt -5.8 to -7 volts 

16 Unit Select (+) a to -0.5 volt -5 to -6.2 volts 

18 BOT (+) a to -1 volt -5.9 to -6.6 volts 

20 EOT (+) a to -1 volt -5.9 to -6.6 volts 

22 Local (+) a to -0.5 volt -5 to -6.2 volts 

24 Reverse PB (+) a volts Open circuit 

30 Master Reset (+) a to -0.5 volt -7 to -12.36 volts 

35 Forward PB (+) a volts Open circuit 

TABLE 2 
FORWARD/REVERSE LOGIC, OUTPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGNATION LEVEL LEVEL 

26 Fwd (+) a to -1 volt -5.9 to -6.6 volts 

28 Fwd (-) a to -1 volt -5.9 to -7 volts 

32 Rev (-) a to -1 volt -5.9 to -6.6 volts 

34 Rev (+) Oto-1volt -5.9 to -7 volts 
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC -C~' 

'SCHEMATIC 3112361 

1. GENERAL DESCRIPTION. 

The forward/reverse logic PCB provides all logic necessary to perform the forward/ 
reverse function. Ten input signals are mechanized to provide four output signals for for
ward/reverse operation. Signal levels used in the following circuit descriptions are nominal. 
Tables 1 and 2 list operating signal levels. 

2. THEORY OF OPERATION. (See Figure 1.) 

FWD (-)Output(Pin 28). FWD (-) output can be affected by FORWARD PB input, 
MASTER RESET input, BOT input, or mechanization of one of the following logic equations: 

(a) FWD (-) = (FWD) (UNIT SELECT) 

(b) FWD (-) = (BOT going off tab) (REWINDING) 

(c) FWD (-) = (STOP) (UNIT SELECT) 

(d) FWD (-) = (EOT) (LOCAL) 

When the FORWARD PB input momentarily goes to zero volts, CR13 is forward biased 
and the voltage at the base of Ql swings pbsitive, which causes Ql to be cut off. The negative
going voltage at the collector of Ql is coupled through R2 to the base of Q2, causing Q2 to 
saturate. The forward flip-flop, consisting of Ql and Q2, is then in the set state. The FWD ( -) 
output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, CRl is forward biased 
and the voltage at the base of Q2 swings positive, which causes Q2to be cut off. The negative
going voltage at the collector of Q2 is coupled through R3 to the base of Ql, causing Ql to 
saturate. Theforward flip-flop is then in the r'eset state. The FWD (-) output is at zero volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt pulse 
is produced by the different~ator circuit comprised ofC12 and R23 and is coupled through OR 
gate diode CR12 to the base of Q2; the positive pulse resets the forward flip-flop. The FWD (-) 
output is at zero volts. 

For mechanization of logic equation (a), the UNIT SELECT input must be at 0 volts and 
the FWD/STOP input must make a negative transition from 0 volts to -12 volts. When the 
FWD/STOP input goes to -12 volts, Q6 and Q7 are cut off and Q8 is saturated. The UNIT 
SELECT input at 0 volts enables the differentiator circuit comprised of C14 and R21 and a 

* Fwd/Stop and Rev/Stop inputs. 
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CIRCUIT BOARD DESCRIPTION PORWARD/REVERSE LOGIC -C':< 
SCHEMATIC 3112361 

2. THEORY OF OPERATION. (Continued) 

-t6 volt pulse is coupled through OR gate diode CR 9 to the base of Ql; the positive pulse sets 
the forward flip-flop. The FWD'( -) output is at -6 volts. The negative pulse from C13 back 
biases OR gate diode CRlO and has no effect on the forward flip-flop circuit. 

For mechanization of logic equation (b), the REWINDING input must be at a volts and 
the BOT input must make a negative transition from a volts to -6 volts. When the BOT input 
goes to-6 volts, Q3 is biased to saturation. The REWINDING input at a volts enables the 
differentiator circuit comprised of CIa and R18 and a +6 volt pulse is coupled through OR 
gate diode CR8 to the base of Ql; the positive pulse sets the forward flip-flop. The FWD (-) 
output is at -6 volts. 

For mechanization of logic equation (c), the UNIT SELECT input must be at a volts ,and 
the FWD/STOP input must make a positive transition from -12 volts to a volts. When the 
FWD/STOP input goes to a volts, Q6 and Q7 are saturated and Q8 is cut off. The UNIT 
SELECT input at a volts enables the differentia tor circuit comprised of C13 and R19 and a 
+6 volt pulse is coupled through OR gate diode CRla to the base of Q2; the positive pulse 
resets the forward flip-flop. The FWD (-) output is at zero volts. The negative pulse from 
C14 back biases OR gate diode CR9 and has no effect on the forward flip-flop circuit. 

For mechanization of logic equation (d), the LOCAL input must be at a volts and the 
EOT input must make a positive transition from -6 volts to a volts. The LOCAL input at 
a volts enables the differentiator circuit comprised of Cll and R22 and a -t6 volt pulse is 
coupled through OR gate diode CRll to the base of Q2; the positive pulse resets the forward 
flip-flop. The FWD (-)output is at zero volts. 

FWD (+) Output (Pin 26). FWD (+) output is the complement signal of FWD (-). Output 
voltages and their derivations are the same. 

REV (+) Output (Pin 34). REV (+) output can be affected by REVERSE PB input, MASTER 
RESET input, BOT input, or mechanization of one of the following logic equations: 

FLC-2 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATlON. (Continued) 

FORWARD/REVERSE LOGIC -C* 
SCHEMATIC 3112361 

When the REVERSE PB input momentarily goes to zero volts, CR6 is forward biased 
and the voltage at the base of Q4 swings positive, which causes Q4 to be' cut off. The 
negative-going voltage at the collector of Q4 is coupled through R9 to the base of Q5, 
causing Q5 to saturate. The rev~rse flip-flop, consisting of Q4 and QS, is then in the set 
state. The REV (+) output is at zero ·volts. 

When the MASTER RESET input momentarily goes to zero volts, CR4 is forward 
biased and the voltage at the base of Q5 swings positive, which causes QS to be cut off. 
The negative-going voltage at the collector of QS is coupled through RIO to the base of Q4, 
causing Q4 to saturate. The reverse flip-flop is then in the reset state. The REV (+) 
output is at -6 volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator Circuit comprised of C12 and R23 and is coupled 
through OR gate diode CR13 to the base of QS; the positive pulse resets the reverse flip
flop. The REV (+) outputis at -6 volts. 

For mechanization of logic equat"ion (a), the UNIT SELECT input must be at a volts, 
the BOT input must be at -6 volts·, and the REV/STOP input must make a negative transition 
from 0 volts to -12 volts. The BOT input at -6 volts back biases AND gate diode CR22, 
which allows the input at AND gate diode CR21 to control Q11. When the REV/STOP input 
goes to -12 volts, Q9 and QlO are cut off. CR21 is back biased, which allows the voltage 
at the base of Qll to go positive; Qll becomes saturated. The UNIT SELECT input at 
o volts enables the differentiator circuit comprised of C16 and R24 and a +6 volt pulse is 
coupled through CR16 to the base of Q4; the positive pulse Bets the reverse flip-flop. 
The REV (+) output is at zero volts. The negative pulse from CIS back biases OR gate 
diode CR1S and has no effect on the reverse flip-flop circuit. 

For mechanization of logic equation (b), the UNIT SELECT input must be at 0 volts 
and the REV/STOP input must' make a positive transition from -12 volts to 0 volts. When 
the REV/STOP input goes to a volts, Q9 and QlO are saturated. The UNIT SELECT input 
at 0 volts enables the differentiator circuit comprised of CIS and R20 and a +6 volt pulse 
is coupled through OR gate diode CR1S to the base of QS the positive pulse resets the 
reverse flip-flop. The REV (+) output is at -6 volts. If CR22 is back biased, Qll is cut 
off. The negative pulse from C16 back biases CR16 and has no effect on the reverse flip
flop circuit. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

FORWARD/REVERSE LOGIC -C* 
SCHEMATIC 3112361 

For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at 
o volts enables the differentiator circuit comprised ofC11 and R22 and a +6 volt pulse is 
coupled through OR gate diode CR14 to the base of Q5; the positive pulse resets the reverse 
flip-flop. The REV (+) output is at -6 volts. 

REV (-) Output (Pin 32). REV (-) output is the complement signal of REV (+). 
Output voltages and their derivations are the same. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 32 ma max 

-12 VDC ±3% 82 ma max 

- 6 VDC ±4% 40 ma max 
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CIRCUIT BOARD 'DESCRIPTION FORWARD/REVERSE LOGIC ~C* 
SCHEMATIC 3112361 

TABLE 1 
FORWARD/REVERSE LOGIC -C, INPUT SIGNAL LEVELS 

PIN SIGNAL LOW HIGH 
NO. DESIGNATION LEVEL LEVEL 

10 Rev /Stop ( -/+) o to -1 volt -8.5 to -12 volts 

12 Fwd/Stop (-/+) o to -1 volt -8.5 to -12 volts 

14 Rewinding (+) o to -0.5 volt -5.6 to -6.6 volts 

16 Unit Select (+) o to -0.5 volt ~5 to -6.2 volts 

18 50T (+) o to -1 volt -5.9 to -6.6 volts 

20 EOT (+) o to -1 volt -5.9 to -6.6 volts 

22 Local (+) o to -0.5 volt -5 to -6. 2 volts 

24 Reverse PB (+) o volts Open circuit 

30 Master Reset (+) o to -0.5 volt -7 to -12.36 volts 

35 Forward PB (+) o volts Open circuit 

TA5LE 2 
FORWARD/REVERSE LOGIC -C, OUTPUT SIGNAL LEVELS 

PIN SIGNAL LOW HIGH 
NO. DESIGNATION LEVEL LEVEL 

26 Fwd (+) o to -1 volt -5.9 to -6.6 volts 

28 Fwd (-) o to -1 volt -5.9 to -7 volts 

32 Rev (-) o to -1 .volt -5. 9 to -6. 6 volts 

34 Rev (+) o to -1 volt -5.9 to -7 volts 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 

The local/remote logic PCB provides all logic necessary to perform the local/remote 
functions. Seven input signals are mechanized to provide ten output signals for local/remote 
operation. REMOTE PB input is the only input which permits transfer from local to remote 
operation. Transfer from remote to local is accomplished in several ways as explained in 
the text. Signal levels used in the following circuit descriptions are nominal. Refer to 
Tables 1 and 2 for operating signal levels. 

2 . THEORY OF OPERATION. (See Figure 1.) 

TRANSPORT READY (-) Input (Pin 13). The TRANSPORT READY (-) input must be at 
-12 volts before normal tape drive will be enabled. When the TRANSPORT READY (-) input 
is at 0 volts, Q4 conducts and -6 volts is applied through forward biased CRI0 to the base of 
Q6. The READY (+) output is -6 volts. Q6 conducts and the MASTER RESET (+) output goes 
to 0 volts. The MASTER RESET (+) output sets the flip-flops in the forward/reverse logic 
PCB to the stop condition, preventing tape motion. The 0 volt output from Q6 also forward 
biases CR9 and CRI2, which disables the LOCAL INDICATOR (+) and REMOTE INDICATOR (+) 

J 

outputs. 

When the TRANSPORT READY (-) input is at -12 volts, Q4 is cut off and the READY (+) 
outputgoes to +6 volts, developed by voltage divider resistors R31 and R30. Q6 is cut off 
and the MASTER RESET (+) output goes to -12 volts. CR9 and CR12 are back biased, enabling 
the input to the LOCAL INDICATOR (+) and REMOTE INDICATOR (+) circuits. CR7 is back 
biased, enabling the local/remote flip-flop circuit. 

When the TRANSPORT READY (-) input goes to 0 volts, Q4 conducts and -6 volts is 
applied through CR 7 and RIO to the base of Ql and Q1 conducts. When Ql conducts, Q2 is 
cut off and Q3 conducts. The OCP ENABLE (+) and the LOCAL (+) outputs go to 0 volts. 
CR14 is forward biased and disables the SELECT (-) input. 

LOCAL PB Input(Pin 30). When the LOCAL PB input is at 0 volts and TRANSPORT 
READY (-) input is at -12 volts. Q2 is cut off by the voltage applied through CR3 and R 4. 
With Q2 cut off, Ql and Q3 are conducting, and the OCP ENABLE (+) and LOCAL (+) outputs 
go to 0 volts. CR8 and CR9 are back biased and enable the local indicator driver circuit. 
Q7 and Q8 are conducting and the LOCAL INDICATOR (+) output is 0 volts. CR14 is forward 
biased and disables the SELECT (-) input. Q14 conducts and the SELECT & REMOTE (-) 
output is 0 volts. The SELECT & REMOTE INDICATOR (+) output driver circuits are dis
abled. Q12 conducts and Q13 is cut off. The UNIT SELECT (-) output goes to 0 volts. 
The LOCAL (-) output goes to -6 volts. CRll is forward biased and disables the REMOTE 
INDICATOR (+) driver circuit. 
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CIRCUIT BOARD DESCRIPTION 

2. THEOR Y OF OPERATION. (Continued) 

LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 

RESET PB Input (Pin 28). When the RESET (STOP) PB input is at a volts and the 
. TRANSPORT READY (-) input is at -12 volts, Q2 is cut off by the voltage applied through CR5 
and R4. The circuit then operates the same as described for LOCAL PB input. 

GO LOCAL C-) Input (Pin 22). When the GO LOCAL (-) input is at -6 volts and the 
TRANSPORT READY (-) input is at -12 volts, Ql is biased on by the voltage applied through 
CR6 and RIO. The circuit then operates the same as described for LOCAL PB input. 

REMOTE PB Input (Pin 26). When the REMOTE PB input is at a volts and the 
TRANSPORT READY (-) input is at -12 volts, Ql is cut off by the voltage applied through 
CR4 and R5. When Ql is cut off, Q2 conducts and Q3 is cut off. The OCP ENABLE (+) out
put goes to a volts. CR8 is forward biased and disables the LOCAL INDICATOR driver 
circuit. CRll and CR12 are back biased and enable the REMOTE INDICATOR circuit. Q9 
and QlO are conducting and the REMOTE INDICATOR (+) output is a volts. CR14 is back 
biased and the SELECT (-) input is enabled. 

SELECT (-) Input (Pin 9). When the circuits are in the condition described for 
REMOTE PB input and the TRANSPORT READY (-) is at -12 volts, a SELECT (-) input at 
-12 volts cuts off Qll. When Qll is cut off, Q12 is cut off and Q13 conducts. The UNIT 
SELECT (-) output goes to -6 volts. Q14 is cut off and QlS and Q16 are conducting. The 
SELECT & ·REMOTE (-) output goes to -12 volts and the SELECT & REMOTE INDICATOR (+) 
output goes to a volts. 

OCP RESET (+) Input (Pin 11). When the OCP RESET (+) input is at a volts, Q5 conducts 
and the READY (+) output goes to ~6 volts. Q6 conducts and the MASTER RESET (+) output 
goes to a volts. CR9 and CR12 are forward biased and disable the local and remote indicator 
driver circuits. 

When the OCP RESET (+) input is at -12 volts, QS is cut off. 

3 • POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 8 rna max 

-12 VDC ±3% 43 rna max 

- 6 VDC ±4% 11 rna max 
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CIRCUIT BOARD DESCRIPTION LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 

TABLE 1 
LOCAL/REMOTE LOGIC, INPUT SIGNAL LEVELS 

PIN SIGNAL· HIGH LOW 
NO. DESIGNATION LEVEL 

I 

LEVEL 

9 Select (-) o ±1. 25 volts -12 ±2 volts 

11 OCP Reset (+) o volts Open circuit 

13 Transport Ready (-) Open circuit -10.0 to -12.36 volts 

22 Go Local (-) o to -1 volt -5.8 to -7 volts 

26 Remote PB (+) o volts Open circuit 

28 Reset PB (+) o volts Open circuit 

30 Local PB (+) o volts Open circuit 

TABLE 2 
LOCAL/REMOTE LOGIC, OUTPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGN,A. TION LEVEL LEVEL 

15 Ready (+) +4 to +6 volts -4 to -6.2 volts 

16 Unit Select (-) o to -1 volt -5 to -6. 2 volts 

17 Select & Remote ( -) o to -0.5 volt ~ . 15K +10% returned to 
-11 volts ±3 volts 

18 Select & Remote Indicator (+) o to -0.5 volt 125 ohms ±3% returned to ground 

19 Local Indicator (+) o to -0.5 volt 125 ohms ±3% returned to ground 

20 Remote Indicator (+) Oto -0.5 volt 125 ohms ±3% returned to ground 

24 Local (+) o to -0.5 volt -5 to -6.2 volts 

32 Local (-) o to -0.5 volt -5 to -6. 2 volts 

34 OCP Enable (+) o to -0.5 volt -10 to -12.36 volts , 

35 Master Reset (+) o to -0.5 volt -7 to -12.36 volts 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 

The photoamplifier PCB assembly contains two identical circuits; one circuit is used 
in the BOT tab sense circuit, the second circuit is used in the EOT tab sense circuit. Each 
circuit comprises an input amplifier, a Schmitt trigg~r, an output driver, and a NAND gate/ 
driver. (See Figure 1.) The NAND gate/driver is used with positive-logic input. 

In the following circuit description, the BOT circuit is described. Operation of the 
EOT circuit is identical. Signal voltages used in the circuit description are nominal; refer 
to Tables 1 and 2 for operating voltage levels. 

2. THEORY OF OPERATION. 

Input Amplifier. Transistor Ql is used in a common base configuration and operates 
class A, with the emitter voltage clamped to approximately -0.6 volt. The current through 
R3 is determined by the setting of potentiometer R2 since the common base configuration 
maintains constant voltage across R2 and R3. The current through R2 and R3 is provided 
by two parallel sources, Ql and the photovoltaic cell (BOT sensor). As the amount of light 
striking the sensor increases, the current through it increases proportionally, thus de
creasing the current demand on Ql and decreasing the current through R1. 

The back of the tape reflects a small amount of light, producing an off-tab or "gray" 
current. Potentiometer R2 is adjusted to provide output voltage levels from the input ampli
fier that will trigger the Schmitt trigger during the on-tab input condition, and permit the 
Schmitt trigger to return to the quiescent state during the off-tab input condition. 

The output of transistor Ql appears across collector load resistor Rl and is directly 
coupled to the base of Q2. Q2 isolates and amplifies the output of Ql. Capacitor C 1 filters 
noise spikes from the output of Ql. The output of Q2 is coupled through R6 to the base of 
transistor Q3 in the Schmitt trigger. 

Schmitt Trigger. When the current from the sensor is at the off-tab level, Q3 is 
saturated and Q4 is cut off. When the current increases to the on -tab level, Q3 is cut off 
by the negative -gOing voltage from Q2. Q4; is saturated and biases on Q5, the output driver. 
When Q5 conducts, the BOT (+) output goes toO volts. Q5 is cut off when the photocell 
current is at the off-tab level and the BOT (+) output is at -6 volts. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 

NAND Gate/Driver. CR1, CR2, and CR5 are the NAND gate/driver inputs. When 
the inputs to the NAND gate/driver are all 0 volts, Q6 is cut off and Q7 is saturated. The 
BOT (-) output is at -12 volts. When any of the NAND gate/driver inputs goes to '-6 volts, 
Q6 conducts and Q7 is cut off. The BOT ( -) output is at 0 volts. 

An open -circuit input to the NAND gate/driver has the same effect as a' 0 volt input. 

Exciter Lamp (Pins 34 and 35). R1 is used as a dropping resistor when as-volt 
photocell exciter lamp is used. The lamp is driven by the -6 volt supply. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 25 rna max 

-12VDC ±3% 50 rna max 
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CIRCUIT BOARD DESCRIPTION 

TABLE 1 

PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 

PHOTOAMPLIFIER TYPE C, INPUT SIGNAL LEVELS 

PIN NO: SIGNAL DESIGNATION HIGH LEVEL LOW LEVEL 

9 BOT Sensor (+) 90 I-la min increase o to 100 I-la 

10 BOT Sensor Return 
over low level (on tab) (off tab) 

11 REWINDING (-) o to -1 volt -5.8 to -7 volts 

12 UNIT SELECT (+) o to -1 volt -5 to -6.2 volts 

25 ---* o to -1 volt -5 to -12 volts 

26 UNIT SELECT (+) o to -1 volt -5 to -6. 2 volts 

28 EOT Sensor (+) 90 I-la min increase o to 100 j.la 

30 EOT Sensor Return 
over low level (on tab) (off tab) 

*Not presently used 

TABLE 2 
PHOTOAMPLIFIER TYPE C, OUTPUT SIGNAL LEVELS 

PIN NO. SIGNAL DESIGNATION HIGH LEVEL LOW LEVEL 

17 BOT (+) o to -0.5 volt -6.5 volts min with 865 ±86.5 
ohm source impedance 

18 BOT (-) o to -1.5 volts -9.6 to -12.5 volts 

19 EOT (-) o to -1.5 volts -9.6 to -12.5 volts 

20 EOT (+) o to -0.5 volt -6.5 volts min with 865 ±86.5 
ohm source impedance 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

REWIND LOGIC -C 
SCHEMATIC 3116168 

The rewind logic PCB assembly provides the logic necessary to perform the rewind 
function. Several unit select logic circuits are also located on the PCB assembly. 
(See Figure 1.) Signal levels used in the following circuit descriptions are nominal. Refer 
to Tables 1 and 2 for operating signal levels. 

2. THEORY OF OPERATION. 

REWIND (-) Output (Pin 28). The REWIND (-)output can be affected by the REWIND PB 
input, the MASTER RESET input, the BOT input, or the mechanization of one of the following 
logic equations. 

(a) REWIND (-) = (REWIND COMMAND) (SELECT & REMOTE) 

(b) REWIND (-) = (REWIND & LOCKOUT) (SELECT & REMOTE) 

When the REWIND PBinput momentarily goes to zero volts, CR6 is forward biased 
and the voltage at the base of Q1 swings positive, which causes Q1 to be cut off. The 
negative-going voltage at the collector of Q1 is coupled through R2 to the base of Q2, causing 
Q2 to saturate. The rewind flip-flop, consisting of Q1 and Q2, is then in the set state. The 
REWIND (-) output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, OR gate diode CR2 
is forward biased and the voltage at the base of Q2 swings positive, which causes Q2 to be 
cut off. The negative -going voltage at the collector of Q2 is coupled through R4 to the base 
of Q1, causing Q1 to saturate. The rewind flip-flop is then in the reset state. The 
REWIND (-) output is at zero volts. 

When the BOT input goes to zero volts, OR gate diode CR3 is forward biased and the 
rewind flip-flop is reset as described for the MASTER RESET input. The REWIND (-) output 
is at zero volts. 

For mechanization of logic equation (a), the REWIND COMMAND and SELECT & 
REMOTE inputs must be at -12 volts. When the REWIND COMMAND input is at -12 volts, 
Q6 is cut off; AND gate transistor Q8 is also cut off. The SELECT & REMOTE input at -12 
volts reverse biases AND gate diode CR13, thus allowing the collector voltage of Q8 to 
swing negative. The negative voltage is coupled through OR gate diode CR14 to the base of 
Q2; the negative voltage sets the rewind flip-flop. The REWIND (-) output is at -6 volts. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REWIND LOGIC -c 
SCHEMATIC 3116168 

For mechanization of logic equation (b), the REWIND & LOCKOUT and SELECT & 
REMOTE inputs must be at -12 volts. When the REWIND & LOCKOUT, input is at -12 volts, 
Q7 and Q9 are cut off. AND gate diode CR17 is reverse biased. The SELECT & REMOTE 
input at -12 volts reverse biases AND gate diode CR1S, thus allowing negative voltage to be 
coupled through R32, OR gate diode CR16, and R31 to the base of Q2. The negative voltage 
sets the rewind flip-flop. The REWIND (-) output is at -6 volts. 

REWIND (+) Output (Pin 26). The REWIND (+) output is the complement signal of the 
REWIND (-) output, and is derived by applying the REWIND (-) signal through inverter Q3. 
The output from Q3 is either 0 volts or -6 volts. 

REWINDING (-) Output (Pin 32). The REWINDING (-) output can be affected by the 
MASTER RESET input, the transition to the set state of the r:ewind flip -flop, or the 
mechanization of the following logic equation. 

REWINDING (-) = (FORWARD) (TIME DELAY) 

When the MASTER RESET input momentarily goes to zero volts, CR8 is forward 
biased and the voltage at the base of QS swings positive, which causes QS to be cut off. The 
negative-going voLtage at the collector of QS is coupled through R1S to the base of Q4, causing 
Q4 to saturate. The rewinding flip-flop, consisting of Q4 and QS, is then in the reset state. 
The REWINDING (-) output is at zero volts. 

When the rewind flip-flop goes from the reset to the set state, the positive-going 
voltage swing at the collector of Q3 is coupled (as a positive pulse) through C8 and CR9 to 
the base of Q4. The positive pulse cuts off Q4. The negative-going voltage at the collector 
of Q4 is coupled through R13 to the base of QS, causing QS to saturate. The rewinding flip
flop is then in the set state. The REWINDING (-) output is at -6 volts. 

For mechanization of the logic equation, the FORWARD (+) input must be at 0 volts 
and the TIME DELAY input must make a positive transition from -6 volts to 0 volts. The 
FORWARD (+) input at 0 volts enables the differentiator AND gate circuit comprised of RI8 
and C4 and a +6 volt pulse is coupled through CR12 to the base of QS; the positive pulse 
~esets the rewinding flip-flop. The REWINDING (-) output is at zero volts. 

REWINDING (+) Output (Pin 30) . The REWINDING (+) output is the complement signal 
of REWINDING (-). Output voltages and their derivations are the same. 
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CIRCUIT BOARD DESCRIPTION REWIND LOGIC -C 
SCHEMATIC 3116168 

2. THEORY OF OPERATION. (Continued) 

GO LOCAL (-) Output (Pin 9). The GO LOCAL (-) output is affected by mechanization 
of the' following logic equation. 

GO LOCAL (-) = (REWIND & LOCKOUT) (Rewind FF set) 

For mechanization of the logic equation, the REWIND & LOCKOUT input must be at 
-12 volts and the rewind flip-flop must be in the set state. The REWIND & LOCKOUT input 
at -12 volts cuts off Q7 and Q9. When Q9 is cut off, AND gate diode CR18 is reverse biased. 
When the rewind flip-flop is in the set state, AND gate diode CR19 is reverse biased. With 
both AND gate diodes reverse biased, the GO LOCAL (-) output goes to -6 volts. 

UNIT SELECT (+) Output (Pin 17). The UNIT SELECT (+) output is controlled by the 
SELECT & REMOTE input. When the SELECT & REMOTE input is at -12 volts, QlO is biased 
to saturation and the UNIT SELECT (+) output is at 0 volts. When the SELECT & REMOTE 
input is at 0 volts, Q10 is cut off and the UNIT SELECT (+) output goes to -6 volts. 

REWINDING STATUS (-) Output (Pin 34). The REWINDING STATUS (-) output is 
affected by mechanization of the following logic equation. 

REWINDING STATUS (-) = (SELECT & REMOTE) (Rewinding FF set) 

For mechanization of the logic equation, the SELECT & REMOTE input must be at 
-12 volts an<;l the reWinding flip-flop must be in the set state. The SELECT & REMOTE 
input at -12 volts causes Q10 to be saturated and 0 volts to be applied to AND gate diode 
CR21. When the rewinding flip-flop is in the set state, 0 volts is applied to AND gate diode 
CR20. With 0 volts applied to both AND gate diodes, Q12 is cut off and line-driver Q15 is 
biased to saturation. The REWINDING STATUS (-) output is -12 volts (through 125 ohm 
resistor R48). 

When the input to either AND gate diode is negative, Q12 is biased to saturation and 
Q15 is cut off. The REWINDING STATUS (-) output is zero volts (throughCR26). 

HI/LO DENSITY STATUS (-/+) Output (Pin 19), The HI/La DENSITY STATUS output 
is affected by the SELECT & REMOTE input and the HI/LO DENSITY input. 

When the SELECT & REMOTE input is at -12 volts, QlO is biased to saturation and 
o volts is applied to AND gate diode CR25. When the HI/La DENSITY input is at -12 volts, 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REWIND LOG IC -C 
SCHEMATIC 3116168 

AND gate transistor Q11 is cut off. With the AND gate transistor cut off and 0 volts applied 
to the AND gate diode, Q14 is cut off and line driver Q17 is biased to saturation. The HI/LO 
DENSITY STATUS output is-12 volts (through 125 ohm resistor R50). 

When either the SELECT & REMOTE input or the HI/LO DENSITY input is at 0 volts, 
Q14 is biased to saturation and Q17 is cut off. The HI/LO DENSITY STATUS output is zero 
volts (through CR28). 

READY (-) Output (Pin 20). The READY (-) output is controlled by a three-input AND 
gate, consisting of diodes CR22, CR23, and CR24. When the inputs to the three AND gate 
diodes are all at 0 volts, Q13 is cut off and line driver Q16 is biased to saturation. The 
READY (-) output is -12 volts (through 125 ohm resistor R49). 

When the input to any of the three AND gate diodes is at -6 volts (or more negative), 
Q13 is biased to saturation and Q16 is cut off. The READY (-) output is 0 volts (through 
CR27). 

The input to CR22 is from the collector of QlO, which is at 0 volts when the SELECT & 
REMOTE input is at -12 volts. The input to CR23 is the READY (+) input. The input to CR24 
is the READY INHIBIT (-) input. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 8 rna max 

-12 VDC ±3% 81 rna max 

-6 VDC ±4% 18 rna max 
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CIRCUIT BOARD DESCRIPTION 

TABLE 1 

REWIND LOGIC '-C 
SCHEMATIC 3116168 

REWIND LOGIC -C, INPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGNATION LEVEL LEVEL 

11 REWIND & LOCKOUT ( -) o ±1. 25 volts -12 ±2 volts 

12 REWIND COMMAND (-) o ±1. 25 volts -12 ±2 volts 

14 REWIND PB (+) o volts Open circuit. 

15 READY INHIBIT (-) o to -1 volt -5.9 to -12 volts 

16 SELECT & REMOTE (-) o to -1 volt -10 to -12.36 volts 

18 HI/LO DENSITY ( - /+) o volts -12 volts 

21 BOT (+) o to -0.5 volt -5.9 to -6.6 volts 

22 TIME DELAY (+) o to -0.5 volt -5.9 to -6. 6 volts 

24 FWD (+) o to -1 volt -5.9 to -6.6 volts 

33 READY (+) +4 to +6.2 volts -4.6 to -6.3 volts 

35 MASTER RESET (+) o to -1 volt -7 to -12 . .36 volts 

TABLE 2 
REWIND LOGIC -C, OUTPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGNATION LEVEL LEVEL 

9 GO LOCAL (-) o to -1 volt -5.8 to -7 volts* 

17 UNIT SELECT (+) o to -1 volt -5 to -6.2 volts 

19 HI/LO DENSITY STATUS (-/+) o to -1 volt -10 to -12.36 volts 

20 READY (-) o to -1 volt -10 to -12.36 voits 

26 REWIND (+) o to -1 volt -5.8 to -7 volts' 

28 REWIND (-) o to -1 volt -5.8 to -7 volts 

30 REWINDING (+) o to -1 volt -5.8 to -7 volts 

32 REWINDING (-) o to -1 volt -5.8 to -7 volts 

34 REWINDING STATUS (.) o to -1 volt -10 to -12.36 volts 

*Established by current flow through external circuits. 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

REEL SERVO PREAMPLIFIER 
SCHEMATIC 311(j175 

The reel servo preamplifier PCB assembly contains two similar preamplifiers and a 
time-delay circuit. (See Figure 1.) Each preamplifier consists of four switching circuits, 
a tachometer input circuit, and an output summing junction. The switching circuits are con
trolled by photoconductive cells located external to the PCB. One preamplifier functions in 
the .file reel servo loop; the other functions in the fixed reel servo loop. In the following cir
cuit descriptions, only the file reel servo circuit is discussed. Operation of the fixed reel 
servo circuit is identical except for reversal of the switching circuit input polarities. 

2. THEORY OF OPERATION. 

Photoconductive Cell Inputs (Pins 9, 10, 28, and 29). The inputs at pins 9, 10, 28, 
and 29 consist of separate photoconductive cells returned to -12 volts. The cell resistance 
is high or low depending on whether the cell is dark or illuminated. When the cell is dark, 
the resistance is 22K min. When the cell is illuminated, the resistance is 8. 2K max. 

FILE REEL TACH Input (Pin 15). The FILE REEL TACH input is a DC voltage that 
is proportional to the speed of the tape being supplied or taken up by the file reel. The volt
age is negative for forward tape motion and positive for reverse tape motion. The input is 
approximately 0.08 volt/ips. Potentiometer R 9 on the PCB assembly provide s for adjustment 
of the current supplied to the output summing junction, thus providing speed control of the 
file reel tape motion. 

CAPSTAN VELOCITY Input (Pin 19). The CAPSTAN VELOCITY input is a DC voltage 
directly proportional to the capstan velocity. The voltage is positive for forward tape motion 
and negative for reverse tape motion. The input voltage range is 0 to 24 volts. The CAPSTAN 
VELOCITY input is applied to the forward and reverse transistor switching circuits through 
isolation diodes CR2 and CR3. 

Forward and Reverse Bias Voltageo Bias voltages are applied to the forward and 
reverse transistor switching circuits to provide a controlling output from the PCB assembly 
when the CAPSTAN VELOCITY and FILE REEL TACH inputs are at 0 volts. The bias volt
ages are provided by voltage divider resistors R4, R5. R 7, and R12. R4 and R5 provide a 
positive voltage to the forward control circuits; R7 and R12 provide a negative voltage to the 
reverse control circuits. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 

Transistor Switching Circuits. Transistors QlO, Q11, Q14, and Q15 are the file reel 
transistor switches. Each transistor applies 0 volts at the center of a separate voltage 
divider circuit when the transistor conducts. effectively grounding the voltage applied to the 
input of the voltage divider circuit. Q10 and Q14 cOJ;ltrol voltage dividers that are supplied 
voltage by the positive CAPSTAN VELOCITY input and the forward bias circuit. Qll and 
Q15 control voltage dividers that are supplied voltage by the negative CAPSTAN VELOCITY 
input and the reverse bias circuit. 

Forward Operation. During forward operation, the FILE FEED REV (-) and FILE 
LOOP SENSE REV (-) inputs are at the low level (photocells illuminated) and Qll and Q15 
are biased on, . disabling their respective voltage dividers. The FILE REEL TACH input is 
a negative voltage applied to the OUTPUT FILE output summing junction. The CAPSTAN 
VELOCITY input voltage is positive, and is applied through CR2 to R45 and R56, which are 
voltage divider resistors associated with QIO and Q14, respectively. When both the FILE 
FEED FWD (-) and FILE LOOP SENSE FWD (-) inputs are at the high level (photocells dark), 
QlO and Q14 are biased on, disabling their respective voltage dividers. The only input to the 
OUTPUT FILE output summing junction is the negative voltage from the FILE REEL TACH 
input, which produces a negative current flow from the ~umming junction to the external load 
(input circuit of reel servo driver). 

When the FILE FEED FWD (-) input is at the low level (photocell illuminated), Q14 
is cut off, enabling the associated voltage divider circuit. The CAPSTAN VELOCITY input 
voltage is then applied through the voltage divider circuit to the OUTPUT FILE output sum
ming junction, where it is summed with the negative voltage from the FILE REEL TACH 
input. The voltage divider associated with Q14 provides an output voltage from the CAPSTAN 
VELOCITY input that is approximately equal to the voltage produced by the reel tachometer 
at a speed corresponding to 90 percent of the capstan tape velocity. Thus, when the reel 
tachometer tape speed is equal to 90 percent of the capstan tape velocity, the summed 
signal at the OUTPUT FILE output summing junction is zero, with no current flow into or 
out of the junction. When the reel tachometer tape speed is less than 90 percent of the cap
stan tape velocity, the summed signal at the OUTPUT FILE output summing junction is 
positive, with current flow into the junction from the external load; when the reel tachometer 
tape speed is greater than 90 percent of the capstan tape velocity, the summed signal is 
negative, with current flow out of the junction to the external load. 

When the FILE LOOP SENSE FWD (-) input is also at the low level (photocell illu
minated), QIO is cut off, enabling the associated voltage divider circuit. The voltage dividers 
associated with QIO and Q14 provide an output voltage from the CAPSTAN VELOCITY input 
that is approximately equal to the voltage produced by the reel tachometer at a tape speed 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 

corresponding to 110 percent of the capstan tape velocity. Thus, when the reel tachometer 
tape speed is equal to 110 percent of the capstan tape velocity, the summed signal at the 
OUTPUT FILE output summing junction is zero, with no current. flow into or out of the junction. 
When the reel tachometer tape speed is less than 110 percent of the capstan tape velocity, 
the summed signal at the OUTPUT FILE output summing junction is positive, with current 
flow into the junction from the external load; when the reel tachometer tape speed is greater 
than 110 percent of the capstan tape velocity, the summed signal is negative, with current 
flow out of the junction to the external load. 

Reverse Operation. Reverse operation is identical to forward operation, except that 
Q11 and Q15 are the controlling transistor switches, with the voltage polarities reversed. 
Thus, reel tachometer tape speed less than the applicable 90 or 110 percent of capstan tape 
velocity produces a negative summed signal, with current flow out of the junction to the ex
terna11oad; reel tachometer tape speed greater than the applicable 90 or 110 percent of cap
stan tape velocity produces a positive summed signal, with current flow into the junction from 
the external load. The reel tachometer input is positive. 

Stop Operation. When the CAPSTAN VELOCITY and FILE REEL TACH inputs are 
at zero volts, the forward and reverse bias voltages applied to the transistor switch voltage 
divider circuits allows the transistor switches to control the output voltage. When the 
FILE FEED FWD (-) input is at the low level, the voltage at the OUTPUT FILE output 
summing junction is positive; when the FILE FEED REV (-) input is at the low level, the 
voltage at the OUTPUT FILE output summing junction is negative. Current flow at the 
junction is not less than 40 microamperes in either direction. 

OUTPUT FILE Output. When loaded by the input circuit of the reel servo driver PCB, 
the output current is between -400 and +400 microamperes, depending on the state of the 
transistor switches, the CAPSTAN VELOCITY input, and the FILE REEL TACH input. A 
current of 40 microamperes or more is required to "switch on" circuits in the reel servo. 
driver PCB assembly. Zero current .flow "switches off" the circuits in the reel servo driver 
PCB assembly. 

Time-Delay Circuit. The time-delay circuit is comprised of an input buffer, a timing 
circuit coupled to a Schmitt trigger stage, a positive-level bypass circuit around the timing 
circuit and Schmitt trigger stage, and an output buffer stage. 



CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REEL SERVO PREAMPLIFIER· 
SCHEMATIC 3116175 

When the REWIND (-) input at pin 8 is at -6 volts, input buffer Q1 is biased on. When 
Q1 conducts, Q2 and Q5 are biased on. Conduction through bypass circuit transistorQ2 es
tablishes a negative voltage at the base of Q12; the negative voltage causes Q12 to conduct. 
When Q12 conducts, Q13 is cut off. The DELAYED REWIND ( -) output at pin 14 is at -12 volts. 

When Q5 conducts, timing capacitor C6 discharges rapidly through the relatively-Iow
resistance path of CR9, CR8, Q5, and R22. When C6 is discharged, the Schmitt trigger 
stage, consisting of Q8 and Q9 and component parts, is in the off condition; Q8 is cut off and 
Q9 is conducting. 

When the input at pin 8 goes to zero volts, Q1, Q2; and Q5 are cut off. Q12 is held 
in conduction by the negative voltage established at its base by current flow through Q9. 
When Q5 is cut off, timing capacitor C6 starts charging through R28. After approximately 
500 milliseconds, C6is charged to the trigger voltage level of the Schmitt trigger stage. 
Diode CR12 is forward biased and diode CR13 is reversed biased, thus establishing a p.ositive
voltage base -to -emitter condition at Q8. Q8 is biased on and cuts off Q9. When both Q9 and 
Q2 are cut off, Q12 is cut off and Q13 is biased to saturation. Thus, the DELAYED 
REWIND (-) output at pin 14 goes to zero volts approximately 500 milliseconds after the 
REWIND (-) input at pin 8 goes to zero volts. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 volts ±3% 22 rna max 

-12 volts ±3% 22 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

REEL SERVO DRIVER 
SCHEMATIC 3110144 

The reel servo driver PCB assembly contains two identical sections; each section 
consists of a differential feedback amplifier stage and two trigger stages. (See Figure 1.) 

2. THEORY OF OPERATioN. 

Differential Feedback Amplifier. The differential feedback amplifier consists of Q1, 
Q2, Q3, Q4, Q5, Q6, and associated component parts. The input circuit consists of dual 
transistor Q1, which is used in an emitter-coupled phase splitter configuration. Potentiometer 
R4 is adjusted for 0 volts between TP1 and TP2 with the input grounded (0 volt level). The 
input signal consists of a dc voltage varying from the zero volt level to a positive or negative 
voltage level. Emitter followers Q2 and Q6 isolate amplifier driver transistors Q3 and Q5 
from the differential input circuit. R2 and R 7 are the feedback resistors. Q4 stabilizes 
driver transistors Q3 and Q5 against drift caused by temperature variations and component 
aging. Capacitors C land C2 prevent high -frequency oscillation in the amplifier stage. 

When the input signal is positive, current through emitter E1 of Q1 increases from 
the quiescent level. Collector C1 swings negative; collector C2 swings positive due to the 
emitter-coupled input change. Conduction through Q6 is decreased; conduction through Q2 
is increased. Q5 conducts harder and the amplifier output at TP2 (forward drive) swings 
positive; Q3 conducts less and the output at TP1 (reverse drive) swings negative. The out
put at TP1 is applied to the input of the reverse trigger stage. The output at TP2 is applied 
to the input of the forward trigger stage. 

When the input signal is negative, the output at TPl swings positive and the output at .. 
TP2 swings negative. 

Trigger Stages. The forward trigger stage consists of Q9, QlO, and associated 
component parts. The reverse trigger stage consists of Q7, Q8, and associated component 
parts. Rl7 and R25 in the input circuits establish the dead zone of the trigger stages and are 
selected to stabilize the loop gain of the reel servo system, thus preventing oscillation in the 
system. 

When a positive input signal causes the current through Rl to exceed 40 microamperes 
(approximate) in the forward direction, the ve>ltage at TP2 swings positive over the dead zone 
level and Q9 conducts. When Q9 conducts, QlO is cut off and the voltage at output B goes up. 
The voltage at TPl swings negative and Q7 remains cut off. When Q7 is cut off, Q8 conducts 
and the voltage at output A is zero volts. 
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CIRCUIT BOARD DESCRIPTION REEL SERVO DRIVER 
SCHEMATIC 3110144 

2. THEORY OF OPERATION. (Continued) 

When a negative input signal causes the current through R1 to exceed 40 microamperes 
(approximate) in the reverse direction, the reverse trigger is triggered on in the same 
manner as described for the forward trigger and the output A voltage goes up. Output B volt
age remains at zero volts. 

The input signal must return to zero volts (no current through R1) to cut off Q9 or Q7 
once they have been conducting. When this occurs, output A or output B returns to the zero 
volt level. 

3. POWER REQUIREMENTS. 

RRA-2 
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VOLTAGE CURRENT 
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7-1. INTRODUCTION. 

SECTlaN VII· 
DRAWINGS 

Drawings in this section are located in the sequence shown in the following list. 
The control electronics logic diagrams are located at the end of the section. 
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CHKR 

DFTSMN ,',: ':, T;' ; . 
CODE IDENT. NO. ISSUE 

FINISH c F 

SCALE 'Ii? 



IIJ...J 
a:~ 
~Ul 

III ..J ~~liii~I!1 
II) « ,10 
Ul Ul ,8 g: \I) ,G 

U @., ,4 

~~ ,2 
1-::1: 
Ifl~ 0000000000 0 

000000000 0 
-(\,Irt')...,.lf)tj)r-CO(iJ~ 

C.F.M. 

EIA NOTCHING. 

AI~ 
FOR 

AIR DISCHARGE 
FOR -10, -20 

T'(P 

SPECIFICATION 

7500 HRS LIFE, M IN 
AMSIENT 40·C 
2.0 AMPS MAX. 
NO LUBRICATION REQD 

APPROX. LOCATION 
SiERMINAL BARRIER. STRIP 
KULKA "'00 -5 1600~Y·5 OR 
EQUI'l. GRDWIRE TO BE ow 
TERM 1. 

REAR VIEW 

1O-32J1.1/Z'THD 
STANDOFF 

(U5E.CO 1551- E 
OR. EQU1V.) 
2. PLAc.es 

:'HO$9~-05 
(TERMINAL 

f:>TR.1 P SH I ELD 
TO BE INSTALLED 
B'i AMPeX) 

31101'<1 TN-II 
FINALS/M TM'? 

NEXT AS$Y. lST USED ON 

APPLICATIOn 

REVISIONS 

ISSUE DESCRIPTION 

S E<'N 4207 

VERSION TABLE' 
PART NO. VOLTAGE AIR DISCHARGE 

3110287-10 117±" 10% Ii?EA~ 

DETAlL ,\ s~ 
NEARSIDE 

flNISH PER AMPE')C.SPEC 
CAD PLATE I:'· 52,-
CLA~~ a.TYPE n.'IElLOW 

- '2.0 220± 10% REAR 
- 30 117-:' 10% TOP 
-40 2.2.0 !:-I Or. TOP 

HOOK UP OPTIONS 

~. FILTER, BLCMER. PIN '3110757-10.- ASHLAND ELEC. 
PIN 70u3-2, TO BE _USED AS- SPARE FOR BLCMERS 
FROM EITHER VENDER. 

4. A. 3110tB7~ 1 0 (MAY -BE PURCHASED_FROW ASHLAND 
ELECTRIC PIN BASOOA-4 OR McLEAN ENGR~ LABS 
PIN 2EBSI2A-36V. 

B-.. 3110287.30 (MAY BE PURCHASED FAOM ASHLAOO _ 
ELECTRIC - PIN 8A500C-4 OR McLEAN ENGR, LABS pm 2EB512C-36V. 

:i. FURNISH 2 JUMPERS KULKA 600 OR EQUIVALEN'I'o 

MARK PART NO. AND REF. DES I GNAT I ONt ,-. 12 H IIOH 
CHARACTERS. COLOR BLACK, PER MI L-S 0-130. 

I. PART NO. TO BE -AS SflOWN IN VERS ION TABLE. 

NOTES: 

BLOWER ASSY-SPECIFICATION 

117/2Z0V) 50/100 G'I'CLES 
CODE IDENT. NO. SllE DWG. NO. ISSUE 

C B 
SCAlE NONE 



13110042 

-

~R3 
-,3 UYlII~N.t 

'u~ tltsCR11'TION ~- n A."I'ROVAL 

n~ ~: 
'- £CN S087 REDRAwN 0J"'-I'.-.Z .' - -;1c-v<-

I I" + CI ---~~-=~~~----------~~- 'i'/'lbt'1P1L 

-~ 

i~ G 

5100 
I 

CR2 11 
ISV 

~ ICRI 

1- ~ 14 
17 ~ L 1 

-2, 
I C.R? 

~I r- iG 
eRG is 

+ c" 

-~ if 5100 , 
-(I I CRS 15V 

REFi~~J5-1 TBI REf' 

~: 8 
1 

'i'3 18 1 20 I IW liB 
TBI L-JQ 4-3SY UNREG 
~ 

FL L _____ ~ L ___ --l 
lOA 

I Tlr-<f 

It 
-ROY 

AC PWR 

~ 

fr: 
RoF r-""-l HOT 1 

:!~ 
"23 i 1035 19 14-

I + J,C3 ,+4"C4 + C5 -35V UNREG 

~ iV'- ~ 1 '" 
±Iy.. CRII 1'2,500],12,500112,500 L _':::_-' 8 lOA L_ f- ZSW 580-053 SOY 50'1 SOV 

2S0Y 3 CR9 
+4o,CG ;-40 C7 tl,CB ~-

~ I 7 R3 CRIO 1'12.50°1'i2,500f.12,500 RIO 9 

~ ~~ Ol~ 
.05 SOy SOY SOY 

I'{ 4 ~ 
1 :±I~o RII lOW , QI ) Q2 COM I B 25W 
I _1--±. 20 

25 

~ 10 L ---o!Q ,----- -- -- ------- ---- - -, 2SW '<:I ~ LOGIC GRD 
CHASSI5GRD 014-61G RI 1\ U EI 1 1 R4- RS .05 

21 1 RG .1'1, .1 .H IELD 
If' Ii 

I RIB RIG CIO 10 =1;1. ±I'lo 

~ I 
4.rK 2.4K 220PF 

'M ~: I RI2 lOW lOW lOW 1.5W 
I'" !5% 6~013-3:1: ~iO 

0- CURRENT 
25 5ENSE I RI4 ( ~,VRl. 

500'1 R20 ,,2,1 25W ~/~~ 4- :. , 1013-358 ;17 IK 32'1 

~ 
-{) CAP MTR (-) 

I .8K IW 
fl9 

I 

~ ()- U~:I~ :Ol~ 150 I ~ I 
( I CII 

5W CRI4 CRI5 I 8 j FEEDBACK 

~yR3 .01 820 =10% 

110 1 

580'053 580-053 
" 

4-I f- i"IO"/o R23 rooV CAP MTR(+) 013-358 IOOV 2.2K ~ 6 

}SPARE5 
1 -

1 t<G 1 a 
R21 7 02 QI2 CI R32 

251 ,,"' ~'-"'~ ~ O14-iP -f=( ~~ I ;; 2 
17 6.8K 220 151 014-615 ) 014-615 ~~ 0 

CAP. CONTROL r ~~~~~{t 1V~ 17 I 
I 

E2 220 R24 (BaIO-35B QI~ ~ 0 

I R27 I KI 2 19 I 014·247 'IRI 

2Gi 
1.2K 

IK (~: R28 R,3 (CD38) I 013-2$4- , R7 R8 CAP5TAN II t CR27 
CAP RELAY 

18 R26 R25 , VRS IK Z.ZK 
~ (~'(CD36) ,,11:1. 

.1 SERVO 10 CAP. CONTROL 9_IK 9.IK " 013358 IW R34 I R9 =Il'. 
~~t~~ ~ ~~~AYI 3110042 RET I 100 

171 
IS loW lOW C h- R29 IW lOW 1~s I 2.4K 2"3j /S A 

I IW 3'-'1 

-

I I 
L ASSY 3110049-10 T82 .J - @) TO BE. MouNTE.tl oN ~EATSINK. 
--------------~ 

11) CIRCUITS INSIDE. DOTTED LINE LOCATED oN 
PRINTED CIRCUIT BOARD 3110049-10. 

@ JUMPE.RS SHOWN FOR 1l5VRMSo INPUT 
FOR 230VRMS JUMPER. ONLY TB1-~ TO iBI-.Et 

5. ALL TRANSISTORS TO BE 014 -3"4(c0438) 
REFERENCE DESIGNATION ~: :tt g~~?~o~Ov~~u~~~~~TNSO~~~~~~.1/4W 
LA5T U5ED DELETED 2. All CAPACITOR VALUES ARE IN MICROFARADS. 

R35 RI3 1. FOR ASSEMBlV SEE 3110038. 

CIZ (9 NOTES: UNLES~ onlERwlSE SP~CIFIE'D. 

eR27 CRI6,CR26 

~ 
~!~~~\~'Ja;~~~~~'Ml~~\~~~ I AI\PEX I AMPEX COMPUTER PRODUCTS COMPANY [EJ 

QI2 Q1.Q8 unLUI mI J[fnR!C~ BLVD. CULVER em', c,o.ufCR~tA I 

VR" " st~~R/. z=:. () ~/,. TITL~ 

'" m1lY' ~ CU· SCHEMATIC-TB2 
TL 

OF1J.1.w.cHINlD EMG.~ lJi\ -P. 1-~~ 

MAT=------ CHKR/ CAPSTAN SERVO ASSY F5 F3 onSUN IZ·ll...{,f. 
coeE: lou .. r. NO. 

DI'~OO31100421'~' 31 Do3BTM-11 ''':-------NEXTASSY 1ST USED ON 

APPLtCATION SCALE No SHEET I 01=1 
Utn '."fOf'F"GHT "" ... ...,.·'07 ..... " ... 

t 
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S~C.1I0'" G- G 
h"rlC/\L fOK: c.02,), \0_11 r"r::. ~ 
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[8 ;\ 

+ + Q 

~ 1 

'0 

1:'IIOO~91 

" 
'1"1 0 

-'1++1 
" ~ +1 "- +1 

"'"" 
~r e + 

"'" r' 
1 + +r 

"" .1" '" + { I €) 

R EF'ERENCE: 

~lloo:,l 1MH 
-;\LOO~'3 iMIi 

fINISH ___ .~ 

r- B 

'D.c;.3J3' ....... ,- ""'''''''' """""" om -~ 
C ~C'" /&"i 10' PiIf>D LI<- ",q,'k· i4<. 
D Ec." 4249 I~ I-Zl-/.l fte',e 
E EOJ 43(,,0 ILM::· "J"u~s. J.u.-
F EcIV A-3(b ~0.....J il'5Ju .. "5 ~,I;' 

Ol EcA14-543 lJi;. \"/1'/.,- 1"7C7 
H ~4""3 fl9c J1hf!t.5 ~ 
J eCN 82.0/ J.O. }jb -67 19.e.f1 
I( EC.t-J a,'9 .4uU. I.I:.~. 

~4" ." 
~llolS'2·IO Tl 

QI,Q'2, Q";,QS, Ql 

0'20''210 K"I 

D10-0l7 ~4. FS 

0110 ·'HIS Fl. f'2 
01 (..78 c.eZ7 

"HMT Slr.U(.s 3I1Q'2(,.\-1010 .. 40 '. :5J!O'Z"'2' 0, ""0'2"5"0 
r5"1 To &E "'J~VL4T~D f-l<:oM GI-lASS,!> 
rsii::! vlil-\ WA.~~~2.s. 503-01'2 ~ 50;:o!S. I 01' 0039 
~ MAI!l::: P/Iol 'I'2Hlca~ (.::ILOIZe.L.l..C.r Pel: I.All·~"D·l"!Io. 

00 tJoT IMP!Z&t>~IOU ?'.4.I<o/1P 

(.. p"OZT lJo TO 5~ }..~ ;\oW"-I 0"-1 eM 
m AOI4~Sl\1t- ~IOf:o o~ PAItT :'11e>'2SS-\O At>JD ~1I0'2'''o·IO TO 

BF: TOWA2 D f'Aei' :'1\0'25,1·10 AtJO '31101'25')-10 eH.pfCll'JH'(. 

~ ,4,PPL ..... S,IL"OU G.I?E-A.$E PAcT)Jo. os,l-'3Ba 6f:>lWf::£::l...I 
M l \fl:A.tJ~LSiQe o~ t)!Ql:)1: MiC..- SU "~ACEoS.. 

~ ~ot? wlI'~I;;LL$.T AIJO SC"\~MA"TLC "'£of: e)M 

f( PA.RTLA.L K'HER'HJC.E DEo;.lc,.I-1A"TLOtJS AJ<:E SHow"". 
F012. coMPLE:T~ DE~IG.M,tt.'LO,l...l P12~;'I\( WLT\-! UI-lLT 

t.JuM&H~ 01<' 5US·A.$Sy' !;)E$.It:'~""\loto.Js.. 

I .... $<;.f:'tv\6L..E PER P~e>OUCTLOu PI1!Ac.llc.ES MAtJUA.L 

Sll£ET 10r:4 

-
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411- 0"'9(0 
501- 1f2>0 
50'2-003 
"P~AU~ 

ODD 
DO 
D o 

DO o 
o 
o 
DO 
o 

"!lllo"2f'2·\O 

r 411· 14~(") 
I 501- 0'25 

50'2·00,," 

491,011 
4 PLAC!-~ 

o 
t 

,I 

3110039 

,·('i 411' 0"9 
/ Sat- IBS 

/ 50'2-003 
4 PLAas 

®O 
~--------~~--------~~--~r-------------------~~--~~L------,~Y~ 

VII:-W A·A. 
\(') 411-080 

s,ol-19o 
50'2·ll04 

49"· 010 
~fti1aS 

LF) 411· 0"9 
;;01- les 
5c>'2·003-
10 Pt.Ac.ES 

~o'2- oe.3 
[.:)411- 07'-

501- le£l 
50'2· 00'3 
49'2- 009 

41H,as 
501-0'25 
50'2·00,", 

G. ~c,Q'!) 

c 
5.EE S,Hu:T 4 

7),C, 230 

3110039 

1 A\\PEX I AMPEX COMPUTER PRODUCTS COMPANY lKl 
m7 JUITRSON BLVD. CULVER I;llY, ClUF'ORNIA I 

CAPSTA.10 SE12VO 
ASSY 

D 3\ \0039 
~I, SHEH'L "F 

K 



3>1'O~s.t·lO .... 

Vltw B·B 

~\\OO:'9 

o 
o 
D 

DDOCl 

,...11.49 
SE5W'\Z.E.U'6l"" 
l='oliL ccholhlsc.TIONt;. 

~IIO"l:'!.·IO 

lH 411'01B 
5;11·11:)0 
50'2·004 

4\ PL","·~£o 

~ll00,!·, iM II 
~\IOO~S 1M If 

4':;1-l)b~ 
501-I!!>S (:2) 
50Z-00~ 
4'32. .. 009 

CABLE t.LAMP
"PART B 

CAI'ACITOI1-
YII.R.T C 

VIEW H-H 

D.O.230 

(:iZ Jo..L r. II DE) r /h lh'·'J" Jl..t 
-seE 'SHeeT, 0;'· '" .'lC.:r_ 

n3-1'2"l} 
411-066 2 
502·000;; 

REQD 

:oj \00:'9 

CA.PSTA.i0 SERVO 
A.~:,y 

D :'IIOO~9 
SIIEET a OF4 
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/ I "1Io1a,,-~o 
30'1 oe~ I l~) 41 t· 0'01 

IF\ -4,1·0'0 50\- Wl 
5012- 003 50'1- ooS 
501-/88 

~t(\\ON I)-52 
l'·q.>\ (J' .. ,oR QI,'2.4,5~7 

I~ 

\ L~) 411- OfD9 
501-1£10 
5o'2-oo~ 
eIU'Q'D 

. <20>_ F 
'4~ 
Ff~ 

\ I'Ai!T A. 

Sc-CTIOI0 CC 

~\\OO:,9 

\ 411-0.' (;1 
s.o'Z·-ool 
,"PtAa" 

SECTIOfJ "-F l@l 
1'1 PIC.p..l ~oe c..e1<i,\?,IC.,q 'l vel 

n 
:y 
I' , , 
L.' 

'?,.1\oo31 1...,11 
:,\loo31i ,,,.q 
NEXT ASSY. 1ST U'SEO O~ 

-- C Eelv' '(,A E. peo 0 414 ,,!I'-'t.t.Ac. 
~e "'"E.E T" \ .... ';";'-11: 

CA.P:'Ti\W SE-12VO 
i\SSY 

D 31100~9 K 



~II0041 1) C 320 

-+ 

r: -,:, llVlllCIIS 

ISSUE 1l[$Ci\II'TION """'"" ~" I>nR~AJ.. 

T2..-1s O~' +1 CI 
H "~N REO~P.W <b,ot. ... 1" 1-'1C";;{ 

I 12, I .J ECJJ 4-543 1f3'>l. "ldt :;K-E 

I!~ G 

T5100 k' ECJ...I4&C..3 13"r, II/ISIt.o J2':8' '~ I I ISV 
leRI CR2 jl ~ L EC.N 8il9 ~ I-Il_'-a WW ~ 

2, ~ 14 1 I 
I 7 ~ '--

,--2" ICR7 ~ I r- k; I + C2, -~ ir CRG : 5 

5100 
I CRS 15V 

R£r'-;R~-I TSI REF J: 8 
I 

~ IB I I 201 IW 1 IS 
+35V UNREG TBI 

FI L-JQ L _____ ---1 L ___ .J '-' GA 
ITI~ 

t ---RJV 
REFr-~51 AC PWR 

~ 

f~ .:~~ 
'2, '" 1.9 14-HOT 

t 1,c3 otf C4 + CS -35v UNREG 

~ rug 2,~ ±I:/o CRII 12,500 12,500 12,500 L _'~_.J B GA t-r (.:- zsw 580.053 SOV 50'0' 50V 
250Y I- + CG :1 C7 t ~- , CR9 (8 

'~ R:' CRIO 12 1500 RIO 9 I 7 12,500 1,'2,500 

~ ~RQOI~ 
F;; 1 I .05 sov sov 50V 

lOW Q.I Q< ::'A Ii: d I 8 
:l; 10;0 RII 250V COM 25W 

25 I 
2.4- ZO ~3 ~ 

10 L--o!Q -- - -------- -- -- - 2.SW 
~ LOGIC GRD ,---- -, 

OI4,61G; RI CHA5SISGRD 11 

~ I I R4- R5 .05 £1 
2.11 RIO ;10/0 .1 

llro 5H IELD 
Ir 

I RIB RIG CIO 10 .,~ 

~ Ii 2.4K lOW lOW 2.5W 
I 

4.7K 220PF VR4- J, I RI2 lOW ~ CURRENT IVI 1'5% ( ~013-358 ~R:'O Z5 ?,F4- 5ENS!: I ( 
500V R20 ' 82 2'2.1 2SW 4- ;; RI4 ~:R2 lOA 

! 1013-358 ;"7 IK QI~ 3ZY 

~~ __ , 1 

I .8K IW i~le I 

~, -~ U: ,~)CI2. 150 I CRI4 CRls N Ii- -
I 

( [ CII 
R:'I .01 '5W .01 820 .,0'/0 

1,,1 

S80·05~ 580-053 4-
It' IAIAISI I ~yR3 f-- :!'IO% R23 100V 

013'358 100V 2.2.K 
2 I~REF \ I QG 

Jls L-tiRI3 ifm L __ J R21 (.2 QI2. el R:'Z Oi4- LP .~ ,,~ I' 17 25\ 6.BK 

",,is ~""fq r:1 
220 151 014·~15 ) 014·615 L ..J Sv.I CAP. eQNTR,OL "'ff.'" ~ cs , 

I l I ,~~(f~~;-t), ' VR~ QI~ W ~ ] 7 1'.22, ZOOV 
E2 2. 20 R 24 (~1?,-358 I KI 2 1"9 I 

R27 014·2.47 YRI CAP RELAY I 
1.2K 

IK C~ R2.8 f',;, 
(CD38) I 013-ze4 R7 R8 CA~E5;~~ flO tCR27 IB 2'01 R26 R25 , VRs IK 2..2K 
t§) CB'CC036) ±Ir"lo 

.1 

~~~AYI 9.1 K 9.1 K -= 013-35B IW R34 I R9 " 1,/. READY 311004\ 
CAP. CONTROL 

RET I lOa 
171 

IS lOW lOW RELA'f ~ IW lOW h- I RZ9 ~FS 2.4K 231 lOA 

I IW 32.Y 

-

I \ 

I f R;6 R37 I ~ [§l TO BE MouNTE."O oN ~EAT5INK. R3B 33K 
14 1 

0,4'''''<0 
I.SK I.SK 

Gl CIRCUITS INSIDE DOTTED LINE LOCATED ON I 2.W 2W Q7 
>----- C~8 013·599 

"I "l 014'2 
PRINTE.D CIRCUIT BOARD 31102.96-10. 

~ @~ 
(CD456) @ JUMPERS SHOWN FOR 115VR!v1S INPUT R40 ~) FOR 230vRMS JUt-4PER, ONLY TBI-8 TO "'T81~9. 470 R41 I 

5, ALL TRANSISTORS TO BE 014 -3ID4(C.D4'!S) . 33 

B IW 13 1 
CRIG 

j: :tt ~~~~~io~Ov~~u~~~~~TN80~~~~~~.'/4W VRB~( 580·053 013·450 Ro9 
CR,17 2. All CAPACITOR VALUES AAE IN MICROFARADS. 

I 4,7K C1. R42 I 1. FOR ASSEMBLY SEE 3110037 REFI::RENCE DESIGNATION It ~~23K QI4- ~ IK 
I 

5BO-053 
NOTES: UNLESS O'IrlE.RWI~E SPECIPIE'b. 

~R7( 8R44 BZrr::: LAS\' USE.D D~LETE.D I ' IK 614-=597 BI 
I RI'" IAMPEX I AMPEX COMPUTER PRODUCTS COMPANY (Rl R49 tlo/,o '.1 (~~A:L 

I ~ ~!ll~?~J~;tl~l~M·~~~~~~ 013-358 I/ZW c2 R4S EI I m7 JErFtRSON eLVC. CULVER crrr, CALIFORNIA I ell cw R4G 12, lOW 
~::o i~~,·· ~l! lilt£: CR2.7 CRI9- 2G 

2.2K 100 SCHEMATIC-Q 14- R48 R47 I Of ALL IMCHINW ENGR_ /1.1.1 7) II,· b /1;. 
YRS 10K 10K 

I PER ""l-STD-IO CHIU!/ CAPSTAN SERVO &. FIELD SUPPLY 
"'''TER'Al T2. 

I OF1SMN Il·U-M· I CODE 'CHIT. NO. D 1"'000 311004 I T"' TB2. 

\ ASSY 31102.900-10 T82 I 310037 TM_ll FINISH 

'" FS ..J NElITASSY. ISTUSEOON 

~PP"CAT'ON SCALE NoJ ,,= 10 I=' I 
'" .'UGHT .",,-, ..... " .. , 

t 



o 

o 

r,1I029S-10 /"3-03<0 
/ 22 PLACES 

@@@@@@@@@ 0 
1"2.34510789 

~UUU~J 
o 

o o 

000000 

000000 

o 

o 0 

o 0 
o 0 

o 

o 
o 0 0 

000 

~17"-O"<O 
2. PL.ACES 

o 

o 

"o''"~''-\d, ~OI4_'80 ~O:::~::~,COLlECTOR 
2 PLACES 

o 0 

o 0 BASE 
BASE 0 0 

~ - EMITTER: EMITTER. 

"-471-060 014-5"7 REF 
SOI-186 
562-002 

TYPICAL TRANSISTOR INSTALLATION 

:'1100-:,8 TM-II 
NUT ASSY. 1ST U5<D O~ 

8 EcN 164:1 

C EC.N 4Z4'9 

D HN 4381 

PART NO. RE.FERENCE DESIGNATION 

014-364 QIO Q.., 
014- 247 QII 
014-587 QI2 
013-(078 CP..I T!-IRU C.R.B,CFU3 

035- 21e ell, CI2. 

041- 095 R.15, R~5 
041- 096 R34 

VR2,THRU \lR5 

04J-410 R'2.4 

041- 4 II RI4 

041-413 
041-414 

R2.2,R.~2 

041-440 R2.7 

041- 412.. RI8 

041- 514 R.25, R26 

041-5"'37 R30 
041-506 R"" 
041- 337 RIG,R29 

041- \ 0 2. R2.0,R2.8 
047- 832. RI9 

13110049 

® MARK PAR.T NO. t NAMEPLATE INFORMATION 
PER Ml L- 5"0 - 130. 

7. PART NO. TO SE '3110049-10. 

G. SEAL PRINTED CIRCUIT SIDE ONLi WITH HUMI-SEAL 
TYPE IBIS" C.OL.UMB1A TECI4. OR E~U"'. 

s. HEAVY LINE ON DIODE INDICATES CATHoDE. 

4. CO"1PONENT DESIGNATION'" AR~ FOR REFERENCE ONL~_ 

3. ASSEMBLE PER pRODUCTION PRACTICE.S MANUAL_ 

2.. FOR ASSEMBLY SPECIFI CATION SEE 

I. FOR 5CHE"1ATIC SEE "'"0042. 

NOTES: 

~CI\l.E Z:l SI!~1:T r OF' 



,yp 2 Pl.-Ac.E5 

~ln-03" 
2 PLACES 

"'OO_Z34~014_180 

COLLECTOR~,COLLECTOR 
Z80-,a9~ 280-051 

2 PL""-ES ~2 PLACES 0 0 

BASE 0 BA':::.E 
o 

-e:z - E.MITTER. EMITTER 

"-411-0GO} 
SOI-18" ZPLACES 014-597 REF 
502.·002-

TYPICAL TRANSISTOR INSTALLATION 

:!t.1\4lO~,") 

~s\e 
'3\1004\ 
5CHE.;...,A"IC 

PAR.T NO_ 

044· 309 
I 047-832. 

TABLE. r 
~1I4652 TH·r2. 
311Z517 TM·rrM 
311oo~7 TM_II 

HC1J AS~~. 1ST IJSED ON 

~~'l.Ie.tTl~N 

1ID1SIDIa 

,~~ DESCRII'TIOlt ~ ",re -~~ 
A E<N 164 ;r II~ 
B EO ... 4'Z.~9 ~ 4-Z!",S _',·'r 
0 EOl 438>1 f1t<JRW ,,~(.'r kr(',k 

D EeJ,j 48>09 It(, fin. "/n~- ::,/~J~ 

REFEftENCE DES1GNAiiON PART NO_ RE~ERENCE DES GNATION 

R44 

RI9 

.. ~ .. 

014-2.47 QII 

014- 3 104- QIO, QI3 Q'? 

014-597 QI2}QI4-

013- G78 eRI 11-1Ru eR8; CRI3 

013- ~58 VR2.13~4,51~,7 

013- 450 VRB 
013- 5 9 9 CRIB 
041- 40S R47,R4e 

o?s - 2.19 Cil l el2 
041- 095 RIS,R::'S 

041 - 09{', R,,4 

041-410 RZA,R42. 

041-4\1 RI4 
041 412 R18.R38 
041-413 R17,R21 

041 - 414 R2.~,R33,R43,R4G 

041- 419 R4S 

041- 428 R40 

041- 440 R27 

041- SIS R 37 

041 - 396 R2.Z j R32.. 
041- 8ZJ PAl 
041-894- R36,R.3B 

041-:;14- R2S.R26 
041-5"37 R30 

041-506 R31 

041-337 R16,R2.9 
041-102 RZO, R2.B 

131102.910 

em MARK PART NO. g NAMEPLATE. INFORMATION 
PER. MIL- 5TD-/30_ 

S_ PARi NO. TO Be; 31102.96-10 • 

r2) iR1MPOTS NOT TO BE' SUBME"RGED IN WATER. 

G_ !lEAL PRINTED CIRCUIT SIDE ONLY WITH HUMI- SEAL 
T'(PE IBIS COLUMBIA TECK. OR. EQU!V. 

5. HEA\J'( LINE ON DIODE IND\CAiES CATHODE_ 

4. COMPONENT DESIGNATION5 ARE FOR RE.FERENCE Oi.JL'1'. 

3. A~5EMBLE PER PRODU(;TlON PRACTICE.S MANUAL 

2. FoR A5SEMBL"{ SPE.CIFICATION SEE 

I. FOR SCHEMATIC SEE TABLE r. 

NOTE5 ; 
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JTI-" R:"E""W:..:,I:,;.ND~Ic:..:N-"ci;..:..( -"":) __ ....,..,,......., __ -1341 

READY ( , ' , .. 
2~H~I~/l~0~(~-'/+~)~D~E~N5~-----;2Q 
:3,I--~ RW~O(-~).!...:..,;=~---,-j19 

~ REWIND & lOCKOUTc-) :~ 
10 LOGICGRO' G 

J2 
REF 

3 

5 lOCAL P.B, (+) 
:3 REMOTE P.B.(+) 
12 RESET P. B.(+) 
6 OCP RESETt+) -

?~ 
8 
II 

lOGIC MASTER RESET(+) 15 

J 8 REF .14 REF '9 SELECTC-) 

I~U~N~I~T~S~E~L~EC~T~'~O~U=T~(-~)~' ~ __ ~II~ 
18 SELECT,& REMOTE INO (+) G 

REMOTE IND, t+l 
LOCAL INO, (+) 

19 OCP ENABLE(+) 
13 TRANSPORT READY 
5 ' (:0) 

4 
31-------, 

J2 
~F 

'--13 
15 

'-----i14 ,~ / . J 7 

=7 HI/I (H-/+)OENS 3116167 
18 

II Rwn p. 8.( ;-) 14 24t--:=~-:--------, 
,-------,--I2~ I f--- ~ I%r REWNDING(+l 

2:Cb"",l _O~GIIC~:,!,:: GRD"7:-_ _.--'-6-1 5 28I---:R?:w""D""t,:-;-:-,.) ~:-.,----'--, 
19 -12V'lOGIC' 4 32 REWINDING(-) 
I.,..- r-- 3 ,17 UNIT SELECH+) 

'--''--_-'----'r-

- I 211----, J,]Q 

~L __ ~ __ ~2~~2, ~C~~~I~~ 
''C D4'0;8 1L.4-H-t-------------.,----I' J9 RE.F ' 

'~ BOit+) 

22 

14 

18 
IG JIO 

~ 
3 ~F 

I " I 
FORWARD 3 3 

, 
2C REVERSE 4 

Fl 
eAPSTAN 

LOGIC VELOCITY 
24 3107082 CONTROL 

REV/STOP 5 IFWfl F/F(-) 
5 3119513 

FWD/STOP ~~ REV FIF(+) 
27 

OR 4 Bill!! 
25 

3112630 I' 
RUN/STOP ~5 

~ 
17 

FWD/REV 
I-

G r:-~ 

12 
10 

':'.,... ,- - - - - -:- - - - - -.., , 

, ' AIAITB4 J:3 ~ 

, WHT ~I2aI--H_t_+t,.j3Ei 
, {',' BlK, f20 2n--,...f---1I--+-HH9 

H-t+lH 5 ' 121-----,----' 
'BO~ .' ..... 1-:- 4 PHOTO, III--E::-:O:-:T:-(-+-)----' 

( 'II ~' 17rot---t_t_-t-t-H1 OAM PLI FI ER 2011-"-"-~-"---J-4-R-E--IF r---J-2--R-EF--:--'-------i; 

!
~~. ~ , 

EOT ,ro ~:3 3110237 :~ ~g~~=~ ':~' I~ ~~~ ~::/;) 
'1 YEl ~. ~I--t-l--+-l-H,28 b 1-~--------i13 

WHT 1 I,. I 34~ 14 

I...... ..... - ~15 

L _________ -"_J l~ 
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FWD/REV(-/t-) FWD/STOP 

I.--. 
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+-I------"-------------'---------t--------1--------{ I " i-INPUJ I I~ 
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~F 
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,RELAY ~2 'I 
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6 J4ilEF 
I Ilu0of-4'--H--. 1/ I '-------i,,19 
UL2~-,-j--~~, ~1----~-----I1!7 
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I C0451 14 K2 
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0:i TBI R EF 
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J2 REF 
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sHIElD''::f<> 13 -L.-__ ,-,r-
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4 3 

....:. ' !£ -:il:.; 
'---_---I ~I ~I~ ~ 

~'- ..... 
Jl2. ~ig~-

J ~r------'ltEF ~I ~ lS Cl 

H-++-----II CAPSTAN 2,3r-
CURRENT 141-- ' 
CON lROL 351----' 
311462.7 Zfl---...J 

H-+----t3 
H---\4 

>---~ 5 
.-6 
.-7 

OR 171-------' 
3116814 B 1-'--.,.----' 

;!..!.REF 
18 ~ 
17 ~ 
15 +35 UNRE.G 
19 -35UNRE.G ®:!QX:i1@ 

h.- @ ® 
RELAYS 

?til I. 

2 

I PWRRFI AY 12 
(R5.)COM INTLCK 7 

P. S)N.C. INTLCK B 
9 

EI ............. 
I C8 2 

~I~ 2,UF ' 

, E2 

TABLE I 
CONNECTOR TO 

J I REEL' SERVO ELECT.!.j' 
J 2 O.C.P. 
J3 TRANSPORT 
J4 REMOTE SIGNAL 

-N,C, 

-N,O, , 

-COM 

,..cCOll 

-/. ,M-

II IIOT lULl ..... ~~ IAMPEX I AIRX COWU!II. PRODUCTS COMPANY r;r 
IIIUII~--::" 1IiI'9~ .. ."......... CWlllCITf,CMJPIIINIAl!!J 
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D,c, 230 31(;101.-~ ____________________________________________ ~~ ______________ ~~~~~~ ______ -L~~_ 
REVISIONS 

TERM.I 

@11111111111@31 

@11111111111@;rz 
N£IIRS(OE 

@11111111111@J5 

180-44~ 

(11)47/-072 J-
SOC-003 4 RetlO 
'79c-009 

}?E/fR VIEW 
SCiIL£" Yt 

\ UETZ TOPFUGHT 1060 500 12-63 FORM 2602·107 REV. 11-62 

923-122 
/fll? 

3lf695(-04 
4 PUICES 

@) 
'·~·.Y'., 

0---

, 
1 
o 

3110113-10 

o 
I 

. _____ 0 

OcO-c25"""""L 2 I?Ct/tJ 
43Z-020-J . 

471-072} 
SOc-003 c REqD 
"'92-009 
/7/- OU, 

--------

311000 I I TM-II FINISH 
NEXT ASSY. 1ST USED ON 

APPLICATION .-------------
1 

ISSUE DESCRIPTION 

ERN 1/'4CC P~OD 
G cCN 4482.. 

H cO'; 4597 

K ccN S727 
.. ,- L c:c..N 82.2.B 

3100c43-10 

FliRT NO. REF. IJESIq, 
0/3-~78 CRt CR2 
013-539 .CR3 
041-2:83 RI _ 
041-245 R2 
tJ..4.I-S08 1?.3. RS 
041 "'10 1?4, 1?6, 
037-0B9 C/ 
055-059 C2 CS.C8 
033-130 C3 C6, 3//0/02 

7. Mt9RK PIN .12111611 CIIIIRIlCTERS COlOIf Blt9C/( 
PER 1Yl1t.-STO-/30. 00 AlOT 1A1I"If'ESSIO/V STIIA1P. 

~ J5 THRU JI8 PINS I 
J5 THRlI JIB PlNS.3 
JS TIIRlI JIB PINS '" 
JS THRt/ JIB PII'/S 5 

5. I"I1I?T NO. TO BE 3//0102-/0 

1. FOR WIRE t.lST SEE 3110111 

3. FOI? SCIIEA1I1TIC SEE 3110105 
e. SCHDY1/fTIC REF. !JeSI($. t'lIf'E Ft7/!' /fEr. CJ/vtY. 

I. I1SSEt'I78t.£ I"ER MIIAft/,FIICTt/I?ING PRI1C71CE Ml1llURl 
NOTES: 

r .II(~. TITLE 

CONTROL ELECT/fON/CS 

/lSSY-ST.D 
CODE IDENT. NO. SIZE DWG. NO. ISSUE 

c L 
SCALE Yz 

~-·,:n 
. .; .... ':: 



POWER 

INPUT 

CONVENIENCE -< 
OUTLETS· 

'-
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c HOT 

B COM 

EI 

I 

'I r-+--
I I 

2 ~+--I-'" 
'-- I I I 

I I I 
I I I 

I~=~j ! 1 I I 
t --' I 

I 2 ___ ..J 

CUSTOMER {oJ 4 

INPUTS 

CUSTOMER ~DJ5 
OUTPUTS 

'-' 

CBI 
30A 

250V 

2 ...... '. 
I 

4""'!-" 3' 

FI 
lOA 

I 

1 

F2 
Vz ~ 

REVISIONS 

ISSUE DESCRIPTION DRAFTSMAN DATE APPROVAL 

B &-G", 1.,41: pe",£) 4" ... '/'0'6.< U-

C £cN 4'2.78 C.M s-hfis- we" 
D ECN 7371 ~ z/I./n .IIr""Z 

KI 
:. .;: 

T81 
r---

I 8 
,-" 

4 I 6 

5 
TO SERVO ELECTRONICS 

" 
OI:'·~S 
VRI 

~TI 
, 

L 
5 

7 

AUTOTRANSFORMER 

~ :~ 
4 

'-<>-8-----------'----+-O r.~ } O. C. P. ·POW E R" SW ITCH 
r3110223 

~----------------------------~-QA 230V . Iv r;"I 
~----------------_+-O'II ~ 

~ 115V 

m fOR 230V CONNECT PINS 10 & II, fOR IISV 
CONNECT PINS 11 & 12. 

2. ~~~V~APAC1TOR VALUES ARE IN MICROfARADS ±20%, 

1. fOR ASSEMBLY SEE 3110IZ4-/0 

NOTES: UNLESS OTHERWISE SPECifiED. 

SCHEMATIC -
INPUT/OUTPUT PANEL MA::------ERIAL PER MIL-SIDIO CHK0/"- '"""'"'-V', v 

r-------~----~ ~O~~=SI='N~~~~~~~~~LI~2k~~PA~~~~~~~~~----------------~~ 
~~w=1 r:M;o:m-~=----=~~t-____ --I CODE IDENr. NO. Se'ZE IOwo. N°'3 I I 0 2 2 3 l'nSSUE 

J-l"' O I24ITM-IJ J F~N'SH~ 
NEXT ASSY'. liST USED ON 

APPLICATION SCALE NONE I SHEET I OF I 
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432-015 

J2 J3 

12 .. -//3 
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©)S @S 
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J' J5 

D D (§) 

@@ @ @ 

C. E""CJ.J Ih4E: PI( 0 )Ilo! 3liI'1' , ... 
D EC.N42?l) C.AI 
E EC.N 4~CDO -F EC.N '\388 J> ' ,( 

(J) G F:C1{2377 1"".1 ~c.:: 

c=~ __________________________ , ______ ~~ ______________________ ~FU-______ ~F~ ________________ ~ ______________________ ~ 180-392 REF 

3110121.-10 

013-635 

J2 J3 

L--. __________ ~GRD 

OcO-39S--

14q·o5~ 

-17" 944lJ) 

o EI 

560-/B3 
(8) 47/-073]-

501-/88 c IfEqO 
502'-003 
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(8) 471-070]-' 
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<17/-075 

~~~:gg;J- 2 If'EQlJ 

055-/55 
c IfEOO 

173-4U.]-
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SOc-003 
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302-358 

3//0125-10 

V I E. W 10\ - 10\ 

<17/-070]-
(8)SO/-IBB .3 REQO 

5tJ2-t)03 
<'32-009 

<'lI-Oli?} 
(8) SO/'IB8 5 RE()O 

SOc'OOS 
'192,009 ' 

3110/24 

s: FOR WIRE liST SEE 3110i?i?4. 
4. FOR SCHEMIlTIC SEE 31/0223. 

!JjMIlRK ffN ./C HI6H CH/lIf/iCTEIfS COlO/f WH/TE 1'6 
MI£,STO·130. DO NOT IMPRESS/ON ST/IMP. 

z. PIlRT NO. TO tlE 3/101i?4-10. 
I. /lSSEA?8lE PElf M/lIIPF/lCTtlRIN6 Ijf/ICT/CE M/lNlIlll. 

NOTES: 

=':~T~.f6j ~ :~:=::L:m PRC:~cm~:= ~ 
.:~ Tln.E 

.;. -
CHkR/ 

I/O ?/lNFL. flSSY 

D 31/0/24 <? 
SHEET / t:lF/ 
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, 

C R 0 
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JI B~~I ________ I-+--+ __ +--+ 
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A:"" 10IY A 

RII!I ±3%~ ______ ..... --' 
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B ~g~ 
CRill 
3201323·10 

A 
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2 I 
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+ 
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0 

QI05 
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8 tRI03 + 15V 

12V 

f--

(~ 
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VRI03 
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~ 
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29 

24 

30 

31 

12 
B 
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t5 ~ b ~ b ~ ~ ~~ ~ :;~ ~ ~:i::; 5~ ~ ~~ I 
~ __ '0 L--.3:I: o~ I.!> I.!>~::t: :%:5 I.!J I.!>S::t: :c~_o.D lDllJ 

-y- Y'~~~I 
____ +~v ___ -~v ___ '::'I~ ____ -~v ____ ~"- __ .J 

I TSI' p_ 
I '\ 20 18 17 19 

1 ~~~ 
I ~~ KIOI L U 

13 14 15 

TABLE I 

INPUT 
CONNtCT JUMPE.l2. 

PoWE.",-

~IOII>- KIOI-I2. FROM TO FROM 
TO TO 

100V TIOlo TIOIC TIOI£> TIOIF TIOIC 

I IOV TIOI'" TIOIC TIOI/>' TIOIE TIOIC 

12.6'< TIOI'" TIOID TIOII>- TIOIE TIOID 
200V TIOl5 TIOI& TIOIC 1'1011' 

2.IOV TIOIA. TIOI& TIOIC TIOIF 

2.1'SV TIOlo TIOI& TIOID TIOIF 

'l'2.0V TIOII'. TIOI& TIOIC TIOIE 

2.25V TIOII>. 'TIOI'" 1'I0lD TIOII= 

'lBOV TIOl5 TIOIH TIOID TIOIF 

ZB'SV TIOII'. 'TIOIG 1'1010 TIOIE, 

2.40V TIOI/>. ,IOIH TIOIO TIOII= 

Q.SOV TIOII>. TIOI H TIOID 1'101 E. 

VI>.I..UE. C.HA.t:1.T 

REi=E.RENC'C 
DESlGoNI\TION 

CIOI 

CI02 

CIOS 
CIO<O 

CI04 

C. I ot> 

VA.I..UE. 

2B,1500 ...uF, _10 % ,+I'='O'Yo,1'5V 
Ok! 

o3'3,OOO.uF,-IO%,+loo"'(' ,'l'SV 

II ,~OO .uF,-lg~,+1"'0,),','25V 

14,000.uF,-IO'/,,+IOOr,'2.5V 

3,200 .uF, -~0;0~1':>0%,2?V 

0,,':>00 uF,-IO"!.+IOO%. '25Y 
s,~OO .<.\1=, -1'i?,;{2,tlc>O'Y" S'OV 

4,600 ..uF,-IO%,+IOO'/" ?J5Y 

OMSK>", 

"'" DUCRlPTlON "" """"'"" "" """''' A ECN ?O56 !/5-U, IsoU...i.::- I 

B lieN 5983 ¥,j" ~. "'''''''.,. 
C ECN 7099 "",0,:" .. lJ'\l ~cbt~ 

~ .'- /,<-".-,. " 

7-~~J}.~; 
.2/,,_l.l. REISS .} '" ....-.. ~ .... L 

I·· ~ ~- - J! " 6., .~. '.1.'.' .'Mol,.,!..?? 

F\JSE 

TO =-LO\A/ 
BLO\\! 

TIOIG "' .. 
TIOI& BA 
TIOI>l BA 

2A 

2A 

[@] SEE. TI>.E:>I..E. t 

~ TI2I\\JSFORMER IS 'SHOWN WIRI'-ll FOR. 
I 15Y I>.C INPUT. FO",- INPUT VOLT"'GE'O 
OTHER. T\-\t>.N 115Y"'c.. 5E.E TI\5\.. .. :t_ 

S. CI12,CI\'~,~ el14 TO t)E, '2..'ZIJIFD 
2."'V:!:'lO%. 

[Z] ::'EE. Y"UJE CHA.laT. 

@:j TO E>E MOUNTE.D ON >l1:"'T SINK. 

",. "LL DIODES TO eE. B2CaS028-10. 

4. t..LL H2"NSISTOR5 TO ol!. '00212091-10. 

,? ALL k!ESISTOk! VI>.LUE.S AI2.E. IN 
OHMS ~",%, 1/'1. w. 

Z. ALL CI>.P"C.ITOR y"LUES "'RE IN 
MICROF,l.\2",DS t 20'}'o, ':>sv. 

I. FOI2. ASSEM"'LY SE" ~1I'1'Z.40 ¢ ,:\\1'12.4'3. 

NOTES~ UNLES~ OTHE,RWISE. Sf'EC\FIED 
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(NO) (N~: _S!-i ~~~ (51-2 
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221TB4 [J SHOWN IN PO SITION WHEN DOOR IS CLOSED. 
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~ I~ - ~ 

V 
V 

F=- f== 

~ 
/ 

~L-
1= 

r---~ 
~ 

'---,;;r- '== 

-,/ 3//()()78 10 

I 
! "!C a . . ~II 

'" . . 
BI 63 82 

(: 
W 

~---' 

~ I,., ~ 

~~ ~~ AI 

0Glr 1l1~' 

---'" 

Z 

SEE 5HZ 

3/10099-10 
ZiUQ'D 

3110128-10 

'~--
I~ I 

31141f.93 -/0 

:------ ~ 
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J:"IAlRi.. Q.1t\ TM-/1 

(F) 

F £CJJ 4S.;"'j' 

G E:eN 4'47 
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S. FOR SCHEK\TJC SEE 3110036. 

,.. FOR W/L S'E:E 3114617. 

'3. fOR CABLE CONNECTION SEE 3110193. 
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~TES: 

~~~~ ~:~:a:~:m PR::Scrrt~:=[R] 
I~WTc...,(;.<,'-o--F-'-''i 

TIn< 

TRIlNSPORT IISSY 
BIISIC 

o 3//00cO K 
SCAlE' (NuT. 



E,n'-Iso 
5lJZ-orZ (E) 
</KEt/O 

3110013-(0 
3110018-(0 
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492-011 (~) 
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SC.ALE I: 1 
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471-08B 
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,.\ 
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501-009 
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31100'32-10 

3110072-10 
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1~9-019 
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VIEW I~-I~ 
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~\-{OW~IUSt. THQ.oiiU &AbE 3111111-\0 ~o1Z: ~ETTlt..IG.. 

~ pAe,. NO. ,0 BE. A S SHOIVN ON B/M. 

[iJ COt,\NEc.:r (Z)TWO 13LAC~ Mo,oe I.EIID!;"O 

CONN. ,ERMIN~LS NO. '2 & 3. WHITE 'NleE (GRD),O 
TE~MI~AL NO. I l< AS S\-(OWN. 

I. ASSEMBLE PER "PeOD. -peAC,..CES MANUAL. 

HOUSING fl.S5Y
VACUUM BLOWER 

o 3115546 
I OF' I 
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CRI CRZ 240 201( 
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Y ,-- n 'h z c KI-/3 IK 
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I POSITIVE ELK 10 Rto roo 
81 P£ES5URE ~ -1 1210 ~r-- : cz 20K I'W 

V/?2. ~1 
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1!4W 

MOTOR 10 I~OO" I ?OOv ~ AC COMMON CR.S 24K 

/I I Z 
o'1f-358 TO VACUVM { mEl 

I 

MOTOR 8 I 
I 

(CD3Z) 

14 I 
0 I fABLE I 
13 

8RAKES { 

Ne I IIIPVT T131 CONNECTION 

REEL 
,."'! c y 

10-A. 
VAC FI?OM TO 

I 
I' NO I 

1/5 2. 3 

15 

:TI 
230 I 2 

TAPE LOAD SW (NO) 
Z 1.(1 

18 f GRID 
o~o·43~ 1':t:-f-rertJ'~ D~I"IJ"'110rJ 

RELAY GRD 
TAPt'; LDAD l~$.T UfIof::'P 'OHFH:'P 

I~ I Eol 
<7 

< 127 

Vf!? 

I ,4 
ZD 

INTLK OVERRIDE SW 9 K1 

DOOR INTL/:: (NO) 
21 !i I Q3 

I k:1 13114b94 
4 f!,o 

DOOte INTLK (Ne) 
22 12 o'2o·'2~S ,I 

I INrLK a Teo!. 
Ol/ERR.IDE 

',3~ I ~ ALL ~U!.f:S Arzf:: 'ZSo \I Mf-OH . .u.A BLoW. 

OVERRIDE(NC) 23 
CR7 

INTLK 
5. ALL DIODES TO BE 013-678 (C0451). 

L- 2 
~ 

4. ALL CAPACITOR VALUES ARE IN MICROFAI?ADS 
r 20 r o , 2'S V. 

3. ALL RESISTOIr VAwt;S ARE IN OHMS, :tsr~ I/Z w. 
Z. FOR A 5SEM13L Y SEE 3114693. 

OJ SEE TABLE I. 

NOTES: UNLESS OTHEI?WISE SPECIFIED 
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3//46.93 TM-/1 n:-------- -"~"~IDI-31140 94 I~ 
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7. Pl~CES {471- 070 
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{
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&, Pl~C.ES 50'1.-003 

3114(098-10 

4 PL~C.E'S {~~~:Hi (Al 
502-004 
492.-010 
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310024'3-10 
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3110'1.410-10 
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50'1.-003 

{
(f.) 411· olo 

f..A."''='IDE- 501-16B 
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()4ll-070} 
502-003 7. l'l~C.ES 
501-18 B 
492-009 
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502-006 4 l'lJl.CE 5 
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4~'1.-01'1. 

PIN 1 

3'D~S(a7-10 

REF. 
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A &(.0 

e 
PIN 13 
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411-070} 
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'" 

o~ .. 
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3203'333 - '30 
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\50-492-
1 BO-14'2. 
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3114~97- \0 
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REF. 

502-003 5 RE~ D 

'OIIOOZO TM-II 

A EIZN Ib4· be. PROIl.-,ae 7<·< I...tu,e 

PIN 1 

PART NO. REFERENCE DES ICNATION 
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02.0-4"32- ., 
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010- '2a~ FJ 

0'70-041 
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4ll-448~ 130-020 XFI TH"-U Xf4 

501-003 2 PL.CES 
501-158 T6I 

49'1.-009 592-1\3 ., 
041-00'2. 2:9.l2lc 

055·111 C.t...C.7. 

3114iD53 

o HARK. PART NO. PER MIL-STD-130. 

So PART NO. TO BE 3114093-10. 

4. fOR ASSEMBLY SPEC, SEE 3114596. 

J. FOR WIRE LIST SEE 3114695, 

2. FOR SCIlEt'ATiC SEE 3114694, 

I. ASSEMelE PER PROD. fRACTlCES MANUAL. 

NOTES, 

VACUUM CO "-ITROL ASS'r 

D 3114093 
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" ECN 5318 ~ 
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OI!o-I1" V~I 

'OI=~35S- V2'Z 
014·'241 Q3 

::::S-80~o.G7 (.~\-4 
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o4a- 515 1<:1 
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o44·Q·22 26 
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pee "'IL·f'Tt'·I!oO.!:Ie> .... OT I""PII:U&Ie>1.I 

nAill'll" 

4. PART .... 0. io &~ ~\ l4SIS.-lo 
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WA~Hf:I1 1IoIIo::'Ii 014-S7?> < .01:"595 

I. A.~"'ellll!tl Pc2 t.A~c. Pe. .... 'iICH MAtJUAL 
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I 12345f,169 II. TBI 
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WI9 
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WIS r ¢lp, WI6 
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AI 11'1111 
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FROM TO II II 
CABLE IITE~~~;'T.'DNT~~I'NkTION~ 

REF PART HD ~.":'.t,:=>L;,=II,~E.F CONN PIN Re.P to PIN 
DE~IG • ('0 

W .. ;,110158 31101;'4 ~~9 (111-066 A2A~TBI 

WS ~II0160 3110183 W5,ES (1"11-0"") A2AITBI 10-20 

w", 31101.1· ;1101% WGPI IG~-50'3 A2A3J~ 1~9·492. 

W8 31101&~ 3110163 WBPI 14-3-15\ A2A2J2 

W9 ~1I01G4 3110'64 W9PI 143-152 AZA2JI 

w" 3110rGo1 3110195 WI' Cl71-1103) A4TBI E46.8 

W"~ .,110168 .,II020Z WI3PI 144-093 A2A4JI 

WI4 3ilo/&9 ;110203 WI4- (111-0_') AIA2TBI ET9.11 

WIS 3110110 3110204 ;;L~ 1111-0._) A4TSI 

W'''' 3110183 3110184 WICO (111-133) A4TBI E~.S.7 

WI7 3110'85 311018G w., (m:m A2AITBI E3Al2. 

WIB 3110181 3110'8B ""8 EI2.--!Z (171-"",) AIAIT84 

WIS 3\10190 3110191 V.19PI llt~:2~a~ AIA~JI 
WIO 3110285 3110285 W20JI 141-Z59 A4J4 

WII .,110193 3110293 W21JI 146-43" A4J5 

W23 31/6153 31/6153 Wl3f2 /71-/63 AIAIE2 

/ ---- --- A3 .---- ---

nNA.L lI.SS'I 'TM - II 

IBO'44b I~.::~:ig (171-066) A2.A4TBI 180-147 

"'1'''' AZAnBI 180-48. 

(320052. CllHJ"a) AIAl183 '80-39, ALAI"I'B 

143-040 -1Ji AZA'3JI (3Z00SZ7-l0' 

14Z.-DS~ =::1 ~:~~+~1 180-009 

I 
IBO-009 '"LcI7l-'." A2AZTSI 180-486 

141-019 • (171-066 A2AlTBI lBO-494 

180-491 111-O~" A2AGTBI KULt<.A 
~o-s 

IBO-D09 111-066 A2A'3TBl 180-446 

,ao-009 (17/-133) AIAlm, 180-491 

180-49 (I7I-Z30) AIAIB3 .----
IBO-391 (171-0661 AIA2TBI 180-49' 
1109-04 ([71-066 AIA2.TBI 180·4.91 0 .. 9-01 

--- 14S-'1'71 
I IbS-4'3Z.) A2A3J4- 3Z00SZl-IO) .---- IPI,P 143-050 AIA~j1 143-049 3110'2.77 

I 

--- IW23E3 17/-/63 A2A4TBI '80-147 

--- A3P\ 145-408 
fl69-4~2' 

Az.A3JZ (UOOSlT-IO 

CABLE DIAGRAM
TM II 

D 3110277 c 
sew: NONE OFI 



I ......, ~\? 

I TBI 12 I 

0 0 ~9 
, , 

AI 
I TB2. IZ 

r--W17 
.1.1. 

TEll III 345678 10 II I~ I 141516 11 IS 19 
BI I Ba 

0 OB3 + J2. JI JI J2. 

~--~~." ---.J PIE) 
Q,"I 12.345G1B910111l131 I I AZ 

Pr P2 PI 

ws 1-- - "I AI 
~JI , 
~J2 

, I 

6£2 I w p, J' ! 
I 

I >2 

W~3 I 
TB3 II II ~ J4 

L- - ---1 ~3 Wt3 

or 
I , 23456789 1\12 TBI , 

TB4 II II rW3 ·1 
2Z 

12.34567 91011 131415161718 lOllTBI 
A4 

r wll It JIG--PI 
, r I 

P;]fJ2Ifi3liJ4I 4S 
789""TMno 

Prj I II I I 
lBI 123 5 789 1112 1415161718\9 21 22.3 ~~~,.. ,.-:::r~~ 

WI 

I PI_ PI 

~~=---- ----"== 
I I 

, , , 

I ()SI 

A2 ~""~,~="~~A5 
WIS 

W2. , 
WI 

~~~~~~~ ~--~= 

WIS 

T ~PI 
WI6 

: 
" otdru!n TSI 

A6 

G A3 

l'2_~ 
JI 

I 
12345 678 I1I1,BI 0 

AI I II 
~I 

J1' I II 

I 

CABLE 
II 

R", l)WC;. HO. CASL.E. 
DEslG CONN. NO 

WI 31101SIQ 3.\10]5~ 

W2. "3110157 3110157 

W3 '3110158 3110194 

W4 3110159 -,1\0297 

WS 31\0,.0 3110189 

WG 3110lGI "31101% 

W7 31101G'Z. 31101~2 

we 3\10163 . 31\016'3 

W9 31101.4 : .1101.4 

WIO 3110lG5 3110165 

WI\ 3110lGG . ." 311016G 

WI2. '301101&7 ·31101es 

WI, .1I016B 3110/02 

WI4 31\01£.9 .1I0Z03 

WI5 3110110 .110204-

WlIO 31101S, 3110184 

W17 3110185· '31101860 

WIS ;110187 3110188 

wl9 3\10190 3110\91 

~ --- -------

riA/lit. 81m .,. M - \ I 

C all 4517 
D ECU 4581 
£ £cN 5019 

FROM II To 
, GA.BLE . T~~,I N,tTI ON 11 "~Q.~ABk~ION TI=~~71~~ION MINATION 

COHN P H R 

147-ZSel A4J4 

14~-377 A4J5 

\11-066) A2.A~TBI 

071-000) A2..A4T61 

10-20 (\7r~6b) AZAITBI 

W{'PI rl~t~gi A2A3J'3. 

W1PI 
Ib9-503 AZA5J 0 UG9-49Z1 

WBPI 140-058 A2A2J2 

W9PI 145-409 A2A2JI 

WIOPI IG9-S0~ A2ASJ I 1(;9-492) 

WIIPI 1"'9-50'3 A2.A5J7 (If.9-49l 

E'4.~~a (17I-I~ A4TBI 

W"PI 144-093 AZA~JI 

(l71-0b{') AIA2TBI 

(111-0bo) A4TBI 

011-1.3) A4TBI 
11I-O(..,G. A2AITBI '171-1~~ 

" <171-0.>3) AIAIT84 

'Vl19PI 165-9'0& AIA~JI tI{;.5-012.) 

A3 

------- ----

I""" ~~NHtt,r~H _____ AZASJ5 (3200521-10) 
______ AZASJ4 13Z00521-I(1,I 

180·446 (\11-066) A2.A4161 180-147 

180-147 (l71-0b6) A2AS1Bl lI"e-49~ 

180- 494 (171-0Gb) A/AHBI 180-486 

(3Z00SUI EW .(11I-0~) tl!\i~'3 180-')91 

(32005Z1-j W7P2. 145-:'71 A2A?JJ4 13/00S/1-1~ (169-492) 

14.-04 P2 d~~::Ji A2A3J r {3Z00SZ1-IO 

142-05 F"~ IB5-14~ ~l~\t~~ 180-009 185-144 

(3Z005/1- P2. 143-1"70 AIAIJI 14~-049 

(32.0052.1- P2. 143-170' AIAIJ2. 143-049 

IBO-009 ~16 011-1"~ AZAztBI 180-486 

147-079 
, 

011-066) AlAlTBI IBO-494 .0,12 

lao-4~u '4- (l71-0c::'f. A2AG.iBI KULtt.A 
,2,5 1600-5 

ISO-ODS :12 (17/-0611 A2A3TBI 180-44{:, 

180-009 '" ml-r'3) AIAZTBI 180-491 10,12 

180-494- , ~:z ., (l71-Z30) AIArB3 ~ 
180-,SI "",e 

E1 15'Z3 1171-00.1 AIA2TBI 180-491 
1~';3_04 WIS 

(171-066 AIAlTBI 180-481 069- 019) Ee,II,14 

311001~ 

-------
A3P\ /45-408 

(l69-49l) Al.A3J2 (32,00521;0 

CABLE DIAGRAM
TM-/I'lJI 

D -:::'\10013 £ 
SCALEN.ONE $lim 10Ft 



artJIIDIIS 

Z4.00 

1-
2.~.8' 'I Tool: Z4.'L~ 

==1T 
IS$UE ...,,""'" - ~ ~ 

,3.6s....------, I 
19.00 C ERt-J ,,,4 -F F PROD 3.:'. I~~""L?I .. ·./. 

"'AX 
1-----9.25 

",AX D V" t. 

I II- I .-1· I 1'1 111111111 II F i e=-' 

(@) rl 
, 

I 

~ I · · · · I / CAP'<TAN SERVO SUPPLY 

\ IT • , 
f-- / ~~ ~ 

e • 
/ {01 -:/ 1/ 

· · ,~@ 000 ~oo gpo • · ~ REEL SERVO SUPPLY 

II " I I m • /' n /11 fl II ; 

! 

I · · ~CONTROL ELECTRDN ICS 

I-

ImmI 67.00 · /' 
"fAX. 

1 '-- · ~LOqIC SUPPLY 
57.75 

I 
- · ~V · 

: 
. 
~DATA ELECTRONICS 

:> 
• /' 

• 1 0 

13110012. 

l~ 
- -

I -------'?~ II 
'75~ 2.3.31" I '.-'----'1 TYP MTG. fRAME CtNTEI?5 

2.8.50 

1--____ 30.12 M""A::'-X. ______ -I 

MAX. 

SKIN-SIDE. RtMOVE.D 



-
CRI 

RS 
2.2K 

+12'1 +12'1 

C. lOCI\! 44"'2 (R".AA"'. 

R.B R4 
3QK 

o £;CIoI 462.9 

OVERORNE 10f----~ 
eR2. 

3:,K 
RI"3 RI~ 

RIO 
22.6K 
±I~o 

REFC+) 131--..... -----"--t---.1VV"--i 
R7 

410 
014·505 

f[ ~ IK 
_ CG 
"'"aZOPF 

+12V 

~' 
10K 

Q3 

R9 
G.8K 

cs 
.0015 
.:- I:;' 

r
'-------------19 FEEDBACK 

2.;i.7.K ±5/. Q2. RI8 
R. .. FC-) 12f---'--t---"t-----+---"JW-; 500V 014-597 220K 

R20 CR3 
IK 

'--_p---+8;;;.;IHr'? CI- -- ca'l\}t-'8.c,2.r----+ 
L-..... -~~~vv~--------------------------~8 CAPSTAW 

+12.V 

R27 
470 

RIO RI2 
22."'K 5.IK 

'!:l% 

+12V 

R:,O 
10K 

101 ~t- 102 

I 2.3 
cw-... 

RI5 
10K 

-12'1 

RI7 RI9 
2.'2.1<. 22.0K 

-12V 

+12V 

R21 
IK 
IW 

-12V 

R22 
220 

-t-12.V 

R4:1 
470 

+IZ,V 

R47 
10K 

~7 

+12V +12.v 1-12V 

CONTROL 

CAPSTAIoI 
CONTROL 
"'-ETURN 

R55 R57 
22.1<. 2.2.IK, 

:tl';' 

~ ~os ~ Q6 ~",":cIK_944~05 ~) :13 DRIVEC-t-) 

1'K I yv- I~~~;'~) I,: I 'fY ~ Kt)~:1 
W "2'" 5!. C?'~~7.Q :13K 120K II<. MEG lO "Z.2.K ~ ~~:,:J R5' ........... 

REFE.RENCE DESIGNA"TIOW 

LA!>T USED DELETED 

R5B 
CRB 

C9 
Q.II 

VRI 

~114G~2. 

C7~ P R,24 -= SOY r~2gff. R50 +--+--"-c-R-s-t--t-R-,csMR31-'7.J1 1 
[ftf .~, @] Q5 R~I 1>.:13 R3S CR4 ~~!;I ,\4~ ,1<42 50'rP°~1 0.!.4Q.:.8S_D7nc2. 5.lk VQI.r~ ~ S.IK"'" 

i-=3".....;2M/<-' +1II\1'--<>----:07'K.V' "t, L-_-+-./IN--+--./'oN'-+ __ ~-...... ~BIH B2 013-358 ~ 
CU:~;~T 17 R2:' R25 BI B2.~ i~ R34 O~6 R:,7 RQB R40 ~ .1-=.'1<. eRG :.~~ Q II 

2K 2.21K 101 R28 0.2 R:'Z ~~ 220 2'2.'-K E' -~G E2. R4S ~~_ 014-505 
±I% 2.00 2.2.K 12.0K 2.2K@:!:I'/.I.OMEG 'q", 2.21<.'--..-....... ___ -+-__ T:.:P....:2.=-... -.I~-f{ 

\-~~W"7 TP3 CR8 ~ r- 2S DRIVE (-) 
-12.V R45 R4a- "R51 t-- ...... 

R29 
10K 

-12V 

DRI\lE II f-----+---------------.J 
REF 

+12.\1 I 

-1'2.V 4 1~1 C2 J~:, C4 cIt 7Ii 5 + ±2o/ o .0047 ±aa°,lo .0047 

20V 2.0v 

GRD{ ~W ~ + 
~ 

TPI 

,.ABLE. I 

A55EMBLY FUNCTION 

:'114621-10 150lP5 

"31'410:'1-10 75,1I2.5,120IPS 

221<" 22K 1.8K 
RS6 Rsa 
22K 2.2.1K 

@) SEE TABLE I. 

-12.V -12V 

COMPONENT 
"R 24-

'80K t 5'l. 

330K±"Y. 

-12.V , tl'l. 

-12V -12.V 

S. ALL DIODE"> TO eo. 013-599. 

4. ALL TRAWS.ISTOR!> TO eE 32.01104-10. 

3. ALL RESISTOR VALUo.S ARE. IN 0IlMS~5".,1/4W 
2.. ALL CAPACITOR VALUES ARE IN 

MICROFARADS ±IO'/., 100V. 

I. FOR ASSY ~EE TABL.E r. 

NOTES' uNLESS OTHERWISE SPECIFIED 

~
DO NOT sew DRAWlHI e:.:.~7~~~..:i I AMPEX I AMPEX COMPUTER PRODUCTS COMPANY fY.1 

_ ............... ':ucn~ ftD' J:::F1tRSDrC BLVD. CULVER CITY. CALFOIVISA l.!1J 

=':' SCHEMATIC-
QFAU.MACHII£D ENGR 

~>u~ .... ~. ~l' =-1E~C~A;,;;P;;5~T~A;.;N ... A~C::C::E=..::L::::E~R=AT~I~O;.N;J-C 
1"'3"'11"4-;-""''5''-' .... ,::,:",,=,,-1 """" !.jS"H ..... .. 

3!'::;' TMII '""" D 3114632 D 
OFI 



""5-004S~ 
9 PLACES I "-

I , 

~Z005Z6-10~ 

~ 
" 

COlLE:ClOR*COLLE.CTOR. 

o 0 
BASE 0 0 BAS,C: 

o 0 

EMITT'E." EMITTER. 
, 014- 597 REF 

TYPICAL TRANSISTOR INSTALLATION 

TABLE I 
B/Ivf R.U~RENCE TABLE 

ASSEMBLY FUN.CTION PA.Ri A 

31141021-10 150 IPS 041- SIS 
3114631-lo7S,1I2.S,120IP' 0+1-469 

B EA'N IOS-SU 

C 1:c.1'l 440.7 
D "CN 4-492 

IE lieN 4-5'21 

F ECJ../ 4589 

G EeN 4623 

PA.f\T NO. REFE.~ENCE DESIGNATION PAR7 NO. REFERENCE DE'5IGNATION 

035-7.9.0 
041-5101 
041-3910 

044-4,"" 
044-:'66 
048-707 
043-(,07 

042.- 4a-" 
PART A 
044 -310 
048 - 175 

REFERENCE 

<:8 
RI2 1 RSO R-S~ 

R22 R0.7 
RI4,R2B 
RI 
Ro.,RIO,R7, RIO, R38 
R21 

R2.S,R57,R5B 
R2.4-
R2.3 
R2 

3201104-10 
or~ 599 C.RI -rHRU C.RS 

013- :,5B "RI 
014- 587 Q'2, Q6,Q5 

014- SOS <;<1, Q4, Q7, GUI 
034_2.40 C.G,C9 

03S-g89 
037-990 CI,C3 

055 - 026 C7 
O'?J.5 _509 cs 
041 - 393 . 
041-406 R45 R48,R55 R56 

041-408 
041- 410 RI1,RZO,R2.IO,R35 R44,RS2. 
041- AI2. 1<S4 
041- 414 
041- 419 R410 

041- A2B 
041- A'32 
041- 434 1<51 
041-413 R,9 

041- 48A R3:"R34 
041- SIB 

@ INSTALL PART "A' PER TABLE t. 

rm MARK T.P. ea:-.t-Jos .. "12 I-IIGH 

b~A~~~T~~~R~~~~N W~~:;;,;;:ER MIL-'5TO-130'1 3114630 

II9l MARK PART NO,& NAMEPLATE INFORMATION PER. MIL-STO-13Q 

3. PAR.T NO. TO BE AS SHO'NH ON BILL OI=MATE.R1AL. 

8, .s~AL PRINTE.D CIR.CUIT SIDE ONl."i' 'NtTI-l HUMI-SE:AL 
T'I"PS /81S COLUMSIA TECH. OR EQUIV. 

GJ TRIMPOTS NOT ,0 BE SUBMERGED IN WATER, 

c". PLU5 SIGN ON CA~ACh-PR INDICAT~S POSITIVE ~ , 
5, HEAVY -LINE ON DIODE \t{DICA.TES CAT~ODE. 

4, COMPOt.lENT DE~IGI\JATIONS ARE. FOR REFERENC.E. ON.LY. 

3_ A55E""BlE PER PRODUCTION PRACTICES, MAI-lUAl_ 

2._ FOR. A"''''," SPECII'ICATICN 6EE <.1141018. 

I, FOR SCHEMAilC sEE 311 4G3l. , 

'NOiES: 

"' ..... """,,.,, :.::::., CIRCUIT BOARD ASSY 
~."'~" ~ CAPSTAN ACCELERATION-C 

5S' 

SCALEZ.:I SHE£T IOF'1 



RI 
IK 

DRIVE(+) ::is;f-____ ---.:=,,�f.,,· ,,-'-
R2 
IK 

DRI~E(-) 27t----+--.-...;="I,,'/.;:.. ~ 

+12.V +12V 

RG 
G.8K 

R? 
~.2.K 

Q, 
014·505 

DRIVE (el) 'l11--_-J_-t==:j----'M"1 

t I2.V 

-12V 

GRD{ 

CURRoNT 
SENSE 

4 

7 

~ 
5 

17 

R:. 
10K 

TP':: 

+12V 
+IZV 

TPI 

RI.G CIO RIB .056 
4-1 K ;-5'/. 47K 

SOV 

-I?V -12V 

RIO 
470 

RII 
IK 

-12V 

-12.V 

+12.V 

RoO 
470 

+12V 

RI, 
51.11< 
::1 % 

CR2 

eR:' 

RI4 
C"I 51.11< 

"i" t'l.o 

-12.V 

+IZV 

+12V 

R21 
10K 

r-----~::I% 

+12.\1 

R31 
10K 

eRe 

eR9 

R2.2. 
ISK 
"I 'Yo 

R23 
15K 
±l~o 

lR24 10K 
tl% 

-12V 

-1'2V 

eR11 

CRla 

eRIO 
bMHI------lZ, OVERDRIVE 

R2.S 
IK 

CRI"3 

TP3 
f'l 

14 FEEDBACK 

CO~i~~L J5!-_______________________ ~-~I~2.~V~ ____ _J~ __________ ~ SIttON Tm-1/ 
~114fC,,7 ,. ... ·1"11,1 

C EC.N 4492. (REDRAWN f.lz/~( ACf.. 
D cOJ 46z..9 ~ 
£ £CN 6,8 -:c-.....- 12d.~r 

F ECN S07~~_ =c....,.. 4/111.' 7t2-.t 

R",FERENCE DESIGNATION 

LAST USED DeLETED 

R:'7 

Q.II 

CR14 

C? 

~114G2.G 

S. A~~ DIODES TO BE 01"3 - 599. 

4. A~L TRAN51STORS TO BE 3201104·10. 

3. ALL RESISTOR VALUES ARE IN OHMS ±5i' •• 1!4W. 

2.. ALL CAPACITOR VALUES ARE IN MICROFARADS=IOJ',IOOV 

I. FOR ASSEMBLY SEE VERSION TABLE 

NOTES: UNLESS OTHERWISE SPECI FI ED. 

SCH EMATI C-

CAPSTAN CURRENT CONTROL 

D 3114G2GF 
SCALE No}.lE I OF I 



PART '"p," 

3200526-10 

460-004 
'2 PLACES 

COLLECTOR.*O COLLECTOR 

aASE 0 0 eASE 

° ° 
EMITTE.R, EMITTe.R 

014-59'7 REF 

31146aS-10 

TYP·I CAL TRANSISTOR INSTALLATION 

615-004 
5 PLA.CES 

3109691- 10 0 

173-012 
3 PLACES 

TIIBLE I 

BIM ffEF£li'ENC£ TI1BU:' 
/lSSEMBLY FUNCTION PI1KT 11 
sIl46i'7-IO IIl's, IcO ISO, IPS 
S//I.BI4-10 7S IPS tlMPEff 

PART NO. REF'ERENC<' 

044 - 610 RI2-
03S-7S<e C7 
055- OBS CS 
PART A R27 

REFERENCE 

s//1. / 
311 e.7 TM_1l 

ERN IM/-.VV 

DESIGNATION PAR7 No. REFERENCE DESIGNATION 
~2oJlO 4~ \0 QJ,Q 2, Q 4 .Qs, Q.'7. QII 

014-597 '<.10 
01.- 599 CRI THRU CRI4-
014- 5'05 Q.3 Q.6,Q8,Q9 
035-989 C2 C4-
03'7- 990 CI I c'! 
0'35-716 C6 
041- 410 RII,R25 R29, ~37, R34, R.:3.S 
041-411 RICO, R18. RI9 
041- 412 R20 

041- 413 I>.<e 
041- 414 RI5 

041- 408 R., R1Il,R33 

041- 406 RI7 
041-428 1'..10 R30 
041-404 "'''G 
041- 538 R7 
041- 561 1>.28 
042- 80" R4-,RS',R"',R9 
042· 491 R22, R23 
042·419 Ril "R2,' 
048-054 R21. R24 
048-191 RI~,RI4 

044- 476 R32-
044·310 R2.6 

12~ INSTALL PART ''A'' PER TABLE -1. 

MARK 1P.l.. POT. REF. NO.'S, .12. HIGH 0. 
~t~~$TI~~~E~o;,OO~~~~:;-':.PER MI" STH30. 3// ('B /3 

@l. MARK ~ART WOo 8. NAME~LATE INFORMATION PER MI~STD·130. 

9. PART NO. TO BE PER 81M 

B. SEAL PRINTED CIRCUlT SIDE ONly 'Nlil-l. HUI¥U-5EAL 
T'iPE IBIS COLUMBIA TECH. OR EQUN_ 

CZl TRIMPOTS NOT TO BE SUElMERGED It! WATEI'.._ 

G. PLUS SiGN OW CA.PACITOR HJOICATES POS\T1VE. 

5. HEA~'1 LINE ON DIODE INDICATES CATHODE. 

4. COMPONENT DE""GNATION5 ARE FOR REFERENCE ONL'f. 

3. A,,"SEM8LE PER PRODUC.TION PRACTICES MANUAL_ 

2. FOR ASSEMBL'1 SPECIFICATION SEE 3114,,2.'3. 

I. FOR SC~EMATIC SEa ~1I4GZ6. 

NOTE;;S: 

CIRCUIT BOARD ASSY

CAPSTAN CURRENT CONTROL 

"'"' 
D 3//08/3 If 

SCAil. 2:\ SHEET loF 



~ 

DR.IVE(+-) 2.3 

FWD(-) 27 

REV(+-) 25 

DRIVE(-) 21 

FAST(-) 

+12V 

-12.V 

9 

I 

4. 

~ 

~ 

+ 

;0 
L-

~ - > RIS 
II SOK 

RI R3 ew 
180K lOOK 

R2. 
ISOK +12V 

+i2.v +12.V t-12V 

~r- +12V RIB 
RI3 I22.K 

R2.2 R2.3 
12K 5.<OK 1 R9 7.5K eR9 

12K 

~ V) + CGO 
22.0 

VRI ±to% 

) ice, 
eRlO (R12 eRI4 CRIS OI3-3SBC ~ 

10V 

R21 
eR" 

}" 
2'i;!1<. (R16 

+12.V 
47K -12.V 

R7 CRII CR'" CR4 3.3K RI2 

OI4'~ + C5 
Q,4 

l 47K OI4-~ = 2.20 

\!::::l - PIO~ \1:::::) 
RB : j CR8 IOV eRS 3.3K Q"O> 

~505 
f-- ,-

eRG RI4 RIG RI7 R20 R24 
?51<. 12K S.GK lOOK 471<. 

r--~ RIO 
R4 RIO 1.51<. -Iav -12.V -12V -12V -12V 
I SOl<. lOOK t--

RII 

RS 
3.3K 

IBOI<. 
-12V ~Wi R::'3 

t 3 SDK 

"" 

CI C3 ,/1 
IS C2 15 C4 

TABLE I 
=20/0 'OO4?rig~%1·0047 
20V ASSEtv1BLY FuNC.TION 

R3'8 

t 31141043-10 150 IPS 2..'2IK '±. 1% 

~1I4G42-10 120 IPS 3.3~K::!: 1"/0 

3114<041-10 112..5 IPS 3.65K±I'1o 

3114<340-10 75 IPS 

+12.V D ECN 443'L(RED~A.\.oJ) J./l C 

R37 
470 G feN 7298 ..9_-t '2J q //' .. 

I ,--

+12.V +12.V 

~ 
'---- 13 S1'OP 

CONTROL 

R25 R2.7 

2.2K 7.SK 
( eR2.2 ~ R38 

~ 
BVR2 
01:,-:,5B 

CR'7 
R"O 

-

~ 
4?t<. R32 \+ .,-

'"" ~ 
19 II<. lew 

-12V R3'4~ 
R26 R2B 

REI=(+) 

4.7K 22K REFERENCE DESI GNATION 
eRie ~'~5 +12V 
CR20 

~ I cw R31 R::'G 2-
4?1<. Ii<. " . 17 

"-R2.1 
R39 

~~ @J 
014·505 ~ QIO 

R29 014·505 
471<. 

REF (-) 

LA'ST USED DELETED 

R.40 

QIO 

CR22 

CG 
VR., 

-12V 410 L VR~ R40 ~; 
013·3511 

-12V -= 

COMPONtONTS 

R3':J 

Z.2'IK~ ''/D 
3.3ZK 1: 1<1/0 

3.65K'I% 

R3S R34 

!.78K :t/% 1-781( 1:/1_ 
I. 7el( + I')',; !.781<:!"1'Yo 

1.781(:':1"j. I. 78K t IjI" 

I-S.;:E.::E:..;'A::B::..l~"::,M.::-::'..:\ ::...jFINISH ______________ 

-----

24 

22 
"-

[§J 
5. 

4. 

.3. 

2. 

DECELERATION CONTROL.. 

DRIVE REF 

3114638 

5 EE TAaLE I. 

ALL DIODES TO BE 013-599. 

ALL TRANSISTORS TO BE 32.0\104-10. 

A 

A 
± 

LL RE':>ISTOR VALUES ARE OHtv1S ±5j1o,I/4W • 

LL CAPACITOR VALUES ARE IN >,j\CROFARADS, 
10~o I IOCV. 

I. ~ OR Ae,SEMBLY SEE TABLE. 

N OTES; UN LEe,,,, On-lERWI5E SPEC.IFIED 

~~:C~~f.~4 ~ ~::~~:L~ PR:::rrY~=r:: lID 
n ,.. lm.£ 

"",'--"~=o;E","~TH'-;'"-,"'~, S C HEM AT 1 C -
CAPSTAN VELOCITY- 0 

D :::, 114C038 G 
$CAI..ENO"lE. SH!:ET \OF' 



320052/0-10 

fr RES[STOR f':::'l[Z 
PART B ~ 

3114-/037-[0 

G15-004 
B PLACES 

TYPICAL TRANSISTOR INSTALLATION 

TABLE I 
B,N) REFI::RENCE TABLE 

AS5EMBL"( FUNCTION PART A PART B 
3.114,,40-10 75 IPS 048-044 0415-044 
3.114,,41- 10 112,SIPS 048-IGS 0415-11,9 

'1I4G42.- [0 120 IPS 042.-4'2B 042:-42:8 
,114/043-10 150 IPS 042.-4"-:' D42-423 

I PART ND. RE F. DES [6NAI [ON 
I PART B R39 
r PART c R35 r PART D lR34 

3[09<091- 10 ~ 

31113.91-50 

PART C PART D 
.rUM PER JUM PER 
04<:- 855 042-855 

REFERENCE 
042: 855 042 855 
042:-855 042-855 

SEETABLE. 1M-II 

B ERNIOS-Oll 
C Ec::N 4492-

0 <eN 4521 

E EeN 4684 
F ["eN 50/4 
G ECN 7298 

PART No. RE.~ERE.NCE DESIGNA"T\QN 

320[104-[0 Q[ Q5,Q.7,Q8 
0[4- 50S Q2- Q-:. Q.4 Q6,Q9,QIO 
0[3- 3Sf> "RI.~R2,VR:' 
01,,- 599 CRI TJ..\RU CR2.2-
037- 237 C5 1 C.G 

0'35-969 C2, C4 
O~7- 990 CI, C~ 
04[- 406 R25, R28, R [e R21 
04[ 407 R" RB, RII 
04 [- 411 RI2 FU9j lP..'2.4,R'30 j R.~ I 
041-412- R2.G 
PART A R38 
041-430 RIO 
041-428 R3" R40 
041- 482 R9,R2.2,RIG 
041- 52.0 R13,R14 R'Z7 
041- 507 R\7.R'2.3 

041-394 R2.0 R3 R<Q 

044-309 R32,R3G 

041- 431 R'Z,R4 
041- SIS Rll RS 
044- 312 RIS.R"33 

@ [N5IALL PART'A"8"C"O' PER TASLE I 

@1 MA.RK POT. R.£I=. NO,}.121"HGI-I CI-IARACTER5} 
COLOR WHITE, 'PE:.R MIL-'STD-\'30. 
DO NDT IMPRE.SSION ~TAMP. 

R29 

3114639 
@l MARK PART NO.& NAME-PLATE INFORMATION PER M[L-5TD-130. 

9. PART NO. ,.0 BE AS S~OV1N ON SILL OF MATERIAL. 

@ TRItv1POiS Noi TO BE 5UaME.RGE.D IN. WATER_ 

7. SEAL PRIN"TEC C-IRCUIT SIDE ONLY 'liITH I-I.UM1-.5EAL 
l',(PE IBIS COLUMBIA TECH. OR E.QUI'J, 

6. PLUS. SIGN ON c.APAc.nOR IND\CA1E~ POSITIVE. 

s. HEAVY LINE ON DIODE INDICATES CATI--lODE.. 

4. C.OMPONE.NT DESIGNATION~ ARE. FOR R.E:FERENCE. ONL'(. 

3 A~5EMe.lE. PER PRODUCTiON PFl.ACTICES Jv1 A.NU A\... 

2.. FOR A~'SE.MeLY SPEC.IFICATION 5EE ~1I.::\6~5. 

I. FOR SC~~MATIc.. SEE ~1I4"oB. 

NOTE.S,: 

CIRCUIT BOARD ASSY

CAPSTAN VELOCI TY- D 

D 3114(;39 G 
sc.AlE 2: I IOF I 



~ - 2-
RIS 

DRIVE(f-

RI II sot<. 
R" CW - 180K lOOK 

)23~ 
RZ 
150K +12V +12.v +12V 

'--.-- tlaV RI8 R2.2. RI3 

+Iav +12.V 

fol2V R25 R2.7 
7.5K UK ~ R2.3 

CR22 

+12.V 

R~7 
470 

I 

~ ( 
R38 

~ 

~,VR2 
0/3-358 

r-
13 e.'Op 

CONTROL 

A ERN IGtI--CP PlioD 

1.96K~ 22K R41 
7.5K 12K 5.G;K I CRI7 ~ 1.5K 

1% 
R9 CR9 /14W 
12K QI R~O 

FWD(-) 27 

REV(+) 25 

DRIVE(-)2.1 ~ 

FAST(-) 

+12.V 

-12.V 

9 

I 

4-

+ 

~=1 -

fv) +:!:~to 
VRI ±IO% 

013.358C 
"'l lOR' 

eRIC CRI2 CRI4 CRIS 10V 

? R21 
CR3 }, 22K CRI6 

+12.v -12.V 47K 

cR4 
R7 cRIl eRI3 
3.~K RI2. Q2. Q4 

j 47K 014-505 e5 
014'6i -= + 2.20 

\!:::oj - T±IO'Yo 
R8 J \b 

eRS eR8 IOV 3.3K Q:, 

)=505 
r--' -

eRG RI4 RI<o RI7 R20 R24 
7.5K 12K 5.(;'K lOOK 47K 

r-~ RIO 
R4 RG 1.5K -12V -12.V -12V -IZV -12V 
150K lOOK 

~ 
Rli 

R5 
3.3K 

180K 
-12V eW I 

I ;t R~" 

.. ~ 50K 

CI c" ;1 IS C2 15 + C4 

±20i' •• OO471~g$%rOO47 
2.0V 

+ 

R2G; 
4.7K 

CRI9 

CRao 

eR21 

~ 
41K R32 \t 

2t<. 19 
lew 

CRIB -= R34 
-12V 100.... 

1%, iI'fW 
R2.B 

REF (+) 

22K 

.b-: R35 
':' IOCA 

+12V 1%,Y4W 

~ 
'ew 

-= 014·505 R3G 17 
R31 2K :+ 
4.7K ,fl 3 I 

REF (-) 

REFERENCE DESIGNATION 

LAST USED DELETED 

R4-2 

QIO 

CR22 

CG 
R42 R3.9 
2K 1.96K 

Q9 ~1%"/4W 014-505 QIO 
R29 014·505 
47K 

YR.?, 

R40 
-12V 470 ~Q~R3 

013'3SS 

-12V . 

I 

'M-Ull. 

2.4 

Z2 
"-' 

DECELERATION CONTROL 

DRIVE REF 

3119515 

7. RE F' A5s,( TO BE 3119514. 

<0. At L POTENTIOMETER TOL TO BE ± 1010. Y.z w. 
LL DIODES TO BE 013·599. 5. 

4. 

3. 

2. 

A 

A LL TRANSI~TORS TO BE. 31001104-10. 

A 

A 
± 

LL RE.SISTOR VALUES ARE OHMS :!-51., 1j4W. 

LL CAPACITOR VALUES ARE IN "I1C.RO!=ARADS , 
100/0 I IOCY. 

I. F OR A:;&EMBLY SEE 3119513-01. 

N OTE5: UNLESS OTHERWISE SPe.C.IFIED 

OfTSMH£.Rwa.. 

SCHEMATIC -
CAPSTAN VELOCITY- E. 

D 3119515 A 
$CAI.f:Not-tE. slim I OF I 



""""'" "'"' """"""" ... n """'"'" ... n """"" A LAW /(;t/.-C'P Plioa -UA7 4-... J.,.. I" . 

;"'"'""-" PART NO. REFERENCE DESIGNATION 
320/104-10 QI, Q5, Q7, (}8 

014-'0' Q2, QJ. Q4. Q6. Q9. QIO 
013-3SB VRI. VR2. VR3 

~ G ~ I Nt 013-599 CRI THRU CR22 
037-237 CS, C6 

'T 035-989 C2, C4 

F ~~~©~~~~~~~~I~ I 
01 R/5 03 ) 

037-990 CI, C3 02 
041-406 RIB, R21, R2S. R2B ::.;,crct" B --C( C(->Q: crC(Q:::>-O:::: 

- I 01 R33 03 ~ ~ 041-407 R7. RB. R/I 02 <.> 
041-412 R26 

~~~~ I ffi~ I~~~ 
w 

041-4/1 R12. R19. RU. R29. R30. R31 

I ~~ /'"'''H" \.0"10 B C 8 f'I')>J); 
01 R32 03 

G 041-430 RIO, R41 02 
I 55;(© ffiffi t(t( ~';l1I 041-428 Rn. R40 
I I 

I 01 R42 03 ~ 041-431 R2.R4 I 02 041-482 R9. R16. R22 

~~~I~~~I~~~~~~~' 
041-515 RI. R5 

I 01 R36 03 ~ 041-520 R13, R14. R27 02 

041-S07 RI7. R23 >-

~+ ~ '" a: 
041-394 R3.R6.R20 '" w 

C6 <1: '" 042-857 R38, R39 
I 

~ ,- ~~~~~ ffi 
---- 057-616 R34.R35 

I I Q6 B 044-310 R32. R36. R42 
C) \,D 1l'l\Q E "CO"l-r-- E ~ I ~~~ 3'G3~~35 =: 044-312 R15. R33 

C EJ @~~~~~ €B~~ ~~w~~~~~ V311S720-94 lTI] MARK PART NO. AND NAMEPLATE INFORMATION 
PER MIL-STD-13D. 

10. PART NO. TO BE AS SHOWN ON 8/M. 

9. SEAL PRINTED CIRCUIT SIDE ONLY WITH 
0 HUMISEAL TYPE IB15 COLUMBIA TECH. CORP. 

OR EQUIV. 

~460-004 ,,0-0,\ ~3/19SI2-01 ~TRIMPOTS NOT TO BE SUBMERGED IN WATER. 

6. COMPONENT DESIGNATIONS ARE FOR REF. ONLY. 2 PLACES 9 PLACES 
5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

4. HEAVY LINE ON DIODES INDICATES CATHODE. 

3. ASSEMBLE PER PRODUCTION PRACTICES MANUAl. 

~""-"" 1!1~1:I~m~N(:I~ 2. FOR ASSEMBLY SPECIFICATION SEE 31195/6. 

1. FOR SCHEMATIC SEE 31/95/5. 
NOTES: 

DO NOT SCALE DRAWING 

~ ::hi~~;;';:~~~~ AMPEX ~~MB~:.rne~.}'.~~M~: UNWS OTHnwt$E II'lClflW 
tllMENSlONSARf IN IN(:H£S 

"""'" TOILIANCES AliGI.ES 

"'" == '" c., W"' " 
~ALlSH.l.Jt~mGESAl'PI!OX..Ol0.C'IORf ~ • II ( 

CIRCUIT BOARD ASSY-ANtlSl'OTfACE CORNE/IRADII Al'PROX..olO. 

"'" TYPICAL TRAN51STOR INSTALLATION ~~~F ~ ~~ ~~H~N~g ./ 
CHI(l -I#o,,_~L...:. ~)" CAPSTAN V£LOC/TY- £ MA_ 

~ 

U, """'" - --'" 'k1/-7 

Dr~~~;r 
~. 

31195/3 TM-Olz """" - 3//9514 ""'''''''. 1ST USED ON -f>. 
APPLICATION SCAU c: I / OF / 



1i£II£NS£ 
P.8_INPur 

,-
Z4-

30 

V I 

BE61A1NIA/<i 
OF TAI'C(+) 

3 
,4 

~p 

IB 

~ 14 R.6"WI..vO/MS"(I
,oWL> 

Ad /NPVT 
.5 

1 zz 

ENb OF 
TAPe-OJ 20 

s'€£eCT ,Auf) 
REMOTe(+ ) If, 

12 

10 

---

+CI .t?a~:t~ T 0 .!20% 

~ 

R" 
3<: 

Jeel8 
-c,v 

~4-o 

7_sl( 

R4-1 
7_5':' 

-12V -<.V -/2V ± C6 .t5 
RI R4- CR4 J,0 II( 
2.7K... cKZ 5/0 

CRI 1/2W t/zW -12. V 

!£1 E~1 240 .<.40 

R<- t'<3 

~ 
4·31::.. 4·3K. 

GI tV' «2 

-12V -~v -= -= 
RB 
/5K CR5 

~ 

-12 V -"V -12 V 

tV 1Z9 1Z12 
Qs 510 C.iZ8 2.71:.. 

t7 
C,ec, 

'/ZW PO '/.2,W 

15K =- C7 Q~ uo uo CR9 

+12.V 1<1() I'll lC91~3 ~ 
4.!J~ 4·;31::. 

tV' CIO G.4 G.S 10 II( 

1000 'r ICOY c.eIO -= -1211 
1'14- SZ~3028-IO 
15K- =- -= 

- ee/2, eels 

"lI5 c£1I RI" RI7 1 C.e/~ CIi!'Gl 
15K. 32fi,3028-10 27" 27A:: I CRN, eel71 

CII 3~-,ol fOIJO 
~/2Y .... 12Y 

'---.--' 

3?fW 
32f;502B-/O 

CI2-
G80. 

300y 

RII3 !,zo 
15K. RJ9 15K. 

=- 01 Cl4 
c"e19 RUG 1000 

100V 32.6902.8-/0 

CIS -f2.V 
__ z.v 

cI5 
1000 

-fLV 
fOOO RZS R2.C, 

IOOY + 
~ 

fOOV 27K. 27K.. 

+IZV ~~22 £23 RZ4-
15K- 2.7K- 15K. 

'----,,--J -.:V ~/2.V 
RZ6 1Z30 

~ 

RZr /.51:- ,few 
~; 3..3J:: ,/2-'0'1 

<;17 ee'G 

't:::: "'2~!'8-/0 Rz9 QB 
4.:3K.. -~v 1<." 18K. 

-= -= -(;V 

12'2 -*2- -'W 
u: ~ 

+IZV 

~ 
CR2-, 

-= c.eZ3 

-'W f--
1235 

R37 R39 Rn 
tV ~ 

.3_0K ZOk. 

~ 
15"-«9 GIO QII 

It::::, 321,09[3-/0 

~;;. elC; R3B 
I":; =- 18K.. -= -12 ... V 

£34 
LSI<.. -IZV ""/2-'1/ 
JI,2..W 

#zv 310708? TI>-1-I/ 

3J19S~8 TH· 7 

" '4-

,2-
Z8 

U 

'-

.R£VERSc:-C-I-) 
(nA r,£w/;,.,o .e'£f.A.,.-) 

O(/TPdTZ 

...-wo (-) 

11 
C 

P 
e ,.,. 
G 

TABLE I 

€CA/ fll-S"", 
£C(J9JI. !i1J 
£CJJ 911- '-3 ~" 
CC/V W/-~B .¥ .... -/2~f' 

cCN 9/1-AA P~OD. 

EC!V78/S '#/9-" 

ASSEM8 
COMPONENTS 

LY ~~G~/-,~G~3~~~~~C~6~,~C~9---r~R~/~9~,R~2~/' 

310708 2-10 15UF !207o ZOV IOOOPF !/O"(.IOOV 15 K 
3119598 -01 OPEN OPE:N 2 K 

3107083 

o SEE TABLE l. 
t, ALL DIC)gES lo Bt 3163014-rO. 

4. ALL TRANSISTORS TO BE 3201100-10. 

3. ALL RESISTOR. VALUES ARE IN OHMS t SX. 1f4W. 

1. All CAPACITOR VALUES AJl..E IN ~nDS"! 'ox.. 
soov. 

1. FOR ASSEMBLY SEE lAB!..£: 1. 

~ U~ 

P£~ 1oI:~.s 

2-U'" TIlLf: 

, , ...... 
SCIIEMATlC

FWD/REV LOGIC loI.-\rrRIAL 

FlNI$H D 3/0708~ G 



TABLE: I 
BIM R£FE:R£NC£ TABLE: 

ASSE:MBLY PART A PART B PART C 
J/07082-tO 037-~90 034-67B 041-409 
3119598-01 Nor USEO NOT USED 041-560 

3109691-10 

3Z005Z6- 0 

.;J107129-Z0 

.31070BI-IORE,\ ~280-051 ~____ - 1/ REQD 

II 

TYPICAL TRANSISTOR INSTALLATION 

PART NO. REFEREltCE DfS I GNAT I ON 
3212098-10 •• 
3201100-10 I THRU 5 78 10 11 
3263024-10 CRI,2,4,6,8,9, CR2D THRU Z6 •. (:R1S:CRS 

32&3028-10 CRlo THRU 17 ,; 
034-417 CI. 
034-529 04 5 7 B 
034-678 CIO, 13, 14, 15 
034-519 ell 12 
037·990 ce 

041-278 RI 12 
041-404' ". 
~~& '" .. 4 
041-409 .. RII RZO,22 , .... I <OM 
041-436 " 041-442 RU 3t. 
041-483 Rli17.h26 
041-508 '" 041-5451 "' 041 .. 55 • 30 7 
041-560 '" 041 .. 584 Rl J 10 1 I 
0#1-407 R~7 33 

Ie 
sJ.es , 

CI <3 
(,6 C9 
RI9 R I 

o ~fRAfkBr~~~ A, 8 ~ (, 

11 i~i ~:I~;[~a~~~!TT:~~ ~~~~.~I~ ~~:y~EAL 
m =1~J~a~::~. At!D ",,"[Pu.~ .1'GlJlATIOH PDt 

8, PART NO. TO BE A~ ~t10WN ON 81M. 

7. HEAVY LINE OX DIODE INDICAT£S CATHODE. 

6. PLUS SIGN Of( CAPACITOR INDICATES POSITIVE • 

5. COMPONENT DESIGNAtiONS ARE All RffUEMCE ONLY. m CIRCUITh:r OK FAR SIDE, 

3. ASSEMBLE PER HANUFACTUIIING PU.CTICI MAIIUAL.. 

Z. faR ASSEKILY SPECIfiCATION SlE 3101084. 

I. FOR SCHEMATIC SEE 3107083. 

HOTESI *£1$ OtME:llnS£'~ttl'I[D 



REV P. 6, INPUT 24 
FWD P. B, INPUT 35 

-12V -6V -12V 

RI 
CR2 R6 

I ! 
~JCS fRI4 

RI3 CR6l lEl IK 

-12V -6V 

SIO 2.7K CRI '12w 

llQ ~f 
1I/2W MASTER RESET(+I 30 C4 

1C61p'7 
CR3 +~ IK 

-12V 

RB 
2.7K 

.-- 1/2W ~t~15 ~~~ 
510 ~ 

rI/2:.W!!.....~_-__ -_12_V-i34 REVERSE (+) 

(VIA RWD RELl 

CR4 

240 240 
SOOV !;'X)v 

R2 R3 

~ 4.3K 4,3K 
(<::.::i r R4 

lR5 27K 27K 

+12V +12V 

% 
'{ 

240 
500V 

R9 
4.3K 

RII 
27K 

240 
500V 

RIO 
4.3K 

RI2 
27K 

+12V +12V 

L-_____ --+_----t-------+----------t2~ FWD ( ... ) 
L----------_+ ____ I ____________ _+-----~----------+_-------------~2B FWD(-) 

L-~------------r-----t--~C~R~12~---------~-----t-----~C~R~13~+---------------~32 R~v~J 
-12V -6V 326302B-i0 3263028-10 -

RI7 
CR7 15K 

RI5 

I 32~lg~B-10 32638~~~10 
CRIO 
3263026-10 

CRI5 
3263028-10 ~-3K 

I~CIO BEGI NN I N G 161---...... -.A¥-..--H {r-R-20----

RI6 1000 CRB 

13K " 100V 
326302B~0 

CR9 

-r,15K 
RI9 R2.1 

OF TAPE(+) 

CRI6 
3263029-10 

+12V RIB 3263028-10 

15K 

15K I'§J X~ 
REWINDING (+) 14 '--+_----~----~ n2~~io~~ 

LOCAL(+)22~-+------------+---+_----_+--l 

ENDOFTAPE'+) 20~-+-----------~--~------+_--------_+----_+ 

~H23~~-+--------------' 
~~tI5K '6" 
300':]. 1!2/ 

SELECT 16~-~-----------_+---+-----4----+_-----l· 
&f'lEMOTEI<-

A ERN IOt,.·CO PROD REL 

B ECN ,fo~o 
C' ECN,J'o7#-

o feN 7.3 4rJ 

REFERENCE DESIGNATION 
LAST SED DELETED 

R44 
;16' 

CR23 
, QII 

u 

-6V -12V -12V -12V 

t 
-6V -6V -12V -If V 

CIS CR2',_ 1140. t~~ R41 

-6V -12V 
f 1311236:1 

R34 CI4 
1511 1000. 2JK R30 CI3 r' R31 [§) [§] 

QS 100V, 

I r~ 4.3K R32 321209Bc.!.Q, ~R29. 07 

FWD STOP(-!+l121---....... --<'!R"'Z":-6-+C't!> CRI7 3K 

R25 
7.5K 

3,3K -'----1 

~~7 E~~ " -6V 
I/ZW 

+12V 

[j;C-
CRIB 
[§] ~~;" t 

-6V 

+12V 

CRI9 

-6V 

R35 
7,5K 

10001' 15K 12.7K 
Q 9 100V 1 CAZI 

3212098;2, ,Q O)Q;J 
.¥ ~ 

R36 \b" . 4.3K' 
3.3K ~ 

R37 R38 • 
2K 1.5K 
I/ZW I/ZW 

c!R22 CI6 R44 

.~ C®3 ID 
,R 42 QjJ.,'-----' 
:3K r.....-) 

'!:!>( 

R43 
18K 

-=t:-

7. FOR REF ASSY SEE 3116158, 
[§)'SEE TABLE I, 
5_ FOP. ASSEMBLY SEE 3112360_ 
4_ ALL DIODES TO BE 3263024-10. 

3_ ALL TRANSISTORS TO 6E 3201100-10. 
2_ ALL RESISTOR VALUES ARE IN OHMS:!:5'l.,1/4W. I~ 

REV/STOP(-I+I IO~-------------------------...J 
tl2V -t12V 

1_ ALL CAPACITOR VALUES ARE IN PICOFARADS ± 1010. 

tlZV I I--------__ ~ 
-6V 3 f------_~ J -12V 41---__ 

~ ~ T,tJJF,"',r ffi + + 20V 
±20% 

{ ~7-W P"S.GRD ~ 

'-

ASSEMBLY C:14, CIG CRIB CR23 

3112360-10 ItOOPF.m~lOOv 3263024-'0 
311BIS7-01 680PF.tIO':'300yt OPEN 
3119529-01 JOooPr,troz, IODV 3263024-10 

N0TES: UNLESS OTKERWISE SP~CIFIED. 

TABLE: .1 
COMPQNENTS 

R21 R24 R34 R44 Ct. OJ C6. C:9 
15K 15K. 15K 15UF±Z,O%.2OI IQOOPF 
2K 2K •. aK 15 UF t20~201 IIOr.,.IOOV 
2K 2K 15K NOT USED .' NOT-USED 

3/101 7 ThH 213 - ,~-~, I'D'~'I~~ ~31 12361 1-"31J2.3 0 DE.-Zoo 0 
.." ~::''''n".'"''m ~ ----- ' ......... - ----- SGI.ILNONE ~[~ 



TABlE I 
B/H l'/E~cl?cllCc TABlE. 

.-9..ss£M8£ Y' VJ'£l' OAI PART A PANT 8 PMT C PAI/T 0 PART £ f'A~T F 
.311~,J50 -/0 7M- 7 OJ"I-6781Je'630l11O 04/-409 041-tlO:J 04/-(/09 037-990 
J118157-01 TM/~,;uJ 0.1"-.519 OPGN Oifl-SEo 04/-5GO Of./-"I34- 037-990 
3119529-01 TM-9212 034-(.78 3Z6302410 041-560 O'l-'-$€;O 0"/-409 IVOTiM£D 

~'.o-o., 

TYPICAL TRANSISTOR IN.sTALLATlON 

PARTG 
0.34--678 
034--678 

NOT USED 

PARTNO. 

04/-407 

041-409 

041-410 

041-43'-

041-442 

04/-483 

041-520 

04/-549 

04/-550 

041-5'0 

04/-584 

PA~r A 

PANrs 

01/-104-
PART C 

PART G 

A ECN .$060 PROD. HEL 

8 ECN S07¢ 
C £GN 734-1 
D ECN 7588 

REFERE:NCE DE-SIGNATION PARTNO. REFERENCE DE.s/GNA'ION 

Re~JR3~ 3201100-/0 QI THRUQS, (;17, c?8. QIO, QI/ 

R/7 T"'A'UReo.Rcc.Rc3,RJO,R~O 

R7, R/4 

R33,243 

R3/,R41 

124~es; JZI/J I!IZ 
22S,R35 

Rlf., 

RI5,R3Z,1?42, 

RZ7 

eZ,£3,29, .i!1O,2Z9 ,R39 

eN-,CI':; 

CRle, c.t?r!.3 

RI,RI3 

I?,u 
C6 C9 

9. 

3ZG30Z4-/ CRI THRu CR7, CR/7. CRI!I TH,fU ('I?.EZ 

32G30Z8-1Il C2a THRv CR/';; 

0.34-519 CII, ell!. 

034-5Z9 C4J CSiC7 .. Cc9 

034-(;;78 CIO, C13, CIS 

037-990 CZ 

04/-008 Rz.a, ,e.se 
041-010 ,eS7 

04/-27& RG,Ra 

PIIRTO 

PIIRT E 

PART F CI, C3 

.sEAL PRINTED CIRCUIToSlDEONLY WITH 
HUMI-SEAL TYPE 1815,COlUM81A TEO-l, 
CORP ... OR c;{3UIV'. 

Il1i'! MARK PART NO· ANDNAMEPLAT£ INFOR
MATION ,ocR NIL-STLJ-/30./,sSUe 
L.ETTER rOBE: /l44RK£D /NUP,o£R 
RIGHT CORNER OP...vAMEPLA7£· 

7. PART /VO. TO Be AS ..rhOWN ON TABI.E Z. 

(;. H£A VY LINE' ON O/ODE" INOICATe"-5 
CATHODE:, 

~ ""'-<IS SIGN ON CAA40TOR /ND/CA 7"6"'5 
Pt?S/T/VC: 

4, ~,ooNcNT .D€$/GAlA71.0,A./S ARe-~oR 
R.c:=F€R€..,c...t:"'"E,.s ONt.. Yo 

;3. AGSE:M8LE P£J?P.ru.oUCT/ONp.<fACT/C~~ 
MAN,(/AL. 

2. AOR A.sSE:M8Ly'.sP~CSe£3//23 '"z, 
10. IMrTALL PART;f TH,f'U G PER TA~l.£ 1. 

I. FaRSCN'cMATICScE31I ZSC:;/ 

A!OT€S: 



-12 V -Iav -12.V -6V 

~( R2 
I K , I< 

RZMOTEC-I 2.4~--l---l--------4 
CRS 

LQCIILP.B.I"PtJTI+) '01-++---'--+-...0/------+ 

1'.3 

Iy;~ CRI 

R4 
431< [ C"5' 

$TOP~al"pUT~) eBI-~--+~-...o/-----~-+L_~--~--.N~-'-

I <4 I C5 @] I~ 
i~o"i'oOO ~f' 
~ ~ UI.6 

RIO 
4.&K 

GQ LOCAL.(-) e2~--------_! ............ --+----f_----_"w'-_+ 

C.7 RII 
e7K 

+ 12. V 

"12 
2.7K 

+t2,V 

- 6V -12. V -12..V 

R6 ~7 
eRe 62.0 I K 

r.w 

LOCAL~) ~21_------------+--_+--------------------------------------------_+--" 

R~»QTEp.aINPUT~)e'il-------------+--+------------------------------------------J 

-/21/ 

R/9 
+.71< 

-12.V 

"'3 I~/< 

eRe 

c.R9 

-IZV 

CRI/ 1<20 
I~I< 

RI~ 
101< 

Rei 
75K 

,<IS 
1l!~ 

+.Iav 

R22 
10K 

+12.V .. 1£ V 

-Iav 

1'.9 
ISK. -

9-----15+ O.C.P. ENABLE 1+) 

R23 

o 

,~" -,~ II om """" ... 
A ECN ~H-I~ NI/PROeX-.f ~.u~B 

B £CN 9Jf-509 
c. feN 9"-~~ 1';'-9-" ~~ 
o FCN C;W- Y PROD. IiJ-.k. ~f: 'of ~ 

t: ECN .3~S9 I~ , 
F ECN 4-555 'AIdlIu..>I,/,., L<1f/J..,/._ 

'""-- ~N" :!(~.;;t; 

J ECN 9018 

RI7 
~.3K 

"P.ID '-- R24 <-------.-....... ._---l20 REMOTE: INOICATOR(f) 

t-C--lR*'_2-+_V'I",O"r--"'-1~f-( CT'O ~ ~/O 
R/6 
7.51<. 

R26 
6.2K 

R2S 
IK 

-/21/ -6Y 

1'.30 
15K 

+12V 

-12V 

R27' "2B 
75K 10K 

R29 
12.5 ,w 
t.3% 

R32 Gil R33 ~ 

5C/..ECT(-) 9 f_------+~~1V·5vK~«+-{=KI,\eI2~-O~3'V'.3"'K~-~-I-r \,cz+-t---!-L 
L-

+------------------ 17 "£LECT {. REMOTE 1-) 

~------.--....... .__lIB S? I'. INDICATOR (+) 

R37 

[§) 

+12V I ~--------------~._---...~ 

- 6 V ~ ~----~>-----j---I~ 
-lev 4~ __ -+ ____ T~ __ ~ __ -4~ 

1i~*'1 If!UF + c8 h:CJ ~aov 0 
"lt2o% 

~~{ ;J.,....-~--'4t 
L 

R38 
/8/<. 

+12V +/2V +/2.V +12. V 

T .... BLE. I 

A~SEMBL,( FUNCTION U"El> ON CRS 1'.44 R23 R37 

310110<-10 0,6 IP<; TM-7 3<(;30<4-10 12S<>-,t3%,3W 125.o.,t3~,'W 7.SK 

3109551-\0 3f. IP~ TM-7!rM-4 32.f,~02.4-IO IZS.n.;!:S%.3W 125.n..±S";,3W' 7.SK 

;;1I5IOze-10 BTL (I.D) Tt-I -7 NoT \l5ED NOT U5£D 12S.o.,t3r.,3W 7.SK 

3118709-/0 'BOEING TIVI-I1'. 326301:4-10 125<>.,"1.,3'" ~OT USED 7,Sf< 
3119408-01 "EA I .TM·7/9 3Z63Q24-IO IZS.n..±3%,SW 12S~.:t3';.3W 270.n. 

cc , C3 

!5Uf 
20V 
! 2oi=, 

OPEN 

13107W:3 

I::§! sEE TABLE I 

S.· ALL DIDOES TO BE 3263024-10. 

4~' ALL TRANSISTORS TO BE 3201100-10. 

3. ALL RESISTOR VALUES ARE IN OHH5.. I/~. !5~. 

2." ALL CAPACITOR VALUES ARE IN PICOfARADS, lOX, 10OV. 

I. fOR ASSEMBLY SEE TAB\'~ 

.".OTES: UNLESS OTHfIlWIO::[ SI'ECIFlEO. 



IIz'l DIODE 
\.:!:JPART E 

CONNECTOR 
PARTA 

USED ON 

'M-l 
TIA-7/T .. -4-

7M-' 

TM·I2. 

TM-' TM-9 
TM-l(SIIARED 

FUNCTION 

3& IPS 

3& IPS 

BTL( 1. 0.) 

BOE.IN& 

EAI 
3~ IP' 

0109"9/-10 @l 

.____RESISTOR ~ 
/ PART F 

~Z8(}-oSI 

TYPICAL TRANSISTOR INSTALLATION 

TABL.E I 

RESI"'TOR~Z 
PARTD \.:!:J 

~/07IZ9-M 

PART H 
ASSEMBLY ~~S~/~M2-~R~E~F~E~R~E~N~C=E __ "~A~B~L~E~ ______ r-______ '-____ r-__ -r ______ ~ 

PART A PAF>.T B PART C PART 0 PART E PART F PART G 

"?107102-IO ~20052G-IO ~07101-10 4(00-004 047-302. 3",.30,4,10047-30, 041'SZO 

3101:1557-103200504-10 0107101-10 NOT U5m. 047-302 3263024-10 047-30,041-520 
031-990 

31151028-103200526'103107101-20 460-004 NOT U&ED NOT USED 047-]0,041'5,0 

3118709" 3Z005cl.-l 3/07101-10 4hO-.004 047-302 3263024-1 NOTUS'D 041'5l0 

3123920-01 3200526·10 3101101-20 460-004 041-30'2. 32.63024-10 047-302. 041-520 NOT USED 

A 
B 

C 

D' 
E 

F 
G 

REFERENCE 

>1 

-EC.v 91l-ZlZI DEV PRO , . 
ECI\J ~Il-Y PROD 1"--'- . 
ECN .3959 

ECN 4555 /7 " 
ECN 5955 ';' u :1'C;;c' 
ECr.J 1004- ~ '/11'.-" 
feN 9018 ~ '1'" " 

PART ~O. REFERENCE DESIIiJIATIOM 
3101100-10 QI,l.3,',8,IO,II.13.14,16 
3211053·10 Q7,51,IS 
3112098 .. 10 Q4,5,II 
3161014 .. 10 Cll,Z;3.4: CRee. ~RU cRI4 
037·51iD <2 
034- 678 C4 S 6 

041-407 RI!I,I7,31,33,39 

041-406 M4,11,14,13,41,43 

041·4051' 'R9,30,31 

041 .. 411 '19 
041-436 11.15,313 40 

041-<&83 ,Rl' , 
041-516 R3 

041-538 '26 

~- .R13 10, 

041-550 03' 
O4I·S73 11.11 17 41 

041·514 .R4,5 10 IS 

~~: 03' 
047 .. 302 '35 
041-510 ; RlI, 
041- RI 2. 1 25 I 

041-0 
AR [) 1'1.44-

PAR.T E CRS 
PART F R23 
PART G RJ7 

PART H CI,e3 

G ~~p~:R~I~~ST~~~3~~RIAl' 
10. PART NO. TO BE AS SHOWN OK BILL Of MATERIAL. 

[2] RIVET PART C USED OKU ON 3100516 COIttIECTOR. 

8. i~i ~:!~;E~~~~~;~!Td~: ~i~.~'~ ~~:V:lliT. 
7. PLUS SIGH oN CAPACITOR IMOICATES POSITI'fI. 

'6. 'CcJOoOH!HT 'EtEsIGKATlOA$ Al£ FOR "'fERDICE OMLl 

5'~ A,;)SEMBLE PER "MPE)( SlANOARD 

[!] CIACUITII.Y (XI FAR SICE. 

3. HlAn LIME 011 0100£ IMOICA1£$ CATttODE. 

1. FDA . PERF SPECIFICATION In 3107104. 

1. '0'" SQttMATIC SEE 3107103 

IOIES, 

CIRCUIT BOARD A55Y

LOCALI REMOTE LOGIC 

o 3107260 
..... 2,:1 IHE'I J OFI 



~
B 9 

PHOTO IA 10 
SENSE 
INPUTS 2B 30 

2A 28 

DRIVE OUTPUTIH 18 

DRIVE OUTPUT 2(-) 19 

{

IA II 

OUTPUT I B 12 
DRIVE 
INPUTS 2A 25 

28 26 

NAND OUTPUT 1(+) 17 

NAND OUTPUT2(t) 20 

PHOTO { 3 RI 
BULB 9 
DRIVE ~0/o 

35J----l 

+ 12V 

C. EC.t-I 11D4 - E" 

+12V +12V +12V +12V +12V +12V 

---- ----- ----
R4 R5 RS RI2 
20K 2.4K 6.2K 2.32K 

R6 
±I % 

--- - - - - --- ---, 
RI7 I 
30K I 

I 

r;;-----
1 @) RI 
I CKT lOOK 
II & 2 

TPI 

~.BK RIO 
4.3K CR6 I I 

I RI6 r-#--'---:I---< .. DRIVE OUTPUT (-) 

I 
PHOTO {B 2K Q6 II 
SENSE 014-505 Q7 
INPUT A-+--==-----1 (CD4451 014'364 I 

CRI (CD43S) 1 

OUTP.UT{A_~-1<'-~-"""'.--I------+----l--+---+----+--l----.J I 
DRI VE t--------J-----+--:-- NAN D OUTPUT (+) 

INPUT B __ ~_I---l I 
RIB RI9 I 
2K ±i~ I 

__ ~~_J 
-12V -12V -12V -12V -12V -12V -12V 

PROD 

- 12V 41--__ --_ ... 

P.S. GROUND{ ~ 

CI 
+ 15 

C4 
.0047 
:!: 10'/0 
100V 

REFERENCE 
LAST USED 
IR19.2R19 
ICR6.2CR6 
RI 
IC I. 2CI 
IQ7.2Q7 
C4 

DESIGNATION 
DELE TED 

31102~7 HA-li 

3110238 

I:§) PARTIAL REFERENCE DESIGNATIONS ARE 
SHOWN. PREFIX TH E REFE RENCE NUMBER 
WITH THE CIRCUT NO. FOR COMPLETE DESIGNATION. 

5_ ALL TRANSISTORS TO BE 3201104-10. 

4_ ALL DIODES TO BE 013-599.(CD458>-

3. ALL RESISTOR VALUES ARE IN OHMS. ~5%, 1/4W. 

2. ALL CAPACITOR VALUES ARE IN MICROFARADS, 
:t20jlo,20V_ 

I. FOR ASSEMBLY SEE 3110237_ 

NOTES: UNLESS OTHERWISE SPECIFIED. 

SCHEMATIC-

PHOTO AMPLIFIER TYPE C 

D 3110238 c 
SCAlE NONE ~tt[[T I OF I 



II 

~4GO-004 ~<O15'00: ~110'23~ 10 
2 PLACES 2. PLACEt L Q «;>-

~Z80'OLZ80'OS2 

TYPI CAL TRANSISTOR INSTALLATION 

PART NO. 

3201104-10 
3210,,014.10 
013·598 
014· 364 

014· 50S 
030- 438 

035·989 
037 - 990 
041· 394 
041-408 
041·413 
041- 430 
041-483 

041-50B 
041-53B 
041-5<00 
041-570 
041-572 

041-584 
041-610 
047-302. 

047· 375 
04-2· B81 
044-279 
048-173 
048-973 
042-865 

L!!l MARK ALL TEST POINT REF. NUMBERS 
.12 HIGH CHARACTERS I COLOR; WHITE PER 
MIL·STD-t30. DO NOT IMPR.ESSION STAMP. 

o ECN 164·E 

I ~ IECtIJ 7282.. 

REFERENCE DESIGNATION 
IQI,2QI,IQ2,ZQ2,IQO,2Q3,IQ4,'2Q4 

lCR3, 2CR3,ICR4, 2CR4 

ICRI.2CRI, ICR2,2CR2,ICRS.2CRS ICRG 2CRG 
10.7 ,'2Q7 

IQ5,2Q5 IQG,2.Q(i, 
leI, 2.el 

C2, C4 
el, C~ 
JR.I,2RI 
IR3) 2R3 

'''6,2RG 
IRIS.2RIS 

IR4,2R4 
IRS 2R8 
IRIS,2RI8,IRI6,oRI6 
IRS,2R5 
IR7,2R7 

IR10,2R10 
JRI7) 2R.17 

IRI92RI9 
RI 

IRI4;2RI4-
IR2,2R2 
IR12,2R12 
IR9,2R9 
IRI<',2RI3 

13110237 @ MARK PART NO. & NAMEPLATE 
INFORMATION PER MIL-5To·130. 

9. PART NO. TO BE 31102<.7-10. 

@ TRIM POTS NOT TO BE SUBMERGED IN WATER. 

7. SEAL PRINTED CIRCUIT "'DE ONL' WITH ~UMI-SEAL 
TYPE IBIS COLUMBIA TECH CORP. OR EQUIV. 

6. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

5. HEA" LINE ON DIODE INDICATES CA.HODE. 

4. COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY, 

3. ASSEMBLE PER PRODUCTION PRACTICE. MANUAL. 

2.. FOR ASSEMBL' SPECIFICATION SEe ",,0<:;9,1.5.·A', 

I. FOR SC~EMA7IC SEE '3110""B, ISSUE C. 

NOTES'. 



l£VISIOHS 

r- - "." DESalI'T1ON ~n """""" ~n APPiOVAl 

MASTeR RfSlr(+) 3S Z';; REWlND(+) A EA'AI /0'-/)/1 .P/?O{) ¥~ht ,.r?,...,,{ Ytof {,~ lJ. /(./ 
REWIND P.B.{+J 14- 32 REWINDING(-) B ECN 498:3 ",I, C.M. );,s'" ~"-

C ECN 506/ 9pJ/" !IN",,"," .• ; ~ . .". 
-li,v -12V -,v -6V -12V -12V -12V -&V -,;;v -12V D ECNSo74- ¢,,#t <'IN_h' i;'./" 14 ~ 

RI RIO R? RI2 RIT E ECN 5158 ~P".k6 ~:;).,I-" 11 IJ{,b 1Ji-jV-J 
820 CR4 CRS 

2.7K IK 2.?K CRIO CRII 820 ,v 
CRI 1/2W CG 1/2'" 1/21'1 CIO 1/21'1 

CR2 

1~ r~ 
CRG -12V C9 

a;~ 
CRB 

~~ 
---+I- ::h e7 

30 -R£WlNDING (+) 

8£GINNING ZI R2 r",v I"XlO 
RIO RI.3 RI5 

4.3K 4.3K 100 V 750 4.3K 4.3K 
OF TAP£(f) CR3 

REWIND r_) 28 

~I tV G2 
CR7 t--::-:-- '-

~4-tV Q3 tV 0>5 

C8 CR9 P 1000 
100V 32G3028-10 

~ R3 RS R8 R9 27K 27K 4_3K 2?K. _ RII RI4- RIC, 
C4- ':' ':' ISK. 27K. 27K. ':' 

G80 

ifi 
CRI2 

TIME: DfLAY(+) 22 +12V +12V - ':' ... tl2V TI2V 3210.3028-10 

RI8 
tl2V 

15~ 
FORWARD (+) 24 

UNIT S£LECT (-) 16 7/1BLE Z 

-GV fl2V -12V fl2V -12V -12V C:OMPONEN S 
eRlS -1SsEM8LY ell C,f~1 ClU5 R37 

R2S R29 !",ft3 R31 R33 R42 R45 R4-8 SI16167 10 .2i!/!!'. f/%JSV USe£) UJED 820IL t.5Y;.~ W. 

5.'" 3.GK CRI4- 4.31( 3.3" 18K 3K 125 ..11/6189-10 OPEN OPEN OPEA/ 560n....!:5%, Y.,!w . 
3W 3118207-01 .22,uF,tI%.3SVI USED OPEN lS20.J2,tS%, 1/211/ 

RZI pt( 
R39 r?~i370 3·.3l<ff) 10K. Q8 

~ 
CR20 3 . .3K 

CUSTOMER 12 ) CRIt. ,1 GI5 
REWlND(-) ",,,,\!::::' - I CR2C, 3212098-10 -RI3 -:; CR21 34 R£'.'/~ ING 

7.5K. R23 
-lEV R34 ':' R37 

~ 
5'·ITJS(-) LA~Tusm DELeTED 12K K§:J 1+12V 

fl2V -lEV 181<. -12V RSO 
+IZV R30 eil R43 R49 CII 

':' ':' 10K fl§] R46 
CRI7 18~ 125 QI7 -,v R2? +l2V -12V CRZ2 

R.38 T 6R40 
.3K 3W 

CRE8 
RZZ 5.1.1<. 

~ll;$F .3.31<. ~ 0>9 RJ2 1 JOO 3"-
REWtNDAND /I 3.M< CR23 I 
LOCKOUT(-) Q7~ REB 

3212098-10 ~ 10K -12V ~ T CR2? 
R20 20 READY(-) 
7.51< R24 

CRl8 CR24-
121<. ..,. 

1 17 UNIT SEL£CT(f) 

~ ':' CRI9 I 
9 GO LOCAL(-) 

R3';' +l2V -lEV -12V 

3.I.K 
R4-7 R50 /i'E:'ROY INHI81T(-) 5 R44 

-12V ,18K 31< 125 o SEE TABLE. I 
R£ADY(f) 33 .3W 

R41 tP~t3i" 
5. All TRANSISTORS TO BE .3201/00-10. 

-,;,v CR25 3.31< 4. All DIODES TO BE .32&.3024-10. 

HYLO DeNSITY 18 't!:{ QI7 3. All RESISTOR VALUES ARE IN OHMS isr.J 1/4W. 

(-/+) I R35 ~ 
2. All CAPACITOR VALUES ARE IN PICOF"ARADS t/o jI... 

13K. QII CR2B 1. FOR ASSEMBLY SEEJII~/~7. 

fl2V I 3212098-10 '::!. 19 HI/LO DENSITY NOTES: 

-GV 3 '-- STATUS( -/f) 

-lEV 4-
".,. I TOO" ~ ..... "" ""'" Of' CI C2 C3 DO NOT SCALE DRAWING 

~ AMI"EXCO"...".Lo,",,,'ycn,,,,,,..,N.NO ... _ 

AMPEX ~~M:~~::~B~~~~~~ ISUF 115'{+ 15UF UHWS omUWlSl II'fClflED W<T>""O~~'<UlIu"'N'AJIT""'K 

DIMENSIONS ARE IH IHCH£S WIIOI.~ ..... u. •• IlADI! WI'''''''' ..,.'TT'" CON. 

lfoj.+ 20V DECIM.US TOl!IANa$ ANGlES <! 
CDIT or .... ...,. """ .. " ... ..., 0 ... 

P.S.GRD {1 =t 
t tEOr. t20% ~~ , " JCX:I:_.XXX:t:_ :::1::--- SCttEMATI C 

t ~s:ifu~l~Am:?~~ . 
~HNUS Of AU. MACHINED ./ (i;; ~. RENIND LOGIC C 
~ 

""" "'--h ., 
3118207 TM-/f 6\ ""'"" - , .... ....:z... '2. iU· 

'1/~/89 TIII-12U) i5 r"c;;;~~~ r • NO. 

.311(.1'-7 TM·II 

""'" ---------
C\l 3//G/08 """Am. IST~ON 

","",noN 

--------
SCAl..ENONC I»IUI/OFI 



320052G-10 

lr·06 

~L----------r-------~ 

t!.15-004 
14 PW9C!C5 

4~O-004 

2 PLACES 

PART 13 
(@j 

_ ;280-051 

~"~= 

'TYPICAL TRANSISTOR INSTALLATION 

.75 

TABLE I 
8/# REFERENCE mBlE 

A ECN4'1tJ5' ,t'"R?O. W. 
ASSEMBLY PARTA 

31161 G 7-10 32 G3()Z4-IO 
31161B9-10 OPEN 

3118Z07 -01 3263024·10 

3109691-/0 

~ 

3115166-10 

3115720-'25 

" 
rliF.7B PARTC P-IRT D 

" E":A,/.~y·.-·~ ~~.I.:, 
32630~4-IO 037-217 0.,1·3/7 ,<;, i ..... · 

c ECN,s061 ~ OPEN OPEN 0"1-256 
~' 

D ECNS074 
OPEN 037-217 041-317 ~"" ,,---.' .1Z-G, 

E . EeNsI58 %,1 . ,-

'fIRTNO. :~fVRTtOlJ5 
201100./0 I'tJ,."!1ft/r-"'''' 

3212098fG Q(z,.~a" 
CRJ·CRB.CRIO. ~II, 

3263024·10 CR/J -CRZq CR2UI!14. 
CR26-CR28 

3263028-10 CRS/ CRI2 

034·51:; C4-
034-529 ~C'c;C~C'IO 
03+-678 C7}CB 
037-990 C!;C!2..1 CB 

041-2.78 Rt!.RI2 

041-317 ~~RI7 

041-407 It f~."".1~~ ;f;' .::>::3 

04/-408 R26,,~28, R30 
041-409 Rlj (18 

PART A CR 21 
PART 8 CR 25 
PART C Gil 

~ 'D ot-• ECN '1081 filII;" ~ ...... 

PRRTNQ 

04/-.,./0 

O~/·~3CD 

041-~8Z 

041-483 

041-507 

041-520 
04/ 549 

~41 550 
041-5&9 
,:;4/-571 

04/·584-
47-302 

041·531 

PART D 

REF 
ceSIGNRTta<JS 
1<'7 
R3'bfM.2~K'41R44-

R2';Ii?U 
R~R5,R9.NJ4.,RI' 

R2~/i?27 

I<'I9.,RZO 
RES 

'1O£.45i1:44K47 
1<'38 

'2~R.32JR3t.:. 

R~RJf!:,g.l"'·I:;:' 

R44f{49KSO 

RIO 

R37 

ri£jINSTALL PT. A THRU 0 PER TABLE 1. 

~ ~~~~J',&';&kl~,d ::1iC~~r~~w,. 
aPART ",0. SEE. B/M 

7. SEAL PRIIJTED CIRCUIT "'DE OIJLY 
WITH HUMI-SEAL TYPE IBIS 
CQLUUE:>IA TECH. OR EqUIV. 

6. COMPONENT DESIGNATIONS ARE FOR HEF. ONLY. 

5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

4, HEAVY LINE ON DIODES INDICATES CATHODE. 

I~ I~ I:' I~ I~ I~ N c: I~ 

3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 

2. FOR ASSEMBLY SPECIFICATION SEE 3116.1t.!J. 

1. FOR SCHEMATIC SEE :J Ilu I G.8. 
NOTES: 

Sf! TIIBtf 
NEXT ASSY'. 1ST usm CIH 

","""noN 

CIkCUIT 80171<D /93SY
k£WIAlD (.oGle' - C' 

3116183 

o 



TIME DELAY 
OUTPUT 

pc. 311G/75 

REFERENCE DESIGNATION 
LAST USED DELETED 
R62-

CRIB 
015' 

TABLE I 
COMPONENTS 

ASSEMBLY FUNCTION R4 & R7 R34&R57 
R5,R9 

31161"72-01 75,1I2.5,120IPS ' 2.4K 15Kt 17. 10K 

3116113-01 ALL. SPEEDS i3~~O~, 16.2K'I% 10K TM-II 

3121468'01 ALL SPEEDS 330"1. IS.2Ktlll 25K TM-IG 'i3~ IW 

9. FOR REF ASSY SEE 3116174 

1m INACTIVE. A55Y 3116/72-10 IS li'i'Pl,AC.!:V1 
BY 3//6/7.3-10 

7. TRI1NSISroR PlNON'50S REt: TO C0445. 

~ 5C,C: TR£}t.£: I. 
s: /?tl. TRRHSISTOR5 roaE .5201104-10 

4. Rl.LOIOoes 708E:Q/3-5,?9("CO~58) • 

.3. RLL RCSISTOR VPLLlES nR£: 11./ 
O/.lU51'5~,114W. 

2. PLL CRPACITOR VRlUE:5 RRC IIV 
N/cROFRRn05, r20%, 20V. 

I. rOR RSSE:ME>LY 'SE:E TR.BL£ .1:. 

NOT£:S: 

1!~'75 

.),0' 



TABU: I 
13M REFERENCE r.RBL.E 

ASSEMeL.Y FUNC'TION 

3/16/72-10 75, lIZ. S; 
120 IPS 

311&/73-10 
At(. J'P££DS 

TN-II 

JIZl4GlJ-01 All,sPEEDS 
TM-/6 

3200526-10 

A9RTR' fl<RT\9' 

041-570 042-491 

047-706 048-183 

047-70<0 048-183 

4,/5-004-
10 PLI1C'£S 

PAIi!TC 

044-610 

044-6/0 

OS8-Cb9 

lr·06 

~~--------~---------~ 

460-004 
2 PLACES 

TYPICAL TRANSISTOR INSPI.LATIOi'l 

.75 

311&/7/-/0 

t 

3/09691-10 

rel 

TERMiNi'lL LUG 
/73-01'2. 
4PLRCC5 

3115720-27 

I~ I~ I:' I~ I~ I~ N G I~ 

DC3il 311G/74-

DATl DIAf'TSo\MH DAlI 

C £C/'/ 76e~ P.of'o.o .'~r·/.(,7 .fov"'-8 ..1''',. 

..... £J £('1'1 &S04- 14/0)" .."._..L' IIIrllI1 

-\". £ ECN 100.38 *'*, ~..(.; ;l:;s;s 

p/iRr NO. 

20/10410 
0/4-505 
326302.4-KJ 
32t.3025-IO 
013·599 
030-2012 
034-359 
O~5-989 

037-990 
037-145 
041- 409 
041- 410 
041-41'2. 
oq.I-·n4-
04/4=> 
041-482 
04-1-507 
0"1-.5/1 
04'1-51>} 
04/-560 
041-584-
041 734-
04/-740 
o 2-449 
042''1'91 
0'1'2-872 
043-340 
PART C 
048'05_4 
048-7"-' 
0'1-8-972 
04'1750 
048-9.>;.>; 
057-44-3 
Pfil<T R 

RT 
013 6 8 
32/20S8·ol 

REFEReNCe:. DESIGNRTION 

.3 SQ'" "'8 ",9 I- 14-

CRI CRI liP 
Cf<4 C R9 

IQ4,-2g13 Q i 

Cl('lo.~~/1 CR/4. (!/f'ISCI(17tJRI8 
as 
a7 
c'Z C4 
CI C3 
C:~ 

RIlRI4R24 R2G R39R41.R51 RS5 R55 
Rc.. RI3 R 5 REI R25R2?,!y·o.liW!R521154 
RI"-' 
R'I-'fii 

SOR6::>O 
RZ 
RI RZ 
RIO 
R30 
RZ3 
R3u-
RZ2 
R29 
R35 
R32 R59 
R3 
R5RI2 
RB R9 
RI7.R~R33 R45~47 RS. R R3/. 
RC;IR 2 
RIB R'20 - R44 48 
IRa .R43 
R38 

IX44-
R4 7 

4-
CRE.(;/"(~ 

QZ 

rm~;;~~~. t;S;;lf:~;!::-IO- IS ' 

~ MIlRK PIIRT NO. (NRMf:PLmc 
INFORMATIOAi PER MIL-STD-130. 

'fii.PART NO. TtJlJE!'IS Sf/OWNO/J 81M. 

B.SEAL PRINTED CIRCUIT SIDE-oIILY 
WITI-I HUMIS.AL TYPE IE>I!5 
C'OLVMBIR TEcH <Zili'f' QR E(iV/V. 

7. TRIMPOTS NOT TO BE SUBMERGED IN WATER. 

6. COMPONENT DESIGNATIONS, ARE FOR REF. ONLY. 

5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

4. HEAVY LINE ON DIODES INDICATES CATHODE. 

3. ASSEMBLE PER AMPEX STANDARDS 

2. FOR PERF SPECIFICATION SEE 311&/7(.:;.. 

Ie. INSTAll PARTS A THINI C PElt T.fSlE 1. 1. FOR SCHEMATIC SEE 3 I I &/75. 
NOTES: 

-



r-
15'!----c-

I 
INPUT I 

INPUT 2 21. I 

OUTPUT{'A 9 

IB II 

I 

I 
I 

{
CA 27 I 

O~TPUT 

2B 25~_ 

"--- ------t----" 

t 12V +12V 

r;-----1° . 
CKT R3 

24K 
A6 
24K 

+'2V +12V 

RIO 
330 

I 3110144 (0320 

C GCN IG4·E 

o EC.N 4191 

E ECN 44105 
F EC.N 4.G91 
G EC N 5"008 

H ECN733T 

J £CN 7673 
_ If' £CN8.9?6 

+ 12V tl2V +12V 

- -~~~-~ri - ~~- --- IHi 
R 17 r~..M1---I-~R~21~------O I 

Q7 ~ QS ~-!-"OUTPUT A 
CD 320110~ f320110~ 

I' &2 
Q6 

I Q2 320 1104-~ 

~~--.-I~-[ ) ) : 
3201104-10 fP ..LY 

I 1 CI ~ (2 ~) 
I Tm 0 RIS CR2 R22 rl~ I 
: R~t, QI :t' 02 39 K :tit"1 
I ISOK' 5.! (CD474)~ L.# 320In,0<a~o k.: -12V -12V -12V I 

INPUT _-I--........ j--+>S<.el!-{fv ~~- "'ll+\B1'2:'-_'t r \!:::, (Jt-- +12V +1 V : 

II {' EI fo6 E2 ~ ~kl) ~'~'- GJ R2S R311 
!..IO~ bZ.J 2,4 K f9l1 

R27 t>.!J 

! <7;, ' '~;, LF_;_0_K-_7 ___ 2_~_~+_+~_~_2K __ F __ 7_CR_'+F __ J_~_-t~_~8_' ~-4--t-~-~ 6_K-r ...... CDNR;v5~:r.....;20iVIV,0~~-TO-l-~~~~R9~R-2-0-'I04-Q-.:g:--; -OUTPUT B 

I A321 

I TP~@ 1~~6 CR3 ~~~ m{1 
L ______________ -- _____ -- _ _ _ _ _ ....!"~l- - - - - -- - ~":J 

-12V -12V -12V -12V -12V -12V -12V -12V -12V 
13110144 

[§J PARTIAL REFERENCE DESIGN)\TIONS ARE ~ 

REFERENCE DESIGNATIONS 
LAST USED DELETED 
IR32 &. 2R32 

IQIO & 2QI0 

ICR3 & 2CR3 
IC2 &. 2C2 --

C2 

~ INACTIVE,ASSY 3110143-10 
REPLACED BY 3/13/00-/D 

8. ASSY REF TO BE 3113161. m SEE TABLE 1. 

SHOWN. PREFIX THE REFERENCE NUMBER 
WITH THE CKT NO. FOR COMPLETE DESIGNATION, 

5. ALL TRANSISTORS TO BE 014-505((D445), 

4. ALL DIODES TO BE 013-599 (CD458), 

3. ALL RESISTOR VALUES ARE IN OHMS:t5'1o, 1/4W. H 
2. ALL CAPACITOR VALUES ARE IN MICROFARADS. I I 
I. FOR ASSEMBLY SEE TA8LE I. 

NOTES: UNLESS OTHERWISE SPECI FlED. 
IR23.2R23 C J ,C 2 lei, 2CI, IC2. 2C2 IflB.2R8 
IR"31 2.R21 

12K 
~= __ +----'=-+-=-7-c_=--=+'RI'( 2R 17.IR25.2R25 IRI9, 2RI9, IRZ, 2R27 

2.74K -;,I~o 2K 300 ..... 15UF 100 PF 
::t 10/".3W ! 20"0) 20V ±IO% ~ 

500V 12 K 
5.36K ±I'/o . __ :::.2::..K __ --l 
3.32K +1% 16K 

10K OPEN .0033UF, :!:lo'X:,20DV 12 K 
300n. 

± I')"" 3W 
15iJF 

i20'{,.20\l +Ic!$.~ttov 4.3K 

:. ~~~A~~"·~ ~~:~~ O~ fiNISH ----- I .. 
.lPPUCUION ________ s.c.o.t.t NON E. SHEET I OF I 



3~0052G-IO 

AS~EMBL"'( FUNCTION TYPE 

3110143-10 75,1I2_5,120IP' RRA 

3113160-10 ALLSPEEOS RRA 

~IIGIOI-IO .SIPS RRA 

j311952.1?-01 75 I PS(M';,.~e) RRA 

3123913-01 ALL SPEEDS RRB 

TABLE. I 

4Go-o04 
2 PLACE5 

!'1M REFERENC t TABLE. 

PART A. PART B PART C PART D 

048-186 041-560 043-528 031-990 

048-181 041-560 043-528 031":990 

042-428 041-149 043-528 037-990 

042-883 NOT USED 041-408 fJOT USED 

048~I81 04-1-560 043-528 037-990 

~;~~SlOR@J 

,110IB2-10 

PART E PARTF PART G-
034-417 041-482 

034-411 04/-584 

034-417 04/-482 311139/-04-

030-201 04/-48i! 

034-417 041- 584 3\19510-37 

0<> 

<>15-004 
<0 PLACES 

C.OLLE('10R 

3113161 

PART G 

COLLECTOR 

BA'SE 

EMIHER E.MITTER, 
01A-597 REF 

280-"9~ ~280-0S2 

TYPICAL l'RA~5ISTOR 

INSTALLATIO~ 

J 

fPART NO. 1 REFERENCE lJE516NATIONS 
PARTF IRB,i?RB 

1m INACTIVE, ASSY j/IOI4.3-/6 

is REPLACED BY ..]/1.1/60 -10. 

A E(.N ~L91 

B EO'" 448'2. 
C EC'" 4504 

D ECN 4.(091 
E ECN 1113 

F EGN 7337 
G ECN 7673 

-II EeN 8976 

PART NO. REFERENCE DESIGNA1'IONS 

~OIIO:~"o' 
IQ7,2Q7.IQB. ZQB,IQ9, ZQS .IGIO,Zil.IO 
IQZ 2QZ,IQ4 2Q4 IQG,2.Q<o 

:OI~-S9-9 ICRI, 2CRI,ICR2, ZCR2, ICR" 2CR, 
014-505 IO,S.ZQS IQ3,ZCn 
014-5'07 IQ.\.ZQI 
PART 'E' ICI,'2.CI,IC2,2.C2 
'PART D CI, cz. 
041-4Z7 IR1O l 2RIO 
041- 440 IR13,2R13 
041-443 IR30, 2R30,IR22 2F\2Z 
041-48Z IRI,2RI 
041-483 IR~ 2R.9 IRIG,2RIG 
041·515 IR7, ZR7, lR'2..2R2. 

041-S~O 
IRII,2RIl IR14,2R14.1 
IR21,ZR21 IRZS,2Ras, 

041- 570 IR2B ZR2B, IR20,ZR20 
041-'750 IR3,ZR5, 1 RS,~R., IR6, 2RC; 
041-4<'4- I RI2,ZRI2.1RI5, ZRIS 
042'491 I RIB, ZRIB,IR2';, 2R2G 
PART C IR23, 2R23,1 RSI, 2R~1 
044-4'76 IR42R4 
047- 40'7 IRZ4.2R24,IR'a2,2R3Z 
PARI' A.- IRZS,2RZ5,IRI7,2RI7 
PI>.RT B IRI9 'ZRI9, I RZ7, z.B'Z.7 _ 

@ IN5TALL PART ,~ .. 8d'AAT.G .pm J:I>.~ I_ 

rill ~:::A~~i~s~~b~~R~~~i;EU~::~II·~~I~I-7a~. 3i V~:-~G' 
bo NOT IMPRE~'510N 5TAMP. 

[@l MARK PART NO.,!! NAMEP,LATE IN~ORIM,TION"RE'" MI;"S;TOi-lao, 

9. PART NO. TO BE A'5.. Sf!,OWN _ON. SJL.l of MA'TB.P-IAL.. 

8. 'SEAL PRINTED CIRCUIT SIDE ONL.'f WITH ·I-lUMI-SEAL 
TWE IBIS COLUMBIA TECH. OR EQUIV. 

ill TRIM POTS NOT TO BE 5UBMERC;ED IN WATEeR_ 

G. PLUS SIGN ON CAPACITOR INDICA1ES POSI1IVE_ 

5, HEAW LINE ON DIODE INDICATES CATHODE. 

4-. COMPONENT DESIGNATIONS ARE FOR REFERENCE ONL"_ 

3, ASSEMBLE PER PRODUClION PRACTICES MANUAL. 

2, FOR AS'S'\' SPECIFICATION SEE 3110145. 

I. FOR SCHEMATIC 5EE 3110144. 

NOTES: 

REEL SERVO DRIVER 

D 3113161 
scfuL 2: I I OF I 

I 
I 



-M-

-~~ 
-~-r 

• A<J -L-.!:.. 

5 C.T-LEAO I 
~:PE~D 
,4;' H(AD 6RO I. 
'--_--.J 

"Y 

(n ( ( 
~~ . 
I " 

., ~ 
~ .. 
~ 

( ((( 
~ ~.". J I.!.. 

l! ,-"" . 
. ~ '. 

r 
I 
I 
I 

-I 
I 

N, 
r/N.'~I AlAlriL 

_C( AIArd7 
WRfT"E £NA8L.~ 

-""'PIUT. 

7~ 
~ 
" , 
"" ~ 

WI8 11 !J 1 1 1 111 J 

!l:TI MOTOR WITH FIElD SUPPLY 0$(;0 oN TM-12. MOTOR 
WITJ{()UT Fino SUPPLY tlS£,? ON_ L""':!:'l:_ 

~ g~~~~~:~~ ~~:E~J~~~~:~~ ~s~F6RA~5~~~~~N~~~R1T~~.5 
TERMI~AL 3 IS CONNECTED TO TERMINAL 4 FOR 230wIJOLT OPERATIOIJ. ! 

~ OOOR-INTERLOCK SWITCH A1A1S2 SHO~ 1\1 THE D?_~~lO~ED POOl rll)~ 
~ CONNECTIO"JS BETWEEN T[R'.'INALS 7 ·A:-.JD -8' AND TERL'J'JALS 9 Ar-.D 10 

OF T:W~IIjAL BOARD A2Al T81 ARE USED FOR 11 5-VOLT OPERAr I'lN. : 
TERMI'JAL 8 IS CONNECTED TO TERMINAL 9 FnR 230-V0LT OPERATI('\N. i 

m COrJ~ECIIOrJS BETWEEN TERIAlljAlS 1(1 AND 11 AND ERMINAlS 12 A'ID I: 
13 OF TERVI\lAL BOARD,A2A2TBl ARE U:lED FOR 115-V'JlT OPERATION. 
TI::RMI~Alll IS CON:-.jECTED T!') TERMI'JAl12 FOR 230-VOLT OPERATIi,)N 

m C0N'IECTI0fJS 9ETWEEN TER-.,I'lAlS 4 AND 5 A\I[) TER~!I'~Al:i 2 A\lD 3 : 

~~R~7~~ N~ll ~O~~~N~6~;Bio A~~R~;~~L F~R A ~J6 5T~~I~: ,!Z~E~A; t~nN- I 
NECTED TO TER~'1NAl 4 fOR 230-VOLT (lPERATII),J. I 

I 
I 
, 

RELAY A2A4Kl01 IS IIJORMALLY DEENIRGIZ~D "':~D TH!:: HOLD CIRCUIT 
SUI'PLY IS SHORT'::D ouT. WHE~ A pom::R ,SUPPL,Y FAULT IS SE!.JSED, 
THE FAULT SE~ISE LI'lJE G()ES 'lEGAT I i'E AND CHA~GES CAPACrT8R i 
~~~~1~?JI~~A~'{~2~:;~O~E~~ ~:jl~~g:~~~ ~~ i~~ ~~t6Ag~R~~~+SS ! 
SUPf'LY. THE RELAY RE~AIIjS E"Ii:.RGllI:D uNrlL P-ii:. AC Ir'oll--'ur POWER' 
I S REMOVED FROM THE A3SEMBL V. 

Cf)'l\JECT IONS TO TRANSFORMER A2A4T101 A'IID ·RAT IIlG OF FUSE 
A2A4F101 ARE·FOH 115-VOLT OPERATlnN~ S(E'bWG. 'lin. 3109/:S52 
FOR CONNECTIONS AND FUSE RAT I NG usm ,mR- OPERATl0N AT OTHl:H 
VOLTAGES. 

COW!CTlON BETWEEN TERMINALS 10 'AND 11 OF TERMINAL BOARD 
"4T81 IS USED FOR 115'-VOLT OPERATION. TmrvolNAL 11 IS CONNECTED 
TO TERMINAL 12 rOR 230-VOLT OPERATION. 

o ~ra~r~Gf~E~s~~~~OP lOOIC IS USED. REV/STOP WHEN FORWARD/ 

m ;~~:S~~I~Hf~ ~TCP LOOI,C IS USED. F'ID/STOP WHEN FORWARl>/ 

!tlJfES: 

=
~ .... IUI .... " ........... 

><~". ~ SCHfMATIC DIAGRAM 
Ie; T/Vl I I, T/Vl 12 
I~ 

I~ 
3'1002 



J) 

13 

;.\ 
AC INPUT 

PON€R 

I 

7 (; 

A2AS (DATA ELECTFl:JNIC5,~~ -lSm~~l$p~ 

7 (; 

CHASSIS 6RD 

",6 

I~ 

A2A3(CONTROL ELECTRONICS) 

-I 
I 

WIS------------------~ 

3 

3 

II Cr:N 11.4- C 
B EG/'J 8000 

r- - - - - - ------, 
I AIAI(TAPE DECK) I 

I I 

------------------~ 

WIB.........!...wJ JC.L.J _J,-,J,---,-_J,-,J~J J 

I 

I 

1 

I 

I 
1 

I 

I [!J FIEtD CIRCUITRY'USED WITH ELE"CTROMAGNETIC-FIELD 

I ~ COIM:CTlONS BETWEEN TERMINALS 2 Am;! 3 A~D TERMINALS 4 AtJO , 
OF TERMINAL BOARD A2A6rSt ARE USED FOR 115"-VOLT OPERATION. 
TERMINAL 3 IS CONNECTED TO TERMINAL 4 fOR 230-VOLT OPER~TION. 

I x m OOlHmERlOCK SWnCH "'1,1..152 SIfJ\\'N I~ THE ~-c.'LO~ED ~C!!il fl'')N. 

MOTOR ONLY, 

(8J ~N~~~:~~ :~:E~~~~~~~~~'~s~rillF~R A~~ J~~~~'I~~R~T~~~~'0 'I TERMI'IAL 8 IS Corrn;CTED TO TER"'IIU.L 9 F'1r1 230-Y0LT OPERATI"N. 

m ~~'~~C~~~~~ 'l~~l'~~~D T~~~~~~S A~~ ~~D 1 ~O~N~, ;:~~~~~E~~ T ~6~. 
TI::RMI~AL 11 IS OOI>j:.JECTED T'l TER~I'V.L 12 FI)q 230-VOLT QPERATI()N. 

I 
I 

I 
I 

m RELAYA2A4K101 IS "IORMALLI' DEDERrilZm ""10 THE HI'lLD CIRCUIT 
SUPPLY IS SHORT!::D OUT. I'iHE'l A MileR SUPPLY FAULT IS SE',SED, 
THE FAULT SE%[ U'lE Gl'!ES 'lEGATIVE ~~'D CHARGES C~PACn8R 
A2A4C109; RELAY A2A4K101 I~ E'!ERGIZ~D BY TH'. vnLJAG~ ACRf1SS 
THE CAPACITOR AIID THE'l.HELD E'lER(;IZED BV THE HrLD CI~C:JlT 
SUPPLY. THE RELAY R£MAI~S E'I1:.R(;ll[D UNrlL T'-I1:. AI.: IWUI f'f)':IER 
IS REt,uVED FROM THE ASSEMBLY. o Cf)\JNECTlONS TO TRA~SFI)RMER A2A4T101 A'lJD RATI'lJG ()F FU~E 
A2A4Fl01 ARE ,F"Ofl 115-VOLT OP[RATlIlN. SEE OI'/G. \111, .3111242 
FOO, CmmECTI0N:) AND FUSE RATlIIC USED FIlA OP[RATI0N AT OTHH~ 
VOLTAGES. 

ill =~~~S~T~N,~~~6::~L~p~~~~N~ZT~M~~~I~;LI~~~~NECTED 
TO TERlAINAL 11 FOR 23Q-VOLT OPERATION. 

:ffi ~-rct~~~~S~~~OP LOOIC IS USED. REV/STOP WHEN FORWARD/ 

I) 

Co 

" 

;.\ 



CI I ! TRAN5PORT ~ ~~~-"~L l T81-2 2 5 I 
-12V LOGI~~ K2 I _ 

TBH _---. _ ___-+ 

J2 -.- J-~IL.. _RC~_Y_5+L..~_ HI/LO DEN51TY (-1+) "fLL ~ ____ I -qI.§~ 

,... 8 I MASTER RESET(+} 

OGP RESET (+) 6 
HVLO DENSITY STATUS (-/;1 

I I LL 35 I ~- 8 
I 
I 

-------,- J fAC SCTlCl. RWD 

I, F/F I _______ ~~ __ _ I _________ ~ 
J4 12 RL -------r--- : I 
L_______ 7/ I -------t---t-~ _J 

~ -----~-------- I ~~ 
" RL ------ I I I __ _ 

7 I L __ L __ _ 

REWIND PB (+) 

REWIND &. LOCKOUT (-) 

14 1iL 
II 

REWIND (-) 

2! READY H 

i I 
REWINDING (-) 

BOT SENSOR 
17 BOTC+) BOT (-) 

I 
I I c==j'=====f===~~~~~==~=tt====== 
, ,-

2TPI'il~m" • '" "'''' , 'I 1_ 

28 PH (?~21 ST - 9 I . t' I '!r""-~~-+-+-t~F_W_D __ (-"- SHEET " 
""'"'' 0 0 " ________ -1 h 'r : : 

H(REF1 -------------T--:::::: _____ t-~-. -L9.J 1 ~L+-+_t--~ (N01 USCD) I I 12 FL,>O-_____ _ ________ ,-:_ I I ~; "" C , : 

'" ,-- -- , "'0, : , c 
I I I I II I I I 

"k," , " , 'I I I ~~--- - : : : t-----r , , 

RUN/STOP (-I+) 

FWD/REV (-/+) 

EOT (-) 

UNIT SELECT (-) 

SELECT &.. REMOE: 
INDICATOR <+) 

-12V LOGIC 

LOGIC GRD 

+ 12V LOGIC 

- 6V LOGIC 

FORVv'ARD PB (+) 

REVERSE PB (+) 

RESET PB (+l 

LOCAL PB (+) 

REMOTE PB (+) 

6 K2 (REF) J2 (REF ' ________ -0- 10 

~--. 
10 

' , , , -, ' ~"-C-I I I ~ L____ I I I I 

I I I I I "'---i--"~"--'-'"---.~ SHCET 2 I I I " '" , ,- I:: I I II I I I I I I I 
' , , L~ L__ , , , 

i

l 
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