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I-I. SCOPE. 

SECTION I 
GENERAL DESCRIPTIDN 

This technical manual describes the installation, operation, theory of operation, and 
maintenance of the Ampex TM -7 Tape Transport. Section I includes a general description of 
the equipment and lists performance characteristics. Figure 1-1 shows a typical horizontal 
installation. 

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 capstan. 

The capstan draws tape from the storage loops in the vacuum chamber. 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 for proper tape packing. Precision tape guides ensure accurate tape 
tracking. 

The read/write head assembly reads information from the tape (to external equip
ment) and writes information on the tape (from external equipment). 

A two channel photosense head detects reflective markers fixed to the tape.. The 
photosense signals are amplified and are provided toboth the transport control electronics 
and to the external equipment. 

Electromechanical interlocks protect the operator, the tape, and the equipment in 
the event of failure. Programming is inhibited While the equipment stabilizes and the vacuum 
pressure builds up. 

The Data Electronics is described in the Data Electronics technical manual. 

1-3. PERFORMANCE CHARACTERISTICS. 

Performance characteristic s are listed in Table 1-1. Performance characteristics 
for the Data Electronics are listed in the Data Electronics technical manuaL 
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TABLE 1-1 
PERFORMANCE CHARACTERISTICS 

TAPE WIDTH 1/2 inch 

POWER REQUIREMENTS Voltage: 115 VAG nominal Or 
230 V AC nominal 

Frequency: 48 to 62 cps 

REWIND SPEED 2400 ft in less than 3 minutes 

TAPE SPEED Single speed from 10 to 45 ips 

START/STOP TIME AT 36 IPS 10 ms for start or stop 

STAR T DISTANCE 0.156 inch to 0.234 inch 

STOP DISTANCE 0.133 inch to 0.195 inch 

LONG TERM SPEED VARIATION ±3% of operational speed 

INSTANTANEOUS SPEED VARIATION ±5% of operational speed after start time 
(SHOR T TERM) 

.. 

INTERCHANNEL TIME DISPLACEMENT 10 Il sec 
(lTD) at 36 IPS 

PEAK DYNAMIC SKEW AT 36 IPS 6 Ilsec 

MAX STATIC SKEW AT 361PS 7 Ilsec 

PACKING DENSITY 2QO/556 cpi or 556/800 cpi or 200/800 cpi 
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1.:.4. MAJOR ASSEMBLIES. 

The major assemblies of the tape transport are the blower assembly, the cable 
assemblies, the optional data electronics assembly, the enclosure, the power supplies, and 
the tr~.nsportassembly. 

-
. 1-5. 'BLOWER ASSEMBLY . 

A blower fan-pack assembly is provided in theTM-7200 cabinet. A blower (option) 
.is available for the standard Ampex 19-inch rack type enclosure. These assemblies provide 
cooling for'the tape transport. 

1-6. CABLE ASSEMBLIES. 

Cable and harness assemblies are determined by transport mounting and by power 
supply selection. . 

1-7. DATA ELECTRONICS ASSEMBLY (OPTION). 

The optional 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. . 

1-8. ENCLOSURES. 

The tape transport is designedfor vertical installation in either a standard 19-inch 
rack type mounting or for horizontal installation in the Ampex TM-7200 enclosure. 

1-9. POWER SUPPLIES. 

Three power supply options are provided. The transport power supply and the logic 
power supply are used when the optional data electronics assembly is supplied. The trans
port power pack may be used when the optional data electronics assembly is not supplied. 

1-10. Transport Power Supply (Option). The transport power supply provides +24V, +12V~ 
and -12V unregulated DC voltages for capstan operation. Receptacles for AC power input 
and for remote input and output lin~s are located on. the supply. A circuit breaker on the 
supply provides overload protection for theACpower input to the tape transport. The supply 
has two AC convenience receptacles,which are connected directly to the AC power input. A 
fuse on the. supply provides overload protection for the convenience receptacles. A voltage 
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stepdown transformer in the supply provides 24 VAC for the control relay in the supply. The 
relay is used in the power on-off circuit. AC operating power is distributed from the trans
port power supply to the other assemblies of the transport. 

When this option is selected, a regulated logic power supply (+ 12V, -6V, and -12V) 
must be provided. 

1-11. Logic Power Supply (Option). The logic power supply provides+12V, -12V, and -6V 
regulated DC voltages for the transport electronics circuitry and for the optional data elec
tronics circuitry. 

1-12. Transport Power Pack (Option). The transport power pack provides +24V, +12V, 
and -·12V unregulated DC voltages for capstan power and +12V, -6V, and -12V regulated DC 
voltages for logic power. A receptacle for AC power input is located on the power pack. A 
circuit breaker on the power pack provides overload protection for the AC power input to the 
tape transport. The power pack has two AC convenience receptacles, which are connected 
directly to the AC power input. A fuse on the power pack provides overload protection for 
the convenience receptacles. A voltage stepdown transformer in the power pack provides 
24 VAC for the control relay in the power pack. The relay is used in the power on-off cir
cuit. AC operating power is distributed from the transport power pack to the other assem
blies of the tape transport. 

When this option is selected, the remote input and output lines are connected 
directly to the transport electronics assembly. 

1-13. TRANSPORT' ASSEl\1B L Y . 

The transport assembly consists of all tape drive components mounted on a web,.. 
reinforced precision casting. Also mounted on the transport assembly are the reel retainers, 
reel servo supply, transport electronics, transistor bracket, vacuum blower, and the mag
netic head, operator control panel; and write-enable switch assemblies. 

1-14. Magnetic Head Assembly. The standard head assembly is either a 7-track dual
stack read/write head assembly, capable of reading or writing in IBM (727, 729II, 729IV) 
compatible format, or an ASCII 9-track unit capable of reading and writing in IBM 360 com
patible format. An erase head is supplied as an optional feature. A tape cleaner and a 
photosense assembly are mounted on the head assembly. 

The tape cleaner provides for collection of shed )naterials from the oxide surface 
of the maf,'TIetic tape. A low-velocity air-flow through the tape cleaner removes the particles. 

The photosense assembly provides IBM compatible BOT (beginning-of-tape; at-load
point) and EOT (end-of-tape) photosensing of reflective tabs on theback of the tape. 
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1-15. ' Operator Control Panel Assembly. The operator control panel (OCP)asserhbly pro
vides local control for the tape transport. Two OCp'assemblies are available. Selection is 
deten:ninedby whether the tape transportis·tobemounted horizontally or vertically. 

1-16. . Reel Retainers .. Reel retainers are a selective fea,ture. IBM or NAB compatible 
quick-release or. conventional screw-down reel retainers may be selected for either the fixed 
or thefil~ reel. The fixed reel may be a permanently..;mounted precision reel assembly. 

1-17. Reel Servo Supply. The reel servo supply provides power for the reel motors and 
reel brakes and distributes power to the vacuum blower. 

1-18. Transistor Bracket. The transistor bracket provides a heat sink for the capstan-
drive power-amplifier transistors mounted on it. The bracket is used to support one end of 
the transport electronics assembly. 

1-19. Transport Electronics Assembly. The transport electronics assembly contains the 
printed circuit board (PCB) assemblies which control the tape transport. 

1-20. Vacuum Blower. The vacuum blower provides cooling for the capstan motor and 
other transport assembly components, and also provides the vacuum for the vacuum chambers, 
the vacuum-interlock switches, and the tape cleaner. 

1-21. Write Enable Switch Assembly. A write enable switch assembly is provided for 
either· the IBM or the NAB compatible file reel.' . 



2-1. INTRODUCTION. 

SECTIDN II 
INSTALLATIDN 

This section provides information for the installation of the tape tra.nsport. 

2-2. GENERAL 

The tape transport is designed for horizontal mountingin the Ampex TM-7200 
console cabinet or for vertical mounting in a standard 19-inch rack-type enclosure. 

The interconnecting cabling diagram for the tape transport is included in 
Section VII. 

2 -3. CUSTOM INSTALLATIONS. 

Tape reels and overlay panels must be removed to install mounting screws for 
standard 19-inch rack-type tape transport installation. IntercoliIlecting cable lengths will 
determine power supply locations. 

2-4. UNPACKING. 

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

No special unpacking instructions are required.. Care should be exercised during 
unpacking. The equipment should be checked for shipping damage prior to application of 
power. 

2-5. PHYSICAL DIMENSIONS. 

Table 2-1 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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, ASSEMBLY 

Transport 

Access Door 
-

Data Electronics (Option) 
,. 

Transport Power Supply 

Logic Power Supply 

Transport Power Pack 

TM -7200 Console 

Console Fan Pack 

Standard 19" -EnClosure 

Blower 

2-6. POWE~ REQUIREMENT? 

TABLE 2-1 
PHYSICAL DIMENSIONS 

HEIGHT WIDTH 

26" 19" 

26" 19" 

14" 19" 

7" 19" 

5-1/4" 19" 

5-1/4" 19" 

46" 28-1/4" 

5 -1/4" 19" 

67" 25" 

8··3/4" 19" 

DEPTH WEIGHT 

IS" 130 lb 

3-7/8" 20 lb 

6-1/2" 30 lb 

8" 25lb 

9" 45lb 

11" 35 lb 

21" 75 lb 

12" 15 lb 

27" 90lb 

12ft 28 lb 

The tape transport is wired for 115 volt operation unless otherwise specified. 
Maximum operating current at 115 VAC is 8 amperes. Tapped transformers in the power 
supplie s provide for operation with either 115 ±11. 5 V AC or 230 ±23 VAC input voltage. 
A C input power is applied at receptacle J 1 on the transport power supply or the transport 
power pack, whichever is supplied. 

Console blowers may be operated at either 115 VAC or 230 VAC, depending upon 
terminal jumper positions. Blowers for the standard 19-inch rack cabinet are available for 
115 VAC or 230 VAC operation. 

2-7 . INPUT/OUTPUT SIGNALS AND CONNECTIONS. 

The input/output signals to the tape transport consist of remote-control command 
and status sibrna1s and read/write data signals. When the data electronics option is supplied, 
connector J4 on the transport power supply provides connections for all input signals from 
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the customer to the system and connector J5 oil the supply provides connections for all output 
signals from the system to the customer. These input and output signals are described in 
the Data Electronics technical manual. 

When the data electronics option is not supplied, connector J 10 on the transport 
electronics assembly provides connections for the remote-control command andstatus 
signals. Table 2-2 herein lists the input/output signals and pin desi&'1l.a.tions for connector 
JlO. Connector Pl on the read head cable provides connections for the read head output 
signals. Table 2-3 lists the pin designations for connector P1. Connector P2 on the write 
head cable provides connections for the write data inputs to. the write heads and· connections 
for the optional erase head. Table 2-41ists the pin designations for connector P2. 

2-8. INPUT/OUTPUT CONNECTORS. 

Mating connectors for customer fabricated cables are provided. 

2-9. COMMAND SIGNALS. 

Command signals to the transport electronics as sembly must fulfill the following 
requirements. The FALSE level rriust beG.OO ±lo 25 volts. The TRUE level may be -10 
to -25 volts. Input impedance shall be not 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 2-2. 

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

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

2-12; Run/Stop*. Transition from the FALSE to the TRU E level on the run/ stop line will 
cause the capstan to move the tape. The direction of the tape motion is determined by the 
previbuslyestablished forward/reverse line. Transition from the TRUE to the FALSE level 
will cause tape motion to stop. 

*Used when Run/Stop-Fwd/Rev logic is supplied. 
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2-4 

TABLE 2-2 
TRANSPORT ELECTRONICS CONNECTIONS 

J10 
PIN NO. SIGNAL TYPE 

. 
-

" 

1 Forward/Reverse ( -/+) * Command 

2 Run/Stop (-/+)** Command 

• 3 Rewind Comma.nd ( -) Command 

4 Rewind and Lockout (-) Command 

5 Select (-) Command 

6 Beginning-of-Tape( -) Status 

7 High/Low Density Select (- /+) Command (Output) 

8 End-of-Tape (-) Status 

9 Rewinding ( -) Status 

10 Ready (-) Status 

11 Ground --
12 Ground --
13 Ground --
14 Unit Select (-) Status 

15 W rite Enable Switch (C) . Status 

16 Write Enable Switch (NC) Status 

17 W rite Enable Switch (NO) Status 

18 Select and Remote Ind (+) Status 

19 High/Low Density Status (-/+) Status 

20 Ground --

*Reverse/Stop When Fwd/Stop-Rev /Stop logic is supplied. 
**Forward/Stop when Fwd/Stop-Rev/Stop logic is supplied. 



TABLE 2-3 TABLE 2-4 
READ HEAD CABLE CONNECTIONS WRITE HEAD CABLE CONNECTIONS 

SIGNAL PI PIN NO. SIGNAL P2 PIN NO. 

Read Track 1 
2 

12 
Write Track 1 

2 
12 

Shield Ground 1 22 

Read Track 2 
23 
33 W rite Track 2 

23 
33 

Read Track 3 
4 

14 

Shield Ground 2 13 

Write Track 3 
4 

14 

Read Track 4 
25 
35 

Read Track 5 
6 

16 

Shield Ground 3 24 

W rite Track 4 
25 
35 

Shield Ground 4 15 

Read Track 6 
27 
37 

Write Track 5 
6 

16 
Shield Ground. 5 26 

Read Track 7 
8 

18 
Write Track 6 

27 
37 

Shield Ground 6 17 

Read Track 8 
29 
39 

W rite Track 7 
8 

18 
. Shield Ground 7 28 

Read Track 9 
21 
31 W rite Track 8 

29 
39 

ShieldG round 22 
Shield Ground 8 19 

Head Ground 9 Write Track 9 
21 
31 

Shield Ground 9 11 

Erase Head Hot 20 
Power Ground 30 

Shield Ground Erase 40 

Head c. T. (Write Pwr) 10 

Head Ground 9 
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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 transition to the FALSE level, 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 caps,tan to move the tape in the reverse direction. A transition to the FALSE level; while 
the tape is in motion, will cause the tape to stop. 

2 -15. Rewind. A transitionto the TRUE level on the rewind line 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 poirit. The transport will remain in remote mode. 

2-16. Rewind and Lockout. A transition to the TRUE level on the rewind and lockout line 
will initiate a high speed rewind cycle and return the transport to local mode. The tape win 
rewind to the BOT photosense tab and the capstan will place the tape at the load point. Press 
ing the REVERSE pushbutton will then cause the tape to unload. 

2d 7. High/Low Density Select. The high/low density select line is a command output 
from theoperatqrcontrol panel. TheJine is used to select the read strobe delay required 
for the bit-packing density on the tape. W,hen high density is selected,' the line is at the 
TRUE level. When low density is selected, the line is at the FALSE level. 

2-18. STATUS SIGNALS. 

Status signals CJ,re returned to the external equipment through connector JI0 of the 
transport electronics as sembly and are provided for the operator control panel through. 
connectorJ9. Output levels, with a 25-foot cable. are -12 ±2 volts (5 rna max to the load) 
and 0.00 ±1. 25 volts (5 rna max from the load) . Status signCJ,ls 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 2-2 

2-19. Ready. The ready line remains at the FALSE level until all tape transport inter-
locks are closed. The ready output is active in the remote mode only. 

2-20. Unit Select. The unit select line acknqwledges that the tape transport has been 
selected by aTRUE level at the select input. The unit select outputis active in the remote 
mode only. 

*Uscd when Fwd/Stop-Rcv/Stop logic is supplied. 
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2-21. Select and Remote Indicator. The select and remote indicator 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 a volts whenever 
the unit select line is at the TRUE level, otherwise, the line driver output is 125 ohms 
returned to ground. This output is active in the remote mode only. 

2-22. Beginning-Of-Tape (At Load-Point). A TRUE level on the beginning-of-tape (BOT) 
line indicatesthat the BOT photosense tab is being sensed. The BOT output is active in the 
remote mode only. 

2-23. End-of-Tape. A TRUE level on the end-of-tape (EaT) line indicates that the EaT 
photosense tab is being sensed. The EaT output is active in the remote mode only. 

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

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

2-26. Write Enable Status. Three lines are provided to indicate the state of the write 
enable switch: the Write Enable Switch (C) line, the Write Enable Switch (NC) line, and 
Write Enable Switch (NO) line. When a file-protectcondition exists, the Write Enable 
Switch (C) line is connected to the Write Enable Switch (NC). When a write-enable condition 
exists, the Write Enable Switch (C) line is connected to the Write Enable (NO) line. The 
W rite Enable Switch (NO) line is connected to ground in the data electronics. These lines 
are active in both the remote and local modes . 

. 2-27. DATA SIGNALS~ 

Thernagnetic head assembly is designed for writing and reading NRZI (non-return
to-zero, change on ONEs) digital type information. An instantaneous change in the direction 
of write current causes a ONE to be written onthe magnetic tape. A reversal of the mag
netic flux direction on the tape will be sensed by the read head and will be interpreted as a 
ONE. 

Write current requirements and read signal outputs are provided for Ampex 838 tape 
at a tape speed of 36 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 Electronics technical 
manual for data signal requirements of the data electronics. 
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2-28. , Write Data. The amplitude of the write inppt signals shall be 60 rna peak. A DC 
cur:r:ent 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 

Relative Humidity .. 40% to 70% (with no condensation) 

Altitude o 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 

Relative Humidity .... 95% maximum 

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

SECTION III 
OPEi=lATICN 

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

3-2. CONTROLS AND INDICATORS. 

All operator controls and indicators except the REEL BRAKE switch are located on 
the operator control panel of the transport, as shown in Figure 1-1 .. 

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 ON. 

3-4. FILE PROTECT!ndicator. The FILE PROTE CT indicator is ON 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 indicato:t; 
switch that switches the transport to remote or automatic control. When the transport is in 
the remote mode of operation, the REMOTE indicator is ON. 

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 ON. 

3-7. HIGH/LOW DENSITY Switch. The HIGH/LOW DENSITY switch is an alternate-
action (pushHIGH,push LOW) pushbutton indicator switch controlling the read strobe delay 
during the read mode of operation. \Vhen the transport is in the high -density mode of 
operation, the HIGH portion of the HIGH/LOW DENSITY indicator is ON. When the trans
port is in the low:-density mode, the LOW portion of the HIGH/LOW DENSITY indicatoris 
ON. 
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3-8. ' FORWARD Switch. The FORWARD switchjsa momentary-ON pushbutton switch 
which initiates movement of tape in the forward direction at the normal speed. The 
FORWARD switch also bypasse$ the short/long loop sensors in the vacuum chambers. Thus, 
if the';,tape is threaded 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 press
ing the FORWARD switch. If the ·FORWARD pushbutton is kept pressed for approximately 
one -half second, the tape will move forward to permit loading of the tape into the vacuum 
chambers-. 

3-9. REVERSE Switch. The REVERSE switch is a momentary-ON pushbutton switch 
which initiates .movement of tape in the reverse direction at the normal 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. RESET (STOP) Switch. The RESET (STOP) switch is a momentary-ON pushbutton 
switch which stops all tape movement and resets the forward/reverse control circuits. 
Reset returns the transport to local mode ~ 

3-12. REEL BRAKE SWITCH. 

The REEL BRAKE switch is a pull to set, push to reset switch. When the operating 
rod of the switch is pulled to the out position, the reel brakes are disengaged and the vacuum 
is turned off to facilitate tape loading and unloading. The REEL BRAKE switch is reset to 
the normal operating position by closing the transport access door. The switch may also be 
reset by hand. 

3-13. INTERLOCKS. 

If a power supply fails, the vacuum system fails, the tape access door is opened, 
or tape is improperly positioned in either vacuum chamber, power is removed from the 
servo motors and the reel brakes are applied. 

3-14. Power On. The vacuum interl()cks prevent operation of the tape transport until the 
equipment has stabilized ami the vacuum has reached the operating level. This takes 3 to 
4 seconds. 
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3-15. Power Off. When the POWER switch is set to the OFF position, the transport ready 
relay is first deenergized which disconnects power from and then short circuits the capstan 
motor armature, thus preventing movement of tape due to turn-off transients in the servo 
system. 

3-16. Tape Access Door. The tape access door is provided with an interlock which will 
stop the tape transport should the access door be opened during operation. To operaterhe 
tape transport with the access door open, pull the operating rod of the interlock switch to 
the out position. This will bypass the interlock. To return the interlock to normal operation, 
close the access door. 

3-17. yatuum Failure. If the extreme limits (long or short) of permissible tape position 
are exceeded in either vacuum storage chamber, tape motion will be stopped. 

3-18. PHOTOSENSE TAB CONTROL. 

The two channel photosense unit automatically stops tape motion 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 3-1. 

1/32" BETWEEN EDGE 
OF TAPE AND TABS 

CHANNEL A 
BEGINNING-Of-TAPE r- REFLECTIVE TAB (BOTI 

_~ __ :J_'..... . }C~-c::=::::;J-bi I g~"i~~~G t ~ 10' MIN ---t 

REFERENCE 
EDGE 

CHANNEL B 
END-Of-TAPE 
REFLECTIVE TAB (EDT) 

Figure 3-1 
Reflective Tab Placement Diagram 

3/16" 

r--l"--t~ 
f"·'>:"·""':1 t 

ACTUAL TAB 
DIMENSION 
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3-19. LOADING THE TAPE. (See Figure 1-1.) 

Follow the procedures of paragraph 5-3 
for tape transport 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 follow
ing steps. 

Step 1: 

Step 2: 

Step 3: 

Step4: 

Step 5: 

Step 6: 

Step 7: . 

Step 8: 

3-4 

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

(NAB Compatible Reel Ret~!ner) 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 wil1lock into position~ 
Ensure that the reel is snugly mounted on the retainer and is 
flush against the turntable. 

Pull the operating rod of the REEL BRAKE switch to the out position. 

Unwind 6 to 8 feet of tape leader fr,om the reel. 

Starting where the tape leaves the file reel. place the tape around 
the file servo tachometer spindle. 

Pass the tape across the end of the vacuum chamber, on thefile 
side of the transport, between the loop retaining plate and the 
mouth of the chamber. 

Pass the tape across the read/write heads and around the capstan. 

Pass the tape across the end of the other vacuum chamber. 

Pass the tape around the fixed servo tachometer generator spindle 
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. 



Step 9: 

Step 10: 

Close the tape access door, thus resetting the REEL BRAKE 
switch and turning on the vacuum. The REEL BRAKE switch 
may also be reset by hand if the access door is kept open. 

NOlI 

At least one second must be allowed 
between Steps 9 and 10 to let the 
vacuum reach a level which will pull 
the tape into the vacuum chambers. 

Press the FORWARD pushbutton. This will enable the reel 
servos to form loops in the vacuum chambers. (Refer to 
paragraph 3-8.) If the FORWARD pushbutton is held ON for 
about one-half second, the tape will move forward to the load 
point under the capstan control. 
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4-1. SCOPE. 

SECTION IV 
THEORY OF OPERATION 

This section includes details of the operation of the tape drive and the control 
electronics. (The control electronics is located in the transport electronics assembly.) 
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 commands from the control electronics, the capstan servo system 
controls the direction and velocity of capstan motion. Direction commands are also de
livered to the reel servo systems. The capstan servo system is comprised of the capstan 
motor and capstan, the capstan tachometer, and the capstan servo control. Binary signals 
from the control electronics are summed together to form a three-level signal. A negative 
level constitutes a forward command; a zero volt level is a stop command. A positive level 
is a reverse command. The threshold level for each command signal is low enough to cancel 
the effect of input drift or of spurious signals. 

Gentle handling of the tape is accomplished by making full use of the start and stop 
times. The sloping output signal from the ramp generator provides linear acceleration and 
deceleration. Linear acceleration and deceleration produces the lowest peak tape tension. 
The output of the ramp generator is maintained at a constant slope by the integrating capa
citor. The power amplifier compares the Tamp generator output with the signal generated 
by the capstan tachometer to provide servo control of the capstan speed. When the ramp 
generator reaches saturation, the output remains at a constant level to maintain a constant 
capstan speed. 

During rewind, the rate of acceleration is decreased by increasing the value of 
integrating capacitance. The lower rate of acceleration is provided to enable the tape reel 
servo systems to maintain control of the tape loops in the vacuum chambers. The power 
amplifier output is increased during rewind to drive the capstan at the rewind speed. 

4-3. CAPSTAN MOTOR AND CAPSTAN. 

The capstan motor is a DC -driven printed -circuit motor. The printed -circuit 
motor has a high-torque-to-low-inertia ratio which permits rapid acceleration at low power. 
The capstan is mounted on the capstan motor shaft. Tape is held in contact with the capstan 
during all modes of operation. Tape speed across the read/write head is dependent upon the 
peripheral speed of the capstan. 
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4-4. CAPSTAN TACHOMETER. 

TIle capstan tachometer is directly coupled to the shaft of the capstan motor . The 
tachometer provides a DC output proportional to the speed of the capstan motor. This DC 
output is applied to the capstan servo control. 

4-5. CAPSTAN SERVO CONTROL. 

The capstan servo control consists of a bipolar power amplifier and one control 
PCB assembly. The power amplifier is located on the transistor bracket and the transport 
electronics assembly. The PCB assembly is located in the transport electronics assembly 
card cage. 

4-6. CAPSTAN SERVO OPERATION. (See Figure 4-2.) 

The capstan control and drive circuitry is located on the capstan servo control PCB 
(CS). The capstan output circuitry is located on the transistor bracket. The ramp generator 
of the capstan servo system is an operational amplifier with an integrating capacitor and a 
current limiter. The current limiter provides constant current to the integrator until the 
ramp generator reaches saturation, producing a constant rate of change in the output. The 
constant current necessary is provided by the input signal(from the cOntrol electronics) 
which alwaysexceects the limiting value of the current limiter. A zero clamp circuit is con
nected from the output of the operational amplifier to the input of the current limiter. When 
tape is in motion, theintegratingcapacitor is charged. If the integrating capacitor is charged 
and the input signal goes to ZERO, the zero clamp drives the operational amplifier back to 
zero at the constant rate determinedby the integrating capacitor, thus forming the decelera-· 
tion ramp. Once the ramp generator reaches saturation, the output of the ramp generator is 
controlled by tWo adjustable resistors. One resistor controls the forward speed, the other 
resistor controls the reverse speed. With independerit control of the forward and reverse 
speeds, compensation for electrical or mechanical differences between the directions can be 
maintained, providing more accurate overall operation. 

4-7. .. Power Amplifier. The ramp generator output signal is summed with the signal from 
the capstan tachometer. The resultant signal is applied to the input stage of the power ampli
fier. The input stage consists of a dead-band amplifier which prevents capstan creep due to . 
input drift when no signal is applied. The output of thedead-band amplifier is bipolar and is 
applied to an inverter stage and a preamplifier stage. 

When the dead -band amplifier output is at zero volts, both the inverter stage and 
the preamplifier stage are cut off. When the inverter stage is cut off, the reverse driver 
and output stages are cut off. When the preamplifier stage is cut off, the forward driver 
and output stages are cut off. The output from the power amplifier is zero volts. 
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When the dead-band amplifier output, is positive (reverse -drive command), the, 
inverter stage conducts and forward biases the reverse driver and output stages. The 
reverse output stage produces a positive voltage output, which drives the capstan motor in 
the reverse direction. The voltage from the reverse output stage is a function of the inverter 
input. 

When the dead-band amplifier output is negative (forward-drive command), the pre
amplifier stage conducts and forward biases the forward driver and output stages. The 
forward output stage produces a negative voltage output, which drives the capstan motor in 
the forward direction. The voltage .from the forward output stage is a function of the pre
amplifier input. 

4-8. REEL SERVO SYSTEMS. 

The file reel servo system maintains the supply of tape in the file reel vacuum 
chamber by feeding tape into the chamber as tape is withdrawn by the capstan. The fixed 
reel servo system removes tape from the fixed reel vacuum chamber as tape is fed into 
the chamber by the capstan. Each system is independent of the other. Each system is 
comprised of a tape reel motor and reel servo control circuits. The reel servo supply 
provides power for both systems. 

4-9. TAPE REEL MOTOR. 

Each tape reel motor is a DC series split -phase motor. Separate field windings 
are provided for forward and reverse operation. A brake assembly is attached to the rear 
of each motor. The brake is applied to stop tape motion when power is removed from the 
brake solenoid. A constant drag is also provided by the brake to provide the required 
damping fOl' servo operation. / 

4-10. REEL SERVO CONTROL. 

Reel motor speed and direction are governed by outputs from the reel servo control 
circuits. Outputsftom the reel servo control circuits are determined by feedback obtained 
from the loop position sensors and the reel servo tachometers. 

4-11. Loop Position Sensors. Two photocells sense the position of the tape loop in each 
vacuum chamber. One photocell senses the tape loop position during forward operation. 
The other photocell senses the tape loop position during reverse operation. An excitation 
lamp opposite each photocell provides a light source for the photocell. When the light source 
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is exposed by the tape loop,anbutput current is prod.uced. The outputs of the photocells are 
applied to the reel servo circuitry, which maintains the proper amount of tape in the vacuum 
chamber. In forward operation, a short loop is maintained iIi the file reel vacuum chamber 
and a lbng 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 -12. Reel Tachometer. The reel tachometer is mounted between the vacuum chamber 
and the tape reel. The tachometer produces a DC output proportional to the speed of shaft 
rotation. The tachometer monitors the velocity of tape passing between the tape reel and 
the vacuum chamber. The DC output is applied to the input of the reel servo circuitry which 
controls the reel motor speed. A DC output from the ramp generator, which is proportional 
to tape velocity between the capstan and the chambers, is also applied to the reel servo 
circuitry. 

4-13. REEL SERVO OPERATION. (See Figure 4-3.) 

The reel servo circuitry is mounted on the reel servo control (RC). The input to 
the reel servo control system consists of five signals: ramp output, reel tachometer, 
forward loop sense, reverse loop sense, and rewind. These five inputs are sum.med in 
various combinations in four slimming networks: forward drive network, forward inhibit 
network, reverse drive network, and reverse inhibit network. The outputs of the summing . 
networks are applied to the forward and reverse drive amplifiers(Figure 4-4). The forward 
drive amplifier consists of three cascaded stages: an amplifier, an emitter follower, and 
another amplifier. The reverse drive amplifiers consists of three cascaded amplifiers. In 
this way a phase shift occurs in the reverse drive amplifier that does not occur in the for
ward drive amplifier. This properly polarizes the outputs to drive the windings of the reel 
motors. An inhibit bias is applied directly to each amplifier to prevent reel creep oroscil
lationwhen no signal is applied. Driving power is applied to the reel motors only when it 
is l1ccessary to drive the ree.ls. When driving power is not required, the reels are allowed 
to coast. Normal counter-torque and drag friction prevent the tape from unwinding from 
the reel. 

4-14. Fon~ard. In forward operation, tape loop motion is centered around the forward 
loop sense photocell; In operation, the ramp generator in the capstan servo system applies 
a forward or reverse signal to the ramp input. For forward operation, this signaJ is at a 
positive level. The positive polarlty inhibits the reverse drive amplifier through the reverse 
inhibit network and enables the forward drive amplifier. As the capstan starts to move, tape 
is drawn from thc va¢uumchamber. When the loop of tape exposes the forward loop selise 
photocell, thc output of the photocell amplifier is summed with the output of the tachometer 
in the forward drivc nctwork. The summed signal causes the reel to drive tape in the for
ward direction faster than tape is being drawn by the capstan, replacing the tape loop in the 
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vacuum chamber. When the forward loop sense photo<:::ell is no longer exposed, reel drive 
is shut off. With reel drive shut off, the reel coasts with only counter-torque and the drag 
of the reelbrakes slow it down. As the reel slows, the tape loop exposes the forward loop 
sense 'photocell, and drive is once more applied to the reel motor. This intermittent opera
tion continues until capstan motion is stopped. The forward loop sense photocell output also 
inhibits reverse reel drive. 

4-15. stop. When a stop command is programmed, the forward/reverse input goes to 
zero. Thisremoves the inhibiting bias from the reverse amplifier. The output of the 
tachometer, being negative, inhibits the forward drive amplifier and energizes the reverse 
drive amplifier through the reverse drive network. The reverse drive amplifier applies 
power to the reel motor to stop reel rotation. If, however, the forward loop sense photocell 
is exposed, reverse drive is inhibited until the tape loop covers the photocell. 

4 -16. Turn.;tround. When a furnaround (a stop followed by an immediate start in the 
opposite direction) is programm~d" the 'forward/reverse input goes negative~nd cancels 

. out the reverse drive inhibiting output from the forward loop sense photocell. The reel 
tachometer input enables the reverse drive immediately, regardless ofllie position of the 
loop, and the reel is driven to a stop. The servo control operates as if the motion command 
has been programmed with the tape stopped. 

4""17. Reverse. For reverse operation, servo control is as described previously except 
that the levels of the input signals are reversed and tape loop motion is centered around the 
reverse loop sense photocell. The input polarity reversal inhi)::lits the forward drive ampli
fier and enables the reverse drive amplifier. 

4-18. . Rewind. The reel servo system is designed to control tape motion at normal speed. 
For rewind, acceleration and deceleration rates must be lower. The rate of acceleration or 
deceleration iscontroUed by the ramp generator. During rewind,a negative sloping signal 
is produced at the ramp input to the reel servo. The ramp input inhibits the forward drive 
amplifier and enables the reverse drive amplifie.r. The rewind input to the reel servo is 
also connected to the output from the ramp generator. The rewind input sets a bias level 
on the reverse drive network causing tape to be driven. The Ol,J.tput of the reel tachometer 
exceeds the bias applied to the reVerse drive network when tape speed between the reel and 
the vacuum. chamber is lO-percent slower than the tape speed across the :read/write head. 
When the tape loop in the vacuum chamber exposes the reverse loop sense photocell. the 
photocell output is added to the bias, causing reel speed to increase until the tape speed 
between the :reel and the vacuum chamber is 10-percent faster tban the tape$peed across 
the read/write head. 
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4-19. REEL SERVO SUPPLY. 

The reel servo supply provides power for the reel motors, the reel brakes, and the 
vacuun'1 blower motor. A fuse provides protection from overload in the primary circuit. 
Another fuse provides overload protection to the input of the bridge -type rectifier consisting 
of diodes CRl, CR2, CR3, and CR4. 

AC voltage is supplied to the vacuum blower motor through rewind relay K5. 
Pulsating DC voltage is applied to the reel motors through K5. During rewind, K5is ener
gized and applies increased voltage to these two circuits. 

When energized, servo ready relay K4 on the transport electronics assembly applies 
a contact closure to terminals 4 and 5 of terminal strip TS2 on the reel servo supply. This 
applies power to the reel motor control circuits and the reel brakes. When power is applied 
to the reel brakes, the brakes release. If the contact closure is removed, power is removed 
from the reel motors and the reel brakes are applied. 

The fixed reel motor control circuit consists of silicon controlled rectifiers SCRI 
and SCR2 and associated circuitry. A small amount of power is applied to the reel motor 
through diodes CR8 and CR9 to compensate for the tension on the tape produced by the 
vacuum in the vacuum chambers. This holds the reel steady when tape is not being driven. 
When the fixed reel motor forward input is positive, SCRI conducts, applying pulsating DC 
voltage to the forward winding of the reel motor. When power is applied to the reel motor, 
diodes CR8 and CR9 are reverse biased. The reel motor is driven in the forward direction 
by the pulsating DC voltage. The reel motor is stopped when the fixed reel motor forward 
input is returned to zero. When the fixed reel motor forward input is at zero, SCRI is 
biased to cutoff. Diode CR5 provides back bias for SCRl, SCR2, SCR3, and SCR4 to prevent 
reel motor oscillation under no signal conditions. When the fixed reel motor reverse input 
is positive, SCR2 conducts, applying pulsating DC voltage to the reverse winding of the reel 
motor. The operation of the reverse circuit is the same as the operation of the forward 
circuit. 

The file reel motor control operates the same as the fixed reel motor control. 

During normal operation, the REEL BRAKE switch on the tape transport connects 
the brakes to terminalS of terminal strip TS2 on the reel servo supply. When the K4 con
tact closure previously described is applied, the reel brakes are released by power obtained 
through the energized ready relay. When the REEL BRAKE switch is set to the tape loading 
position (operating rod of the switch pulled to the out position), the reel brakes are connected 
to terminal 1 of TS2 and the brakes are released by power through the deenergized ready 
relay. With power applied, the reel brakes release. 
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4-20. REWIND OPERATION. 

When a rewind command is programmed, the rewind signal from the control elec
tronics gates on the rewind relay driver on CS. The rewind relay driver energizes rewind 
relay K2 (located on the transport electronics assembly), which performs the following 
functions: 

(a) Connects a capacitor-diode network in parallel with the ramp generator 
to lessen the acceleration of the tape. 

(b) Applies a reverse command to the input of the capstan servo system. 

(c) Connects the rewind input of the reel servo control to the output of 
the ramp generator to provide rewind bias to the reel servo control. 

(d) Connects the input of the rewind relay driver to the output of the ramp 
generator to keep K2 energized during rewind. 

(e) Connects a resistor across the reverse-speed-control potentiometer 
of the capstrul servo circuitry to provide a higher speed reference for 
the capstan servo drive system. 

The rewind relay driver also energizes rewind relay KS (located in the reel servo 
supply), increasing the power applied to the vacuum and reel motors. The increased vacuum 
ensures uniform tape packing during rewind. Rewind continues until the BOT tab is sensed 
by the photosenseassembly or the RESET (STOP) pushbutton is pressed. 

When the BOT tab is sensed by the photosense assembly, the trailing edge of the tab 
produces a signal that sets the forvvard flip-flop. The control electronics applies a forward 
command signal to the input of the ramp generator which balances out the reverse command 
for rewind. The ramp generator begins deceleration rundown, slowing the capstan and reel 
servo systems. The rewind relay driver holds rewind relay K2 energized, thus providing 
slower deceleration of the tape. When the velocity of the tape is at a safe level, the output 
of the ramp generator drops below the level required to gate on the rewind relay driver and 
K2 is deenergized. The tape speed then decreases at the normal rate. When K2 is de
energized, the reverse command signal is removed from the capstan servo input, leaving 
the forward signal applied to the input of the ramp generator. Tape is driven forward to the 
BOT tab. When the tab is sensed by the photosense assembly, the forward command signal 
is removed (forward flip-flop is reset) and the tape stops. 

If the RESET (STOP) pushbutton is pressed during rewind, stop rewind relay Kl on 
the transport electronics assembly is energized. Kl removes the reverse command applied 
to the input of the capstan servo system. The control circuit goes to zero. The ramp gen
erator begins deceleration rundown, stopping L'le capstan and the tape reels. 
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4-21. VACUUM BUFFER STORAG E. 

The vacuum buffer storage isolates the capstan servo system from the reel serVo 
systent. With the capstan drive system isolated from the reel drive system, the capstan 
drive 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 and 
equal tap~ tension on both sides of the capstan. The vacuum buffer storage consists of a 
vacuum motor unit 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, air is admitted to the vacuum area through the hole in the glass 
of the vacuum chamber, lowering the vacuum. If the tape loop is too long, the vacuum inter
lock switch sense port is exposed to the air directly. 

4-22. 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. Tape command interlocks are provided by the control electronics 
to ensure that erroneous command sequences will not cause tape damage or system mal
function. 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 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. 

4-23. 

If the operator control panel option is not 
taken, equivalent circuitry should be con
nected to connector J9 of the transport 
electronics assembly. (See the operator 
control panel schematic in Section VII.) 

PRINTED CIRCUIT BOARD (PCB) ASSEMBLIES. 

The control electronics circuitry is located on four PCB assemblies. Table 4-1 
lists the printed circuit boards, assembly numbers, and schematic numbers. Refer to 
Section VI for detailed description of the operation of the circuits on the PCB assemblies. 
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CODE 

RLD 

LLA 

PHB 

FLA 

CODE 

CSA 

RCA 

TABLE 4-1 
PRINTED CIRCUIT BOARDS 

CONTROL ELECTRONICS 

PART 
PRINTED CIRCUIT BOARD NUMBER* 

Rewind Logic 3118222-01 

Local/Remote Logic 3107102-10 

Photoamplifier 3107262-10 

Forward/Reverse Logic 3107082-10 

TAPE DRIVE ELECTRONICS 

PART 
PRINTED CIRCUIT BOARD NUMBER* 

Capstan Servo Control 3107097-10 

Reel Servo Control 3107092-10 

* Typical for 36 ips· 

4 -24. WRITE ENABLE SWITCH ASSEMBLY. 

SCHEMATIC BOARD 
NUMBER LOCATION 

3118224 J1 

3107103 J2 

3107073 }3 

3107083 J4 

SCHEMATIC BOARD 
NUMBER LOCATION 

3107098 J6 

3107093 J7 

When no w.rite enable ring is installed in the file reel, the write enable switch (S12) 
contacts are as shown in the transport electronics schematic in Section VII and the FILE 
PROTECT indicator on the operator control panel is ON. When the write enable ring is in 
place on the file reel, the plunger of S12 is forced back by the ring. The solenoid Within the 
switch retractsthe plunger to prevent drag on the tape reel. When the plunger is r~tracted. _
the write enable switch is ac~uated to the other position and removes power from the FILE 
PROTECT indicator lamp. 

When the tape transport interlock circuit is interrupted, power is removed from 
the write enable switch solenoid and the write enable switch contacts return to _ their original 
position. 
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4-25. PHOTOSENSE HEAD. 

The photosense head is attached to the read/write head assembly. The photosense 
head q:msists of a light source and the necessary photoelectric elements to sense the light 
reflected from reflective markers on 'the tape. 

4-26. f'0WER ON SEQUENCING. 

Circuit breaker CB1 on the transport power supply (or the transport power pack) 
must be set to the ON position before the AC input power at J 1 can be applied to the tape 
transport. When the POWER pushbutton switch on the operator control panel is in the ON 
position, AC relay K1 on the transport power supply or pack is energized, and power is 
applied to the tape transport. The operating power for AC relay K1 is provided by trans
former T1 on the transport power supply or pack. Voltage limiter VRI on the transport 
power supply or pack 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 transport ready relay K3 (on the transport electronics assembly) is energized through 
the transport-ready..,relay interlock circuits. (See Figure 4 -5.) 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 interlock switches sense the proper vacuum 
pressure. While the transport ready relay is not energized, anlJP level is applied to the 
TRANSPORT READY input to the local/remote logic PCB (LL). 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 PCB (FL) and the rewind logic PCB (RL). 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 and applies 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 ON, indicating 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 . 

4-27. 

4-14 

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 PE input to LL. 

(b) Pressing the RESET pushbutton. When the RESET (STOP) pushbutton 
is pressed, an UP level is applied to the RESET PB input to LL. 
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(c) Upon receipt of a DOWN level on the R,EWIND 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 LOCAL (+) 
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 switcheson the 
operator control panel. The LOCAL INDICATOR output lights the LOCAL indicator. The 
LOCAL (+) output enables the EOT input to FL. Inputs and outputs to the external equipment 
are disabled. 

4-28. 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 forwarddirection~ 

4-29. Reverse. When the REVERSE pushbutton is pressed, an UP level is applied to the 
REVERSE PB input to FL. This sets theREV(+) output from FL to the UI' level. causing 
the tape drive system to move tape in the reverse direction~ 

4-30. 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 RESET (STOP), REMOTE, or LOCAL 
pushbutton is pressed, the respective PB input to LL goes to the UP level causing the t1ASTER 
RESET output to go to the UP level, which resets the FWP (-) and REV (+)outputs of FL, 
stopping tape motion. When the BOT tab is sensed, the BOT (+) output from the photoamplifier 
PCB (PH) goes to the UP level, resetting the FWD Co) and REV (+) outputs from FL. Whenthe 
EOT tab is sensed. the EOT (+) output from PI-! goes to the UP level. resetting the FWD (-) 
and REV (+) outputsfrom FL, stopping tape motion. 

4-.16 

I N~'I .. 
If the REVERSE pushbutton is pressed while tape 
is being driven in the forward direction or the 
FORWARD pushbutton is pressed whUe tape is 
being driven in the reverse direction, an UP level 
will be applied to the reverse run output, the FWD ( -) 
and REV (+)outputs will be summed at the capstan 
servo system input and produce a stop command, 
causing tape motion to stop. The RESET (STOP) 
pushbutton must be pressed before the tape transport 
can accept further commands~ 



4-31. Rewind. When the REWIND pushbutton'is pressed, an UP level is applied to the 
REWIND PB input to RL. If the rewinding fliP-:flop on RL is in the reset state, the REWIND 
PB input is enabled and sets the REWIND (-) output to the DOWN level. The DOWN level 
REWIND (-) output is applied to the tape drive system, initiating high speed tape rewind. 
The DOWN level REWIND (-) signal also sets the REWINDING (+) output to the UP level, 
which disables the rewind command inputs to RL and enables the BOT (+) input to FL. 
Tape rewinding continues until the RESET (STOP) pushbutton is pressed or the BOT tab is 
sensed by the photosense head. If the RESET (STOP) pushbutton is pressed, tape motion is 
stopped as described in paragraph 4-30. The MASTER RESET signal also resets the 
REWIND and REWINDING outputs from RL. As the BOT tab passes the photosense 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 output and triggers a time delay circuit 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 stabilizes. 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 fromRL is reset by the SOO-millisecond time delay circuit on RL and 
rewind is complete. 

If the BOT tab overshoots the photosense head, the negative-going BOT (+) signal 
produced when the BOT tab overshoots sets the FWD (-) output of FL to the UP level, which 

, causes the tape drive system to reverse tape motion (tUrnaround) to the forward direction as 
'soon as the rewind relays are deenergized. The UP level FWD (+) output also enables the 
TIME DELAY (+) input to RL (pin 22). When the BOT tab is returned to the photosense 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 ruotion and 
rewind is complete. 

4-32. Density Control. The HIGH/LOW DENSITY pushbutton switch controls the HI/LO 
DENSITY SELECT output which is appliedtoRL and to either the clata electronics when 
supplied or to the external equipment when the data electronics is not supplied. The input 
to RLis not enabled during local operation and has no effect; theHI/LO DENSITY STATUS 
output from RLremains at the UP level during local operation. The ill/LO DENSITY 
SELECT output is supplied to the external equipment through pin 7 of JI0 On the transport 
eleCtronics assembly input/output when the data electronics is not supplied. When the HIGH/ 
LOW DENSITY pushbutton switch ism the HIGH position, the HI/LO DENSITY SELECT output 
is -12 volts; the output is 0 volts when the switch is in the LOW position. 

4-33. . 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 Pl3 input disables the LOCAL INDICATOR output, resets the OCP ENABLE 
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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, andREWIND 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 
INDICA ~OR output of LL. The SELECT &. REMOTE INDICATOR output lights the REMOTE 
pushbutton indicator "red". The SELECT & REMOTE (-) output is applied to RL and sets 
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 optional 
FWD/STOP and REV/STOP inputs) to FL. 

4-34. Forward and Reverse (Run/Stol? 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 forward 
reverse input line to FL followed (after S flsec) 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 forward/reverse 
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 -12volts on the run/stop line constitutes a run 
cOInmand. A transition from~12 volts to 0 volts constitutes a stop command. Forward and 
reverse are selected as follows: 

4-1B 

(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. 

(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 1301' tab is sensed, the run command is 
ignored. The transiti.on 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 
rever se direction. 



4':35. 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 the 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 con~titutes 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 FL 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 reve·rse direction. 

4-36. Stop .. Once initiated, tape motion continues as long as the RUN/STOP input (or the 
optional FWD/STOP orREV/STOPiIiput) remains at -12 volts unless the BOT tab is sensed 
or the RESET (STOP). REMOTE, or LOCAL pushbutton is pressed. The FWD (-) or REV (+) 
output from FL is reset by' the BOT or MASTER RESET (+) iIiput to FL. The FWD (-) or 
REV (+) output from FL is also reset by the transition of the RUN/STOP input (or the optional 
FWD/STOP or REV/STOP input) to 0 volts. The MASTER RESET (+) input toFL is set to the 
UP level by the respective PB input to LL when the RESET (STOP), REMOTE, or LOCAL push
button is pressed. When the RESET (STOP) or LOCAL pushbutton is pressed, the tape trans
port is set to local mode. 

l,nNO'l'E < I 
When the EOT tab is sensed in the remote mode, 
tape motion is not stopped. The EOT (-) output 
to the external equipment indicates the EOT tab 
is being sensed. The external equipment must 
set the RUN/STOP input (or the optional FWD/ 

. STOP or REV/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 operation can be completed before 
the tape is stopped. 

4-19 



4-37. . Rewind. When the REWIND COMMAND (-) .input to RL goes to the DOWN level~ the 
REWIND (-) output is set to the DOWN level, causing the tape drive system to initiate tape 
rewind. Tape rewinding continues until the BOT tab is sensed by the photo sense head or the 
RESET (STOP) pushbutton is pressed. If the STOP pushbutton is pressed, tape motion is 
stopped as described in paragraph 4-30; the MASTER RESET (+) signal also resets the tape 
transport to local mode. When the BOT tab is sensed by the photo sense head, tape motion 
is stoppedas described in paragraph 4-31. 

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

4-38. Rewind and Lockout. When the REWIND AND LOCKOUT (-) input to RL goes to 
the DOWN level, it causes the tape to be rewound as described in paragraph 4 -37. 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. 

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

4-39. 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 push
button 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 11:1/ 
LO DENSITY STATUS output is supplied to the external equipment through pin 7 of JIO on the 
transport electronics assembly when the data electronics is not supplied. 
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4"'40. READ /WRITE HEAD ASSEMBLY. 

The tape transport uses a dual 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 when the optional data 
electronic s 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-7 Tape Transport is designed to require minimum main
tenance and service. 

Figures 5-1 and 5-2 assist in rapid identification of major 
components. 

A listing of the tools and test equipment used in maintenance 
of the tape transport will be found at the end of this section. 

. 5-2. 

Do not insert test probes into connector 
pins. This practice may cause permanent 
damage to the connectors and result in 
poor connections. All significant signals 
necessary for troubleshooting are provided 
with test points on the chassis or the PCB. 

Lubrication of the tape transport is not necessary . 

PREVENTIVE MAINTENANCE. 

A program of planned preventive maintenance will prevent un
scheduled 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.) 
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TABLE 5-1. 
SCHEDULE OF PREVENTIVE MAINTENANCE 

, MAINTENANCE FREQUENCY APPROX. TOTAL TEXT 
OPERATION SHIF'l'S HOURS MIN. EA. QTY TIME REF. 

clean- transport 1 8 3 1 3 5-3 
. 

Clean tape cleaner 15 120 3 1 3 5-4 
cartridge 

Check tape tracking 100 800 5 1 5 -

Clean cabinet 65 1,500 10 1 10 5-5 

Clean vacuum motor 100 800 15 1 15 5-6 
filter &. check brushes 

Check reel brake 100 800 5 2 10 5-10 
torque 

Replace vacuum unit 500 4,000 15 1 15 5-44 
motor 

Check reel brake 500 4,000 10 2 20 5-9 
linings 

Check capstan brushes 625 5,000 20 1 20 -

Check reel motor 625 5,000 3 2 6 5-40 
brushes 

Replace loop sensor 1,250 10,000 5 4 20 -
assembly 

Replace photosense 1,250 10,000 5 1 5 5-37 
head assembly 

I 

Replace capstan and 3,750 30,000 20 3 60 5-36 
·reel tachometers . 
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5-3. CLEANING THE TAPE TRANSPORT,. 

Clean the tape transport as follows: 

Solvents such as carbon tetrachloride may 
dissolve the head .lamination adhesive. Use 
Ampex Head Cleaner (Catalog No. 087-077) 
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 c'ontact 
with the tape. Cleaning agents must not be 
allowed to penetrate. bearings. 

step. I: Use a clean, lint-free cloth, or cotton swab 
moistened with Ampex Head Cleaner to carefully wipe 
off all oxide and dirt that may have gathered on or 
around head stacks, head cover, and tape cleaner. 

Step 2: Carefully place a clean,lint-'freecloth or cotton 
swab moistened with alcohol against the capstan. 
Rotate the capstan by hand until all oxide and dirt 
are removed. 

Step 3 : Using a clean, lint.,..free cloth or cotton swab 
moistened with alcohol, thoroughly clean inside of 
the vacuum chamber. Remove oxide and dirt from the 
loop sensor and lamp windows. 

step 4: . Clean vacuum chamber door by repeating above pro
cedure. 

Step 5: 

step 6: 

Carefully place a clean, dry, lint-free cloth or 
cotton swab against the vacuum chamber roller guide 
and rotate slowly to remove oxide and dirt. 

Using a clean, lint-free dry cloth or cotton swab, 
thoroughly clean the surface of the photosense head. 
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5-4 .. EMPTYING THE TAPE CLEANER CARTRIDGE. Use an Allen wrench to 
remove the head cleaner cartridge retaining screw. The head assembly 
and tape cleaner.bracket should not be disturbed. Remove the tape 
clea~er cartridge and gently tap'the cartridge body to remove accum
ulated oxide. Reinstall cartridge and retaining screw, using care 
that mating faces are free of particles which could upset position. 

5-5. 'CLEANING THE SYSTEM. The cabineb, the tape transport and the 
cabinet-blower filter should be thoroughly cleaned. 

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

5-6. CLEANING THE VACUtJM MOTOR FILTER. Remove dirt from -the fi 1 ter 
with a vacuum cleaner. Wash the filter in plain water. 

Vacuum motor unit filter must be dry. Moisture 
introduced into the vacuum'system will affect 
system reliability. 

5-7. VACUUM UNIT MOTOR BRUSHES INSPECTION. 

. Step 1: 

Step 2: 

Step 3: 

Remove the brush retaining screws . (See Figure 5-3.) 

Rotate the brush, now secured by the motor field lead 
so that the length of the brush can be measured. 

Replace the brush if the length of the brush extend
ing beyond the housing is less than 9/16 inch. Note: 
A new brush extends 7/8 inch. 

5-8. ADJUSTMENTS. 

5-9. REEL MOTOR BRAKE ADJUSTMENTS. The rotational torque on each 
reel should be 15-25 oz.":"in. when power is applied to the brake and 
200-400 oz.-in. when power is removed. 
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5-10 .. REEL BRAKE DRAG TORQUE ADJUSTMENT" (See Figure 5~4.) 

5-11. TEST EQUIPMENT REQUIRED. The following equipmeni:is.required. 

1. 5 feet,of nylon cord. 

2. spring balance measuring 0 to 20 ounces·±lO%. 

5-12. APJUSTMENT.PROCEDURE. 

step 1: 

Step 2: 

step 3: 

. l>tep 4: 

step 5: 
I 

Wrap the cord several times around the empty reel 
hub. 

Connect the spring balance to the free end of the 
cord. 

Apply power to the transport and pull the brake 
. release s.witch out. 

Pull thef3,pring balance until the reel rotates . 
Measure the tension in the spring balance. 

~,. '.'~ .. ":- .. .." 
.. •• .•..•. ..' • ... '-.:. .f_~ •. • ::i; ". 

Rotate the drag torque adjusting screw 'at the . 'rear 
of the. brake, c;oncentric with the brCike shaft, until 
a tension re·ading corresponding to Table 5':':2 is 
obtained. 

.TABLE 5-2. 
DRAG TORQtJE . 

TORQUE OZ.-IN. TENSIONQZ. 
TYPE OF REEL MIN. NOM .• MAX. .MIN. NOM. MAX. 

..... ,-

Plxed or NAB Reel' 15 20 25 6.7 9 11 

IBM Reel 15 20 25 6 8 10 

5-13. VACUUM ADJUSTMENTS ~ 

5-14. TEST EQUIPMENT. The following test equipment is requireq to 
adjust the vacuum of the tape transport: 
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1. Vacuum gauge, 0 to ,30 in. of water accurate 
to ±5%. 

2. AC voltmeter accurate to *3%. 



5-15. ADJUSTMENT PROCEDURE. Perform the following steps. 

Step 1: Connect the vacuum gauge to the vacuum test fitting 
(on the vacuum switch bracket located between the 
vacuum unit and motor assembly) . 

Do not operate tape transport in rewind with 
vacuum gauge connected. 

Step 2: 

step 3: 

Step 4: 

Adjust the tape loop in the file reel vacuum chamber 
so that the loop is halfway between the loop sensing 
photocells. 

Adjust the bleeder valve for 24 inches of vacuum at 
nominal line voltage. 

Disconnect the vacuum gauge. Replace the cap on the 
vacuum test fitting. 

5-16. POWER SUPPLY ADJUSTMENTS. 

5-17. POWER PACK ADJUSTMENTS. Use a digital voltmeter with an 
accuracy of ±O.25% (Digitek 202-B or equivalent). Terminal board TS2 
is located on the power pack chassis. 

Step 1: 

step 2: 

Step 3: 

Adjust the +12 volt potentiometer (R9) to give within 
±0.5% of +12 volts (between +11.94 and +12.06 volts). 
Use TS2-7 as the 0 volt reference and measure +12 
volts across TS2-6 and TS2-7. 

Adjust the -12 volt potentiometer (R23) to give 
within ±0.5% of -12 volts (between -11.94 and -12.06 
volts) and measure -12 volts across TS2-8 and TS2-7. 

Adjust the -6 volt potentiometer (R44) to give within 
±0.5% of -6 volts (between -5.97 and -6.03 volts) and 
measure -6 volts across TS2-10 and TS2-7. 

5-18. LOGIC POWER SUPPLY ADJUSTMENTS. Perform the following steps. 

Step 1: Adjust the +12 volt potentiometer (RIO) to give 
within ±O.5% of +12 volts (between +11.94 and +12.06 
volts). Use TSl-8 as the 0 volt reference and measure 
+12 volts across TSl-5 and TSl-8. 
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step 2: 

step 3: 

Adjust the. -12 volt potentiometer (R26) to give 
within ±0.5% of -12 volts (between -11.94 and -12.06 
volts). Use TSl-4 as the 0 volt reference and measure 
-12 volts across TSl-2 and TSl-4. 

Adjust the-6 volt potentiometer (R48) to give 
within ±0.5% of -6.volts (between -5.97 and -6.03 
volts). Use TSl-12 as the 0 volt reference and 
measure -:-6 volts across TS1-10 and TSl-12. 

5-19. TAPE DRIVE SYSTEM ADJUSTMENTS. The tape drive system adjust
ments are accomplished by potentiometers on the capstan servo amplifier 
PCB (CS-A) and reel servo control PCB (RC-A). See Figure 5-5, Control 
Electronics. 

, NOlI 

Verify that power supply outputs are within 
0.5% of nominal value before making.tapedrive 
system adjustments. 

Perform the following steps: 

Step 1: 

Step 2: 

Apply power to the transport. Load the tape, 
looping the tape around the head assembly. (Do 
not place tape around the capstan.) Provide 
sufficient tape within the vacuum chambers to 
form proper loop lengths. 

Adjust lRll, 2Rll on the reel servo PCB (RC-A) 
fully clockwise. 

step. 3: . Connect jumper wires as follows: TP2-l4 to TP2-l5; 
TP2-2l to TP2-22. 

step 4: 

step 5: 

Apply power to the transport and turn the transport 
on in the normal manner. 

Depress the RESET (STOP) pushbutton. If the 
capstan is creeping, adjust R3l on the capstan 
servo (CS-A) PCB until the creep stops. 
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5-20. DEAD BAND ZERO. 

Grasp the capstan and turn it by hand gently. The capstan 
will turn easily up to a certain velocity above which rapidly in
creasing resistance will be felt, due to servo action. Adjust R3l 
until the velocity at which the servo action commences is the same 
both in r;orward, and reverse. The servo is then set up to be in the 
middle of'the dead band during standby. 

5-21. CAPSTAN SPEED ADJUSTMENT,. 

METHOD A. Using Master Tape and Counter. 

Step 1: 

~tep 2: 

Load a master tape {556 bpi} and loop the tape 
around the capstan. 

Connect the frequency counter as in Figure 5-6. 

READ' 
AMPLIF~ER 

Step 3: Press thE! FORWARD pushbutton. 

REAO HEAD 
Adjust R25 onCS-A until 
the frequency counter reads 
20 f 016 cycles per second 
~O~25% corresponding to a 
tap'e speed of ~ inches per 

5-1.2 

COUNtER 
second. 4~ " 

st.~/,.':- /lDOtnJOUH1 

Figure 5-'6. 
t1ethod A Test Setup 

step 4: Press the RESET (STOP) pushbutton~ Press the 
,REVERSE pushbutton. Adjust R27 as for R25 with the 
tape moving in the reverse direction.-

steR 5: Recheck the speed ,in forward direction and readjust, 
R25, if necessary. 

METHOD B. 

Step 1: 

"step 2: 

Step 3: 

Step 4: 

Using strobe Lamp. 

Refer to Step 1 fOr Method A except a master tape 
need not be used. 

Press the FORWARD pushbutton. Adjust R25 on CS~A 
using'the strobe lamp until the capstan is rotating 
at 331 rpm ±2 rpm. 

Press the RESET pushbutton. Press the REVERSE push
button. Adjust R27 as for R25. 

,Recheck the speed in forward and readjust R25, if . " . . . . 

necessary. 



5-22. REEL SERVO SPEED ADJUSTMENT'. 

Step I: 

S,tep 2: 

While the tape is moving in the forward direction, 
adjust IRII on the reel servo (Re-A) PCB counter
clockwise while observing the loop in the file reel 
vacuum chamber. The oscillations of the tape loop 
about the forward loop sense photocell will decrease 
in amplitude as IRII is turned counterclockwise. 
Adjust IRII until the oscillation becomes about 
1 inch. 

stop the forward tape motion and run the tape in the 
reverse direction. Repeat Step 1 above, adjusting 
2Rll while observing the loop of tape i~ the fixed 
reel chamber. 

5-23. PHOTOSENSE ADJUSTMENT. The following equipment is required to 
adjust the photosense: 

1. Test tape with reflective tabs attached 
(Figure 3-1). 

2. Voltmeter (5,000 ohm per volt or greater). 

Adjust the photosense as follows: 

Step 1: 

Step 2: 

Step 3: 

connect the voltmeter to TPl-20 on the test point 
panel sectidnof the card cage. Ground the volt
meter to signal ground TPI-35. with the tape under 
the photosense head~ adjustlR20 on the photoampli
fier (PR-B) PCB until the voltmeter indicates a 
transition from a low state ( .... 6 volts) to a high 
state (0 volts). (See Figure 5-5.) 

Move the tape until a reflective tab is beneath the 
outer section of the photosense head. (See Figure 
3-1 for correct lateral placement.) Counting the 
number of turns, aqjust lR20 on the photoamplifier 
PCB, ina counterclockwise direction until the 
voltmeter indicates a transition from a high state 
(0 volts) to the low state (-6 volts). There should 
be at least three turns before the transition occurs. 

Adjust lR20 in a clockwise direction halfway back to 
the point of transition located in Step 2. 
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step 4: Connect the voltmeter to TPl-2l and repeat steps I, 
2, and 3 adjusting 2R20, and positioning a tab under 
the inner section of the photosense head during step 2. 

5-24. CHECKING OPERATION PARAMETERS. 

5-25 . S rrART AND S TOP TIME CHECKOUT. 

5-26. START TIME DEFINITION. Start time is defined as the time from 
the application of a RUN command until the tape passing over the head 
has obtained a total speed variation of 8% or less from nominal speed. 
start time is 10 ms maximum. 

5-27. 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 10 ms maximum. 

Start and stop times are checked by opserving the output of the 
ramp generator which is in proportion to ,the tape speed. Read output 
from a read amplifier will correspond to the ramp generation output 
verifying that no slippage or equipment malfunction exists. 

The following equipment is required to check start and stop time. 

1. Calibrated oscilloscope Tektronix 535 or equivalent>~. 

2. Prerecorded tape, NRZ signal recoided at 556/806 
bit density. 

3. Read amplifier. 

Check the start and stop time as follows: 

§tep 1: 

Step 2: 

Step 3: 

Connect equipment in accordance with Figure 5-7. 

Thread prerecorded tape on tape transport. 

Cycle transport to operate in forward and reverse at 
a convenient rate~ The output of the ramp generator 
must reach terminal voltage within 10 ms max. from 
initiation of RUN command as shown in Figure 5-7. 
The output of the ramp generator must reach 0 volts 
within 10 me max. from initiation of STOP command. 

5-28. START AND STOP DISTANCE. 

5-29. START AND STOP DISTANCE DEFINITION. Start distance is the 
length of tape that moves across the read/write head during the maximum 
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start time. Stop dista.nce is the length ·of tape that moves across the 
read/write head during stop time. The start and stop characteristics 
of theTM-7are linear. start and stop distance in inches may be 
calculated, for a typical case with an actual start/stop time of 9 ms 
and a tape speed of 36 ips, in the following manner. 

Start:distance = 

(max_start time -1/2 actual star:t time) x tape speed x10-3 inches 

(10 -9) . ·1 -3 . . = - x 36 x 0 1nches = 0.198 inches 2 

stop distance = 
-3 1/2 actual stop time x tape speed x 10 inches 

= 1/2 x 9 x 36 x 10 -3 inches = 0.162 inches 

5-30. AVERAGE SPEED VARIATION CHECKOUT. 

Average speed variation is variation from specified nominal 
speed, averaged over any interval of 1 second occurring 10 msor more 
after a RUN corrunand. Maximum variation should be 3%, including varia
tions due to line vol~age,frequency and temperature. 

The following test equipment is used to measure average speed 
variation. 

5-16 , 

I. Master tape with a known data frequency NRZ 
signal. 

2. Read amplifier .. 

3. Counter 

Check out average speed variation as follows: 

step 1: 

step 2: 

Connect equipment as shown in Figure 5-6 (set counter 
for a repetitive 1 second co·unt time). and thread test 
'tape on transport. 

Under normal operating.conditions, the reading should 
not deviate more than 0.5% while reading at least a 
half reel of tape. 



5-31. INTERCHANNEL TIME DISPLACEMENT ERROR 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: 

1. Master tape with a NRZ signal recorded at 556 bpi. 

2. Dual trace oscilloscope. 

3. Read amplifiers (customer supplied) . 

Perform the following steps: 

Step 1: 

Step 2: 

Step 3: 

Connect the test equipment as shown in Figure 5-8. 

Depress the FORWARD DRIVE switch. Apresentation 
such as is shown in Figure 5-9 should appear on the 
oscilloscope. 

switch non reference input of oscilloscope to other 
tracks in turn to measure ITDE of each track with 
respect to reference track. The ITDE shall be as 
specified in Section I. 

5-32. PHOTOSENSE CHECKOUT. A test tape with reflective tabs attached 
is required to check the operation of the photosense circuit. Tape 
should be spliced in accordance with normal shop procedure. 

Check the photosense as follows: 

Step 1: 

Step 2: 

Thread the tape transport in a normal manner. 

Run the tape through completely. The tape transport 
should operate without interruption. If the tape 
stops on ct splice, decrease the photosense sensitivity 
(R20) until this condition disappears, then repeat 
paragraph 5-23. 

5-33. MAGNETIC HEAD ASSEMBLY CHECKOUT. Perform the following steps: 

Step 1: Clean head stacks. Refer to pctragraph 5-3. 

Step 2 : Thread a blank tape known to be in good condition on 
tape transport. 

Step 3: Program tape transport in forward mode. 
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step 4: operate al.l write 'amplifiers at a 7.2 KC bit rate 
(200 bits per inch). All write amplifier inputs 
should be connected in parallel and in phase. 

NOTE,I 

Track No. I is the track nearest the operator. 

step 5: 

Step 6 : 

with tape moving across read/write head stacks, moni
tor read head output tracks. 

When read pulse width on all tracks at the 25% level 
exceeds 26 \J.sec with a simultaneous decrease in read 
outputvoltage.belo~ 25 millivolts (peak-to-peak), 
the head assembly should be replaced. Refer to, para
graph 5-37, Removal and Replacement of Head Assembly. 

5-34. REMOVAL AND REPLACEMENT PROCEDURES. 

5-35. OVERLAY PLATES REMOVAL AND REPLACEMENT. Three overlay plates 
cover the mechanism of the tape transport. These are the chamber area 
over lay, the capstan area overlay, and the ree 1 area over lay. Remove 
these overlay plates as follows: 

Step,l: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Remove the tape. 

Remove tI:e chamber area overlay plate by unscrewing 
the captivated thumb screW$on each edge of the over
lay in the tape reel area . 

Remove the capstan area overlay plate. The capstan 
area overlay plate is held in place by three screws. 

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

Remove the reel area overlay plate. The reel overlay 
plate is held in place by four screws Ideated under 
each tape reel and two screws located at the corners 
nearest the chamber area. 

Reassemble by reversing the procedure followed during 
disassembly. 
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5-36. 'CAPSTAN MOTOR AND TACHOMETER REMOVAL AND REPLACEMENT. 

J ....•• WA~NING I 
Disconnect electrical power to prevent injury 
to personnel or damage to equipment. 

step 1: 

Step 2 : 

Step 3: 

step 4: 

Step 5: 

Step 6: 

Remove the overlays over the chambers and capstan 
motor (paragraph 5-35). 

Unplug the head cables from the rear of the read/ 
write head assembly. 

Disconnect the electrical wiring from capstan motor 
and tachometer (4 leads). 

Remove the four Allen head screws holding the capstan 
motor to the mounting bracket. Lift the capstan'motor 

'and tachometer out through the rear of the tape trans
port casting. 

,Remove the tachometer guard from the assembly. Re
move the screw holding the generator bracket. Loosen 
the setscrew holding ,the shaft of the tachometer.' 
Remove the tachometer by sliding its shaft from the 
inside of the capstan motor shaft. 

Install the replacement capstan motor. (See Figure 
5-2.) 

5-37. READ/WRITE AND PHOTOSENSE HEAD REMOVAL AND REPLACEMENT. 

5-20 

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

step 1: Remove the chamber area overlay plate by unscrewing 
the captivated thumb screws on each edge of the 
plate. 



Step 2: 

Step 3: 

Step 4: 

Step .2,: 

Remove the capstan area overlay plate. The capstan 
area overlay plate is held in place by three screws. 

To remove the photosense head assembly, remove the 
two Phillips head screws which secure the photosense 
assembly to the head assembly. The photosense thread 
is moved to one side permitting the head to be re
moved. 

Remove the three screws securing the read/write head 
assembly to the tape transport casting. 

Lift the read/write head assembly out to disconnect 
the connectors. 

5-38. REEL BRAKE SWITCH REMOVAL AND REPLACEMENT. Perform the follow
ing steps: 

WARNING 

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

.§...tep 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Remove the overlay plates (paragraph 5-35) . 

Unscrew the two screws with large heads holding reel 
brake switch assembly to the tape transport plate. 
Lift switch assembly off the transport casting. 

Unscrew switch from the wiring harness. 

Transfer mounting hardware to new switch assembly. 

Reassemble by reversing procedure followed during 
disassembly. 

5-39. REEL MOTOR ASSEMBLY REMOVAL AND REPLACEMENT. Perform the fol
lowing steps: 

Step 1: Remove reel (supply or takeup) from reel motor to be 
replaced. 

WARNING 

Disconnect electrical power to prevent injpry 
to personnel or damage to equipment. 
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step 2: 

step 3: 

Remove reel brake (paragraph 5-4l). 

Remove reel motor fanniri.g strip from TS3 on side of 
reel servo power supply. 

Note the position of. any shims found under the 
flange of the reel motor for replacing during 
reassembly. 

step 4: 

step 5: 

step 6: 

Step 7: 

·step S-. . 

SteE 9: 

Remove reel motor from tape transport. Reel motor is 
held in place by four Allen head screws. 

Remove reel holddown. assembly from the shaft of reel· 
motor. 

Install reel holddown assembly and turntable withou"(: 
shims on new motor. 

Install reel motor· with shims removed in step 4. 

Thread tape on transport. 

Apply power and program tape transport forward and 
reverse. Check the tape tracking at reeL of newly 
inst.alled reel motor. If tape rubs front flange of 
reel, stop·tape and insert shims between reel hold
down assembly and turntable. Shim as necessary to 
obtain proper tape tracking. 

5-40. REEL MOTOR BRUSH REMOVAL AND REPLACEMENT. The reel motor 
brushes can be replaced by removing inSUlating caps from the sides of 
the reel motor. Then remove spring loaded brush. Insert replacement 
brush and reinstall insulated cap. 

5-41. REEL MOTOR BRAKE AND BRAKE LINING REMOVAL AND REPLACEMENT. 

Step 1: 

5-22 

Apply power to the transport. and pull the brake re
lease· swi tchout. Check that the brake is then in 
the energized position so that the reel. may rotate 
freely. 



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

step 2: 

step 3: 

step 4: 

step 5: 

step 6: 

step 7: 

step 8: 

with power applied, remove the four screws from the 
r~ar of the brake housing. Remove the brake assembly 
from the reel motor. (See Figure 5-10.) 

Unscrew the brake adjusting nut. Remove the reel 
brake lining assembly. 

To replace the· brake lining assembly with a new part, 
place the new lining assembly onto the motor brake 
shaft and reassemble the brake assembly, reversing 
the procedure outlined in steps 1, 2 and 3. 

To replace the complete brake assembly, place the 
lining assembly 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. 

Turn power off. 

Disconnect the brake from TS-3 on the side of the 
reel servo power supply. 

Connect new brake assembly to TS-3. 

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

Step 9: Apply power to the transport. 

step 10 : Install the new brake assembly by reversing the pro-
cedure outlined in steps 1, 2 and 5. 

step 11: Adjust the reel brake drag torque. 
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REEL MOTOR 

MAGNET 

Figure 5-10. 
Reel Motor Brake, Exploded View 
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5-42. TAPE TRANSPORT COVER DOOR REMOVAL AND REPLACEMENT. The cover 
door is held in place on the mounting frame by two pivot pins. Remove 
the nut which secures the stop bracket to the tape access door and un
screw the two pivot pins. Replacement of the tape access door is ac
complished by reversing the disassembly sequence. 

5-43. VACUUM CHAMBER REMOVAL AND REPLACEMENT. Perform the following 
steps: 

Step 1: 

Step 2: 

Step 3: 

step 4: 

Step 5: 

Step 6: 

Remove the control panel overlay by unscrewing the 
captivated screws at either edge of the overlay in 
t.he tape ree 1 area. 

Unplug the cables (J13 or J14) connecting the light 
sources and the photocells from the card cage. 

Remove the glass cover on the top of the vacuum cham
ber. The glass is held in place by friction clips. 

Remove the three Allen head screws securing the 
vacuum chamber in place. 

Remove the vacuum chamber. 

Reassemble by reversing the procedure followed during 
disassembly. 

5-44. VACUUM UNIT MOTOR ASSEMBLY I FILTER, MOTOR AND BRUSH REMOVAL AND 
REPLACEMENT. (See Figure 5-3.) Steps 1 and 2 are the only steps re
quired to replace the entire vacuum unit motor assembly. steps 3, 4~ 

and 5 are the only steps necessary for the removal and replacement of 
the filter. Steps 6 through 9 are used for vacuum motor removal and 
replacement. Steps 6 through 12 are used for brush removal and re
placement. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Disconnect power cable from vacuum motor assembly. 

Unsnap latches (Figure 5-3) on sides of motor housing 
assembly. 

Unlatch lever arm which holds filter in motor housing 
assembly. 

Remove filter using the attached loops. Clean and 
replace filter as described in paragraph 5-6. 
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~. 

Damage to equipment may result if filter is not 
thoroughly dry before installation. 

step 5: 

step 6: 

step 7: 

Step 8: 

step 9: 

Replace clean filter in motor housing and latch the 
lever arm. 

Remove filter (Steps 3 and 4). Insert forefinger and 
pullout the back pressure valve plate. Loosen screws 
(Figure 5-3) which secure vacuum unit motor to motor 
housing assembly. 

Remove the power connector (Figure 5-3) from the 
motor housing assembly by pressing the two nylon legs 
toward the centex of the connector; then push the 
connector through to the inside. 

Rotate vacuum unit motor until attaching hardware is 
clear of slotted brackets. Remove vacuum unit motor 
from the motor housing assembly. 

I£ the brushes are being replaced, continue to Step 10. 
If the vacuum motor is being replaced, reassemble the 
vac~um unit motor assembly by reversing the disassembly 
procedure. 

Replace the brush assembly when the brush does 
not extend at least 9/16 inches (released con
dition) beyond the brass case of the brush as
sembly. 

step 10: Remove the entire brush assembly by removing the 
hardware (Figure 5-3) from the brush assembly bracket 
and the motor frame. Using a pair of long nose pliers, 
extract the brush connector clip from the brush assem
bly. Be careful not to break the brush connector clip. 

,step 11: Insert the brush connector clip into the replacement 
brush assembly. Position the brush assembly on the 
motor. Secure in place using the hardware removed in 
Step 10. 



step 12: When brush replacement has been completed, reassemble 
the vacuum unit motor assembly by reversing the dis
assembly procedure. 

5-45. WRITE ENABLE SWITCH ASSEMBLY REMOVAL AND REPLACEMENT. Remove 
and replace the write enable switch assembly in the following manner: 

5-46. 
replace 

Step 1: 

Step 2: 

Step 3: 

Remove the panel overlays (paragraph 5-35) . 

Remove the two screws holding the write enable switch 
to the casting. Lift the write enable switch out of 
the casting. 

Disconnect the electrical connections of the write 
enable switch assembly from the wiring harness. 

Step 4: . Replacement of the write enable switch assembly is 
the reverse of disassembly. 

REEL TACHOMETER ASSEMBLY REMOVAL AND REPLACEMENT. Remove and 
the reel tachometer assembly in the following manner: 

step 1: Remove the panel overlays (paragraph 5-35) . 

Step 2 : Remove the vacuum chamber (paragraph 5-43) . 

Step 3: Disconnect the electrical connection at the rear of 
the tachometer. 

Step 4: Remove the four screws holding the reel tachometer 
assembly to the casting. Lift the assembly out of 
the casting. 

Step 5: Remove the reel tachometer pulley from the shaft of 
the tachometer. 

Step 6: Replacement of, the reel tachometer assembly is the 
reverse of disassembly. 

Step 7: Check the tracking of the tape transport and adjust 
the position of the reel tachometer pulley as neces
sary. 
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5-47. POOR INTERLOCK SWITCH REMOVAL AND REPLACEMENT. The removal and 
replacement of the door interlock switch' is exactly the same as for 
the reel brake switch. (Refer to paragraph 5-38.) 

5-48. OCP ASSEMBLY REMOVAL AND REPLACEMENT. Perform the following 
steps: 

step 1: 

step 2: 

Step 3: 

. step 4: 

Remove the chamber panel overlay. (Refer to paragraph 
5-35. ) 

Remove the screws holding the OCP brackets to the 
casting (3 screws for each bracket, 6 in all). 

Remove the OCP assembly from the casting. Unplug 
the cable from the card cage and draw the cable·with 
the plug through the casting. 

Replacement of the OCP is the reverse of disassembly . 

5-49.. TOOLS AND TEST EQUIPMENT. 

Table 5-3 lists thegenera;L nature. of tools and test equipment 
. required to maintain the TM-7. 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 

Gauge, thickness 

Mirror, inspection 

Penlight, heavy duty 

TABLE 5-3 
SUGGESTED TOOLS 

Pliers, diagonal cutting, 5" 

Pliers, long nose, 6" 

Pliers, needle nose, 6" 

Pliers, 7-1/2" 

Scale, spring balance, 0 to 32 oz 

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 

Wrench, adjustable, 6" 

Wrench, br~stol 

Wrench set, Allell, handled, 
0.35" through 9/64" 

Wrench set, open end, 15° and 75°, 
3/16" through 3/4" 

RECOMMENDED 
EQUIPMENT 

Starrett #66 

G. C. #5090 

Eveready #315 

Klein # 202-5 

Klein #303-6 

Utica #777-6 

Proto #242 

Ampex #650-105 

Starrett #384 

Wiss #173E 

Pearson #'3 

Proto #9600A 

Snap-On #SD-130:K 

Xcelite #R -5166 

Xcelite #R -3164 

Xcelite#R -184 

Starrett #70A 

Walsco #2530 

Weller #W -TCP 

Miller #100 

Crescent #AT16 

Allen #DS-060 

Allen #6075 

Williams #1142PR 
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SECTION VI 
CIRCUIT DESCRIPTIONS 

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 ate 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 circuit board assemblies, when required, are 
included in special addenda. 

6-2. PCB CROSS REFERENCE. 

Table 6-1 is a cross-reference list which provides the mnemonic code designation, 
part numbers, schematic numbers, and location of each printed circuit board in the transport 
electronics card cage. 

. TABLE 6-1 
PCB CROSS-REFERENCE LIST 

CODE DESCRIPTION PART NO. SCHEMATIC LOCATION 

CSA Capstan Servo Control 3107098 J6 
45 IPS 3112170-10 
36 IPS 3107097-10 
20 IPS 3112171-10 
15 IPS 3112369-10 

Forward/Reverse Logic J4 
FLA Run/Stop-Fwd/Rev 3107082-10 3107083 
FLC Fwd/Stop -Rev/Stop 3112360-10 3112361 

LLA Local/Remote Logic 3107102-10 3107103 J2 

PHB Photoam plifier 3107262-10 3107073 J3 

RCA Reel Servo Control 3107093 17 
45 IPS 3112167-10 
36 IPS 3107092-10 

RLD Rewind Logic -D 3118222-01 3118224 J1 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

CAPSTAN SERVO CONTROL 
SCHEMATIC 3107098 

The capstan servo control PCB contains a ramp generator for control of tape accel
eration, a dead -band circuit to inhibit tape creepage, and two stages of a power amplifier. 
The ramp generator comprises a zero clamping circuit, a current limiter circuit, and an 
amplifier. The power amplifier outputs are fed to the power transistors located on the tran
sistor bracket. A relay driver circuit is also contained on the PCB. 

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

Transistors Ql and Q2 form a relay driver circuit. When the REWIND (-) or the 
REWIND HOLD (-) input is negative, Q1 conducts harder, which causes the voltage at the 
base of Q2 to go negative. (The collector of Q 1 is returned to -12 volts through the coil of 
an external relay; quiescent current flow through Q1 and R17 is not great enough to actuate 
the relay.) Q2 is biased to saturation; and grounds one side of the coil of the external relay, 
which energize s the relay. 

The input of the servo system is a summation of the FWD (-). REV /RWD (+/open circuit), 
and the +12 volt BIAS inputs. Diodes CR3, CR6, CR9, and CRI0, in conjunction with resistors 
RlO and R12, form the zero clamping circuit. The current limiter comprises diodes CR4, 
CR5, CR7, and CR8 in conjunction with resistors Rll and R13. The current is limited when 
the input provides enough current to back bias either CR4 or CR 7. This provides the opera
tional amplifier (consisting 01 Q3, Q4, Q5, Q6, and CR13) with a means of generating a 
linear ramp for the input until saLuration is reached. The ramp rate of rise is dependent on 
the values of Rll, R13, and the timing capacitor (connected externally between the ramp out
put, pin 18, and the ramp input, pin 15). Transistors Q3 and Q4 form a differential ampli
fier. Transistor Q5 is the output driver; positive signals are conducted through CR13 and 
Q5. Transistor Q6 is an inverter stage used for the negative output. Potentiometer R25, in 
conjunction with CR14, controls the forward capstan speed. Potentiometer R27 and CR1S 
control the reverse capstan speed. 

The output from the operational amplifier is applied to the summing junction at the 
input of the-dead-band amplifier. The other inputs to the control summing junction are the 
FEEDBACK, the CAPSTAN TACH, and the RWD RAMP IN signals. Diodes CR16, eRl7, 
CR 18, and CR 19, in conjunction with re sistor s R29 and R23, form a dead -band circuit which 
prevents capstan creep caused by input drift or error. Transistors Q7, Q8, and Q9 form a 
class A amplifier. Zener diode VRI and resistor R38 provide a constant current supply for 
Q8. Potentiometer R31 provides for balancing the capstan servo system. 

In the following di scussion of the power amplifier, refer to Figure 2. 
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CIRCUIT BOARD DESCRIPTION 

2. THEOR Y OF o.PERATION. (Continued) 

CAPSTAN SERVO CONTROL 
SCHEMATIC 3107098 

The' output of Q9 supplies the input (input "X") to' transistors Q10 and Qll which are 
located on the capstan servo control PCB. ' Transistors Ql through Q6 are located on the 
transistor bracket. 

TransistorsQ2, Q4. and Q6 are the power amplifiers for inverter QlO. The inverter 
providescor:r;ect phase relationship in the subamplifier." Transistor Q2, an emitter follower, 
is the driver 'stage. Two emitter followers in parallel. Q4 and Q6, provide current gain. 
Equal sharing of the load is insuredby resistors R6and R9. The output of this amplifier 
section is used to conduct the positive voltage to, the capstan motor. 

Transistors Q1, Q3, and Q5 are the power amplifiers for emitter follower Qll. Ql, 
an emitter follower, is the driver stage. Two emitter followers in Parallel, Q3 and Q5, 
provide current gain. Equal sharing of the load i,s, insured by resistors R5 and' R8. The 
output of this amplifier section is used to conduct negative voltage to the capstan motor. 

In reverse drive (input "X" is positive), the emitter of Qll swings more positive and 
Ql is cut off. When Ql is cut off, Q3 and Q5 are cut off. QlO conducts l1arder and the 
collectorvoltageswingsmorenegafive, which causes Q2 toconductoWhenQ2conducts. 
Q4 and Q6 conduct. and the output to the capstan motor is positive. Theoutput is afunction 
of input "X". 

In forward drive (i:nput "X" is negative), the collector of QlO swings more positive 
and Q2 is cutoff. When Q2 is cut off, Q4 andQ6 are cut off.Qll conducts harder ,and the 
emitter ,voltage swingsnegative, which causes Q1 to conduct. When Ql conducts, Q3 and 
Q5 conduct and the6utput to the Capstan motor is negative. The output is a function of 
input "X". 

In.standby (input "X" is zero) •. Q10 and Qll conduct at a level that causes Q2 and Q1 
to be cut off. Q4, Q6, Q3, and Q5are cut off, and the output to the capstan motor is zero. 
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CIRCUIT BOARD DESCRIPTION 

3. POWER REQUIREMENTS. 

VOLTAGE 

+12 VDC ±3% 

-12 VDC ±3% 

+12 VDC ±15% 
With SA load 

-12 VDC ±15% 
with SA load 

+24 VDC ±15% 
with 150 rna load 

CAPSTAN SERVO CONTROL 
SCHEMATIC 3107098 

CURRENT 

25 rna max surge 
20 rna average 

14 rna max 

10 amp max surge 
5 amp average 

10 amp max surge 
5 amp average 

170 rna max surge 
115 rna average 
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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. Table s 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 mechanization 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 thenin the 
reset 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 differentiator circuit comprised of Rl8 and C12 and is coupled 
through OR gate diode CRl3 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 BOAR.D DESCRIPTION 

2. THEORY OF OPE~ATIO)';. (Continued) 

FORWARD/REVERSE Loc,IC* 
SCHEMATIC 3107083 

For 111cchanizatinn of logiceqllation (a). the FWD/REV input must be at -12 volts, the 
U),;IT 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 aff. /\:,\D gate transistor Q 10 is cut off, which allows control af the A~D gate 
output by the input. to Aj\;.Dgate diode. CR21.\Vhen tIle RUN/STOP input goes to -12 volts, 
Q6 and Q7 arc cut off; CR21 is forward biased and QS is biased to saturation. The U;-";lT 
SELECT input at 0 volts enables the. differentiator Ar-.:D gate circuit comprised of R20and 
C14 and a +6 volt pulse is coupled through OR gate diode CR 11 to the base of Q4; tlle pasitive 
pulse sets the forward flip-flop. The FWD (-)output is at -6 volts. The negative pulse 
frOlil C13 back biases OR gate diode CR 12 and has no effect on the fonvard flip"flop circuit. 
When Q9 is cut off, Ar-.:Dgate diodeCR23 is forward biased, which causes Qll to be cut off. 
The negative pulse from CIS back biases CRl9 and has nO' effect on the reverse flip-flop 
circuit. 

For 111echanization of logic equation (b), the REWINDIr-.:G input must be at 0 volts and 
the BOT input must make a negative transition from o volts to ~6 volts. When theBOT input 
gocsto -6 volts, Q3 is biased to saturation. Thc REWINDING input at 0 volt~ enables the 
diffcr~ntiator AND gate circuit comprised of R14 and CIOand a +6 volt pulse is coupled 
thrau~h OR gatc 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 o volts. When 
the RUN/STOP input goes toO volts, Q6 and Q7are biased to saturation and Q8 is cut off. 
The Ui'<1T SELECT input at 0 volts enables the differerrtiator AND gate circuit comprised 
of RI9 and C13 and a,.-6 volt pulse is coupled through OR gate diode CRl2 to the base of Q5; 
the positive pulse resets the forward nip-flop. The FWD (-) autput is at 0 volts. The 
ncga,tive pulse from C14back biases OR gate diode CRll and has no effect on the forward 
flip-flop circuit. 

For mechanization of logic cquation (d), the LOCAL input must be atO volts and the 
EOT input must make a positive transition frohl -6 volts to 0 volts. The LOCAL input at 
o volts enables the diffcrcntiator AND gate circuit comprised ofB. 15 and C 11 and a +6 volt 
pulsc is coupled through OR gate diode en. 14 to the base of Q5; the positive pulse resets 
the forward flip-flop. The FWD( -) output. is at 0 volts. 

FWD (+) Output (Pin 26). FWD (+) output is tllC complement si!-,rnal of FWD (-). Output 
voltages and their derivations arc the samc. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) .. 

FORWARD/REVERSE LOGIC~ 
SCHEMATIC 31070H3 

REV h) Output (Pin 34). REV (+) output can be <1ffected by REVERSE PB input, ~lASTEl{ 
RESET input. BOT input, or mechanization of one of the following logic equations: 

(a) REV (+) == (REV) (RU0:) (UNIT SELECT) (BOT) 

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

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

When the REVERSE PO input momentarily goes to zero volts. CR4 is forward biased 
and the voltage at the base of Ql swings positive, \vhich 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 Q~ 
and Q2, is then in the set state. The REV (+) output is at zero volts. 

When the MASTER BESET 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 ofQ 1; 
the negative-going voltage drives Ql to saturation. The reverse flip-flop is then in the 
reset state. The REV (+) output is at -6.volts .. 

When the BOT. input mak,es a positive transition from -6 volts to 0 volts. a +6 volt 
pulse is producedbyth{,!diffc£:rentiator circuit comprised orR1S 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 
U~IT SELECT input must be at 0 volts, the. BOT input must be at -0 vo~ts, and the RUN/ 
STOP input must make a negative transition from 0 volts to-12 volts. With the FWD/REV 
input atO volts. Q9 is biased to saturation. When Q9 is saturated, AiSOgate diode CR23 
is back biased, arid AiSD gate transistor Q10 is biased to saturation. When Q10 is S<lturatcd, 
the Ai'\()gate comprised of QlOand CR21 is disabled and Q8 is cut off. The BOT input' at 
-6 volts back hiases AND gate diode CR24; since CR23 is also back biased, the A~D gate 
output is controlh.:d by the input to Ai\:D gate diode CR22. \V hen the RUN/STOP input goes to 
-12 volts. Q6 and Q7 are cut off; eR 22 is backbiased, which cause!"> Qll to he biased to 
saturati.on. The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit 
comprised of R21 and G 15 and a +6 volt pulse is coupled through eR 19 to the base of Ql; the 
positive pulse sets the reverse flip-flop. Tlw REV(+) output is at Zl'ro volts. The negative 
pulse from e13 back biases OR gate diode CR15 and has no effect on the reverse flip-flop 
circuit. The negative [lulse from C14 back biases OR gate dl<xle CR 11 and has no effect on 
the reverse flip-flop cit'cuit. 
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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 tra:nsition 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 CRIS 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-flop 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 RIS and Cll and a +6 volt 
pulse is coupled through OR gate diode CR 17 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 

-12VDC ±3% 82 rna max 

- 6 VDC ±4% 40 ma max 

FLA-S 



CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC· 
SClfEfo.1ATIC 3107083 

TABLE 1 
FORWARD/REVERSE LOGIC. INPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW . 
NO. DI~SIGNATION LEVEL LEVEL 

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

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

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

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

18 BOT (+) 0: to -1 volt -5.9 to -6.6 volts 

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

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

24 Reverse PB (+) o volts Open circllit 

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

35 Forward PB (+) o volts Open circuit 

TABLE 2 
FORWARD/REVERSE LOGIC. OUTPUT SIGNAL LEVELS 

PI~ SIGNAL HIGH' LOW 
~O. 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 Rc.:v (-) 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 FORWARD/REVERSE LOGIC -C~' 
'SCHEMATIC 3112361 

1. GENERAL DESCRIPTION. 

TIle 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 level~ 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 Q1 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, causingQ2 to . 
saturate. The forward flip'-flop, consisting of Q1 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, CR1 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 Q1,causing Q1 to 
saturate. Theforward flip-flop is then in the reset 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 differentiator circuit comprised of C12 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 voltsand 
the FWD/STOP input must make a negative transition from 0 volts to -12 volts. When the 
FWD/STOP input goes fo -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. 
FLC-l 



ClHCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATIOl'\. (Continued) 

. . 

FORWARD/REVERSE LOGIC -C· 
SCIIE:-'lATIC 3112361 

+{) volt pu I S(~ is couplc:d through OR gate diode CR q to the ba.se of QI; the positive pulse sets 
the fonvard flip-flop. The FWD (-) output is at -6 volts. The negative pulse from C13 back 
biases OR gatedio<ie eR 10 and ha:i noeHect on the forward flip-flop circuit. 

For mechanization of logic(,..~uation (b), the REWINDING input must be atO volts and 
the BOT input must make a negative transitioil 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 circuit compriseciof CIOand RIS and a +6 volt pulse is coupled through OR 
gate diode CIlS to the base of Ql; the positive pulse sets the fO.r\'.'ard flip-flop. The FWD (-) 
output is at -6 volts. 

For 111eChailization of logic equation (c), theUNIT SELECT input m~st beat 0 volts and 
the FWD/STOP input must make a positive transition from -12 volts to Ovolts. When the 
FWD/STOP input goes 100 volts,Q6 and Q7 are saturated andQSis cut off. The UNIT 
SELECT input at 0 volts enables the differcntiator circuit comprised of C13 and RI9 and a 
+6 volt pulse is couph~d through OR gate diode CRIO to the base of Q2; the positive pulse 
resets the fonvard flip-flop. The FWD (~) output is at zero volts • The negative pulse from 
C14 back biases OR gate di<xle eR 9 and has no effect on the fonvard 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 \'olts to 0 volts. The LOCAL input at 
o volts enables the differentiator circuit comprised of Cll and R22 and<.l +6 volt t~lsc is 
coupled through OR gate diode CH Uto the base of Q2; the positive pulse resets the forward 

. flip-flop. The F\VD (-) output is at zero volts. 

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

REV (+) Output (Pin 34). REV (+) output can be affected by REVERSE PI3 input, MASTER 
RHSET input, BOT input, or mechanization of one of the foUmving logic equations: 

FLC-2 

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

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

(c) REV (+) .." (EOT) (LOCAL) 
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CIRCUIT BOARD DESCRIPTION 

2. TflEOH. Y OF OPERATION. (Continued) 

. 

FORWARD/REVERSE LOGIC -C· 
SCHE~tATIC 3112161 

When'the REVERSE PB input momentarily goes to zero volts, CR6 is forward biasl'lf 
and the voltage at the base of Q4 swings positive. which causes Q4 to be cut off. TIle 
nl~gative ~going voltage at the collector of Q4 is coupled through R9 to the base of Q5. 
causing Q5 to saturate. TIle reverse flip-flop, consisting of Q4 and Q5, is then in the set 
state. The HEV(+) output is at zero volts. 

When the l\1ASTER RESET input momentarily goes to zero volts, CR4 is forward 
biased and the voltage at the base of Q5 s\""ings positive. which causes Q5 to be cut off. 
The negative-going voltage at the collector of Q5 is couph.~d through RIO to the base of Q4. 
causirigQ4 to saturate. The reverse flip-nop is then in the reset state. The REV (+) 
output is at -6volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentia tor drcuit comprised of C12 and R23a.nd is coupled 
through OR gate diode CR13 to the base of Q5;the positive pulse resets the reverse flip
flop. 'DIe R.EV (+) output is at -6 volts. 

For mec:hani7..ation of logic equation (a), the UNIT SELECT input must be at 0 volts, 
the BOT input must be at .,.6 volts, and the REV/STOP input must make a negative transition 
from Ovohs to -12 volts. TI1eBOT input at -6 volts back biases AND gate diodeCR22, 
which allows the input at AND gate diode GR21 to control QU. When the REV/STOP input 
goes to -12 volts, Q9 <1-nd QIO are cut off. CR21 is back biased, which allowsth'e voltage 
at the base of Ql1 to go positive; Qllbecomes saturated. TI1C UNIT SELECT input at 
o volts.enables the differentiiltor circuit comprised of Cl6 and R24and a +6 volt pulse is 
coupled through CR16 to the base of Q4; the positive pulse sets the' reverse flip-flop. 
The REV (+) output is at zero volts. The negative pulse from CIS back biases OR gate 
diode CR15and has no effect on the reverse flIp-flop circuit. 

For mechanization of logic equation (b), theUJ>-1T SELECT input must be at 0 volts 
and the REV/STOP input must make a positive transition from -12voltsto 0 volts.Whl~n 
the REV/STOP input goes to 0 volts, Q9 and QlO are saturated. The UNIT SELECT input 
at 0 voltsenahles the differentiator circuit comprised of CIS and R20 and a +6 volt pulse 
is coupled through OR gate diode CR 15 to thebase of Q5 the positive pulse resets the 
reverse flip-flop. The RgV (+) output is at -6 volts •. If CR22 is back biased. Qll is cut 
off. The negative pulse from C16 back biases CRIb and has no effect on the reverse flip
,flop circuit. 



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 of Cll 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 mamax 

-12 VDC ±3% 82 ma max 

- 6 VDC ±4% 40 rna 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 BOT (+) 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 

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

PIN SIGNAL LOW HIGH 
NO. DESIGNATION LEVEL LEVEL 

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

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

32 Rev (-) Oto-1volt -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 toprovide 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 a 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 a volts. The MASTER RESET (+) output sets the flip-flops in the forward/reverse logic 
PCB to the stop condition, preventing tape motion. The a volt output from Q6 also forward 
biases CR 9 and CR 12, which disables the LOCAL INDICATOR (+) and REMOTE· INDICATOR (+) 

J 

outputs. 

When the TRANSPORT READY (-) input is at -12 volts, Q4 is cutoff and the READY (+) 
output goes to +6 volts, developed by voltage divider resistorsR31 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 L."IDICATOR (+) and REMOTE INDICATOR (+) circuits. CR7 is back 
biased, enabling the local/remote flip-flop circuit.· 

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

LOCAL PB Input (Pin 30). When the LOCAL PB input is at a volts and TRANSPORT 
READY (-) inputis at-12volts, Q2 is cut off by the voltage applied through CR3.and R4. 
With Q2 cut off, Ql and Q3 are conducting, and the OCP ENABLE (+) and LOCAL (+) outputs 
go toO 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 a volts. CR14 is forward 
biased and disables the SELECT (-) input. Q14 conducts and the SELECT & REMOTE (-) 
output is a volts. The SELECT & REMOTE INDICATOR (+) output driver circuits are dis
abled. Q12 conducts and Q13 is cut off. The UNIT SELECT(-) output g~s to a volts. 
The LOCA-L (-) output goes to -6 volts. CRll is forward biased and disables the REMOTE 
INDICATOR (+) driver circuit. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATIO:--:. (Contmut:d) 

Rr:~~E·!~~~_r.:pU~!!l 2.~. When the Rl~Sl,' 
TRA:--:SPC)R'!' READY (-) input is at -l2 volts, I,' 

and R4. TilL: circuit then opcrates the same a,', 

GO LOC1\ L (-) Input (Pin 22). When thL' (:r ' 

TRA:--:SPORT READY (-) input is at -12 volts. (,\, 
CR6 and RiO. 111e circuit then operates the S~!:; 

RE\lO:f.E PH Input (Pin 26). When the Rl,', 
TRA0JSPOHT HEADY (-'") input is at -12 volts. (.' 
CR4 and R5. Wlwn Ql is cut off, Q2 conducts d' 

put goes to 0 volts. CRS is forward biased and \ 
circuit. CRll and CR12 are back biased and en 

l1d QlO are conducting and the RE\10TE II'\DIC\ 
biased and the SELECT (-) input is enabled. 

SELECT (-) Input (Pin 9). When the cireuil 

REMOTE PH input and the TRANSPORT READY ( 
-12 volts cuts off Q11. When Qll is cut off, QI, 
SELECT (-) .output goes to -6 volts. Q14 is eu, 

SELECT & R E 1\1 OT E (-) output goes to -12 volts 
output goes to 0 volts. 

OCP RESET (+) Input (Pin 11). When the (i, 
<1ild the REA!)\! (+) output goes to :6 volts. Qo ( 
goes to 0 volts. CR9 and CR12are forward bia 
driver circuits. 

When the OCP RESET (+) input is at -12v,,' 

3. POWER REQUIREMEl'.'TS. 

LLA-2 

VOLTAGE 

HZ VDC ±39[; 

-12 VDC ±3','{ 

- 6 VDC :!: 4 SY\ 

LOCAL/RE~fOTE LOGIC 
SCIIE\tATIC 3107103 

'llput is at 0 volts and the 
v the voltage appliccl through CR5 

,,' LOCAL PH input. 

, input is at -6 volts and the, 
'n by the voltage applied through 
,'cd for LOCAL PH input. 

It is at 0 volts and the 
'Y the voltage applied through 
(iff. The OCP EI'\ABLE (+) out

LOCAL Ii'\DICATOR driver 
. lOTE II'\DICATOR circuit. Q9 
'llut is 0 volts .CR 14 is back 

, condition described for 
volts, a SELECT (-) input at 
nd Q13 conducts. The U0JIT 
and Q16 are conducting. The 

,ECT & REl'v10TE INDICATOR (+) 

(i-) input is at 0 volts, Q5 conducts 
! the r-.lASTER RESET (+) output 
)le the local and remote indicator 

ut off. 

,T .. _===1 
, ax 



CIRCUIT BOARD DESCRIPTION LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 

TABLE 1 
LOCAL/REMOTE LOGIC, INPUT SIGNAL LEVELS 

PIN SIGNAL HIGH LOW 
NO. DESIGNATION LEVEL LEVEL 

9 Select (-) o ±lo 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. DESIGNATION LEVEL LEVEL 

15 Ready (+) +4 to +6 volts -4 to-6. 2 volts 

16 Unit Select (-) Oto -1 volt -5 to -6.2 volts 

17 Select & Remote (-) o to -0.5 volt 1. 15K +10% returned to 
-11 volts ±3 volts 

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

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

20 Remote Indicator (+) o to -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 
SCHEMATIC 3107073 

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 differential amplifier, and two NAND gate/drivers. 
One NAND gate/driver is used with positive-logic input, the other with negative-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. THEOR Y OF OPERATION. (See Figure 1.) 

Input Amplifier . Transistor Q1 is used in a commonbase configuration and operates 
dass A, with the emitter voltage clamped to approximately -0.6 volt. The current through 
R2 is determined by the setting of potentiometer R20 since the common base configuration 
maintains constant voltage across R1 and R20. The current through R1 and R20is provided 
by two parallel sources, Q1 and the photovoltaic cell (BOT sensor). As me amount of light 
striking the photocell increases, the current through it increases proportionally, thus de
creasing the current demand on Q1 and decreasing the current through R2. 

The back of the tape reflects a small amount of light, producing an off-tab or "gray" 
current. Potentiometer R20 is adjusted to provide output voltage levels from the input ampli
fier that will change the state of the differential amplifier during on-tab condition, and permit 
the differential amplifier to return to the quiescent state during off-tab condition. 

The output of transistor Q1 appears across collector load resistor R2 and is directly 
coupled to the base of Q2. Q2 isolates and amplifies the output of Q1. Capacitor C1 filters 
noise spikes from the output ofQl. The output of Q2 is directly coupled to the base of 
. transistor Q3 in the differential amplifier. 

Differential Amplifier. The differential amplifier comprises Q3 and Q4 and is designed 
to give a change in output voltage when the input increases above a fixed threshold. In the· 
quiescent state, Q3 is cut off and transistor 04 is saturated . 

. An on-tab positive-going input from the input amplifier places Q3 in conduction and 
biases transistor Q4 to cutoff. The output voltage from the collector of Q4 goes to -12 volts. 
While the on-tab input signal is applied, Q3 remains in conduction and Q4 is cut off. When 
an off-tab signal is applied, the circuit is restored to the quiescent state. 

PHB ... 1 



CIRCUIT BOARD DESCRIP'TI00: 

2. THEORY OF OPERATIO~. (Continued) 

PHOTOA:-.tPLIFIER 
SCHE~tATIC3107073 

The c()llector of Q3 is connected to the base of inverter Q8. When Q3 is cut off (off -t~tb). 
QS conducts and the BOT .OUTPU'T (-) output is at 0 volts. When Q3 conducts (on -tab). QI:i b 
c'utoff and the BOT OUTPUT (-) output is at -12 volts. The uutput from the collector ofQ8 is 
also applied to one i.nput of the negative -logic input NAND gate/driver. 

The collector of Q4 is connected to the base of invertc'r Q5. When Q4 conducts (off-tab). 
Q5 is cut off. When Q4 is cut off (on-tab). Q5 conducts. The output from the collector of Q5 
is applied to one input of the positive -logic input NAND gate/driver. 

Nesative-Logic Input NAt'\D Gate/Driver. The negative-logic input NAND gate/driver 
comprise.·s diodes CR3. CRol, (;1{ 1 L arid transistor Q9. When the input to one of the diodes 
is at 0 volts, that diode is forwardbiased and Q9 is .cut off by a positive base voltage. The 
BOT (+) output.i::; at -12 volts. When the inputs to illl three diodes are at -12 volts (or open 
circuit), all tbe diodes are reverse biased and Q9 is biasedon by a negative base voltage. 
The BOT (+) outPl\t is at 0 volts. 

Positive-Logic Input NANDGate/priver.ll1e positivc":logic input NAND gate/driver 
comprises diodcsCRl, GR2. eRS. and transistors Q6 and Q7. When the input t~) one of the 
diodes is at .. 12volts. that diode is forWard biased and Q6 is biased on by a 11cgati'Ve base 
voltage. Driver Q7 is cut off by the positive voltage at the collector of Q6 and the BOT (-) 
OlJtput is at 0 volts (through CR 9h When the inputs to all three diodes arc at 0 volts «)r open 
drcuit). all the diodes are reverse biased and Q6i5 cut off by a positivehase voltage. The 
collector of Q6goes to -12 volts and Q7 isbiased on. The BOT (-) output is at -12 volts. 

Exciter Lamp (Pins 34 and 35). Rl is used asa dropping resistor when a 5-volt photo
cell exciter lamp is used.'nlc lamp is driven by the -6 volt supply. 

3. POWER REQUIREMEl\'TS. 

VOLTAGE CURREl\'T 

+12 VDC ±3% 35 rna max 

-12VDC ±39t; 45 ma max 
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CIRCUIT BOARD DESCRIPTION 

PIN 
NO. 

9 

10 

11 

12 

13 

14 

23 

24 

25 

26 

28 

30 

TABLE 1 
PHOTOAMPLIFIER, INPUT SIGNAL LEVELS 

SIGNAL HIGH 
DESIGNATION LEVEL 

BOT Sensor (+) 
100 [la min increase over low 

BOT Sensor Return 
level (on tab) 

Rewinding (-) o to -1 volt 

Unit Select (+) Oto-lvolt 

BOT NAND Input (-) o to -1 volt 

BOT NAND Input (-) o to -1 volt 

EaT NAND Input (-) o to -1 volt 

EaT NAND Input (-) o to -1 volt 

EaT NAND Input (+) o to -1 volt 

Unit Select (+) o to -1 volt 

EaT Sensor 
100 [la increase over low level 

EaT Sensor Return 
(on tab) 

PHOTOAMPLIFIER 
SCHEMATIC 3107073 

LOW 
LEVEL 

o to 120 [la 
(off tab) 

-5.8 to -7 volts 

-5 to -6.2 volts 

-5 to -12 volts 

-5 to -12 volts 

-5 to -12 volts 

-5 to -12 volts 

-5 to -12 volts 

-5 to -6.2 volts 

o to 120 [la 
(off tab) 
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CIRCUIT BOARD DESCRIPTION PHOTOAMPLIFIER 
SCHEMATIC 3107073 

PIN 
NO. 

16 

17 

18 

19 

20 

21 

TABLE 2 
PHOTOAMPLIFIER, OUTPUT SIGNAL LEVELS' 

SIGNAL HIGH LOW 
DESIGNATION LEVEL LEVEL 

~t 

BOT Output (-) o to -1 volt . 3.9K±5% to -12 voltsupply 

BOT (+) o to -1 volt 1. 5K ±5% to -12 volt supply 

BOT (-) o to -1 volt -12 ±2 volts* 

EOT (-) o to -1 volt -12±2volts'~ 

EOT (+) o to -1 volt 1.5K ±5% to -12 volt supply 

EOT Output (-) o to -1 volt 3.9K ±5% to -12 volt supply 

* -5 to -6. 2 volts when used with circuits having a diode limiter 
circuit returned to -6 volts. 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

REEL SERVO CONTROL 
SCHEMATIC 3107093 

The reel servo control PCB contains four photocell amplifiers and two servo amplifiers. 
Each servo amplifier consists of two three-stage subamplifiers. The input of the first gain 
stage is a summing junction. Resistor/diode networks combine outputs of the photocell 
amplifiers with inputs from the reel tachometers and the ramp generator. These combined 
signals govern the switching of power to the reel motors. In the following circuit descrip
tions,only the file reel servo circuit is discussed. Operation of the fixed reel servo circuit 
is identical. 

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

. Forward. In forward operation, the RAMP OUTPUT input to pins I2and 24 is +11.5 
±0.5 volts. This signal disables the reverseorive amplifier at the base of Q4 through R16 
and CR5. The forward loop sense from Q1 sets the forward drive amplifier by causing a 
positive signal to be applied at the base of Q3 through R3 and RIO. Q3 then conducts. The 
collector of Q3 moves toward ground and the emitter of Q7 goes slightly negative (-0.3 to 
-0. 5 volts), causing Q8 to become reverse biased mid cut off. Current then flows through 
R29 and Output B (FILE FWD) into the gate of the forward driveSCR located on the reel 
servo power supply. The forward drive SCR is maintained in the conducting state by the 
forward drive amplifier. The SCR will conduct until the negative output from the reel 
tachometer through Rll, RI3, and R30 balances the input from forward loop sense amplifier 
Ql. This input appears at the base of Q3 which is the forward drive summing junction. Rll 
is adjusted so that tachometer input to the summing junction corresponds to the required· 
tape speed between the reel and the vacuum chamber. 

Stop. If the capstan stops when the reel is going in the forward direction, the ramp 
inputis zero and the reel tachometer input is negative. The reverse drive amplifier is in
l1ibited through R3, R17, a~d CR5 if the tape loop is outside the forward loop sense. When· 
the reel carries the tape loop back over the forward loop sense, the reverse drive amplifier 
is no longer inhibited. It is then activated by the negative tachometer input through Rll, R21, 
and R30 until the reel stops and the tachometer output goes to zero. 

Turnaround. If the capstan is programmed for reverse while the reel is going forward, 
the ramp input through R16 goes negative and cancels the inhibition on the reverse drive 
amplifier through R3, R17, and CR5. The tachometer output being negative activates the 
reverse drive amplifier through Rll, R2I, and R30 until the tachometer output drops to zero. 
Thereafter, the reel servo operation is the.same as for reverse. OutputS at pin 16 is 24 to 
28 rna into the forward SCR gate. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REEL SERVO CONTROL 
SCHEMATIC 3107093 

Reverse. Reverse operation is similar to forward operation except that the RAMP 
OUTPUT input is -11.5 ±0.5 volts. The RAMP OUTPUT input inhibits the forward drive 
amplifier through R7, R8, and CR3. The reverse loop sense from Q2 applies a negative 
signal to the base of Q4 through R6, RI8, and R20, activating the reverse drive amplifier. 
Q2 (turned off during standby) is turned on by the reverse loop sense. This same signal 
through R8, R9, and CR3 inhibits the forward drive amplifier. The tachometer input to the 
base of Q4 through Rll, R2I, and R30 is positive and cancels the negative loop sense input 
from Q4 at the required reel to vacuum chamber tape speed. Q4 is' conducting during standby. 
The negative input to Q4 turns Q4 off. Positive current through R25 now flows into the base 
of Q5, causing'the Q5 collector to move towards ground sufficiently to back bias Q6, thus 
turning Q6 off and the reverse drive SCR on. 

Rewind. Duringrewind operation, the REWIND RAMP input is connected in parallel 
with the RAMP OUTPUT input. This same signal, at the REWIND RAMP input" activates the 
reverse drive amplifier through RI9 and is summed with the positive tachometer output at 
the base of Q4. The reel speeds up until the tachometer output through R 11, R21,. and R30 
balances the REWIl\1D RAMP input. This corresponds to a speed less than the speed of the 
tape over the capstan and the tape loop moves toward the reverse loop sense. When the tape 
is outside the reverse loop sense, the loop sense input from Q2 through R6 and RIB is added 
to the REWIND RAMP input. The reel runs faster than the tape speed on the capstan, and the 
loop of tape moves back toward the loop sense. In this manner, the loop is maintained near 
the reverse loop sense at any capstan speed from zero to full rewind speed. When the tape 
stops from rewind, the forward drive amplifier is activated and the reel is slowed to zero 
speed. This is accomplished by the positive tachometer input at Q3 through R13 exceeding 
the sum of the rewind input via R12 and the inhibition via R7. The ramp decreases toward 
zero and Q3 goes into conduction. Operation is then the same as forward. 

Phase Advance. The phase advance inputs via pins 18 and 34 increase the stability 
margins of the reel servos and prevent excessive speed oscillations. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 160 rna max 

-12 VDC ±3% 10 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

REWIND LOGIC -D 
SCHEMATIC 3118224 

The rewind logic PCB assembly provides the logic necessary to perform the rewind 
function. Several unit select logic circuits are also located on the assembly. 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.) 

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

(a) REWIND (-) = (REWIND PB) (Rewinding FF not set) 

(b) REWIND (-) = (REWIND COMMAND) (SELECT & REMOTE) (Rewinding FF not set) 

(c) REWIND (-) = (REWIND & LOCKOUT) (SELECT & REMOTE) (Rewinding FF not set) 

When the MASTER RESET input momentarily goes to zero volts, OR gate diode CR3 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 
Ql, causing Q1 to saturate. The rewind flip-flop, consisting of Ql and Q2, is then in the 
reset state. The REWIND (-) output is at zero volts. 

When the BOT input goes to zero volts, OR gate diode CR4 is forward biased and the 
voltage at the base of Q2 swings positive, which resets the rewind flip-flop. The REWIND (-) 
output is at zero volts. 

For mechanization of logic equation (a), the rewinding flip-flop must be in the reset 
state and the REWIND PB input must go to zero volts from an open circuit condition. When 
the rewinding flip-flop is in the reset state, the collector of Q5 is at -6 volts. R17 and C3 
comprise an AND gate which is enabled by the -6 volts at the collector of Q5. The REWIND 
PB in~ut voltage transition to zero volts is coupled through C3 as a positive pulse. The 
positive pulse is coupled through R4 to the base of Q1, causing Ql 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 is then in the set state. The REWIND (-) output is at-6 volts. 

For mechanization of logic equation (b). the rewinding flip-flop must be in the reset 
state, the SELECT & REMOTE (-) input must beat -12 volts. and the REWIND COMMAND (-) 
input must make a transition from 0 volts to -12 volts. When the rewinding flip -flop is in the 
reset state, the collector of Q5 is at -6 volts; this negative voltage is applied to the anode of 

RLD-l 



CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REWIND LOGIC -0 
SCHEMATIC 3118224 

AND gate diode CR12. The output from the OR gate, consisting of diodes CR16 and CR17, is 
enabled by the negative voltage at CR12. The SELECT & REMOTE (-) input at -12 volts is 
applied to AND gate diode CR14; the negative voltage enables the output from AND gate tran
sistor Q9. When the REWIND COMMAND (-) input goes to -12 volts, Q8 and Q9 are cut off. 
The negative voltage level at the collector of Q9 is coupled through OR gate diode CR16 and 
causes Q3 to be saturated. The positive-going voltage at the collector of Q3 is coupled (as 
a pbsitivepulse) through CR4 andCR6 to the base of Q1; the positive pulse sets the rewind 
flip -flop. The. REWIND (-) output is at -6 volts. 

For mechanization of logic equation (c), the rewinding flip-flop must be in the reSet 
state, the SELECT & REMOTE (-) input must be at -12 volts, and the REWIND & LOCKOUT (-) 
input must make a transition from 0 volts to -12 volts. When the rewinding flip-flop is inthe 
reset state, the collector of Q5 is at-:-6 volts; this negative voltage is applied to the anode of 
AND gate diode CR12. The output from the OR gate consisting of diodes CR16 and CR17 is 
enabled by the negative voltage at CR12. The SELECT & REMOTE (-) input at -12 volts is 
appliedto AND gate diode CRl5; the negative voltage enables the output from the other AND 
diode, CR25. When the REWIND & LOCKOUT(-) input goes to -12 volts, Q15 andQ16 are 
cut off. The negative voltagE! level at the collector of Q 16 is couph~d through AND gate diode 
GR2~:and QRgate diode CRITandcauses Q3 to be saturated. The positive-going voltage at 
the collector of Q3 is coupled (as a positive pulse) through CR4 and CR6 to the base of Ql; 
the positive pulse sets the rewind flip-flop. The REWIND (;...) output is at -6 volts. 

REWIND (+) Output (Pin 26). The REWIND (+) output is the complement signal of 
--~--~.~--~--~.--- . 

REWIND (~). Output voltages and their derivations are the same. 

REWINDING (-) Output (Pin 32). The REWINDING (-) output can be affected by the 
MASTER RESET input, the rewind flip-flop in the5et state, the BOT input, or mechanization 
of the following logic equation. 

REWINDING (-) = [FORWARD (+)] [TIME DELAY (+)] 

The rewinding flip-flop cannotbe reset while the rewind flip-flop is set. 

When the MASTER RESET input momentarily goes to zero volts, CR8is 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 R13 to the base of Q4, causing Q4 to 
saturate. The rewinding flip-flop; consisting of Q4 andQ5, is then in the 'reset state. (The 
MASTER RESET input also resets the rewind flip-flop.) The REWINDING (..,) output is at 
zero volts. 

RLD-2 



CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REWIND LOGIC -0 
SCHEMATIC 3118224 

When the rewind flip-flop is in the set state, the collector of Ql is at ,..6 volts; the 
negative voltage level is coupled through R12 to the base of Q5, causing Q5 to be saturated. 
The positive-going voltage at the collector of Q5 is coupled throughR13 to the base of Q4, 
causing Q4 to be cut off. The rewinding flip-flop is then held in the set state. The 
REWINDING (-) output is at -6 volts. 

When the BOT input makes a transition from -6 volts to 0 volts, the positive-going 
voltage is coupled (as a positive pulse) through C8, the input of a single-shot multivibrator 
consisting of Q6 and Q7. In the quiescent condition, Q7 is saturated and Q6 is cut off. The 
positive pulse from C8 is coupled through C9 to the base of QT, causing Q7 to be cut off. 
When Q7 is cut off, the voltage at the base of Q6 goes positive, which causes Q6 to saturate. 
Timing capacitor C9 starts charging through R2I and Q6; current flow through R21 holes Q7 
cut off. Approximately 500 milliseconds after,the positive pulse input, the charge on timing 
capacitor C9 reaches a level where current flow through R21 is insufficient to hold Q7 cut 
off. Q7 is biased on and Q6 is cut off. The positive-going voltage at the collector of Q7 is 
coupled through CIO (as a positive pulse)-and OR gate diode CR11 to the base of Q5; the 
positive pulse resets the rewinding flip-flop. (The BOT input reset the rewind flip-flop when 
the time-delay sequence was initiated.) The REWINDING (-) output is at zero volts. Timing 
capacitor C9 discharges when the Single-shot stage is ill the quiescent condition. 

For mechanization of the logic equation, the FORWARD (+) input must be at 0 volts 
and the TIME DELAY (+) input must make a transition from -6 volts to 0 volts. The 
FORWARD (+) input at zero volts enables the di.ffercntiator AND gate consisting of RI8 
and C7. When the TIME DELAY (+) input makes a transition from -6 volts to 0 volts, the 
positive-going voltage is coupled (as a positive pulse) through C7 and OR gate diode CR 13 
to the base of QS; the positive pulse resets the rewinding flip-flop (providing that the rewind 
flip-flop has been reset). 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. 

GO LOCAL (-) Output (Pin 9). The GO LOCAL (-) output is controlled by the REWIND & 
LOCKOUT (-) input. Whend1e REWIND & LOCKOUT (-) input goes to -12 volts, QlS and Q16 
are cut off. CR26 is reverse biased and the GO LOCAL (-) output is at -12 volts (through 
3.6K resistor R51). When the REWIND & LOCKOUT (-) input is at 0 volts, Q16 is saturated 
and CR26 is forward biased; the GO LOCAL (-) output is at zero volts. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

REWIND LOGIC ~D 
SCHEMATIC 3118224 

UNIT SELECT (+) Olltput(Pin 17). The UNIT SELECT (+) output is controlled by the 
SELECT& REMOTE (-) input. When the SELECT & REMOTE input is at -12 volts. QI0 is 
biased to saturation. The UNIT SELECT (+) output is at zero volts (the collector voltage of 
QI0). When the SELECT & REMOTE (-) input is at 0 volts, QlO is cut off and the UNIT 
SELECT(+) output is -12 volts (through R34). 

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 beat 
-12 volts and the rewinding flip-flop must be in the set state. The SELECT & REMOTE (-) 
input at -12 volts causes QI0 to be saturated and 0 volts to be applied to AND gate diode 
CRI9. When the rewinding flip-flop is in the set state, zero volts is applied toANO gate 
diode CRI8. With 0 volts applied to both AND gate diodes, Qll is cut off and line driver 
Q12is biased to saturation. The REWINDING STATUS (-) output is -12 volts {thtough 125 
ohm resistor R38). 

When the input to either AND gate diode is negative, Ql1 is biased to saturation and 
Q12 is cut off. The REWINDING STATUS (-) output is zero volts (through CR20). 

HI/LOW DENSITY STATUS (-/+) Output (Pin 19). The HI/LO 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, Q10 is biased to saturation and 
o volts is applied to AND gate diode CR27. When the Hl/LO DENSITY input is at -12 volts, 
AND gate transistor Q17 is cut off. With the AND gate transistor cut offand 0 volts applied 
to the AND gate diode, Q18 is cut off and line driver Q19 is biased to saturation. The HI/LO 
DENSITY STATUS output is -12 volts (through 125 ohm resistor R56). 

When either the SELECT & REMOTE (-) input or the HI/LO DENSITY input is at 0 volts, 
Q18 is biased to saturation and Q19is cut off. . The HIILO DENSITY STATUS output is zero 
volts (through CR28). 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY·OF OPERATION. (Continued) 

REWIND LOGIC -D 
SCHEMATIC 3118224 

READY (.:.) Output (Pin 20). The READY (-) output is controlled by a three input AND 
gate, consistingof diodesCR21, CR22. and CR23. When the inputs to the three AND gate 
diodes are all at 0 volts, Q13 is cut off and line driver 014 is biased to saturation. The 
READY (-) output is -12 volts (through 125 ohm resistor R43). 

When the input to any of the three AND gate diodes is at -6 volts (or more negative). 
Q13 is biased to saturation and Q14 is cut off. The READY (-) output is 0 volts (through 
CR24). 

The input to CR21 is from the collector of Q10. which is at 0 volts when the UNIT 
SELECT (-) input is at -12 volts. The input to CR22 is the READY (+) input. The input to 
CR23 is the READY INHIBIT (-) input. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 8 ma max 

-12 VDC ±3% 81 ma max 

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

TABLE 1 
REWIND LOGIC. INPUT SIGNAL LEVELS 

PIN SIGNAL HIGH 
NO. DESIGNATION LEVEL 

11 REWIND AND LOCKOUT ( -) o ±1. 25 volts 

12 REWIND COMMAND (-) o ±t. 25 volts 

14 REWIND PB (+) o volts 

15 READY INHIBIT (-) o to -1 volt 

16 SELECT & REMOTE (-) o to -1 volt 

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

21 BOT (+) o to -1 volt 

22 TIME DELAY (+) o to -1 volt 

24 FWD (+) o to -1 volt 

33 READY (+) +4 to +6.2 volts 

35 MASTER RESET (+) o to -1 volt 

TABLE 2 

.. 

REWIND LOGIC -D 
SCHEMATIC 3118224 

LOW 
LEVEL 

-12 ±2 volts 

-12 ±2 volts 

Open circuit 

-5.9 to -12 volts 

-10 to -12.36 volts 

-12 volts 

-5.9 to -6.6 volts 

-5.9 to -6.6 volts 

-5.9 to -6.6 volts 

-4 to -6. 2 volts 

-7 to -12.36 volts 

REWIND LOGIC, 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 volts 

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 normally used. 
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.6' e!:41D 

.,.oct~ 

/""---n ,,-\-------',"r----. ,---\-------, .... ----r---r----hl ,,----..;~ .... ,. 

470-t:J47 
~CJZ-~OG 
.sal-a/~ 
..,. R!.~Q.D 

PA"'T J.\ 
REEL SE/i?VO 

.sUPPlY" ASSY" 

3//1.16"-10 

{+70-i'~/r') 
e PLACES 5tJl'/')O 

-f',)?·OIP 

o 

'-'108.,,,,:5-/0-
.2 P('AC$S 

REAR VIEW 

S£CTION J.\. 10\ 

"-70-<'51 
SOZ·004 
$"'-190 
.3R£= 

.310B620-IO 

IIJ517 

REFERENCE 

~::.O;1~~~;;\:::t:~:G [~:UEi:Wj~,~~~~ ~ ::a~~ ~tm= [m 
5:,1":,,~~,'~,;~~~,:r~~' !_~_:~~ lTRANoPOPT A8S£MBLY 

. - ~,.,,-,~. '"~5 5 BASIC 
~~~-~·~"~~-~~-~-·~··~OOMOO~nr.~~~-------r~ 

o 03111517 A 
S<;ALL 1;2 o20F2 



:31086.34-10 

471-0",3 
502.00Z} 50/-18<;; 31<EQD 

47!-07S 
50/-;88 
502-003 

{,II-59!> 

31086Z!!J-IO 

oeo~elo 

1:5-0-09~ 

- 471-01;,<3 
501-188 } 501-00:' 212EQO 

TWISTEO 

re6~ 

~600-013 
Sr.-CTION (:_(... TYP --;,::-,--=.:'---~'_ J 4'J2-009 

5CAU:' 1/1 ."'02~on3 

~OO-t5S 

618-0.01 
4PL..4C£S 

5O\-t88 
;-- 17\-\17 

o~ -
a --

000 

! I 
I 
I 

I I 
I ' 

-------0 bob 

___ I 

-·0 
--~-·o 

CO!~" ./ ::'.,.,.!" 
DfTS"'f'I~ .. I~ • ..,-;; 

D 3108628 J 
'(. .. " Ile*,l~ I OJ:'' / 



~~~-~i~~ 
501-188 
49Z-C09 
172-054 

r ;'7/-C80 
2 PLACF:S -1 5« c·oe 4 

i 492·010 

471-072-] (AJ 
502·003 ~ 5 P~ACES 
4J2·009.J 

-1-71·338 

[

3201326-10 
REF 

CATHODE ~. <~GATE: 

MICA WASHER _ ~. . .. / (112-}84) r;;; ~ f /- ·.NO,)E 

l~ " ~ - - INSULATING 

tzZti)';'!7"1';;;2Ll> SPACER 
-'- li.Jj .... ,,,>---.. , 

LOCK. WASH£R-~~ . <::. MICA WASHUi 
'-FLAT WASHER 

:;CR MTG 

180-4';;1 
2 REQD 

3108358·10 -

_. 471-331~ 
502·002 4PLACES 
492'008_ 

INSULATING 
WA5H£R. 

611-412 
12 'I LONG 

,'p)OD£ MTG 

/ 
r -171- 066 

I 6 REQD 

() 

'" t, 

oas-OOI 
2 REQO 

MTG I-;IARDWAME: 013-595 
• " 9 RE:C;L 

020·437 

KAIIOG 
1'2<'0-436 

W88X-7 

2 0-(.' 3 - - 5 
1 I t 4 

1 - ~ 

VIEW A-A 

Tl 

\ 

\-. 47 I -OTI} 
50l-003 3 RmD 
4-9.0-009 

312072.4-01 

PART NO. ReFERENCE DESIGNATIONS 

030·094 CZ,;:!,4,5 

3201323·10 

sao·053 CR 1,2.3,4,5,10,11,14,15 

320132(;·10 

C';'; C.7 

033-1';'7 CI 

04.1-100 RI 

311 0 99 3·03 f-=0,-4,-1_-.::.2_4,.:5,--+..cR,-,2,-",-,3,-"_4,-,,,-5~____ _ 

072-00~1 __ 4-~F_2~ ____ __ 

PARr A FI --__ 
560,207 T1 COG.032 ~ 

~_~.=~_~~~K-;:5::-. :(~(~~~~.~~'O~,4~_~:.J.)_~::;::;::;:;':;-::-_-l 
II FOR vonAc,l:.~.l CiH't.R I,'-IAN \\5 VA(. 3/ 15 Ie" 

~,(T _,( H\.Mf_' I( red.: Wlj;.'HJ(' f~ND 

F'f\\-:T NO .. 

10. AlL fI UAOS TO 'ASS 'tuROUGH GROMMET. 

[E1 !'IGTAll 'ro COliS 1ST Of Wlf1CS, IT[H MO. 3S rArtu 38. 

t!] PICTlll TO CONSIST or WIRES, tTE~ MO. 41 " 42. 

7. MARl{ PAP'! NO, "'141) NAH(PlATE .1NO REr._O£~ICJlAlIOttS 
INfORHA"fl0M PER MI\.-HO-I:!O. 

~. PART 140. TO BE 'A~ IN' elM 

~ ~r~ ~~c~~Zj~c;O~t~l?oNW~~i~~E 
'5, AMPH P.1I1.T NO. {~7-3211. 

4, rOR .,..\R[ LIST sEE 3113079, ISS\J'=' Go 

3. fOR SCIi[KATIC SEE 3113076· \s'>vE" 1> 
2. CO/"PONrNT DESIGNAll{tolS ARE fOR REfERENCE ONLY. 

1. ASSEM8LY PER PRODUCTION 'MCTlers ~NUAL. 
NOTE~ , 



,,/08.356·/0 

soz-~ 
=1-1'8.9 
47/-.?7~ 

~Ol-o:n ___ "'"--
... "'[0.0 

OETAIL 

COVER REMOVED FOR CLARITY 

IW~UL"TOR 

fN5ULATOP. -------...;;~~~1i'1>!.., 

MICII IVA:SH£" 
TtA .... NAl Lye-. 

Loc.K "'ASHER 3201325-10 
RtF 

R£cr/~/£,R& DIODE" MTG. ryp 
SCAt..£. NONE 

MICA WA..$Hr~ 

'LA r !I'I,.$/f6A1 

TI:"MINA~ 4V. 

CATI-IOO£~. _. . /. ANODE 

~ 
TYP/C III 0/001: 

/69-988 

o 

47/-061 
S02-<X>3 zo~ 
.5V/-/88 

//It)-~I 

2 AEQO 

TYPICAL SCR 

?t200_410"~ "'10 
(rl IrEF) 

@ All T1 l[ADS TO ,AiS THROUGH CiIlCM4t:T. 

(i) "GUll TO -"IMSIST Df' WIItU. nIH "0. 21,415, 
47,50,$8, o PIGTAil T1t CONSIST r# IIIllI:lS. ITEM NO, 45 .. 10. 

.j'///:Lt';. 7/1-1-7 

o 

3.101323.10 ::a6,',I1.'.,I2,n 
3l01l2S.IO ell,t,' .4. 5,10,11,14,15 

010-!10 .. 
tl 

041-100 " Oo&I-U!i Jt1.J .... 5 

US-I07 e .. 

511/5'25 

7. ,.lIT ItO. to If AS' S"J.IOWN ON BINI. 

C!) ~~~OTM~:~S"r. ~I~::~".:~'~:t~~,.n. 
'. fIM Wilt lIST"sn B/.+r. 
4. '01. 5011*TIt sn 1101312 • 

:to COIIIJ'OIII'Nt DlSI5MTI'*S ... 1tE ,ea uuaua: .... T. 

o ~~:(~I:n,r.f:l:,jI~"UIlAL-:"T~O:!~,AS 
~1:1=~~~(~[~lf:,"~":LSU: ~:..:~r.J~ AS 

I. AS$oeU'OI PIrC/)IJCT/OIl/ ...... CT.lct.lWIUAl. 

PE£L SERVO 
SUPPLY ASS[MBLY 

o 5111325 B 
I O~I 



ASSEMBLY 

3118222-01 

~!!.Ii.2~ 
J1I9502~OI 

TABtE I 
COMPONENTS 

PA~I TpARTC-
037-217 3263024·10 

>",oTu.s£01 
Nor USEO 

iN{]T~ 
Nor USED 

320052G-IO 

~460-0:;4 
2 PI.ACES 

PART 0 
3263024·10 
NOTU5£D 
326-io-24'IO 

PART E 
041-317 

041-i!5~ 

04-1-i!S6 

615-004 
16 PLACES 

TYPICAL TRANSISTOR INSTALLATION 

PARTNQ 

3201100-10 

i-1?/2053-10 
3212098-10 

32,,3024,10 

~3028-!O 
--...CJ34-Z!L 
~678 

037 028 
3109G9/-10 034-5/9 o 034-523 

037-990 
041-2T8 

~'.:.,,£7_ 
~4i-408 
~41-409 

2 PART A 

~lL 
041-317 

041 - 507-

3115720-~4-

Rt:Ft:RE:NCE D[SI6NATlO~ PART N0'_4 RfTERENC[ DESIGNATION 
r'041-41i- . RI9 QI, '¥Z, 4>3,4>4,416, 4'9, 4>10, 

6)11, (jI12, (ji13, QI4,'¥16, Q18, 4'/9 • 041-<i30 l R33.RJ(O,R4!,R54 

QG,4>7 04'.:482d __ ~_7,_R_4",_~ __ ~_ 
Qii.-ii!l5: 6)17 041-483 ~_,R5,R7.RI~.RI5 
CRI7HRU CRS, en? THIi'V(,HIO.CRI1. 1 01J_::§J2}, __ i J3.78, R,47 
CRI4 rHRUCRi8, CRzorHRUCRZ6.W8:~41-_414 __ f55 7 _____ 

CRr., CRII, CRf] I~O . R23, R25, R44 C8 ~4tt R5Z 
~4.,u 5 I O~':.!50 __ 'i3!:..R40, R42, R5~ 

C9 . 041- 5(;0"1 R20, R22 
C7, CIO 

CI, . C5, C6 
C12, Cf3, CI4 
RG RIO 

.....3.26JJg2'-R.3~.-''i-:5, R53 
R29, R48 R49.R21 
R9, RIB, R24 
CI/ 

C.3 
Rt, R/6 

R4-

041-5109 R39 
041-571 1 R 30, R50, R51 

I 041-564 R2, ,RI!, RIZ,RI3, R31 
i 041- 007 R8 

I' 041-014- I RI7 
Ir---047--j02 I R38, R43 R56 

,2 ~~%=tCRI9 PART D CR27 . '2) 
PART-e: R34 

@l'NsrAlL PARr:;, A, C, D, [ PER rABLE 1. 

t!] ~t:~~~JD~~~NO NAMEPlATr- INFORMATION 

10. PART NO. TO BE AS SHOWN ON lABL! .! 

9, SEAL PRINTEO- CIRCUIT -SlOE ONLY WITH 
HUMI5.f.Al lYPE IBlS COLUMBIA TECH. CORP. 
OR lQUIV 

'2 

-41;'iIb\RK -t>o-r---Rtr-_~;~.f:ftS:;::::' 
:.:.colon WtllTt-. PtJ:l Mtt-SID-I3Q.--OO ~ 
:::.iMffiE5SJ..Ott SlAMt'_---= __ 

.d:-JRIM?o!5. __ NO! TO.BE .SUSME.RGED 1N WAUJt .. .:.:. 

6_ COMPONENT DESIGNATIONS ARE_FOR RH. ONLY. 

5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

4 HEAVY LINE ON DIODES INDICATES CATHODE. 

3. ASSEMBLE PER PROOUCTION PRACTICES MANUAL 

2. FOR ASS£MBl':' SPECIFICATION SEE 311822S. 

1. FOR SCHEMATIC SEE 31182 24.. I~,~U£ F 
NOTES: 

AMP COIYlPUT •• _ODUCTa olVl.,a .... 
p.o...ox :. ... I;:UL.,.,.. CITY, CAU'" 

116223 

RLD 



,. ·1 1 ",:,: .. ;.~: .... -
'. 

" 
~/ ",- " ~- < 

C Cc:A/-I-?f#"'~ '< of.. '-
F EC 8004- Jf- ,.,,/.-,, 
G UN '5~~ .... fl-:" J •• <.. 

['~ 
~--------~--~----~~ 

AS5£MtJI.Y 

3107097,-10 
3(( 2 :{'7-IO 

J1f2f7S-/O 

3f1f99G-IO 

311 2'''8 -/0 

@:l RESISTOR -
(PART £) 

TABU J 
aiM REFeReNCe: TABLE 
PART A PART /j r!4F<TC 

OU}§.. :.J~2-Af{~) ~1}:E:i' 
044.-365 042·4-30 O,t2-8f'.J. 

044·/97 042·884 D I. 289{ 

044-3('510~~ ~!18~ 
044 ·3(,5 048-181 O-n820 

A,5SY 

PART 0 PARrE f'A"Tf' 
spec 

jt071/9~4(1 (41./- fO J7-$>'f;>O 

::m;2~~O \...;41-4./0 /JOT IJSED 

3111:39/-15 JUI-4P£P O.'J7-~!)O .310709 '" 
3107129-40 

----!-
()41·4!O O.!l1·!:I!lO 

3111391-15 (41411) O!!J7-!l~O 

31J2387·/0'D44·3G5 ~~8·7(,?. !!...~LB!j.i~7129-40 i041 410 O~7·!'!-'O !J1/3ISS 

J1/3/11-10 OJ4-~g.. 057~~4B"81 3107l2940i04UIO D"-~'" 3107o" 
3f.1313 2·/0 0443('5 1)4(.-880 cnB91 3107/29 40 ('4-1 507 o.3r.,~o I-
~:OII,J44-/971 04c-883 ~~:~~~ :!.!...~7Ji! 3-40' 041-410 '037-!'X)' 31070~4-

R£fISTOR 
(PART C) 

@ 

TYPI CA L TRANSISTOR. INSTALL ... TlON 

.75 

310969/-10 

~ 

8 R£5Isro,(!, VARIA.&6 
(PAltTA) 

12 

EJECTOR 
(PARr [)) 

till 

CSl INSTAL!.. PARTS A,B.C,D,c. F Pf!/f r~LE 1 

". SEAL PRI~T"E:D Cr~c.U!r SIDE' WITH HuW-SEAI... 
TYPE ISISCOL.UMBIATEC/4.coep,oe E"~Ulv, 

[91 MARK. PART "'0. A~O NAMEPL.ATE" 1r.a~OIC"
~ATlOI'i PE~ Mn .. -STO-130, ISStJl!" Le:rTeoQ Ie 
BE J.AARI(€P_INul¥>E'R EI&HT c..oRA.I£12. 0':
lJAMEDLATE". 

PART tto. REf II. "I 

311 1(;,9 

t. PART tw. 10 BE AS ~HOWN ON 81M., o TRIMPOlS NOl TO BE SUI»4[RtEO 1M "ATEII.. 

7. HEAVY LIME 0J0! DIODE INDICATES CATHopE. 

6. PLUS SIC." OM CAPACitOR IltDlCA1tS POSITI ... £. 

5. COKI'QN[HT DESICNATIONS AIt[ FOA IUrUEJttr ONI.'(. 

~ CIItCUHII.Y ON fAR s\oL 

3. ASSEMBLE PfR PI?ODt.lCTlOtJ peACTicES MAU","'-,. 

2. rOR AsstHSlY SP£CtrICATIOM SEt 'ARLf' 

J. rOR SCHtMATIC SEE 3107093 

NOTES. 

rA.~PEX 1 ~--D/~ AMPEX COMPUTER PRODUCTS COMP,,"Y 

t: .. ·..=::_~i...:::L 9'" JUf~R._ BI.'f? Q./I..VU CftY, ~ 

310830 TM·7 

OffUtT BOARD ASSY

~==±~~-7~(4~';I,~,~~ec.~E<;~~S~5;~~n;O~Co~yv~r,~KO~L=-~=rl 

31121(,,9 G 

RCA 



TABLE I 
------------~--~'M--~1l~--~ 

81M' REFERENCE TABLE 

;-A-:-S,-;5:-::E:-:M-::B=L:"Y-j-,o-Pc..AocR,..:T-=D,---+- PART £ PART F PART G PART H 
3101072-10 035-989 035-989 3201100-10 3Z63024 -/0 047-315 

310 le62 -10 .3263024-10 047-375 035·889 

3115Z49-10 3263024-10 047-741 035-989 

3115388-10 OPEN 047-375 035-989 

3118636-10 3Z630Z4-10 047-315 035-219 

CONN£CTOR~ 

PARTA ~ 

i 

o IHSrAU "';lifT 0 TIIRU" PER TAI'/.E Z. 

12. SE,AL PRINTED ClllCv/T SIDE CNO'IWTIIII(lNI·S6AI. 
TYPE fIJI$', COU/#8/A rrCK CORP 0" I""Q(/IV. 

(2) RIVEr PARr "8' USED ONt.'}' WITH jPCO$26'/O o TRINPors Nor TO BE S(J8/1t1ERGELJ IN WATER. 

! 

~ 

035-883 3201100-10 

035-989 3ZQI/00-IO 

035-989 3201100-10 

035-289 321Z09c-10 

'\..'?lVtT I'jfl 
PARTB b:.:.A 

o MARK PART NO. AIIO NA/IIEPIJT£ I,VrOHMATION PER MIt ·STO·/~O 
8 PMr NO. TO 8£ ,AS SHOWN 0/11 a/fr{· 

7. II~AVr t/N£ 011 {)fODIi IND/CArES CATH(>()E 

6 PUIS SiaN ON CJPACITOIr /IVO{(ATES P(UITIY£. 

5. CWf,PO,1/ENT /JE5IGNATIONS ARE FoR REf:ONt.'(, 

EJ 6 'i'!',W"-?l' 9/ 'i,.9'5,0£: 

J. ASSEM8LE PE/( MA/./uFACT{/R'IN(i PRA:TIC£ JlIWVAI.. 

2. FOR ASSEMBLY SPECIFICATION 5£f .f107014, 

I. FOR 5CHEMATIC SEE 3107073. 

NOUS: UNLESS OTHERWIS[ SPEClfl[D 

28t)~O$/ 

"'''.liIC.E5 

BOARO OETAIL 
PARTe 

~21'l)CE5 

/31093Z0-90 

..
. " / . 2l1o-aSe £. anACES 

TYPICAL TRAN515TOR INSTALLATION 

!Ee 
EeN 911·A 

I:) iEC_N 49C 

I F I ,,<~ 7Qq 

[G [£eN 7563 

2lECN 7887 

PART NO_ REF OE5IG_ 

3201100-10 I/G3.IG5.203.205 

3212092-/0 1{)8.109.20B. Z09 

3263024-10 ~n-;:;~:{Pi~4:~C~~P;::j 
3263028-10 ICfiS. ICR6.2C1?5. 2Cl?6. 

035-989 C3. C4-. 

03'1-990 CI,C2 

041-394 IR2.2R2 

041-406 IRIi? ZRI2 

041 -407 /RI0.2RI0 

041-570 IRlo.2RI6 

041-430 IRI9. ;'R19 

041-434 IR6.2R6 

041-437 IRS.2RB.IR9.ZR9 

041-4S2 IRs' ZR5.IR7. 2RT 

04/-507 IR3.eR3 

041-511 IRII. cRII. IRIs' 2RI5 

041 - 408 IRI.2RI 

04-1-560 11713. ZRI3 

041 -4/4 1/?/7.2NI7 

041-409 IR/8. ZRI8 

047-302 /R/4.2RI4 

041-495 IR4.2R4 

044 -279 11720_21720 

3201/04-10 101./OZ.201.20Z 

PART H IQ6.10 7. 206.2Q 7 

PART D ICR2.2eR2 

PARTE Ifl 

PARTF leI. 2(/ 
PARrG ICi'!_ eCi'! 

PHS 



~PROCE55EO BOAR~6/5-001f. 
PART e 5 P~AC". 

~zeo-osl 

TYPICAL TRANSISTOR INSTALLATION 

TAI!>! .. E. I 
at"" REF.ERENCE TABL.E 

AS.S.EMe.~'f PART A PAfO.l S PAR.T Co PAR." [) "'AR"· E "'liT F PART G 
~10"710Z-IO 3200S2G-IO 3107101-10 41>0-004 041-302. 3%1>3014-10 Q4l-30~ 04'-SlO 

~IQ9Sl:07-IO ~200504-IO 0101101-\0 NOT U&ED 047- 302 32,,30Z4-10 04T-~l()"'-S20 
3115"2.8-1(> 3Z00SZ6-!O 3107t01-20 4~O-·004 NO. U$ED NOT USED 047-:\02 .... '-$20 

3118709-/ 3i?005<,/;I 3101101-/0 41,0-004 047-30i? 32&3DZ4-l NOT "fD 0.'-520 
311'406·01 31.00'1,'10 3101101-10 ... ,,0-004- 04.1-502. .)2,'302;4·10 0-,'·501. 04-t~SO' 

REFERENCE 

Q E':c..N "I/.)r ~OD t'":I-. -4 -..s. 'f ' .... ~l 

C EClV3959 ~ 
o EC>I 4555 Ud"..JJ.. /' -< ~./-
E ECN 5955 ~ -;,,4, :f"C;t:. 
F ECtoJ 1004 

'UT 110, -. 
1:lI20S3~IO 

1112G91l~IO 

~~:-10 

OJ'· on 
041,,'01 
041 .. 4008 
00(1 .. 401 

OAI-A.12 
0A1-431 

~:~:. 
0011 ~58' 

~: 
041 .. 110 
OoIl~'16 ,-

REfU(1tC! DU''''A'IOI 
t;j1.1,J,6.'.10.12.1'.I',II 
Q1 ••• 15-
Q-I.I.II 
(~I.Z,'3-,.4: CR~TWRV CRI", 
CI,2.' 

••• 
AB,11,12,ll,39 
al4,n,14,21 41,4' 

a9,lO,:!! 

'" IUS J;}'O 

lUI II 

RJ32Q .,. 
U11141' 

5 ~O 111 

-- , 
II. 
II 2 1 n 

~ b 44-
t:-ART It C.R5 

~!;.:- -,~";,,,:e ____ ~_----1 

@ ~:~A~~:6.Ri~ A TM~ G> 

D :-';:'!~~jT:'''f':~.''''' \.3:"':"1 "!'O=7"2:":6")O~ 
,., 'All H. TO II AI·~ .. ,ILL ,. ""ll''''L. 
m IIWlT 'UT C USID CNU.l '*' 3200526 c.tttCTOII. 

I. w,~ ~:::~[~~O:~Td~ r~;.~': ~::;~~. 
Y. P\US 1101 01 CAPACITOR ,"ICATlS POSlTt ... t. 
I. C .. aLiltll DiIl ... Ttas ui FIll unlRDtCl ., 

I. ',II[M1Ll PI" ..... AClVIIH '~Ia IIIMUAL. 

t!J CI'-CU'''. CIt ,AI I ••. 

I. MIA" LtIC .. DIOII 'UICAllI CA~. 

I. HI AIlIML' UU."caTICIII III IIOJI", 

I. ,. ICMDCII.TtC H' 11"111 ...... 

LLA 



: 1 

I 1 

I 
I 

1 
~ \.. 3/1i?3Se-/O 

"-4(;.0-004 
epI.ACe.5 

3i?005i?~-IO 

,~, 

PART NO. A'rFE:RFNCf: De:.sIGNATION PA~T ",0. k'f"r-CRc.Ak:.E DES/G.VATIOIV 

1041_ 407 RC"cQ,.(".::I(Q, 3<:0110010 tfiTHIlU(j)5",Q7.08.~/O. Gil 
I---:-c--...,-,.,-t---'----,,-------- -C- ---'-'-'~~'--:...-'-'--'-'--_l 
0i~ PI' TH;('UR.E(),Ac~.Nt:?.1.R.M,R".O ."i?"-'O:.;9:::B:..-''+-Q='':c,Q=..:.9 _________ -I 
0<11-410 R7,I//4 "i?C "O?dl C.t:'1 THRU CR7, CR,7, CNtgT"iI'II CNcZ 

041-43fo 1233,R43 f,3Z'30l8-1l CRt!3 THRV ... -""",ca 

04hl.83 J:4~i?!;'.£I/,£IZ 0: :-529 edJ CS1 '::7,C8 

~ J!t.S,£35 O~4--t;78 C/O, CIJ,CI5 

04/-549 k"l(, 03 '-990 CZ 

04/~560 R/5,i'.3Z,R4Z O.d'-09~ ~~cB-,:--' _"'_"--'8'-_______ --< 

041-5'0 RZ?",~C;;;;_=:_;;_=_=;;:_-_--i.~O,,~·-OIO ~;o-3.:.7=:__---------l 
~~.I:!ZJC3,R9 • .eIO,RZ9,C3., 041-~ Rc..,RB 

PAI:T A C/¢. CI6 

PART C ReI PART F CI, C3 
PART G C6 C9 

10. IMfTlfll. A-fRT.", rM(>l/ G H'11 TA8U .z ' 

MtXTIo'iIT. lSlU$Ul,* 

Nl'\.lClTlIIN 

9 • .sEAL PRINTED CIRCuIT.$loe;.ONLY' WITH 
HUM!-SEAL TYPE Id/5.COLU,vf13IA TECN. 
COR~., Oil.! .c!·~u"v'. 

~ MARK PART NO. ANDNA-w'EP.l,..4TE INFOR
MATIoN peR MIL-57.o-130.15SUe 
LeTTER TO BE J1.1ARK£D IN (./PPER 
RIGHT CCRA-c/i! O~-NAA46P~A7£'· 

7. PA,QT NO, 70 8~- AS J'AOwN ON ""'6~~ .I . 

'-. '~£AVy" '-1.Ve O/VD/ODe' hVO/CAT'.s 
C/\7~"ODE. 

.$, Pt'-v.!.- '::/Gtv a.v C,4,1CJ4C/TOR /N4UCA7e-:s 
~.s/rIVE. 

4~ Cevwc<),A,ENT Dc.S/6"NA7I'C.vS AKe' FoR 
~':"·~Rc~.:!",s ONt. v: 

3. ASSEMBLE P.rE./? ,..q("-t:.OVCT/OA./~AC'K"£:S 
MANuAL. 

z. ~ASSc..kte',y".:5peCS£cs//e~,,2.~ 

I, FoKSCN€MATI'CS€E;:J//'Z.5<;,./ 

foOTc~: 

I OJ:/ 



3200520· 
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ASSEMBLY- PART A PART B PART C 

JI0708:?-10 037-990 
3//9598-01 NOT USED 

4.60-004-
a PLACE'S 

0,15-004 
4 PLACES 

TYPICAL TRANSISTOR INSTALLATION 

310969/-10 

G 

:JI071Z9c20 

o ~~~Afisr~Rj~ A, 8 t t . 

D SEAL PRINTEO CIRCUIT SIDE OltlY WITH HI.J1I-SUL 
TYPE ISIS, -COLUMBIA ltCI-!. CORP., OR EQ<J1V. 

ID ~;r~s;3"i:t6~' Nt!) ~"LAtt IIiFOItJI,lTIOM pt" 

S. PART NO, TO 8E AS. ~HOWN ON 81M. 

7 HEAVY LINE ON 0100£ INDICATES CATHODE. 

6, PLUS 51tH OM CAPACllOk INDICATe POSITIVE. 

s. tOHf'ONEItT OESIQlATlOHS AfI£ roc RfF[Jlla.ct ONLY. 

IZl CIRCUITk., OM FA" SIOL 

l. ASSEMBLE P[I!. KAMUFAC1'U"I.c. PflAClIC[ 1'WWAl.. 

2. FOk ASStM_LY SP(ClriCATlQIrI SEt 3I(i1084. 

I. fOIt SCHU1ATIC '!it[ 3107(183. 

Mons: lMlus OTKtMlISE SPlCI'It:O 
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/tIJ,A,RIt( PARr NO. AA.lD NAMEPLATt:'" I)./F()NMA-TICAJ 
~Il MIL-.$r(;1-130. 1.1.1(/£ 'ETrtOi!. T08t-NMRK~O 
IN """"en "i/ .. ~r COli'tv£:R OI"N"""£Pl.ArE • 
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(e) r471- 070 

II PlA""....:cs~ 501-IBB 

L;~:=~~: 

031· ,31:7 
OR 

03! - ""'.,. 
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~
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3203'33-90 l' so,·,se J& so<-oc~ 
::rr-

41',.075 ----==lh._ 
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~~ 
TYP ..... PLACES 

47/- 069}- (,001) 
50Z-00.,9" 2 PI.ACE5 
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S REQO 
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47/- 070 } (e) 
CO/-18a 
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4~2- 009 
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oe .560-185 

471-069}(S) 
502-009 3 RACES (E) 

. bPt.ACE~ r4-71- 069 
L.S"02-003 

hl!- 808 
~ PlACe.'!! 

D!'.TAIL 
SCALE..: 1/1 

~D~t...wTA~I.\..L~J.\ 
seAL"-: NONE. 

TYPICAl... DIODE:. /'>ICUNTI"._ 

I4R~a..O 

A "'" 9/1-?7 ~Vl'"RD "' ... Ii:> 

B It'-"" gil-eli' ""00 "'.""". 
C "eN """4 L. 

0 e:Ct..l 3S ....... 

E ECI'J 4'2.SZ. 4-Z"--C; "p-

4 047.". 

600 - 237 
A/R 

171 -39'.5 
l Re::.QD 

DE.TAIL 
!SCALE: NONE 

TYPICA.\. 't-J ... ,.. .... 1.l .... TIOIooI 

2~'ioI~TO~ R2. I I<?I 4 04'.'00 

600 - 2~7 
A/R 

171 - 395 
'Z REQO 

DETAIL I) 
~CALE.: NONE. 

TYPICAl.. IN!IoT .... L\.ATION 
"'!!&I~TOCl' R. t 

310BI<o48 

[EJ APPLY ~n.Ic.ON G..R. ... AS.E 08,- 0(,,1 TO 
BOlM SID,"S 01=" MICA WA~""L R. ON "SSY_ 

EJ MARK IDOITlflCAllOllf PUll PER MIL-STD· 130 • 

.3. PART NO ro BE .045 5#OVVN ON S/I\.t1. 

Z, ~o/i? SCHEMATIC SEE 41086.".7. 

I. /="02 WIR€ £/Sr S£E EJ/~_ 

NOTE"S: 
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m TIWt'OT ItOT TO at $UIIUAGUI lit ... TU. 

7. HtA'IT ll.[ 0lIl IHOOt IJtOIU,n:S u,TJ1O!)t. 

6. 'ioU! Sl~ OM Cl.I"-'CITOR IMOlcun ,osrTlvr. 

S. COM'Ott[JlT OUlliMATIOttS.AU '<II' JltHIt£IIC[ 
/)fLY • o CIR.tlJlaT 0tI ,. .. SIDE. 

2. ,lSSV.U na "",_,,"ACTUalli' ,U.CTlCl 1W6VIA1.. 
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I. 'OR SOt[MATIC S([ 31118", I~ue: ~~

"OTUI 
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2.. SEE. DWe:; NO. 31072.63 FOR CABLE CONNECTION·S. 

o '3tE OWG WO.310&303, rOR \N"lTALLA"flON 

WPT[S: 

REFERENCE 



CONTROL 
(ABLE 

3105847-10 

I 
POWER ______ 1 

RE tE PlAt L t ---------

\....-...- U:"? .. 'i'-",,::fL.-

3(}:?-/64 
.j72-594 
502-000 
.50/-1()~ 

L--_____ -C--.---.,-------._--

:)E0J9N (:_~(: 
IAll TRAtJSPORT 
1<01A1ED 90' 

----------- (US-TOMER CAl'>lE 
ENTRANCE 

READ 
CABLE. 

CUSTOMER 
OUTPUT CABL£ 

(A 4 REF.) 

SECTION 13 - U 

CUSTOMER INPUT 
CABLE 

CONTROL CABLE 

WRITE 
CABLt: 

{)(SCPo.P"fiON 

S#7 / 
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2. SEE DwG ·~O. 3!: 604 FOR C..A8L E 
(.(,HH~E.CT!ONS 

CD Sr.t OWG NO. !IOe~03 FOR INSTAL~ATtON 

NOTtS: 
R[F[RENC[ 

3111C,25 
Sl«ET.lorz 



(ONTROL CABLE: RECP 

~IO"'84?-IO 

310~a .. r,-la 
(RoE) 

POWER 
RHEPiACLt L-- (A5) 

SECTION ~\-A 
lM"E TRANSPORT 
',OlATED 90· 

30'l.-S~5 
4., I - {,86 1. PLb.tE5, ""', 501 -01 

~\09847-IO (REF) 

3'0"'845"0 (REF) 

(U">TOMER CA~LE 
E.NTRANCE 

~~~~~¥~ l~,!~[hl:~f~:'~ ~cm~=-
1!lU: 

TM-7 
OUTLINE l INSTALLATION 

I M-
3111625 c. 



FRCJNT VIEW 

30838B,10-

NElTES. IINLESS eTII~ 

NEXT ASS". 1ST US(D ON 

APPL"lCATlON 

JtEVISIONS 

ISSUE: DESCRIPTION 

F E C~_"'_7_0,,:O'-____ f 
~C5'--.f-~E:::C I\j_~ ~,~_~ ____ _ 

II- E ( kJ5 I_~ ~ 

J E eN 702_:"_, ___ ---'--__ '--''--'--__ -"---

0(,,0-237 (~R"-G>\») 
CI<GO- 23'5 (-, RE.<::it::» 

3/08?v-~ I 

471- 070J ;r02-D30 
50h -Ol,h '2 eEQD 
.502-003 
501-188 f'61 MARK NAMEPLA', E DE-51 GNATIONS PER 

~ MIL-STD- 130. 

o INSTALL RED 6001 AMPEX pIN o60-2SI 
OVEIC Lf\1'I\P5 (-\SS0~II1TEt> WITH PINS 6(D. 

4. PA<::r NO, TO BE 3108381-10 

3, !="oe WI"-=E I..I-:.rSEE 310b;:")-:',ISSVE K 

2. FOE:. ,-,>ct\E..\AATIC SEE ::'I083?+,ISSUE H 

I. ASSEMBLE PER MANUF"ACTU!aI"-lc!> 
"'RAe:. TICE MANUAL 

NOTE.'::.: 

SCALE 

Of ~h'/\ \j',-.: CO~)Th-J~ 
p A i'~ b. L 5U13-AS5 '-( 

c 
j; 2. 



JIOREF T~-JI J2g2REF TPI-5 
SELf T !-I T LOCAU "@' J10ilEF 

5 9 REMOTt 16 UNIT SELEC T (-I 1 ,4 

T~-9 T~f-S l.OGIC UNIT SElECT INO (+) 

_ ;:;'r;:i1"..1'CQ6C"'A"L~PR"-"'-'''''-''_'''''' i_'f+-~ L L IS ~" 
JIO c.\TPI-2 JI JIREF ~AEMOT(PA(+I JiREF 

3f-!;RIJEW'!J"!!.o!LJC&O~M~MA~N~01J''::-L) -4-T_' ----112 R~~~I~ 4'----J9--t '; RESET PSt .... , 20 R~MQTE INOlie} :~ 
4 ~;lD & LOCKOUT (-) II RL 5 :--J9-26 9 ..QcP RESETHJ II I LOCAL lND 1-+) 1'1 

ITP'-3 'l'-IO TP, lt1'-J4 ~~'" .5f? 34 OCP ENABLE tt) • ~ TPJ-6 TPI-7 
11 C!"'R"O ___________ -ls 3 REA.OY(+) J5 1 OCAL1"J 

9· GO LOCAL (-, ) 13 TRANSPORT REAOY! I 

J' 
I€> RtWH:O PS(+) 

TTPI'I 

~IGH/LOW OENSlTY(-/ .... ) 
18 

L--{i 

16 SELECT -& REMOT[-(- C 35 MASTER RESETI+J 

TP~-7 JIOREF ,----P I 
REA.OV(-l !O 

REWINDING STATllS() 9 

TPI-28 

34 REV (-H .. t f~-19 
8t!~~~TPI-27 REYLR.WO~+/QPEN CKT , 

R~WINO RElAY-t+) 

;>TPI-29 

RnL SERVO 5UPPLV 
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9 ~ ~ -12.V -10\1 

RI RC; 

C"I CR2. 820 

:::~~ r?~~ 
aOT(1') 211--'-___ -<1-__ -_--.<0;.-<1-1 ~'v~~i'V.dw ~ 

l.lK ~CRS 
I/2W 

C~ 
:SOOOP~ 

i;13K ~qz 
l eRG 

"'!;WINb (-) zaJ--------+-------.... QI? 
+1211 +1211 3263028-10 

-IN -IZV :-I2.V 

-lOY 

CR7 

-1'1.\1 

RB 
150 
'lew 

(4 
1000 
100V eRa 

1'.9 
ISK 

-<>11 -12.V 

CR9 RIO~ 2.7K 
Ilaw . 

l...-

C5 
240 

"" 4.jK 

Ril 
4.3K 

R.14 
2.7K 

-12V 

RIG 
CG 820 

G:~ 
YeW 

RI~ 
4.~K 

r-
RIS 
~

(Q5 

27K " 

tl7N 

-6V 

feRIO 

.--

32 RewINDING (-) 

RI7 
10K 
~w 

30 REWIWOING(+) 

L---____ --____ ~----------------------------~----~----------_4----~Z6 REWINO(+1 

C7 
S80 

~9~·tl°Y. TIM& I>EL"'~(+) 22---" 
"'8 CRI3 

~b'~) ~4.r-~IV5VK~~----.----------------------~--~------~--+__+------~~32~6~3~0~Z~8-:I~O 
UNIT ~HEcT(-) 11Of------------~----------------------~ ..... .__--.:....j.-.t_~ 

. 

l\ 

{ ~.,W P.$. GRtl :'J-.l 

~~44 +.5K 

-GV 

-12.11 

R,O cRI4 
3.GK 

R2S ......, 
10K 1r)Q!:l 

~ 
R28 -=-
S.GK ~ 

-llV . 

+12\1 ~ R49 
10K' 

R48 
10k P QIG 

R41 
5.101" 

CRIS 

(RIG 

C"17 

eR25 

R50 -12.\1 
3.6K 

-12V 

-12.V 

3118Z22.. D£ - zoo 

~".", ~ .•. /.;. 
JIoA. A_I, 

'o,~,fo· 

'1'..:,'" jI.,.. "". 

1·'·" Ii,.'.; • ~r' 

'-Jo." 1:'"_.", R'I'!&>I. 

REFERENCE DES"IIIATION 
LAST USED 

QI9 

CIS 
CRZS 
RS7 

DELETED 

C2 

ml su TABU X 
5 AI L TRAN<;ISTORS TO .. OIQI100"'O 
4. ALL IiIoDts TO BE ~U.!>OZ4··.I0 
I. ALL RESISTOR VALUES ARE iN OHMS '5;;.,"41>1 
~: :;~ ~~~~~~ ~:iU'::~:EJ.'~ fSICoF~~o5lv. 
NOTES: • 

I OF" I 

RLD 



~ 0" -I;;", ;}v 21i. 
PHI4S, N:"A44M:6 i/sl l' 4.71:: 

r----------.--------J~e-o-I-J~l:~~-~-d--~---~l-g-~-1'~A 
"""'-

~/::<V 

t ez ~~7 
rL2. < zZJ:: '5"01/ ~:;J:: 

--~-------'.I~---~~--~,--~~i~B 
Jl:OI.j'O-A7 i!~ 

~CWINO I' +12V iPI 
/u,.,PGl'!..I. 12. 

P:£f. (.QOP .UN$£ 10 

I fWD l()OP J(A.lf£ <5 

ft:.~ 1 SE,t;lV{) PH",S€ 9 ! 
~r TACH /4....... I 
~<!"I!!'L 
;y'RVC l OVTPVTNd·A 17 • 

O(JTPUi NO. a If, .. 

( A<!"WIN.:) " 
I RAMP ""M 241 

.REI-'LOOPS 2" 

Cf(T , "W.oLOOPS~~U : 

~~~' .>e.<11:' P.+'A$E 1'.1 
~c TACH zz. ~ 

OVTPGlT #0. A 19 .. 

Ot.lTPuT,v"·a 2.0 • 

TPI 2:5 

TPZ 21 f-----.:....~ 

'/2." I f---,-----

-12V <I f--f---~-_ 
• <I 

IT! 
C;~·\;·D{ :~ 

-

9. FOR REf' ASSY See .!I1/c/G.9 . 

~ ,sEE: 'TAef.e: = 
[2:1 :;.!!'E "'''Le: J:. 

iACJ.i 

ReWIND 

/?AMP 6EN.. 

REV. t..OO"'.5~NSt!' 

.5eA'VOPNA5~ 

.rwOt.OaPSe»s(' 

~ PARTI4L /?EF£Re"AICE' CJ'£'sI£iAlATIO;..IJ..,AI?£ S/-IOWM. 
MEF/K THe tJGS/G~vAT7NC; !V(/A1e~fif WITH Tlte 
CIRCvIT #t/M,iU;;l? ro,,? CO;'.<1Pt.G'T.,- Oe~/6.i/ATIOAI . 

.5, At.t... /)1()OtJ.s TO e.£ 32. '30~',.G-ICJ. 

4. ALL rRAA/~/.:sTW("~ 7'P ~£ .J1f<,;/ZOS"·lo. 

3, AU R£sisTOP. VA.t:vc!> A.R6'.W(jNMSJ 1/4"";,! 5~. 

Z. Au CAPACITOA VAlVES AI"?E /"u MICAOrA~AIJS,;t ~ % I 100 V, 

I. ~Ol? ASSeMt31.)" SC~ rAi3<._c .'I, 

MOtU! UNL.U, (lTHl:tWISE SPEClrltO 

,--- - -_. 
I 0 CIRCUIT 

1 I ~ 2-

I 
I 
1 

I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'''0 680 

lAZ 1m 7 
III I~ 

'% 

L ___ _ 

TABLE: I 

R3 
I.S/< 

QI 

A4 

0 

oI-/2V 

R5 
@) 
tV '1z 

1 , • 

/l7 R9 /lIO /lIZ 
/fQ.ZK. I5',K. [Zl ~ :u~ -:/"/0 

CA3 
..$e"~O""I-M 

TABLE: If 

'/113 

~ p 

illS 
1001'( 

Q3 

IV, 
1'.2.K 
"!/~ 

3Z(llf01- -10 

/l/7 
151( 
t17-

a5 
J~6-S0~/-1"'O 

RIB 
/8.u:.. 
t 17-

PI'!! 

~ 

~/21/ 

RZS 
1001( 

."ltV 

~¥~ 
94 95 

't!:, 32011Of- -.'0 320110<#-" 

-IS3U( ~ _~I».tt: ~ 

A !!C~911-1~ .P~NPCC(~.c." ~:f tJ.J;-,.;.:I'y,~~'-
8 ECN. 911-75 ~~~~~ '/,':1'4" l~'~ 

c feN 91/-AC PROD ~"'4,.;,.pJt:( 
~ enY ..rzs;, • ~~ ~"':.~~ +-~~;~1 ~~A~i;·ii;:.-p 
G FC~.J ,--;c)75 ~~_;:,_. _ _ lj!/~,.tl-::-L.. 
H l:.CN40J7 Tt:.d.--:J 0/i..!,:. t1~~ 
,T ECN 4105 f-v-L v-zA: ~=J""= 
k ':C,</?o. /9 ~._ ,I "~'J' 
L £CtJ49~¢ n...L 'dJ.t ~ "'-

~.·.1(c~(~. ,\/ .. . _8.,:004 £!l..:- 'j{7.t~ .u.:,t: 
N I:cN 7~3"'-, __ .. ..... ~l7'.A, A.,I--

tlev 

R<7 
G.8K 

--, 
1<29 I 
4,0 I 
y ....... 

I 
I 
I 
I 
I 
I 
I 
I 
I 

9" 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
i --, 

OuTPu1'"NaA 

OUTPt/T NO. 8 



ill !leE T"'!>L.e. I. o PA,tfTIAt. J'?EFEllENC£ LJESltSN.III71C7tV.J AI?£ SNO;VIV. 
PRG,/X rIVe R£FEJ?£A/{'£ .ll£S,~AnoA/W/Th' Ti¥E" CI,ttCVIT 

N?'M8£A' rOt'? C(JPJ,Pt.,cTt! L)~.Slc,..vATIOIV~ 

4. ALI. "IOPC"S rc t3~ .s2.G302.~!-/C . 
.,. ALI. TRANJ/,SnJ,t?S 7"06& J:JZ.OII()O 'It) • 

. ,. AU. 1'?£".5/STO~ VAL(.IES A.t?c IN OIt'MS ~ 5~ ~ 1/., w. 
Z. A~t.L CAMe/TOR VALVES A.R~ 1A.'MIC~OFAI?AbS ! ItJr. 

o SEt NOT[ I. 
Hons: UNlfSS OTHfRWIS( SPECIFIED 

PHB 



-12 V -12.11 -12. V -6'1 - 6V -flV 

t beLRI ftW 
RE"'OTEC-I2 ... f---+--+-C--,,-)----t 

• 
'" R' 

r-- !t<. II< 
~~ ~~-~--;:f·~~:~~-~FWOD &i~~ ~};i; ~~ 
E £CAJ ..3959 ~.I. . -
J- E.CN 455 S ~fifu. " 1/ -' "'L, 

en 

-L-.....,- .:'//~., C ~ 
A •• ~.1. ~IV'~ ,' .• .• i 

-::; '--'-·N :.,J$!:: 
H ECN 1004 

-12'1 

CRa +IZV 

RI. @~~----~--~I---I19 LOCAL. INOIC,..TOR (+) 
GR 9 10K j2.I£05!1~IO I 

r-~--'/v\I--_---i--L Q7 )08 

L------,-----------_Ii?-V ---t----t-. _,t:V ~~~ $ ;;'''.2 l*ili [I 
_ 6V GR,' R20 ~ 
+ RI" I~I<" ~ 
I 4-,7K U DO"'" +12.V +12.'1 
,,4 Glva 1'118 ep 1 ,'._ ,-·----~-_<.__I20 ".MOTC INDI,,,"rOR(+1 

~12098'IO 4.3K «lQ6 t-C_ROf' 1-2~>--~/OI'v"'--_-f-(~:n olof TRAN$PORTREACY~) ~f---------_--.rv~-+-r 

RI6 
75K -t6V ~g~ It ~o2: iffj 

" ~!% 
R26 . a5 

351 M.A.5TFFt RESET (.f.) 

-----------------4-------------------------115 RCADY (+) 

,-+--------------------------1,16 UNIT .5EL E:CT (-) 

O.C.R >!E.5CT (+) /I f--________ --.rv6'V.2~K-+_'Cr 3212098-10 ___ ___ ~I!!.._._+12V . 

R6 
IK 

1'130 
15K 

13107103 
6' -12'1 

t------------------~ 17 .,nE:CT 4 REMOTE' 1-) 

,-----.... --..-- 18 54-A /IoJDICATOR (+) ~ :::;.EE. TA.BLE·1 

-'E:/..I:CT(-) 91-----. ! T ~Q/.a \..C"; «'5 QI" L.... ,. ""'OO"T'" "",,4-, •. i I 1 ~3~ -I 4. ALl T".""OR, T. " "'''00·',. :': ; : 6 ,0 ~ ~--:,f:-:ci~-,-_.,.-_____ _r.:.:..:=::..::..,__,:,_::_--r--=-_:+_:1-2-Y,__--=-::-::--+T/_=2_=~_=;; +Ia :0

4

; ~ ___ @J_:_4 _~_...;.,~ ____________ :_O,.,T[ :,,;;,,~,,~,,:~"'~~-::-~-:;-~~-~-~~-::-:L-::-:·-::-~-:'-. ~ __ : __ ~"_"'_' ._~~_~_. '_'.,,"""=;1' 

-12..'1 I i if~U: MgvJt~u: r~;~~~:;F;~ ~i~~;~hz(::~24~i;t;?;-~~ 12S:~~'-;; ~~: 3ii8To~1'<""' ~~~;~~ ~~ft1i~::1r~~~-::;'S'::~-:=fHl 
{ 

L--1~~!,% .1!eoo~.teol(; ~1(l:,)551.\O 3b I?S TM-7/iM'4.bZG~ci24.\O 125.n..!3~,~W tZ5n,:tl~,3W' 7.5K {{of{rj2 rM '-J. ~~~;.,\::l~,~.~~'~n(O ~:::~U"'-.lh"'."'" W.·; LOCAL / REMOTE LOG I C 15 - 1 - ~ J.. ~ -;'I~'=;'~"IO -~fL(T~b)~ l;':;-'-:i~r;~oT oS[D"' -;)QT w:'ro Il;;'-'~~~)r..,~w 7. ~'K ~;,f-,'~'"{' ""'1/111.1. ~t.:~, ~1}. ... ! ..... 1 ~ [!~" I U)(>/. lOCH'. MJ" ID~IU 1'- ~3 I 0 7.1 03 
p..$. C)ROVND ~ T -:::- 7Jit7"o-9~;{~~F ING. ~t.t; -Ie. _ r.~.2C3(.h~:d~UJ~~5~,!3r.:,3W ~J>;: ~<;rD 7.SK ;:g~;g: ~~~7 I';:; 

311 ~~~~~_~~ _i:~ ___ ~?/~ "\ 32G~-oi4-:!O Pl~\._,i~~,~~~~ H .• t 3t,3::1270~ 
..... AIL NON[ , 01- J 

LLA 



REV P.B. INPUT 24 
FWO P. 8. INPUT 35 

-12V bV -12V -12V -6V -IZV B EeN .fo~o 

RI R6 R8 RI3 
(R6J, [J IK 

CR2 

C EC',vS07-1-

D fCN7,34-1 CR31m .tfl je, I'" 
510 2.7K 2.7K CR5 510 CRI Ifaw 

a~l ~r-
~ -12V 1!2W 

~t~ 
1(2W . -12V ';4 "'EVE:RSE 1+) MASTER RE:SETItl 30 c- rAG C4. C5 IVIA RWD RELl 

;:.'40 240 24.0 240 
SOOV 500V 500V 500V 

R2 83 R9 RIO 

~ 4.3K 4.3K % ~ 4.3K 4.3K ~ 
R4 R5 ~ RII RI2 
27K 27K 27K 27K 

tl2V +12V +12V +IZV 

~----------------r-~----r---------------~----------------~<G FwD It) 
~--------------~-----4~----------------------~------4---------------+------------------i28 FWD 1-) 

L-~·--------------------r-----+------C-R-'2~.----------------~------~----------7C~R~13~~------------------~32 REV~) 

-12V -6V 3263028-10 3263028'10 "-

REFERENCE DESIGNATION 
LAST USED DELE TED 

R44 
(16 
CR23 

, RI7 [ CRII CRI4 
3263028 -10 3263028,10 

15K CR7 

CRIO 
3263028-10 

CRI5 
3263028·10 

r------------+--+-----+-~----~~~ 
RIS ~~ 

8~~'~~~~1~) 18r---~-Y\3~~."-.,...~;-Tl R20 
RI6 1~'gOT CR8 15K 
13K '7 loovl 3263028'10 RI9 R21 

~ eR9 15K t§:j i~ t 12V R 18 3263028·10 R22 C II 
RE:WINDING 1+) 14r----!-- 15K 680 

15K ?JOOV 
LOCALI+IZ2r----+------------------------~------+----------t_~ 

E:NDOFTAPElt) 20~---+------------------------~------+----------t_----__1 

CRI6 
3263028-10 

~'2: R2.3 
680 15K 
300V 

SELECT 16~----------------1_----+------_+----1_------J 
&. REMOTEI+) -6V -12V 1 -12V -12V - 6V -12V 

R34 CI4 
15K 1000 2.7 K R30 fiCI3 R31 

(6) ® 
06 100V 

FWD/STOPI-I+l 12 r-___ ~1_3..,,'.'V~v::'-9-{:f-{-IO ~ CRI7 

R25 3.3K ~ _ __ "--1-
7.5Ki" R27 R28 -= 2K 1.5K 

I/Zw 
-6V 

+12V 

R32 
3K ~ l~H-

CRI8 
(§) 

-:-6V 

+IZV 

CRI9 CI5 CR20 

1000 

R40 
15K 

-6V 

R35 
7.5K 

09 100V CR21 

3212096'10 A.39.Q'0 

R36 ) 4.3K 
3.3K >c----< 

R37 R38 
2K 1.5K 

,*/2W II2W 

REV/STOP I-I ... ) 10r-------------------------------------------_--_-' 
. tl2V 

t~!~ ~ 1----6 r" 
-12V 4 r---____. 1 lei C2+ C3 

'TID 'T~~: f[&] 

P.S. GRD 
{ ~ t=1. l 1±20~ol t 

-

R4t 
2.7K 

-6V -12V 

CR22 CI6 CR23 R44 
($) [§] (§) 

'"--< 
R42 O).!.,>--
3K fl'" ) 

~ 
"?-

R43 
18K 

-t12V 

011 

7. FOR REF ASSY SEE 3118158. 
(§) SEE TABLE I. 

5. FOR ASSEMBLY SEE 3112360. 
4. ALL DIODES TO 8E 3263024-10. 

13112361 

3. ALL TRANSISTORS TO BE 3201100-10. 
2. ALL RESISTOR VALUES ARE IN OHMS±5";.,t/4W. 
I. ALL CAPACITOR VALUES ARE IN PICOFARADS = 10"/ •• 

NOTES: UNLESS OTHERWISE SPECI FlED. 

10 
~rNONE 'OF" I 

FLC 



Rn 
:!>.3K 

"'4-1 
7.S K. 

-12V -GOV 

1<8 
15K. CR5 

~ 

.-GV 
1<;'8 

1St:. 

+/zv 

,/t. W .-vVV---tf 

c= 

'-<;V 

\l:::, 
Q9 
3ZI1..09~-/<) 

1i?,4 
,SI<.. 
!l2. W 

"IIZV 

Rz9 
4.31<.. 

£3S 
20"'-

iJ ICC 

I 

p 

-

<<2. 

QIO 

\3107083 

!]J S([ TABLE I-
I. ALL DIOIU 'to It 3U)ot4-ra . 

•. ALL 'MM$ISTOII.S TO.E 3201100-10. 

J. ALL RESISTOR VALVES ARE lit IH'IS ~ SX, J/.tW. 

t. ALL CAPACITOII. VALUES U[ IN PIM"lRlDS! 101. 
!lOOV • 

1. FOA ASSEMIU 5(£ 1"8lt 1. 

StItH I o.r" 

FLA 



_I V 

COMPoNeNTS 
ReS RJ4- R2S..!..-4fJ. 
III<. 3.011<. Z.5)O( 

Z 7 K. 2.43K 10 K. 

S.OIK 3.32K. 2;5 K. 

Z3.7K z..4~1< 10K 

IB.2.K 2.43K 2.SK 

!5K 2,.43K ~.5K 

12.1 K 2;14K Z.5K 

10K Z.74K 2.S\< 

10K 2.ISK 2.5K 

8.87.1< z.elK 2.5K 

[.SOK 2.-SIK 2.5K 

<>.04" 3.011< 2.SK 

~-f¥ 
~.53K 

9. S," 
f'j.IK 

9.531< 

9.53K 

3.S"K 

9.53K 

9.53K. 

9.53K 

9.53K 

8.06-1< 

9.53" 

R~3 
Z.21:. 
1/2W 

+ 15% 2 • 

.f-,~I~ 
"110 

~212091-IO U3 

~Z4" 

IUV DRllle ........ 

> OUT TO 
POIiV€~ 

TRAN~/.JrOR5 

-

CSA 



.NPUT _} 
3109878-10 --t-

- ro DATA ELECTRONICS 

310988!-10 ____ 

OUTPUT ___ 

FOR ,NPUTS OTHER THAN "SVAC CONNECT 4S FOLLOWS: 

F2 
2.5 A 
250 V 

2:.!.... 
.-0' C 2 

F, 
2A 

.'vr 

40- T.~ 
I CRI B 1 · 

1 11k-I 3 
CR2 

Co--
\ 

~~I 
l + 

Eo--I I 
I 

i.!.o- I • 1 

:W l/e, CRS 

I ~4 Go- I 
CRG 

I 
~}; 

.. c. 
~.21( 

m 
(2 R2 
43< .00 

[2] 

+ ~~~I~ 

~ 

1-24 V 

R' 
470 
.w 

~ +121' ,. 
SA 

2 GP.O 

'" 40<15' 

.00 6o-P 
'-yL-j4, -'2V 

'5 
SA L-

~ 6. !iOO Uf CAli AlSO BE USED m SO. 000 Uf' CAN ALSO 8E USED:. 

4. fOIt ASSY NO, SH FINAL 8/H. 

J. ALL DIODE TO BE 320'l2~·'O. 

13108647 

2. ALL RESISTOR VALUES All.E '" OHMS !5'16,5W. 

I. All CAPACllOIl VALUES "It[ 1M M!CIlOfUAOS.25 V. 
T~j:!"''''E WI'lNIH -10" TO-t-'I!IO%. 

MOT[51 UNUS50 QTH[A)lISE SP(CIFIED. 

TRANSPORT POWER SUPPLy 

I JF I 



3111899 

1'4 
r-"' 

11r-~--~~--------------------~----~----------~ 
10~--------------------------------------~----~~ 
13~~------------------~--------~-----------, 

7r-~--------------------~------~ 
TP' 

2~--------~---------~~~~ 
RI 
27.4 
!. 3(')'-:> 
3W 

R2 R3 
680 390 

9~----------~~ 
01 

e~----------~-4 
C8 

iOpggt Vi'll ;--b' CI + ,C2 
~ 10'jI·, G.21;/ -" I I 

'\ 35V 3~V 
R5 
IK 

R4 
3~JO 

R7 
3'30 

CRI 

151------------+----!---1-+~ 
Ir-----------~--~--~~----~+---~ 

RIO 
33C 

RIZ 
12 K 

CR2 

R4f, 
4700-

r.:x 
It::,. 

Q4 
3201126-10 

RI3 
ZK 

23.j-~----~----__ ~----~----~~------~---------+--------~~ 
17j-------------------------__ --+-----~~~------~ 
31r-------------------------~------------i-~-- RI4 R29 
35r--------------,~~------_r--~~--_r----i_----t_--~1~8~K--~~--~--f---~----~JI~K~'---J 

RIS 
27.4 
~3% 

RIL RI7 Rig R20 R2Z + ~~O 
Geo 270 3.3K 10K ;~~io 

291r-______ j:.:3::.;W.:, ~ IW 
05 r--+---+C::Q-;:6-::-Q~7 CR.\ ~ 

T ,""Flo 
27r------------~-1, c~ 3 IW 

R24 
:330 

R28 
IK +1c...a=>/c 

-100/0 09 
IZV ~ 3201126'10 

hlV\l'-<"---l:r 
R27 
IK 

R2G 
2K 

1'\30 
470 

~ 
121:&3 

VR~~D~ C3 RIB 1121 ~ 
6.2V ~ • ~5V 470 390 360 

~ 130/0 tV' 08 

~ TP2' 'W, _ m1R4 

l ~QIO 
~ )3212081-[0 

33Ir ____ -::-____________________ -'-_____________ ~R~4j..7--__ -.:..~I' .. ~ '\4.7V 

21 220 \1, ..... /, 
R31 
180 

,~~--------------~"----~------------~~~---------+--~ 1142 

; ~====================~============:=:-'--~--....... ---..... 
4r---------------~----~ 
251-~-------__, 

R32 ~~6 R3G 
150 100 
! 30/0 t 3?/o 

R38 
3.9K 

3W ~ ~IW' CW I-------:-
IZr------:---,.---Q-I-' + 01,2 QI3 QI4tz3 R44 R45 ~;'\VA3 

3201 IZ<.-10
1 
~ yCJJ+--"'---O--T~~~Of,,{, 100 \ '::J G.2V 
~~'~--~~ ~--~~+-__ 4 j~ 

R33 R35 (6 ~J, R39 PAO R41 C7 
"dO 100 t ~5V M% .1.7K '1.U 100,: ~5V ~~8 

19.~ __ --------.~-~----~----~~--~:-l---~ !3~/o 
b 1-_-'-___ -- ______ ,~ _____ --:-__ -4-____ --T:..:P...:3::....--4--~IW:.:._ __ ~ 

'--
311G <;; 
~IO 3' 

I 

to ... rr~ ,DIlTS' 

1\ , .... l-J 10\": 

t- tc ,...j ·• .... r S 

l'IoSY.' ,., .... ~;i 40~~ .~ .. -. r-

c- EC"';" ~2{")(-:- • 

3111899 

5. ALL l'ODtS TO It: 32'3021-10. 

4, ALL TIAIiISISTOILS TO S' 32:12091"'10. 

3. ALL AESISTOJ VALU[$ "-It IN OHHS ,!51. IfN. 

2. ~k;.""ACITOR. VALUES U[ Ut M'CIlOfAIADS ,!21S. 

I. rOil AUDt8LY In 31~OT 
"OllS, 

311 le99 C 
IOF I 



47c-c4i? 
.506-032 
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DIMENSION KEEPIIJG ARM-PiJ/OT5 EQUALLY SFAC[C 
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(REP) 

47/-/1/ -
StJt!! -(}tlB 
::itJ/ -161.5 
t!! Et:tfJ.!J 
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51---------0----0----------127 -/;;?V CAPSTAN 
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G 0;) A C 
2.1 I-----_--~O-J-.~~-o--__ ~ 
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1---+-- A5TS2-4 
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1-----'---., TS2- G 

r-------------<~-;---A5T52-5 

1--+--A3T51-5 
1'---+-- A3 TS 1- r 
1'--+--A3 TS 1-3 
1'--+-- A3 IS I-I 
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+12'1/ LOG 1 C 
51(, uRO 

SIG 6RD 
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I 

I 

I 
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.-. 

W3 
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I TSI 
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\ I! .A5T$I-7 117/220« TRN6PORl J I 
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I 

T52 

-""<Apm + 12'1 CAP II ~ 
'" 24,1 CAP 20 

T53 
LINE VAC 
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j D AI 151-1 -t-~4V-'--_r---1 
I~Jir -~: ;F~ ~~:: ~~~:~ 

E A1 T51-15 -12V UNP,[(, 
J AI 151-7 $I(,NAL GAD 

I< AI T~I-;:~ TAANS~ pwR 

;, AI 15\-1 I IN1UILOCK-12v 
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, 
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1---------, 
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! EIJ--6-J 
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I 
I TSI 
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I 
I 

I 
I 
I 
I 
I 
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~ 
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SCOPE. 

ADDENDUM 3119302-01 
LINK SPECIAL FEATURES 

This addendum documents special features not included in the standard technical 
manual. Special input signal and output signal lists and a cross-reference list of printed 
circuit boards are provided. Printed circuit board (PCB) assembly drawings and schematics 
not included in the technical manual are supplied. A special data electronics logic diagram 
is located at the end of this addendum. 

GENERAL DESCRIPTION. 

TM -7 TAPE TRANSPORT. 

The tape transport is designed to operate at 45 ips. The list of PCB's in the TM-7 
manual is for 36 ips operation only. The PCB's supplied with this TM -7 Tape Transport· 
appear on the PCB cross-reference list. 

The standard TM -7 responds to Forward/Reverse and Run/Stop COil1 mand.s. This 
transport is modified to accept Forward/Stop and Reverse~topcol11mands. 

DATA ELECTRONICS. 

The data electronics card cage is wired as shown on Logic Diagram :3118334. 1'lw 
PCB's supplied With this DE -211 Data Electronics appear on the PCB cros.s-refcrencc list. 
The input and output signal lists provide ·connector pin designations for both thc input/ output 
panel and the data electronics card cage. 

The parity bit is generally supplied by external equipment. In this systcm, thc parity 
bit is generated by the Exclusive OR circuits on PCB Bl7and B 18 and is handled as \\' rite 
Data 7. Parity is checked by the. Exclusive OR circuits on PCB B9 and BlO. 

Holding register circuits are provided by flip -flop circuits on PCB A 11 and A 12. 

Bidirectional read deskew is accomplished by the read deskew circuits on PCB's A2 
through AS. The forward command automatically selects the forward deskew circuits. The 
absence of the fOLwanl command selects reverse deskew. Deskew adjustment. ill the. local 
mode can be performed by removing the Select Logic (SLB) circuit board and by applying -12 
volts to B7-31to select forward read deskew circuits or 137-29 to select reverse read deskew 
circuits . 

. LINK ADDENDUM 3119302-01 
! REVISED 7-67 -1-



I/O PANEL OE CARD CAGE 
J4 

C 
D 
E 
F 
M 
N 
P 
W 
X 
d 
A 
B 
H 

J 
K 
L 
T 
U 

·V 
m 
c 
R 
S 
1 
y 

e 
Z 
f 
g 
h 
G 
a 
b 
j 
k 

*Not used in this system 

SON 9719 FAL 3114790 
DE-2I1 Logic Diagram. 3118334 

. i LINK ADDENDUM 3119302·0\. 
\ REVISED 7.67 

J5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
35 
36 
39 
40 

-2-

INPUT SIGNALS 

Write Track 1 (-) 
Write Track 2 (-) 
Write Track 3 (-) 
Write Track 4 (-) 
Write Track 5 (-) 
Write Track 6 (-) 

*Write Track 7 (-) 
Write Strobe (-) 
Write Reset (-) 
Read Permit (-) 

Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Shield .Gi·ound 

Write Permit (-) 
Holding Register DC Reset (-) 

*Write Track 9 (-) 
Odd/Even Parity (-/+) 
Forward/Stop ( - /+) 
Reverse/Stop ( - /+) 
Rewind &. Lockout (-) 
Rewind (-) 

Ground 
Ground 
Spare 
Ground 
Ground 
Spare 

*Write Track 8 (-) 

Link TM-7211 
45 IPS 556/200 CPI 



I/O PANEL . DE CARD CAGE 
J5 

C 
D 
E 
F 
M 
N 
P 
R 
G 
d 
A 
B 
H 

J 
K 
L 
S 
T 
U 
m 
W 
X 
y 

Z 
e 
f 
h 
j 
c 
g 
k 
I 
V 
a 
b 

*Not used in this system. 

SON 9719 FAL 3117490 
DE-211 Logic Diagram 3118334 

LINK ADDENDUM 3119302·01 
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J4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
.13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
31 
32 
33 
38 
39 
40 

-3-

OUTPUT SIGNALS 

Read Track 1 (-) 
Read Track 2 ( -) 
Read Track 3 (-) 
Read Track 4 (-) 
Read Track 5 (-) 
Read Track 6 ( -) 
Read Track 7 (-) 
Clock (-) 
Read Data 8 (-) 

*Read Data 9 (-) 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Shield Ground 

BOT(+) 
EOT (+) 
Rewinding ( -) 
Ready (-) 
High/Low Density Status (-/+) 

Spare 
Vertical Parity Error (-) 

Spare 
*Write Check Error 

Ground 
Unit Select (-) 
Select Indicator (+) 
Write Enable (C) 
Write Enable (NO) 
Write Enable (NC) 

Link TM-7211 
45 IPS 556/200 cpr 



PRINTEQ CIRCUIT BOARD CROSS-REFERENCE LIST 

TM-7 CONTROL ELECTRONICS 

CODE PART NO. DESCRIPTION LOCATION 

CSA 3112170-10 Capstan Servo Control J6 

FLC 3112360-10 Forward/Reverse Logic -C J4 

LLA 3107102-10 Local/Remote Logic J2 

PHB 3107262-10 Photo Amplifier J3 

RCA 3112167-10 Reel Servo Control J7 
RLA 3107087-10 Rewind Logic Jl 

DE -211 DATA ELECTRONICS 

CODE PART NO. DESCRIPTION LOCATION --
EOA 3107274-10 Exclusive OR B9,BI0,BI7,BI8 

FFE 3118267-01 Flip--Flop -E All, A12 

IBA 3107258-10 Input·Buffer B15,B16 

ODA 3107259-10 Output Driver B13.B14 

ODM 3118163-01 Output Driver B19 

RAB 3107266-10 Read Amplifier B2-B5 

ROC 3109932-10 Read Deskew (Bi -directiona.l) A2-A8 

SGA 3119379-01 Strobe Generator B8 

·SLB 3111157-10 Select Logic -B B7 

WAB 3112363-10 Write Amplifier A14-A20 

WPD 3107268-10 Write Power Gate A24 

*Drawings provided with this addendum. 

FAL 3117490, SON ('\""711"\ '/1.' 
DE Logic Diagram 3118334 * 

I LINK ADDENDUM 3119302-01 
i REVISED 7-67. I 
. . -4-

SCHEMATIC ASSYDWG 

3107098 3112172 

3112361 3118158 

3107103 3107260 

3107073 3107257 

3107093 3112169 

3107088 3107261 

SCHEMATIC ASSY DWe 

31044.52 3107274 

3118269';' 311826~'F' 

3107038 3107251 

3107041 3107255 

3118166'~ 3118165* 

3107118 3107270 

3109930 3109933 

3107058 3107276 

3111158 3111157 

3112345 3112347 

3107128 3107272 

Link TM-7211 
45 IPS 556/200 CPI 
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~SC! TABU 1. " 
6 AqTlAt RutJ~!NCf o(SlCNAT1OH5 M.{ SHOWN. 
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CIRCUIT NU'd9£R FOR COMf>l.fTf. Dt!itGI'iAT",,". 
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3. ALL PESISTOR VALUES ARE IN OHMS J !~%" 1/4N. 
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NOTES: 

• 

131182';' '3 



320052G-IO 

460-004 
2 PLACES 

<P15-004-
!> PLACE:5 

TYPICAL TRANSISTOR INSTALLATION 

310969/-10 

o 

3115720 -7:;J 

3118i!r;,1O-01 

t 

3118268 

A ERN /O ... ~,rL1 

@ FOROOMPONENT INSTALLATIONS, 5EE TA8L£ I. 

fl.] ~t:~~AND~ANO NAMEPLATE INFORMATION 

10 PART NO. TO BE AS SHOWN ON TA6l£ /. 

9 SEAL PRINTED C!RCUll SID( ONLY WlTH 
HUMISEAL TYP( 1815 COLUMBIA TECM CORP 
OR EQU1V. 

• ..... MAIHCf'OT -uf. ~1!ftQl C ... If I t 

::eet.OR W!1IIL P.tR.J.IIt...S'tO.l.tl:Q:::::tllO; 

-~ 
-'1' TfttMPOlS NOT 10 Sf SU8Mtit6tll'-"'~ 

6. COMPONENT DESIGNATIONS ARE FOR REF. ONLY 

5 PLUS SIGN ON CAPACITOR INDICATES POSITIVE 

4, HEAvY UNf ON DIODES INDICATES CATHOO£ 

3 ASSfMBlE PER PROOUCTION PRACTICES MANUAL 

2 fOR ASSEMBLY SPECIFICATION SEE j1l8270. 

1 fOR SCHEMATIC SEE 31182"'. 
NOTES 

.. 



J~~.; 
31/:~ 
4- /3 

INPUT 1. 5 23 

ASSY NO. 

3!1BIGI-01 
3118162-01 
3'/18163-01 

3118164-01 
3118293-01 
3119497-01 

l~ ~[~ 8 341-----t., 

I; ;; 3 /7 
4 16 

INp'UT Z 5;;4-

Ie, 25 

L~ ~~ f-----tllO' 

I 10 
2 13 

3 /5 

OUTPUT 
4- 20 
5 22 
~ Z7 
7 29 
8 32 

fl2V DC 1 

-{2VDC .4-

AS. 6RD i 5 
(a 
7 

TABLE. 1 
OUTPUT COMPONENTS 
LEVEL 
O/+3V 
O/f6V 
0/+9V 
0/f12V 
O/UV 
O/+8V 

CI RI 
OPEN OPEN 
OPEN OPEN 
OPEN OPEN 
OPEN OPEN 
OPEN OPEN 
OPEN OPEN 

I @] CIRCUIT.5 
1 THRU 8 

CRI 

R4- Reb 
6./9K, 11 % 2.74-1\ tl% 
2.211\, t.1'% 2.74/\, t.1% 

1.82K, tI "/0 7. 5K I tl"lo 
2!<- OPEN 

4.22K., t. / i" ' 2.74K,tl"lo 
3.0IK,:'::I% 7.5K,:!:1% 

o 
CI 

INPUT 1 -4---~--, 

I CR2 
INPUT2-4-----~--4-~-+~vv~~~__t~--H 

I 
I R3 

101<. 

L ___ _ 
-12V f/2V 

+12V 

R4 o 

QI 

CR4-
R5 
680.£2. 
t5"/0 
!/ZW 

-12V 

fl2V 

;;! 
12512 I 13 'Yo 
3W 

Q2 I 
~~'-~----------t~OUTPUT 

CR5 I 3263024-10 

I 
__J 

o st:£ TABU!. 

mPARTIAl REFERENCE DESIGNATIONS ARE SHOWN. 
~REFIX THE REfERENCE DESIGNATION WITH THE 

CIRCUIT NUMBER FOR COMPlETE DESIGNATION. 
5. ALL TRANSISTORS TO BE 320/104-10. 
4. ALL DIODES TO BE 3Z63028-10. 
3. ALL RESISTOR VALUES ARE IN OHMS, t5~ !loiN. 
2. ALL CAPACITOR VALUES ARE IN MICROFAI<.ADS. 
1. FOR ASSEMBLY SEE TABLE 1.. 
NOTES: 

SCHEMATIC
OUTPUT DRIVER ·-M 

(fNV. POSITIVE 

3118160 



TABLE I 

320052t;3-IQ 

4 .. 0-004-

2 PLACeS 

~
~. ",.0" 

-~ .. L_ .. '_l -. ___ , ___ _ 

TYPICAL TRANSljTOP. INSTALLATION 

3109G91-IO 

G 

3f1572C-{'7 

3lfBI60 -01 

t 

PART NO. 
J201104 -10 
321430Z4·10 

32~3028'IO 

037-0"8 
041 -408 

. 041-44Z 
I PAI(T C 

PART 0 
04-1-34-3 
047-302 

PART A 
PAFIT 8 

31181(05 

RCFCRENCe: D£:'IGN4Tfo.~ 
101 THR/J (J!!.'-'-!02 THRU 8 glZ 
leR!! Ttt/l/J eCR5 

leRI THRI/ (JeRI, ICRl TRR/J 8CR2 
ICR3 THRI/8CR3, ICR4 THRI/ 8CR4 
CI cz 
IRJ THRU 8R3 .-
IRZ THRU Il.RZ 
IR4- THilu 8R4-

II?" THRU 8R" ------ ---~---

IRS THRU BR5 
IR7 THRU 8R7 
lelTH!?u BCI 

IRI THRU 8RI 

@ INSTALL PA,"~ :. THRU o· PCIf TAIlU /. 

Q] ~t:~itA:rTD.~~ ANO NAMEPLATE !NFORMAT~ 

10 PART NO. TO Sf AS SHOWN ON TA8L£ I 

9 SEAL PRINTED CIRCUIT $10£ ONLY W!TH 
HUMlsr Al TYPE lSI') COLUMBIA TECH CORP 

OR [QUI" 

~-.f'f}f:--1tt,Ltttl, ft« AU ,," 

::eot.Oft l'tH.tlf,--t'tt~ 

~ IfHtf -5tt£tMfffflfft~ 

6, COMPONENT DESIGNATIONS ARE FOR REf ONLY, 

5, PlUS SIGN ON CAPACITOR INDICATES POSHrV£. 

4. HEAvY LINE ON DIODES INDICATES CATHOO£ 

3. ASSEMOlE PER PROOUCTION PRACTICES MANUAL 

2 FOR ASSEMBLY SPECIFICATION SEE .3118'''7 
1 FOR SCH£MATIC SEE .3116/~~. 

NOTES 

-
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vi 
r - -, ""AD <liRO 
1 9 

I I 

I I P __ (0 _ t6 R f'F I ,zIOO 

I AZ 24 A2 

J4 
10 R~Q DATA.1tlf,"' 

c:~ 2 >>--'-1 ---".-----1-=1, JZ s JI": 
I n SHIELD fORD 20 30 R 
I IZ~ li lib 5 ~-.. 0 Ail Jal3 

I ? N_ R£A~OATA l-1.::} ... SHT 3 

~'3) . 32 

~33 .3$ l!! ,.10 <>--t---.., .-~ 
. I H A3 

I ro 
i RCAD DATA 2 (-) .. SHT J rr 4 

): D . 2. RO J.2 LcGIO~~ODATAJHI.3 ~714); ; , - M lel3 
1 I 14 
1 

I .~I-.----~~lUl~~1 32 
fT7 '5 II : RO J.:..=-I---f-'C"- 20 RfAOIl4TA 41-114 ~ 21 RO 35 26 

I J5) I 20 AS 24 A5 

II '" H3"'0C4---1-+-"1 

I I ,~p ITG):; :~ : H+ . 
4'''>-1 -"'-' 
I I 

c::~2T~ .~/4P I I p !~ 
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I I 
I 
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JO~4 
RA 
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I I ~ 
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24 
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35 
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8~-

~~H~: ~ AIO 24 It, L __ -.I 
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35 
..5.UPPINC LEVEd-) 8_7_---' 

HOLDING REGISTER 

DC RESET (-) }--_~_-' 

I.£r1NP 

A2 

9 

32 

30 

~ 

LJo 

READ DATA 4 (::L. SHT .3 

5 (-) .. 5HT .3 

27 READ DATA 61-1 G 

n READ ll47AtJ7i-J 7 
.sHIELD 
...§liD 20 

READ DATA rr-) .. .sHT J L _____ -'-=-~:___ 

34100 
"-1 B13 

13 READ DATA 81-)1 9 

15 READ :ATA 9HI'0 
GRD 30 

9 (-) 5HT .3 

,...uRD 131 

::xrJ.? CLOCK. (-) 18 

'-+ _____ ~ .. TSI-J 
DC ReSET 1 ) .. SHUT J 

RE.AD PERMIT(-) 

~! 
U 
OJ 

i!~~! 
~tH 
~~~H 
lilti 

111il1 
I'if 

~ ~~ 
rZ) '" ~ ~ 
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:::: ::o,:t;' t::J 
CIo [l-,>--
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~~~~" 
~'is~ 
~ ~n 

READ 5TROB£I +) .. SHEET.3 

TSI 1 
~ -24 V WRITE ENAB.L .. E. CC::')lE. 38 
70-1 .24V WRITe ENA.8LI (N0.l.. 39 

i/ WRITE ENABLe (Ne) 40 

J6 REF 

r; UIILO DEN""TY (-/.) 

1:S ~NA8i!' 5W (c) 

24 
r-
I 
1 

10 READY (-) 
19 HIGH I LOW DENSITY STATUS 
9 . REWIND!N G (-) 

1+ VNIT SELECT! -:-) 

18 SELECT IND (+1 

WRITE ENAB.LE S W (c) 

(-7+) 

SHT I 
ReADY (-) ?4 

HIGH/LOW D£NSITY SrArU5( +) 15 
REWINOING (-) 2J 

. ___________ UNIT 5£J.J:CT (-) 3Z 

SELeCT INDO 33 

61 BOT (-) . I.?~/o 130T(f)?1 

~ 
~ I-£OT (-) q dOD 

-I 
L-

::: ., 
'" "" ... 

13 EOT(+JE 

VJ 
CUSTOMER 
OUTPUT 100 

(}J 
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~ 
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