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SAFETY SUMMARY

The following are general safety precautions that are not related to any specific
procedures and therefore do not appear elsewhere in this publication. These are
recommended precautions that personnel must understand and apply during many
phases of operation and maintenance.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must at all times observe all safety regulations. Do not
replace components or make adjustments inside the equipment with the high voltage
supply turned on. Under certain conditions, dangerous potentials may exist when
the power control is in the off position, due to charges retained by capacitors. To
avoid casualties, always remove power and discharge and ground a circuit before
touching it.

DO NOT SERVICE OR ADJUST ALONE

Under no circumstances should any person reach into or enter the enclosure for the
purpose of servicing or adjusting the equipment except in the presence of someone
who is capable of rendering aid.

, RESUSCITATION )

Personnel working with or near high voltages should be familiar with modern
methods of resuscitation. Such information may be obtained from the Bureau of
Medicine and Surgery.

The following warmng appears in the text in this volume, and is repeated here for
emphasis.

WARNING

The unit operates at dangerous voltages. Turn
off main circuit breaker for all procedures that
do not require power to the unit. For those
procedures that require power to the unit,

observe all precautions normally followed in using
and testing electronic equipment. (Page 4~1).
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Figure 1-1. Magnetic Tape Recorder/Reproducer Model RD378/U.




CHAPTER

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This technical manual provides
installation, operation, and field level
maintenance. information for the Model
RD378/U Magnetic Tape Recorder/
Reproducer, manufactured by Astro-
Science Corporation, South El Monte,
California. The RD378/U is a seli-
contained, 14-track recorder/repro-
ducer providing seven tape speeds of
1-'7/8 through 120-ips, and may be con-
figured with either wideband direct/
analog (2. 0 MHz at 120 ips) or wideband
Group I FM signal electronics, or any
combination of both.

1-3,  Signal electronics are provided
in two overlapping speed ranges of
1-7/8, 3-3/4, 7-1/2, 15, 30, and 60
ips or 3-3/4, 7-1/2, 15, 30, 60, and

- 120 ips depending upon application re-
quirements. The tape transport will
operate at all seven electrically select-
able tape speeds, without modfification
or mechanical component changes.
Direct/analog and FM signal electron-
ics are directly interchangeable, and
may be intermixed in any combination
of track assignments. Bi-directional
tape metering is provided by a dual-
differential capstan drive and phase-
locked capstan servo. Separate servo-
operated reel motors provide uniform
tape tension, and gentle tape handling,
in all modes of operation.

1- 4. PURPOSE.

1-5. The RD378/U is a portable

1-1

recorder/reproducer designed for data
acquisition and reproduction in semi-
hostile environments encountered in
sub-surface craft, shipboard, aircraft
and land vehicle applications. Typical
uses include communications, instru-
mentation, signal analysis, and similar
uses requiring information storage on
l-inch-wide magnetic tape.

1-6. SCOPE

1-7. Information in this technical
manual is intended for use by U. S.
Navy personnel engaged in operation
and maintenance of the unit.

Chapter 2: Provides operating in-
structions.

Chapter 3: Provides functional infor-
mation.

Chapter 4: Describes preventive
maintenance to be performed on a
scheduled basis.

Chapter 5: Provides troubleshooting
information and procedures to be
performed prior to corrective main-
tenance. (Functional dependency
within the unit is the basis of trouble-
shooting procedures. )

Chapter 6: Describes field corrective
maintenance. '

Chapter 7: Parts List.

Chapter 8: Provides procedures and



supporting illustrations for instal-
lation of the unit.

1-8. SUPERSEDURE DATA,

1-9. This technical manual is the
basic issue for the unit and does not
supersede any prior publications.

1-10. APPLICABILITY.

1-11.  This manual applies to the
models, serial numbers, and config-
uration given below. '

1-12. MODEL.

1-13. This technical manual applies
to Astro-Science Corporation Mag-
netic Tape Recorder/Reproducer
Model RD378/U.

1-14. SERIAL NUMBERS.

1-15. The unit serial numbers
covered by this manual are Al through
AT, o

1-16. CONFIGURATIONS COVERED.

1-17.  The units covered by this
manual are all of the same config-
uration.

1-18. INTERFACE RELATIONSHIP
OF TECHNICAL MANUAL TO OTHER

" mal operation.

PUBLICATIONS.

1-19. This technical manual is used
with the technical manual for Sonar
Receiving Set AN/SQR-15.

1- 20. I.QELATIONSHIP OF UNIT TO
SYSTEM OR OTHER EQUIPMENT.

1-21. This equipment functions

within Sonar Receiving Set AN/SQR-15,
interfacing with Tape Recording
Switching Unit, Chesapeake Instrument
Corporation, Part No. 1083D5238.

1-22. EQUIPMENT DESCRIPTION.

1-23. The RD378/U is designed for
mounting within a standard 19-inch
electronic rack. The unit is self-
contained and requires only a power
source and input data cabling for nor-
The dust cover and
tape transport assembly are hinged so
that the unit can be opened for tape in-
stallation and maintenance. With the
unit open, all parts are accessible for
maintenance and testing purposes with-
out removing the unit from the rack.
The unit has an internal cooling fan,
Overload protection is provided by
fuses and a main power circuit breaker.
Functionally, the unit is capable of
operation in two modes: record and re-
produce. The direct reproduce elec-
tronics are equalized for optimum
phase response and amplitude equalized
for flat response (+3 db) over six oper-
ating speeds; 1-7/8 through 60 or 3-3/4
through 120 ips. The dual differential
capstan drive and a phase-lock capstan
servo provide forward and reverse
capability at all seven selectable tape
speeds. The unit can be operated at
1-7/8, 3-3/4, 7-1/2, 15, 30, 60, and
120 ips. Fast wind and fast rewind are
accomplished at 240 ips. Servo-
operated reel motors provide uniform
tape tension and gentle tape handling in
all modes of operation. All operator
controls (except SPEED SELECT,
located on the transport assembly) are
conveniently located on the front panel
of the reproduce amplifier module.
These controls include RECORD, FOR-
WARD, REVERSE, STOP, FAST WIND



FAST REWIND, TRANSPORT POWER,
and MAIN POWER. The control panel
- also has a tape supply indicator, and
voltage check control and meter. The
status panel indicates speed selected,
end-of-tape, and tape break conditions.

1-24. REFERENCE DATA,

1-25. The following tables provide
descriptive and functional character-
istic data.

Table 1-1. Nameplate Data
Table 1-2. Functional Characteristics

Table 1-3. Capabilities and
Limitations

Table 1-4. Rated Outputs

Table 1-5. Environmental Character-
_ istics

1-26. EQUIPMENT, ACCESSORIES,
AND DOCUMENTS SUPPLIED.

1-27. Table 1-6 provides the equip-~
ment, accessories, and documents
supplied with the unit.

1-28. EQUIPMENT AND PUBLICA-
TIONS REQUIRED BUT NOT
SUPPLIED.

1-29. Table 1-7 provides a listing of
all tools, test equipment, and pub-
lications required but not supplied to
operate the unit.

1-30. FIELD AND/OR FACTORY
CHANGES.

1-31. No field or factory changes
are applicable to the unit.
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TABLE 1-1. NAMEPLATE DATA
COMPONENT
MANUFACTURER TYPE MODEL | IDENTIFICATION
ASTRO-SCIENCE CORPORATION | RECORDER- RD378/U 95002661
' REPRODUCER,
MAGNETIC
TAPE
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TABLE 1-2. FUNCTIONAL CHARACTERISTICS

Power Requirement: 110 V ac, 60 Hz, single phase

Modes of Operation’: Record, Reproduce

Input/Output: 14 channels of data, 400 Hz to 2.0 MHz, at
120-ips for Direct/Analog Recording and Repro-
ducing; or dc to 80 kHz, at 120-ips for Wideband

Group I FM Recording and Reproducing

Frequency Response:

Selected Speed (ips) FM Direct
1-7/8 ' dc-1.25 kHz 400 Hz - 31.2 kHz
3-3/4 dc-2.5 kHz 400 Hz - 62.5 kHz
7-1/2 de-5 kHz 400 Hz - 125 kHz
15 dc-10 kHz 400 Hz - 250 kHz
30 dc-20 kHz 400 Hz - 500 kHz
60 dc-40 kHz 400 Hz - 1.0 MHz
120 dc-80 KkHz 400 Hz - 2.0 MHz
Bias Frequency: 7.05 MHz

Frequency Response: +1 dB, all speeds +3 dB, all speeds

Signal-to-Noise Ratio: +1 dB, all speeds

Selected Speed (ips) FM Direct
1-7/8 40 dB 20 dB
3-3/4 42 dB 22 dB
7-1/2 44 dB 24 dB
15 46 dB 24 dB
30 47 dB 24 dB
60 48 dB 24 dB
120 49 dB 24 dB
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TABLE 1-3. CAPABILITIES AND LIMITATIONS

Tape Speeds

Operating

FAST WIND/REWIND
Data Record/Reproduce Channels

Recording Methods

Tape Type

Operational Direction

Start Time
Stop Time

Jitter

Speed Accuracy
End-of-Tape,

Tape Remaining,
Tape Break Sensors

Local Controls

1-7/8, 3-3/4, - 1/2, 15, 30

60, and 120 ips/
240 ips.
14

Direct and FM (Digital available
as an option)."

3M type 888,/900 or equivalent;
9200 ft. of one-inch-wide tape
per 14-inch reel.

Operates in either forward or
reverse direction.

Less than 5 seconds at 60 ips.
Less than 3 seconds from 60 ips.

Less than 0.5 usec in a 200 usec
interval on any track at 60 ips,
without tape servo.

+0. 2% of nominal.

Photoelectric sensors which stop
transport in event of tape breakage
or end of tape. Indicators show
amount of tape remaining on supply
reel and tape break or end-of-tape
condition.

MAIN POWER on/off, TRANSPORT
POWER on/off, SPEED SELECT,
FORWARD, REVERSE, RECORD,
FAST WIND, FAST REWIND,
STOP.




TABLE 1-3. CAPABILITIES AND LIMITATIONS (Cont'd)

Remote Controls Provision for all local control
functions via J102. Customer
supplies remote control panel and
switching circuitry.

Magnetic Heads Track Geometry Width, 0.050 inches +0. 005 inches

- Spacing, 0.070 inches, Interlace
distance, 1.500 inches +0. 001
inches. - -
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. TABLE 1-4. RATED OUTPUTS

~ Data Signal Input Level

 Direct
FM
Data Signal Output Level
Direct |
FM

Power Consumption

0.20 to 10 volts rms, adjustable,
1. 0 volt rms nominal.

1.0 to 10. 0 volts peak-to- peak
1. 0 volts rms nominal

'O. 2 to 10 volts rms adjustable
(1.0 volt rms nominal at normal
record level).

Adjustable (2 to 4 volts peak-to-
peak with full deviation).

500 watts (normal).
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TABLE 1-5.

ENVIRONMENTAL CHARACTERISTICS

Operating Temperature:

Relative Humidity:
Mechanical Shock:
Operating:

Crash Safety:

Operating Vibration:

5 to 15 Hz:
16 to 25 Hz:

26 to 35 Hz:

-18°C to +54°C

15% to 95%

15 g, 11 ms

' 30¢g

(0. 8% peak-to-peak flutter at

60 ips).

0. 06 inches double amplitude
0. 04 inches double amplitude

0. 02 inches double amplitude
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TABLE 1-6. EQUIPMENT, ACCESSORIES,
AND DOCUMENTS SUPPLIED

Quantity Nomenclature CID Dimensions Weight Volume 1

1 Magnetic Tape 19.0 in.x 148 4.6
Recorder/Repro- 26.22 in. x 1b. ~ cu. ft.
ducer 16. 0 in. ‘

1 Container, Ship- 22.25 in.x 6.12
ping, Reusable 31.5625 in.x cu. ft.

20.75 in.

1 Kit, Accessory (Not Applicable)
Service

1 Kit, Mating (Not Applicable)
Connector
Manual, Opera- (Not Applicable

tion and Mainte-
nance
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TABLE 1-7. EQUIPMENT AND PUBLICATIONS

REQUIRED BUT NOT SUPPLIED

: Equipment
Recommended Alternate Test
Category Equipment Equipment Parameters Application
Sine Wave Signal TS-382-D/U HP651A 0-2 MHz Corrective
Generator (FSC80058) (FSC80104) maintenance
. and trouble-
shooting.
Harmonic Wave TS-723-C/U HP310A 3.125 kHz- Corrective
Analyzer (FSC80058) (FSC80104) | 300 kHz maintenance
' and trouble~
shooting.
Vacuum Tube ME-30-A/U HP400E 0-10 Vac Corrective
Voltmeter (FSC80058) (FSC80104) (rms) to maintenance
2 MHz and trouble-
shooting.
Square Wave SG-299 C/U HP211A 50 kHz Corrective
Signal Generator ' (FSC80104) maintenance
: and trouble-
shooting.
Digital DC HP3439A 0 - +30 Vdc Corrective
Vacuum Tube (FSC80104) ’ maintenance
Voltmeter s '
Frequency AN/USM-245 . HP5216A 2 kHz - Corrective
Counter (FSC80104) 605 kHz maintenance
Oscilloscope AN/USM-105A | Tektronix Display Corrective
545 with 100 kHz maintenance
CA plug-in square wave
(FSC80009)
Reference SCAT 4115 HP6113A 0-10 Vac Corrective

Power Supply,

maintenance
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CHAPTER 2

OPERATION
2-1. INTRODUCTION. 2-7.  PRELIMINARY NOTES AND
PRECAUTIONS.

2-2, This chapter provides pro-
cedures for operating the RD378/U
under normal and emergency condi-
tions.

2-3. CONTROLS AND INDICATORS.

2-4.  All local controls, except the
tape SPEED SELECT switch, are
located on the front panel of the repro-
duce amplifier module (RAM), directly
below the tape transport (Figure 2-1).
The tape SPEED SELECT switch is
located on the left-hand side of the
transport, and is accessible when the
transport dust cover-door is opened
(Figure 2-2). Table 2-1 lists all con-

. trols and indicators, and briefly de-
scribs the operation of each. An
optional remote control unit may also
be connected to the rear connector
panel (J-102) to provide selection of
all operational modes.

2-5. CIRCUIT BREAKER AND FUSE
LOCATION. .
2-6. The main power circuit break-

er, which controls application of
primary AC input power to the equip-
ment, is located directly behind the
swing-out transport (Figure 2-3).
Circuit protection fuses are located on
the left-hand side of the tape transport,
and at the rear of the RAM, as shown
in Figure 2-2. Table 2-2 lists and
describes the function of all fuses and
circuit breakers.

2-1

2-8. DIRTY HEADS OR TAPE
PATH. Contamination of either the
tape or the head by dust, dirt, oxide,
or other foreigh substances will affect
recorder performance in three ways,
all of which degrade the quality of the
recorded data. These ways are:

1. By lifting the tape away from the
head, causing temporary signal
"dropouts''.

2. By becoming imbeded in the oxide
surface of the tape, resulting in per-
manent damage to the tape. The over-
all effect will be the same as above,
but the dropout will be permanent.

3. By accumulating at, and eventu-
ally shunting, the head gaps, causing
complete and total loss of the signal.

2-9. MAGNETIZED HEADS. Data
degradation resulting from magnetized
record/reproduce heads is character-
ized by any, or all, of the following
indications.

1. Reduced signal-to-noise ratio.

2. Loss of high-frequency response.

3. Increased signal distortion
(especially 2nd order harmonic dis-

tortion).

4. Permanent loss of recorded data,
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TABLE 2-1. OPERATOR CONTROLS AND INDICATORS

Panel Designation

Position and Operating

Indicator Normal Operating

STOP (pushbutton
switch and indicator
lamp)

FORWARD (push-
button switch and
indicator lamp)

dc power from unit.’

ON- stops tape motion
by resetting memory
cells for all other
operating modes.
OFF-occurs when
another operating
mode is selected

ON- Activates trans-
port to move tape in
the forward position
at selected speed.
Reproduce electronics
are activated for
monitoring previously
recorded data.
OFF-occurs when
STOP switch is
pressed.

Function Condition

MAIN POWER (push- ON-applies 117V ac Lighted
button switch and input power to unit :
indicator lamp) and energizes cooling

fan. v

OFF-removes 117V ac

Power from unit and Off

cooling fan.

"TRANSPORT POWER ON-applies +28V dc Lighted
(pushbutton switch input power, placing -
and indicator lamp) unit in standby mode.

, OFF-removes +28V Off

Lighted, other mode indicators
off. .

OFY. Indicator for selected
mode lights,

Lighted

Off. STOP indicator is
lighted.
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TABLE 2-1.

OPERATOR CONTROLS AND INDICATORS (CONT'D)

Panel Designation

Position and Operating
Function

Indicator Normal Operating
Condition

RECORD (pushbutton
switch and indicator
lamp)

REVERSE (pushbutton
switch and indicator
lamp)

FAST WIND (push-
button switch and
indicator lamp}

FAST REWIND (push-
button switch and
indicator lamp)

ON-must be pressed
simultaneously with
FORWARD switch.
Activates record
electronics to record
data on tape.

- Reproduce electronics

also are activated
for monitoring of
data while recording
OFF-occurs when
STOP switch is
pressed.

ON-activates trans-
port to move tape

in reverse direction
at selected speed.
Reproduce electronics
are activated for
monitoring previously
recorded data.
OFF-occurs when
STOP switch is
pressed.

ON-activates trans-
port to move tape
in forward direction
at approximately
240 ips.
OFF-occurs when
STOP switch is
pressed.

ON-activates trans-
port to move tape
in reverse direction
at approximately
240 ips

OFF-occurs when
STOP switch is
pressed.

Lighted

Off, STOP indicator is
lighted.

Lighted

Off. STOP indicator is

lighted.

Lighted

Off. STOP indicator is

lighted.

Lighted

Off. STOP indicator is
lighted.
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TABLE 2-1.

OPERATOR CONTROLS AND INDICATORS (CONT'D)

Panel Designation

Position and Operating
Function .

Indicator Normal Operating
Condition

SPEED SELECT
(eight- position rotary
switch on tap transport)

VOLTAGE CHECK
(five position rotary
switch, volt meter,
and two test points)

STATUS INDICATOR
(back-lighted dlsplay
panel)

TAPE SUPPLY (meter)

ELAPSED TIME
(meter)

Selects tape speeds of
1-7/8, 3-3/4, 1-1/2,
15, 30, 60, or 120 ips.
Eighth position permits
selection of tape speed
from remote control
unit.

Switch selects trans-
port operating voltage
of 5 Vdc, 15 Vdec,
18.5 Vdc, 20 Vdc
and 28 V dc for read-
out on meter. Test
points permit attach-
ment of external DC
voltmeter for more
accurate readouts.

Displays selected
tape speed and end-
of-tape or broken

tape conditions.

Provides visual
indication of
approximate amount
of tape remaining
on supply reel.

Indicates total
number of hours
tape has been in
motion across
headstack.

Selected speed is displayed
on STATUS INDICATOR.

Meter displays selected
voltage within +5%.

Lighted display of 1-7/8, 3-3/4,
7-1/2, 15, 30, 60, or 120 ips.
Also displays END OF TAPE
and BROKEN TAPE when those
conditions exist.

Displays Full, 3/4, 1/2, 1/4 or
EMPTY on linear scale.

NOTE
TAPE SUPPLY meter is accurat:
only when using 14-inch-
diameter tape reels.

Digital display of total operating
hours. Indicator operates only
when transport is in FORWARD,
RECORD, REVERSE, FAST
WIND, and FAST. REWIND modes
of operatlon




TABLE 2-2. PROTECTIVE DEVICES

Protective Reference Circuit
Device Designation | Location Rating Protected
Circuit Inside of Overall
‘Breaker CB1 enclosure 7.5A protection
Fuse 1A3F1 Rear banél 5.0A Record/re-
of RAM produce
amplifiers
Fuse 1A3F2 Rear panel 5.0A Front panel
of RAM indicators;
DC/DC con-
verter; &
speed change
logic
Fuse 1A2A1F1 Front of 5.0A Regulator
transport ‘
Fuse 1A2A1F2 Front of 2.0A Logic
transport
Fuse 1A2A1F3 Front of 5. 0A Capstan
transport
Fuse 1A2A1F4 Front of 7.0A Reel
transport . Drive

2-9




due to tape erasure, by the magne-
tized headstack.

2-10. IMPROPER TAPE TYPE. The
overall quality of recorded data de-
pends, to a considerable extent, upon
the type of magnetic tape utilized. To
ensure optimum data quality, the
manufacturer recommends the use of
3M888 tape for all direct/analog or
FM recording. For applications re-
quiring extended recording time,
3M990 tape is recommended. For
digital recording, where bit packing
density exceeds 10 KBI, 3M988 tape is
recommended.

CAUTION

Thin-base tape recommended for
extended recording time is ex-
tremely fragile. Damage to tape
ends may result if allowed to
wind completely off reel while in
the FAST WIND or FAST RE-
WIND modes.

2-11. PRELIMINARY PROCEDURES.

2-12. Before proceeding to the oper-
ating procedures, a general inspection
of the equipment should be made, and
the following preliminary procedures
performed.

1. Clean heads and tape path as des-
cribed in Chapter 4, paragraph 4-8.

2. Degauss heads as described in
Chapter 4, paragraph 4-9.

2-13. TAPE THREADING.

CAUTION

TRANSPORT POWER should be

2-10

OFF when loading and unload-
ing tape, to prevent sudden
reel rotation.

1. Turn transport power OFF by de-
pressing the TRANSPORT POWER
pushbutton on the front panel of the
RAM.,

2. Loosen the reel retainer expan-
sion rings by rotating both reel locking-
knobs CCW. '

3. Manually rotate the inner supply
reel hub CCW, until the small, spring-
loaded reel alighment pin is at the top
of the hub.

4. Rotate the outer take-up reel hub
CW, until one of the three fixed turn-
table tabs is aligned with the spring-
loaded alignment pin of the supply
reel hub.

5. Place a full reel of tape on the
supply reel hub. Guide the alignment
slots on the inside center of the tape
reel past the three tabs on the outer
take-up reel hub, until it rests against
the reel-stop flanges on the inner
supply hub.

6. If necessary, rotate the reel until
the spring-loaded alighment pin is
positioned into one of the slots at the
center of the tape reel.

7. Hold the reel firmly against the
supply stop flange, and turn the inner
locking knob CW, until the reel is
firmly secured.

8. Remove several turns of tape
from the supply reel and thread it
through the transport as shown in
Figure 3-16.



9. Place an empty reel on the outer
take-up hub, centering one of the reel
slots over the red spring-loaded
alighment pin of the take-up reel hub.

10. Hold reel firmly against the
three fixed turntable tabs, and turn
the outer locking knob CW, until reel
is firmly secured.

11. Wind several turns of tape around
the hub of the empty take-up reel,
being careful to avoid folding or creas-
ing the tape.

12. Turn transport power ON by de-
pressing the TRANSPORT POWER
pushbutton.

2-14. OPERATING PROCEDURES,

2-15. The procedures in Table 2-3
describe initial turn on, tape speed
selection, the seven operational modes,
and turn off of the RD378/U Recorder/
Reproducer, and the action required
by the operator. The descriptions

- also include the visual indications
which denote proper operation. See
Figure 2-1 for locations of controls.

2-16. EMERGENCY PROCEDURES.

2-17. Should the RD378/U develop a
serious malfunction during operation,
such as overheating, erratic oper-
ation, etc., the unit should be imme-
diately de-energized by depressing
the STOP, TRANSPORT POWER and
MAIN POWER pushbuttons - in that
order. If another unit is available,
operations should be transferred to
that equipment until the cause of the
malfunction can be determined and
corrected.
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TABLE 2-3. OPERATING PROCEDURES

PROCEDURE

DESCRIPTION

STEPS

a(

b. TAPE SPEED Selection

Initial Turn On.

| Turn on of Main Power Circuit
_ Breaker.

Selection of operating tape
speed.

NOTE
When loosening the transport latches,
apply pressure to hold the transport
firmly against the cabinet stop, un-
til the latches are fully loosened.

1. Open the dust cover-door,
loosen the two knurled thumb-
screw transport latches (see
NOTE above), and swing the
transport open to the left.

2. Turn ON the main power
circuit breaker, located
behind the tape transport
(Figure 2-3).

3. Close and secure the tape trans-
port, and dust cover-door.

CAUTION A
When operating the tape SPEED
SELECT switch, the transport

-should be in the STOP or POWER

OFF mode. Do not change tape
speeds while tape is in motion as
damage to the equipment will
result.
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TABLE 2-3. OPERATING PROCEDURES (CONT'D)

PROCEDURE

DESCRIPTION

STEPS

c. Standby Mode

The STANDBY mode disables
the transport while loading
and unloading tape. In this

‘mode, all transport functions

are inoperative, and the mech-
anical brakes are engaged to
prevent reel rotation.

(continued)

1.

Open the dust cover-door to
gain access to the tape SPEED
SELECT switch, located at the
upper left-hand corner of the
tape transport. (Fig. 2-2)

Select the desired tape speed
(1-7/8 through 120 ips)

NOTE

When SPEED SELECT switch
is positioned to the REMOTE
setting, tape speed may be
selected from a remote
control unit, connected to J102
at the rear of the equipment.

Momentarily depress the
MAIN POWER pushbutton.
Pushbutton should light.
(main crkt breaker, inside
enclosure, must be ON)

All other mode indicators,
including TRANSPORT POWER,
should be OFF. If not, momen-
tarily depress the TRANSPORT
POWER pushbutton.




TABLE 2-3. OPERATING PROCEDURES (CONT'D)

PROCEDURE DESCRIPTION STEPS

d. STOP Mode In the STOP mode, all trans- 1. Momentarily depress the TRANS-

¥1-2

FORWARD Mode

port functions except the
capstan motor are operative,
The mechanical brakes are
disengaged, but tape is under
dynamic tension control
from the reel servos.

- The FORWARD mode is
selected to reproduce data
previously recorded on tape,
In the FORWARD mode, tape
will move in the forward
direction at a fixed speed,
selected by the TAPE SPEED
select switch.

PORT POWER pushbutton. Both
the TRANSPORT POWER and
STOP pushbuttons, in addition

to the MAIN POWER pushbutton,
should be lighted.

The STOP mode is a true oper- -
ational mode, and should be
selected whenever halting tape
motion is necessary, by depress-
ing the STOP pushbutton .

CAUTION

Do not depress the TRANSPORT
POWER pushbutton to stop tape
motion! Damage to equipment
may result.

To ensure gentle tape handling,
the STOP mode should be sel-
ected to stop tape motion prior
to selecting the FORWARD mode.

Momentarily depress the
FORWARD pushbutton. The
FORWARD indicator will light
and all other mode indicators
will be extinguished. Both
TRANSPORT POWER and
MAIN POWER indicators will

remain lichted.




TABLE 2-3. OPERATING PROCEDURES (CONT'D)
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PROCEDURE DESCRIPTION STEPS

f. RECORD Mode The RECORD mode is 1. The STOP mode should be
selected to record data on selected prior to selecting
tape. In the RECORD mode, the RECORD mode. The RD-
tape will move in the forward 378/U will not record data in
direction at a fixed speed, the REVERSE mode.
selected by the TAPE SPEED
select switch. Reproduce 2. Simultaneously depress both
electronics are energized to the FORWARD and RECORD
permit monitoring during pushbuttons. Both indicators
record operations. will light, and all other mode

~ indicators will be extinguished.
Both TRANSPORT POWER and
MAIN POWER indicators will
remain lighted.

g. REVERSE Mode The REVERSE mode is used 1. The STOP mode should be

: primarily as an aid to search a selected, prior to selecting
pre-recorded tape for a specific the REVERSE mode.
signal data, which may have
been passed over in the . 2. Momentarily depress the
FORWARD mode., In the REVERSE pushbutton. The
REVERSE mode, tape will ‘ : REVERSE indicator will light,
move in the reverse direction and all other mode indicators
at a fixed speed, selected by : will be extinguished. Both
the TAPE SPEED select switch. the TRANSPORT POWER and

MAIN POWER indicators will
remain lighted.
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TABLE 2-3. OPERATING PROCEDURES (CONT'D)

PROCEDURE

DESCRIPTION

STEPS

h. FAST WIND

i. FAST REWIND

When the FAST WIND mode
is selected, tape will be
wound from the SUPPLY reel
to the TAKE-UP reel at ap-
proximately 240-IPS. The
tape will stop automatically
before running completely off
the supply reel, to preclude
the necessity of rethreading
the transport.

When the FAST REWIND mode

-is selected, tape will be wound

from the TAKE-UP reel to the
SUPPLY reel at approximately
240-1IPS. The tape will not
stop automatically, before
running completely off the
take-up reel.

lo

The STOP mode should be
selected; prior to selecting the
FAST WIND mode.

Momentarily depress the FAST
WIND pushbutton. The FAST
WIND indicator will light, and
all other mode indicators will
be extinguished. Both the
TRANSPORT POWER and
MAIN POWER indicators will
remain lighted.

The STOP mode should be

selected, prior to selecting
the FAST REWIND mode, to
ensure gentle tape handling.

Momentarily depress the
FAST REWIND pushbutton.

The FAST REWIND indicator
will light, and all other mode
indicators will be extinguished.
Both the TRANSPORT POWER
and MAIN POWER indicators
will remain lighted.
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TABLE 2-3. OPERATING PROCEDURES (CONT'D)

PROCEDURE

DESCRIPTION

STEPS

i. Equipment Turn Off

This procedure describes the
steps to be taken when turning
off the Recorder/Reproducer.

1:

Press the STOP pushbutton.
The tape should come toa -
smooth stop, with tension
maintained across the heads.
The STOP indicator should be

- lighted.

. Press the TRANSPORT POWER

pushbutton. The TRANSPORT
POWER indicator and STOP
indicator should both go out.

To completely de-energize the
unit (i. e., remove power from
the 28 V power supply and
blower fan) press the MAIN
POWER pushbutton.

Open the dust cover-door,
loosen the two transport
latches (see NOTE, para 2-11),
swing the transport to the

fully open position, and pos-
ition the main power circuit
breaker to the OFF position.




CHAPTER 3

FUNCTIONAL DESCRIPTION

3-1. INTRODUCTION.

3-2. This chapter provides a func-
tional description of the various cir-
cuits and components utilized by the
RD378/U Magnetic Tape Recorder/
Reproducer (see Paragraph 3-3). For
purposes of explanation, the operation
of the unit has been divided into five
major catagories (see Paragraph 3-5).
Additionally, each of the five functional
catagories has been further sub-divided
to the circuit function level, to provide
a complete description of the unit.

Both functional and schematic diagrams
are provided to support the technical
discussions. Figure 3-1 is afunctional
diagram of the entire unit.

3-3. GENERAL DESCRIPTION.

3-4. The RD378/U Recorder/Re-
producer consistsof the following cir-
cuits and components (see Figure 3-1).

a. A record/reproduce headstack
assembly to record signals on, or
reproduce signals from, the mag-
netic tape.

b. Record amplifiers (one for each of
the 14 channels) which amplify the
input data signals to a level suit-
ablefor driving the record heads.

c. Reproduce amplifiers (one for each
of the 14 channels)which amplify
the data signals from the reproduce
head to alevel suitabletooperate
external monitors, or other read-
out equipments.

3-1

. Control logic assembly which con-

trols and monitors all transport
functions.

. Capstan drive system which moves

tape across theheads at a selected,
constant velocity.

. Reel drive system which provides

a constant supply of tape tothe mag-
netic heads, and maintains uniform

. tapetension outside of the immedi-

ate head area.

. Tape break sensor which stops the

tape transport in the event of tape
breakage.

. Tape supply sensors which provide

a readout of the approximate amount
of tape remainingon the supply reel.

. Voltage regulator to convert

+28 V dc primary power to lower
voltage levels required by the var-
ious electronic circuits.

. Status panel with indicators to indi-

cate mode of operation, selected
tape speed, and tape break or end-
of-tape conditions.

Control panel with pushbutton
switches to control all operating
modes except speed selection.
Speed selection is made byarotary
switch located on the tape transport
assembly.
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3-5. UNIT FUNCTIONAL
DESCRIPTION.
3-6. The M-14G is a self-contained,

14-track recorder/reproducer providing
7 tape speeds of 1-7/8 through 120 ips,
and may be configured with either wide-
band direct/analog (2. 0 MHz at 120 ips)
or wideband Group I FM signal elec-
tronics, or any combination of the two.
Signal electronics are provided in 2
overlapping speed ranges of 1-7/8,
3-3/4, 7-1/2, 15, 30 and 60 ips; or
3-3/4, 7-1/2, 15, 30, 60 and 120 ips,
depending upon application require-
ments. The tape transport will operate
at all 7 electrically selectable tape
speeds without modification or mech-
anical component changes. Tape speed
is selected by a rotary SPEEDSELECT
switch, located on the tape transport
assembly. All other operational con-
trols are located on the front panel of
the reproduce amplifier module (RAM).
For purposes of explanation, the oper-
ation of the unit has been classified
into 5 basic functional categories, as
follows: :

a. Control function.

b. Record function.

c. Reproduce function.

d. Power distribution.

e. Mechanical function.

3-1. CONTROL FUNCTION.

3-8. CONTROL LOGIC. Recorder
modes are operator selectedby momen-
tarily depressing pushbutton switches,
located on the front panel of the RAM.
Each pushbutton, when selected, grounds

3-3

one of the control lines to the control
logic PWB, activating integrated circuit
logic gates which, inturn, control the
transport mechanism. The operator
selected modes include: FORWARD,
RECORD, REVERSE, FAST WIND,
FAST REWIND, and STOP. Separate
"memory cells'" are provided on the
control logic PWB for each mode.
These memory cells act as latching
circuits to hold the recorder in the se-
lected mode until another mode is se-
lected, or unless overridden by one of
the recorder protection circuits. Each
memory cell consists of one dual-input
NAND gate and one quad-input NAND
gate, wired in a flip-flop configuration,
and interconnected for automatic reset
when another mode is selected. Since
the recorder is designed to record only
in the FORWARD direction, it isneces-
sary to simultaneously depress both the
FORWARD and RECORD pushbuttons
when selecting the RECORD mode of
operation. In addition to the six opera-
tor selected inputs, the control logic
also receives inputs from the tape
break sensor and from the end-of-tape
sensor to automatically stop the trans-
port mechanism whenever the tape sup-
ply is nearly exhausted, or in the event

-tape breaks during operation.

3-9, CONTROL LOGIC FUNC-
TIONAL DESCRIPTION. Refer to Fig-

ure 3-2 and Figure 5-19. The function
of the control logic is to control and

monitor the operation of the tape trans-
port, in accordance with the mode com-
mands initiated by the operator. Such
commands are initiated when the oper-
ator manually depresses one or more
of the pushbutton mode switches, on the

. front panel of the RAM. The modes

available for selection are: FORWARD,
RECORD, REVERSE, WIND, REWIND
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and STOP. The control logic also
monitors the outputs from the end-of-
tape and tape break sensors, and auto-
matically stops transport operation
when either of these conditions exist.

3-10.- Mode Command Storage. With
the exception of the STOP mode, each
of the operational modes selected from
the front panel of the RAMprovides a
ground (zero-volts) input to anintegra-
ted circuit storage element, onthe con-
trol logic PWB, whenever the associ-
ated pushbutton switch is depressed.
The storage elements consist of NAND
gate pairs, which are connected in a
flig-flop configuration, and whichfunc-
tion as memory cells to enable the
associated control circuits. The mem-
ory cells for each selected mode are:
U1lA and U2A for the RECORD mode,
U1B and U2B for the FORWARD mode,
U4D and U5A for the REWIND mode,
U4A and U5B for the WIND mode, and
U1D and U3B for the REVERSE mode.
The memory cells are interconnected
so that only one mode of operation may
exist at any given time. Whenever a

- mode is initiated, the previously selec-
ted mode is automatically reset,except
for the RECORD mode which must be
selected simultaneously with the FOR-
WARD mode. The STOP mode, when
selected, resets all memory cells,
which stops transport operation.

3-11.  Control Circuits. The con-
trol logic contains seven control cir-
cuits which determine transport oper-
ation, for any given mode selected.
These control circuits include: a start/
. stop control, a direction control, afast
speed control, a speed select control, a
tape break control, and an end-of-tape
(EOT) control. Each of the controlcir-
cuits serve to either enable or disable

3-5

specific transport functions necessary
to perform the selected operation.

3-12.  Start/Stop Control. The start’
stop control circuit consists of NAND
gate U3A, NAND gate U1C (connected as
an inverter), transistor Q7, anddiode
CR5, which control the operation of the
ramp generator (Q7, Q8, Q9)on the cap-
stan servo PWB. The ramp generator,
in turn, controls the operation of the
capstan motor, by controlling the output
of the compensation amplifier (AR3).
Whenever a motion command is initia-
ted, (FORWARD, REVERSE, FAST
WIND, of FAST REWIND) the output of
NAND gate U3A will go high, causing
CR5 to conduct, which turns on the
ramp generator on the capstan servo
PWB. The turn-on voltage to the ramp
generator, through CR5, is delayedfor
approximately 1/2 secondby a one-shot
multivibrator made up of NAND gate
U4B and U4C and transistor Q10, which
is also triggered by the receipt of a
motion command through diodes CR14
thru CR17.- This prevents erratic
transport operation resulting from
abrupt mode changes. A STOP com-
mand, whether initiated by the operator
or by the tape break or EOT sensors,
will reset all command memory cells.
NAND gate U3A monitors the memory
cells and provides a low (ground) out-
put when all cells are reset. Thisgen-
erates a high output from NAND gate
inverter U1C, which turns Q7 on to
operate the STOP indicator on the front
panel of the RAM. The low output of
U3A also provides reverse bias to CR5,
which stops the capstan motor. Trans-
istors Q1 and Q2 form a delay circuit
which resets all memory cells when
transport power is first turned on.



3-13. Record Control. The RECORD
mode is controlled by transistors Q3
and Q4, and the record memory cell
consisting of UlA and U2A., When a
RECORD command is initiated, the
output of U2A, goes low, which turns
Q3 off and enables the +18. 5 V dc supply
in the voltage regulator circuits, to op-
erate the record amplifiers, The same
low output from U2A causes a high out-
put from UlA, which causes Q4 to con-
duct and light the RECORD indicator on
the front panel of the RAM. The return
line from the RECORD pushbutton is
connected in series with the FORWARD
pushbutton so that both a FORWARD
and a RECORD command must be initi-
ated to place the unit in the RECORD
mode.

3-14. Direction Control. The dir-
ection control circuit consists of diodes
CRIl and CRI12, and transistor Q8.
Diode CRIl monitors the output of the
REVERSE memory cell (UlD and U3B),
and CR12 monitors the output of the re-
wind memory cell (U4D and U5A).

When either memory cell is set, the
associated diode will conduct and turn
Q8 on. Q8 will, in turn, activate the
reverse relay in the capstan motor
amplifier circuit, to reverse the dir-
ection of motor rotation. Whenever the
REVERSE mode is selected, the output
of UlD will be high, causing Q9 to con-
duct to light the REVERSE indicator.
Likewise, when the FAST REWIND
mode is selected, the output of U4D
will go high to light the FAST REWIND
indicator through transistor Ql2.

3-15. Fast Speed Control. The fast
speed control circuit consists of diodes
CR30 and CR31, and transistor QIL.
Diode CR30 monitors the output of the
fast rewind memory cell (U4D and U5A),

and CR31 monitors the output of the
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fast wind memory cell (U4A and U5B).
When either memory cell is set, the
associated diode will conduct and turn
Qll on, QII will, in turn, ground the in-
put to the capstan servo phase compara-
tor (U4A, pin 1, on the capstan servo
PWB), causing full accelerating voltage
to be applied to the capstan motor.
Whenever the FAST REWIND mode is
selected, the output of U4D will be high,
causing Ql2 to conduct, lighting the
FAST REWIND indicator lamp on the

" front panel of the RAM. Likewise,

when the FAST WIND mode is selected,
the output of U4A will be high, causing
Q13 to conduct, lighting the FAST
WIND indicator lamp.

3-16. Tape Break Control. The tape
break control circuit consists of trans-
istors Q14 thru Ql7. The circuit mon-
itors the tape break sensor, and initi-
ates a stop command to the control
logic in the event of tape breakage.
Under normal conditions, transistor
Q16 is biased on through resistor R43.
This causes Q17 to conduct, providing
current flow through the brake solen-
oid, keeping the mechanical brakes re-
leased. Under a tape break condition,
a positive input from the tape break
sensor turns Ql4 and Q15 on. This
causes Q16 and QL7 to turn off, remov-
ing power from the reel solenoid, and
causing engagement of the reel brakes.
When Q15 conducts, diode CR9 conducts,
initiating a stop command (ground) input
to all mode memory cells. QI5 also
provides a ground return path, through
R42, to light the TAPE BREAK indica-
tor, on the front panel of the RAM,

3-17. End-of- Tape Control. The end-
of-tape control circuit consists of tran-
sistors Q18 thru Q20. The circuit mon-
the end-of-tape sensor, and initiates a

stop command to the control logic, just



prior to tape being completely wound

- off the supply reel. When activated,
the EOT sensor provides a positive-
going input to the base of transistor QIS,
causing it to turn on, This turns uni-
junction transistor QI9 on, which acti-
vates Q20 to light the EOT indicator
lamps, on the front panel of the RAM.
When Q18 is activated, the negative-
going transition at its collector is cou-
" pled through capacitor C19, which
initiates a stop command (ground) input
to all mode memory cells,

3-18. CAPSTAN SERVO CONTROL.

3-19. Reference Oscillator. Refer
to Figure 3-3. The reference signal
for the capstan servo is provided by
crystal- controlled oscillator ARI,
operating at 1. 6 MHz., The oscillator
consists of integrated circuit amplifier
ARI1, with positive feedback provided
by crystal Y1 and capacitor C4. The
crystal is operated in the series-res-
onant mode, making the frequency of
oscillation independent of other circuit
- components, or changes in operating
voltages. Oscillator output is coupled
to buffer/amplifier Q2, which drives
the first stage of the frequency divider.

3-20. Reference Frequency Divider.
Refer to Figure 3-4. The reference

~ frequency divider consists of two 4-bit
binary counters (ul, U2); one 2-bit bin-
ary counter (1/2 of 4-bit binary counter
U3); and associated speed control gates
(U5 through U8) which form part of the
speed control logic. The 1. 6 MHz ref-
erence oscillator signal from buffer/
amplifier Q2 is applied to the input (pin
8) of the first binary countdown (Ul), to
provide servo reference frequencies of
800 kHz, 400 kHz, 200 kHz, and
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100 kHz. The first twc initial count-
downs (800 kHz and 400 kHz) are not
utilized. The next countdown frequency
(200 kHz) is utilized to control capstan
motor speed at 120 ips. Thisfrequency
appears at pin 2 of Ul, where it is
routed to the first speed select gate
(U5B). The fourth countdown (100 kHz)
appears at pin 12 of Ul, where it is
routed to the second speed select gate
(U5A). This output is also used to
drive the next binary counter (U2),
which provides the next four successive
countdowns, and so on. Reference fre-
quency selection is controlled by the
SPEED SELECT switch(Sl), which pro-
vides a ground at the input of one of the
NAND gate inverters (U7, U8). A low
(ground) at the input of the NAND gate
inverters results in a high output,
which enables the corresponding speed
select gate to pass the selected refer-
ence frequency. Table 3-1 lists the
available reference frequencies from
the frequency divider, the associated
tape speed, and the corresponding
speed select gate.

3-21. The selected reference frequen-
¢y is routed through limiting resistor
R36, and appears at pins (F) and (6) of

- the capstan servo PWB for routing to

the reference frequency sinewave con-
verter (Figure 5-17). Since the cap-
stan motor tachometer output signal
frequency is equal to one-half the cor-
responding IRIG standard frequency,
for any given tape speed, the reference
frequency is counted down once more
by U3, before being routed to the cap-
stan speed control circuits.

3-22. Tachometer Amplifier. Refer
to Figure 3-5. The tachometer ampli-
fier amplifies and squares the sinewave



TABLE 3-1. REFERENCE FREQUENCY OUTPUT VS TAPE SPEED

Speed Select
Tape Speed Reference Frequency Gate
120 ips 200. 000 kHz U5B
60 ips 100. 000 kHz U5A
30 ips * 50. 000 kHz UsC
15 ips 25, 000 kHz U6B
7-1/2 ips '12.500 kHz UsC
3-3/4 ips 6. 250 kHz U5D
1-7/8 ips 3.125 kHz UGA

signal from the capstan motor tacho-
meter, before applying it to the capstan
speed control circuits, for comparison
with the fixed reference frequency from
the frequency dividers. The signal
from the tachometer ranges infrequen-
¢y from 1. 562 kHz at 1-7/8 ips, to 100
kHz at 120 ips, at a level greater than
1.0 V rms. The sinewave signal is
amplified by Ql, and routed to the squar-
ing amplifier (AR2), where it is con-
verted to & squarewave before being
applied to the pulse synchronizer
through buffer/amplifier Q3.

3-23. Pulse Synchronizer. If both a
reference and tachometer pulse occur
at the same time, the phase compara-
tor (immediately following the pulse
synchronizer) would become erratic,
and lose phase-lock. To avoid this,

the reference and tachometer are alter-
nately gated through the pulse synchro-
nizer (U4, Q4, Q5), before being
applied to the comparator circuit. A
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‘negative-going reference pulse applied

to pin 12 of U4D will cause the synchro-
nizer to change states, applying a high
(+5 V dc) to the "reference input' of the
phase comparator, and a low (ground)
to the "tachometer input. ' The syn-
chronizer will remain in this state,
until a negative-going tachometer pulse
appears at pin 2 of U4A, causing the
circuit to change state. The compara-
tor will now receive a low at the ''ref-
erence input, " and a high at the "tacho-
meter input. "

3-24. Phase Comparator. Refer to
Figure 3-6. The phase comparator
(U10, Ull, Ul12) alternately accepts
reference and tachometer pulses from
the pulse synchronizer, and produces
pulse-width modulate, constant amp-
litude pulses equivalent to the differ-
ence in phase between the two signals.

‘'The phase comparator functions as a

three stage up-down counter, in which
four possible states may exist - (-)1, 0.
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(+)1, and (+)2. During operation, the
reference signal clocks the circuit on,
and the tachometer signal clocks the
circuit off. During phase-lock, the
counter alternates betweena count of 0
and 1, with only U1l changing state.

If the capstan motor is running too

- slow, the frequency of the tachometer
signal becomes less than that of the
fixed reference signal. As a result,
the comparator would receive two or
more reference pulses before receiving
the next tachometer pulse. The second
successive pulse from the reference

~ input, prior to receipt of a tachometer
pulse, will cause the phase comparator
to switch to the (-) 1 state, with U11
held in the 0 state (pin7 low). This
causes the capstan motor amplifier to
apply full power to the motor, thereby
increasing the tachometer frequency
and re-establishing a phase-lock con-
dition. Conversely, if the capstan
motor is running too fast, the compar-
ator would receive two or more tacho-
meter pulses, before receiving the next
reference pulse. This will cause the
‘comparator to switch to the (+) 2 state,
with U11 held in the 1 state (pin 7 high),
turning the capstan motor amplifier
completely off. Normal friction then

- slows the motor until the tachometer

frequency once again equals the ref-
erence frequency, and phase-lock is
re-established. Figure 3-6illustrates
the output of the phase comparator for
the three possible tape-speed condi-
tions. The output of the phase comp-
arator is applied to a phase-lock test
point through limiting resistor R38,
and through NAND-gate inverter U6D
to buffer/amplifier Q6, which provides
a low impedance to drive the compen-
sation amplifier. ‘
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3-25. Compensation Amplifier. Ref-
fer to Figure 3-7. The compensation
amplifier is comprised of a low-pass
filter, an operational amplifier, anda
frequency-sensitive R/C feedback loop.
The low-pass filter, consisting of L3,
L4, C24, C25, C26 and C27, providesa
rolloff at approximately 1.5 kHz. The
remaining lower frequencies, repre-
senting the output duty-cycle of the
phase comparator, are integrated by
R42 and C28, and the feedback loop, to
provide a quasi-static dc voltage input
to the operational amplifier (AR3). The
feedback loop (R44, R45, R46, C29,
C30, and C31) around AR3 also stabi-
lizes the amplifier to prevent servo
overshoot in the motordrive amplifier
stages which follow.

3-26. Ramp Generator. The ramp
generator (Q7, Q8, Q9) serves to
apply power gradually to the capstan
motor after an operational mode has
been selected. This ensures gentle
tape handling by the transport, during
the critical period when tape is being

‘accelerated. Before the receipt of a

start command, transistor Q9 is cutoff,
which removes operating voltage from
amplifier AR3. With AR3 inoperative,
there is no drive to the motor-drive
stages, and the capstan motor is stop-
ped. Upon arrival of a start command,
Q9 gradually starts to conduct, in-
creasing the voltage applied to AR3,
which starts the capstan motor. The
ramp introduced by the ramp generator
may be adjusted by variable resistor
R51.

3-27. Servo Power Amplifier. Re-
fer to Figure 3-8. The servo power
amplifier consists of buffer/amplifier
Q10 on the capstan servo PWB, and Q6
through Q9 on the servo heatsink
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assembly. * Output power transistors
Q8 and Q9 form a quasi-complemen-
tary class B output stage, driven by
transistors Q6 and Q7. Amplifier out-
put is routed through the contacts of
relay K1, which reverses the polarity
of the output voltage to the dc capstan
motor during REVERSE and REWIND
modes of operation.

3-28. REFERENCE FREQUENCY
SINEWAVE CONVERTER. Refer to
Figure 3-9. The functionof the refer-
ence frequency sinewave converter is
to convert the selected squarewave
signal, from the frequency divider, to
a more suitable sinewave signal for
recording on tape. Sinewave conver-
ter circuitry consists of a zero-cross-
ing detector (Ul), seven sharp-cutoff,
low-pass filters, and an output ampli-
fier stage (U2). Selection of the appro-
priatefilter is accomplished by
grounding one of the speed-selectlines
(J57, pins 15 thru 21), through diodes
CR4 thru CR10. Proper filter selec-
tion occurs automatically with tape
speed selection.

3-29. . Zero-Crossing Detector. The
input stage (U1) of the sinewave con-
verter consists of an integrated circuit
voltage comparator/buffer, configured
as a zero-crossing detector, which .
provides waveform shaping, amplitude
limiting, and isolation between the
frequency divider and the converter
filters.

3-30. Filter Section. Each of the
seven low-pass filters correspond to
one of the squarewave reference fre-
quencies selected by the tape SPEED
SELECT switch. By effectively sup-
pressing all harmonic components from
the input squarewave signal, only the
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fundamental sinewave frequency ap-
pears at the filter outputs.
3-31.

Filter Select Circuit. FET

- transistors Q1 thru Q7 serve as on/off

switching elements in series with each
of the seven filter outputs. In the off
(non-selected) state, the FET's are cut-
off, preventing signal flow to the output
amplifier (U2). Whenever a tape speed
is selected, a ground is provided at the

-cathode of one of the switching diodes

(CR4 thru CR10), through the associ-
ated series resistor. This causes the
selected FET to conduct, allowing the
output of the associated filter to passon
to the output amplifier.

3-32.  Output Amplifier. Output amp-
lifier U2 amplifies the output of the se-
lected filter to a nominal 1.0 V rms
level, and provides a low-impedance
output to drive one or more of the
record amplifiers. Output level maybe
adjusted between 0.0 and 2.0 V rms,
with the OUTPUT LEVEL ADJ. control
(R27).

3-33. REEL DRIVE SYSTEM. The
reel drive system consists of two dc
reel motors, driven by separate closed-
loop servo amplifiers; two electro-
mechanical tension sensors; and a fail-
safe mechanical brake system, which
halts reel rotation inthe event of power
interruption. The motors are bi-direc-
tional, andare connected to provide op-
posing torque to maintain a nominal 9
ounces of tension throughout the reel of
tape, regardless of tape speed, or dir-
ection of tape travel.

3-34. Tension Sensors. Refer to

Figure 3-10. Compliance arms (ten-
sion sensors}), one for each reel, are
mounted in the tape path to sense
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~ tape-tension and control operation of
the reel servos. Mechanically, each
compliance-arm consists of two roll-
ers mounted on a pivot-arm, loadedby
spring tension. The spring is adjus-
ted to provide 14 to 15 ounces of ten-
sion, when the pivot-arm is centered
between its two mechanical stops. The
arm is coupled to a light shutter,
mounted between a pair of photocells
and their associated light sources, so
that with tape tension at its nominal
value, the shutter is positioned to pro-
vide equal illumination to both photo-
cells. If tape teasion increases or
decreases, the shutter changes posi-
tion and one photocell is illuminated
more than the other. This generates
an error signal to the servo amplifier,
which increases or decreases motor
voltage to correct the error.

3-35. Servo Amplifier. Refer to
Figure 3-11. There are two identical
reel servo-amplifiers utilized in the
RD378/U, although only one is shown
in the referenced figure. One servo
controls the supply reel motor, and
the other controls the take-up reel
motor. Since the operation of both is
identical, only the supply reel servois
described. The servo amplifier con-
sists of a high-gain amplifier (AR1), a
free-running multivibrator (Q1, Q2), a
ramp generator (AR4), a comparator
stage (AR2, AR3), a bi-stable switch
(U1), and a bridge connected power
amplifier to drive the reel motor.

3-36.  Input Amplifier. The servo

amplifier input signal is a quasi-static
dc voltage level obtained from the sup-
ply reel tension sensor, and applied to
pin 3 of AR1. A referencevoltage, de-
termined by R10, R11, R7, and CR2is
applied to pin 2. The output of linear
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amplifier AR1 is, therefore, propor-
tional to the difference between the two
inputs. To prevent overloading the
comparator circuits which follow, a
diode clamp (CR4, CR5, CR9 and CR10)
is provided to limit output amplitude to
+ 1.5 V peak, relative to the input ref-
erence voltage. "

3-31. Multivibrator and Ramp
Generator. Q1 and Q2 form a free-

‘running multivibratcr, operating at a -

frequency between 8 and 10 kHz. The
squarewave output is applied to linear
amplifier AR4, through an integrator
network consisting of C9 and R19, which
together constitute a ramp generator.
The resulting sawtooth output signal is
capacitively coupled to the comparator
circuit (AR2, AR3).

3-38. Comparator and Steering
Flip-Flop. The output of the ramp
generator (AR4) and input amplifier
AR1 are applied to the inputs of com-
parators AR2 and AR3. The operation
of the two comparators is identical,
except for the fixed bias levels applied
to the non-inverting inputs (pin 3). The
ramp signal from AR4 is applied to the
non-inverting input of AR2 (pin 3), while
the output of AR1 is applied to the inver-
ting input (pin 2). Whenever the input
voltage at pin 2 exceeds the voltage at
pin 3 (instantaneous ramp voltage plus
fixed bias voltage), the output of AR2
will be zero (ground). When the voltage
at pin 2 is less than at pin 3, the output
will be positive. The resulting output
will be a pulse-width modulated (PWM)
signal, in which the duration of the
pulses represent the magnitude of the
error from the tension sensor. The
PWM output of AR2 is applied to pins

4 and 5 of the steering flip-flop (U1),
through inverter Q33. The PWM output
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of AR3 is applied to pins 1 and 2 of Ul,
through inverters Q5 and Q7. The fixed
bias levels at pin 3 of AR2 and AR3 are
selected so that only one comparator is
active at any given time while the other
is switching at the ramp rate. A high
at the input to the steering flip-flop will
produce a high at the corresponding
output. The circuit will remain in this
state until a high appears at the oppo-
site input, causing the circuit to switch.
Ul thus controls the conduction of the
current switches driving the reel motor,
and hence the direction of motor rotation.

3-39. Servo Power Amplifier. When
the output of AR2 is high, (no PWM)
the signal applied to Ul, pins 4 & 5, is
low, as a result of inverter Q33. Pin
8 of Ul is, therefore, low; Ql2 is off;
Q21 is off; and Q27 (one leg of the out-
put bridge) is off. At the same time,
the high output of AR2 holds Q9 and Ql1
on. The conduction of Q11 holds Q25
“(in the opposite leg of the output bridge)
off. With Q25 and Q27 off, the only re-
maining path for current is from ground,
through Q26, through the motor, and
through Q28 to the +28 V dc supply.
The magnitude of the voltage appliedto
the motor will depend upon the drive
available at the base of Q28, which is
determined by the magnitude of the
error signal from the tension sensor.
As the error signal varies and AR2 be-
gins to provide PWM signal, the first
negative-going transition produces a
corresponding positive-going transition
at Ul, pins 4 and 5. Ul switches state,
producing a high at pin 8, causing QI2
to turn on. QI2 turns Q21 and Q27 on.
At the same instant, the negative-going
transition turns Q9 off, along with Ql1,
which turns Q25 on. With Q25 and Q27
cn (Q26 and Q28 off), the direction of
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"led by Q17 in the control logic.

current flow through the motor will re-
verse, causing rotation in the opposite
direction.

3-40. Fail-Safe Brakes. Refer to
Figure 3-21. The reel motors are pro-
vided with solenoid actuated brake
bands that engage to prevent tape spil-
lage whenever input power to the re-
corder is lost, whenever tape is wound
off either tape reel, or if the tape
breaks. The brake solenoid is control-
The
brake solenoid requires approximately
1 amp for actuation. Once actuated, a
relatively low current is required. The
transition from actuating current to
holding current is accomplished by the
brake control circuit, located in the
reel motor housing.

3-41. Refer to Figure 3-13. When
Q17 (in the control logic) turns on, +28
V dc is applied across the brake
solenoid and series resistor Rl. Atthe
instant power is first applied to the cir-
cuit, capacitor Cl begins to charge
through resistor Rl, placing a positive
potential at the base of transistor QI
Ql turns on, causing Q2 to turn on.
Current now flows from ground through
Q2 and through the solenoid to +28 V dc.
Capacitor Cl reaches full charge, re-
ducing the current flow through Rl and
causing QI and Q2 to turn off. The
solenoid remains energized, due to the
path to ground provided by Rl, but at a
reduced current level.

3-42. TAPE BREAK SENSOR. Refer
to Figure 3-14. The tape break sensor
consists of a photocell (V1) and lamp
(DS1) assembly, located in the tape path
and connected to switching circuits in
the control logic. During normal
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operation, tape is threaded through the
assembly to prevent light from striking
the photocell. With light from DSI
blocked by the tape, V1 has high resis-
tance and prevents zener diode CR35
(in the control logic) from conducting.
When tape breaks, or is wound com-
‘pletely off either the take-up or supply
reel, the photocell is illuminated,
causing its resistance to decrease, and
the voltage applied to CR35 to increase.
CR35 fires, applying a positive voltage
to switch-circuit Q14 - Q16, which
grounds the base of transistor Ql7. QL7
turns off, removing the +28 V dc from
the brake solenoid which, in turn,
applies the mechanical brakes. The
switch- circuit (Ql4 - Q16) is also used
to provide a stop command to the con-
trol logic, which deactivates the cap-
stan drive and also lights the TAPE
BREAK indicator on the front panel of
the RAM.

3-43. TAPE REMAINING AND END-
OF-TAPE SENSORS. Refer to Figure
3-15 and 3-16. Photoelectric circuits
are used to sense the approximate
amount of tape remaining on the supply
reel, to operate the TAPE SUPPLY
meter on the front panel of the RAM.
An end- of-tape sensor is also provided,
to stop the unit just prior to tape wind-
ing completely off the supply reel.

3-44, Tape Remaining Sensor. The
tape remaining sensor consists of photo-
cell assemblies positioned at the lower
right (V1 thru V3}, and upper left (V10
thru V18) corners of the tape transport
(see Figure 3-16). The photocells are
illuminated by lamp DSI, located above
and to the right of the take-up compli-
ance arm. This lamp is lighted when-
ever power is applied to the transport.
The sensors are positioned so that
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light from DSI is directed between the
supply reel flanges to strike the photo-
cells, When the supply reel is FULL,
the tape pack blocks light from DSI, and
the photocells provide a high resistance
between the +20 V dc source and the
TAPE SUPPLY meter. as tape is
spooled from the supply reel, the dia-
meter of the tape pack diminishes, and
the photocells are progressively illum-
inated, causing their resistances to
decrease, The photocells are con-
nected in parallel, so that as their total
resistance decreases more current is
allowed to flow through the meter.
Potentiometers R33 and R35 are pro-
vided for meter calibration.

3-45. End-of-Tape Sensor. The end-
of-tape sensor (V19) is located in the
tape supply sensor assembly located at
the upper left-hand corner of the trans-
port, and is so positioned that it be-
comes the last of the photocells to be
illuminated, as tape is spooled from the
supply reel. Once activated, V19 pro-
vides a positive voltage to the end-of-
tape switching circuit (Q18 thru Q20) in
the control logic circuits. The positive
input turns transistor Q18 on, which
provides a negative-going transition to
the stop logic, through capacitor QI9,
causing the transport to stop. QI8 also
turns on Q19 and Q20, to provide a
ground return for the EOT indicator
lamp, on the front panel of the RAM.

3-46. RECORD FUNCTION.

3-47. The RD378/U will record and
reproduce in either the direct/analog or
FM record modes, depending upon the
type of signal electronics installed. The
direct/analog and FM signal electronics
are directly interchangeable, to permit
simultaneous recording, or reproducing.,
in both modes.
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3-48, DIRECT/ANALOG RECORD
ELECTRONICS. Refer to Figure 6-2.
The direct record electronics consist
of up to 14 record amplifier cards(one
for each direct channel) and 1 bias
oscillator card. The record amplifier
cards plug into a motherboard assem-
bly, located in the record amplifier
housings directly adjacent to the head-
stack, and are accessible from the
front of the unit. Two motherboards
are used, one for all even-numbered,
and one for all odd-numbered record
amplifiers, with each containing seven
amplifier cards. The bias oscillator
is located in the amplifier housing con-
taining the even-numbered record amp-
lifiers. Conventional constant-flux
direct/analog recording techniques are
employed to record data signals in the
frequency range of 400 Hz to 2. 0 MHz,
at 120 ips, with proportionately nar-
rower bandwidths at lower tape speeds.
At the record head, the data signal is
linearly mixed with a high-frequency
(7. 05 MHz) bias signal to overcome
the inherent nonlinear characteristics
of the tape.

3-49. DIRECT/ANALOG RECORD
AMPLIFIER. Refer to Figure 3-17.
The direct/analog record amplifier
consists of a data signal amplifier (Ql,
Q2); a bias signal amplifier (Q3); and

a bias trap network, to prevent the bias
signal from entering the low-level data
amplifier stages.

3-50. Data Signal Amplifier. Data
signals to be recorded are applied
across the RECORD LEVEL ADJ. con-
trol (R2), which permits adjusting the
gain of the amplifier to produce normal
record levell output with input levels
ranging between 0. 2 and 10. 0 V rms.

Transistors QI and Q2 form a comple-
mentary Darlington amplifier,which pro-
vides a low output impedance, and high
current-gain to drive the record head.
To compensate for head losses at high
frequencies, a small amount oi pre-
emphasis is provided by R8 and C3.

3-51. Bias Signal Amplifier. The
bias amplifier consists of a single
class- C amplifier (Q3), followed by a
harmonic filter to assure waveform
purity of the output signal. Class-C
operation of Q3 minimizes changes in
bias amplitude, due to fluctuations in
operating voltages. Current limiting
resistor Rl2 limits the amount of bias
current drawn from the bias oscillator,
and ensures equal bias signal distribu-
tion to all channels, BIAS LEVEL
ADJ. control (R9) permits adjusting
the bias current level, through the re-
cord head, for optimum high-irequency
response and lowest signal distortion
(see Chapter 6).

3-52., -Bias Trap. The bias signal
(7. 05 MHz) and data signal (400 Hz to
2. 0 MHz) are mixed linearly (with no
resulting modulation products) directly
at the high side of the record head.

‘The amplified bias signal, which has

an amplitude approximately ten times
that of the data signal, is prevented
from entering the data amplifier stages
by a bias trap consisting of L1, C4, L6,
and Cll.

1 Normal record level (NRL) is that
level of input signal necessary to
produce 2. 0 percent 3rd order har-
monic distortion (due to tape over-

load) at the output of the reproduce

amplifier,
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3-53. BIAS OSCILLATOR. Refer to
Figure 3-17. The bias oscillator con-
sists of amplifier Ql with a 7. 05 MHz
crystal in a positive feedback loop,
from collector to base. Oscillator
output is coupled to a class-C ampli-
fier (Q2), which acts as a buffer be-
tween the oscillator and the filter net-
works that follow. Class-C operation
of Q2 minimizes changes in bias amp-
litude, due to fluctuations in operating
voltages. The pi-configured filter at
the output of Q2 removes the harmon-
ics from the bias waveform, andtrans-
forms the high impedance collector
output of Q2 to a low impedance to
drive the bias stages of the record
amplifiers. The filter provides two
bias signal outputs, which are 180°
out of phase with each other. One
phase provides bias for channels 1, 5,
9, 13, 4, 8, and 12. The other phase
provides bias for channels 2, 3, 6, 7,
10, 11, and 14. This helps to prevent
bias crosstalk problems that might
otherwise occur in the record heads.

3-54. FM RECORD ELECTRONICS.
Refer to Figure 3-18. The FM record
electronics consist of up to 14 record
amplifier cards (one for each FM
channel), which plug into a mother-
board assembly, located in the record
amplifier housings. These housings
are located directly adjacent to the
headstack, and are accessible from
the front of the unit. Two mother-
boards are used, one for all even-
numbered, and one for all odd- num-
bered record amplifiers, with each
containing seven amplifier cards. The
output of the FM record amplifiers is
a squarewave signal which saturates
the tape in both the positive and nega-
tive-going directions, at a rate (fre-
quency) determined by the amplitude
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of the input data. Because of the sat-
uration techniques used, the high-
frequency bias signal, necessary for
direct/analog recording, is not
required.

3-55. FM RECORD AMPLIFIER.
Refer to Figure 5-13. The FM record
amplifier provides frequency modula-
ted output signals at 8 separate IRIG
center frequencies, determined by the
associated speed-select circuitry. The

“amplifier consists of a high-impedance -

input amplifier, a voltage-controlled
oscillator, a frequency divider, speed-
select circuitry, and a head- current
driver stage.

3-56, Input Amplifier. Integrated
circuit ARI is a high~-impedance,
direct- coupled, non-saturating, ampli-
fier, which serves to deviate the center
frequency of the voltage-controlled
oscillator (VCO). Variable resistors
R2 (coarse) and R7 (fine) determine FM
carrier deviation limits of + 40 percent
ZERO ADJ. control R4 is used to
balance oat residual dc at the amplifier
input, which would otherwise cause off-
set center frequency deviation.

3-57. Veltage- Controlled Oscillator.
The VCO eircuit consists of a free-
running mmltivibrator (Q2, Q5), driven
by constamt- current drivers Q3 and Q4.
Oscillatorirequency is determined by
the emitter currents of Q3 and Q4.
With no imput signal to ARI, the FM
center frequency is adjusted by
CENTER FREQUENCY ADJ. control
R33, which controls the fixed bias poten-
tial of the constant- current drivers.
The outpw of ARI is directly coupled to
Q3 and Q4, causing the oscillator fre-
quency to vary in accordance with the
amplitude of the input data. With the
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input of the FM record amplifiers
grounded, R33 is adjusted for a VCO
center frequency of 432. 0 kHz. Tran-
sistor QI functions to ensure oscillator
start-up, when power is turned on, by
applying a negative-going voltage to the
base of multivibrator transistor Q2.

3-58. Frequency Divider and Speed-
Select Circuits. The output of the VCO
(432. 0 kHz +40 percent) is taken from
the collector of Q5 and applied to the
input of level converter Q6. The out-
put of Q6 is applied to a series of 8
frequency dividers (Ul, U3), which pro-
vide output frequencies of 216, 108, 54,
27, 13.5, 6.75, and 3.125 kHz, All
outputs from the frequency dividers are
routed to the input of the 8-channel
digital switch (U2). The digital switch
selects one of the eight inputs, depend-
ing upon the 3-bit binary word from

the speed-select circuitry, and applies

it to the input of the head driver stage
(Q7 thru Q9). Table 3-2 provides a
“list of tape speeds, FM center fre-
quencies, deviation limits, and speed-
select codes required to operate the
digital switch.

3-59. Head-Current Driver. The
head-current driver is a complemen-
tary emitter-follower, consisting of
transistors Q7, Q8 and Q9. The out-
put is single-ended with the head con-
nected to the high side of a 10-ohm
resistor (R30) to permit head current
monitoring while conducting test and
alignment procedures.

3-60. FM SPEED-SELECT
ENCODER. Refer to Figure 3-19. The
FM speed-select (binary coded decimal
(BCD) encoder is used in conjunction
with the FM recorder amplifier to
select the proper FM carrier frequency.

TABLE 3-2. FM RECORD PARAMETERS

FM Deviation
Tape Speed Cent. Freq. +40%  -40% Speed Select
ips kHz - kHz kHz Code
120 432.000 604.8 250, 2 111
60 | 216.000 302.4 129.6 110
30 | 108.000 151.2  64.8 101
15 54, 000 75.6  32.4 100
7-1/2 217, 000 37.8 16,2 011
3-3/4 13. 500 18.9 8.1 010
1-7/8 6. 750 9.45 4,05 001
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for the particular tape speed selected,.
The encoder is contained on a single
printed circuit card, which is installed
at connector J26 in the electronic hous-
ing assembly at the rear of the trans-
port (Figure 7-1).

3-6l. The speed-select encoder
produces a 3-bit binary output, which
is determined by the tape speed selec-
ted. Whenever a particular speed is
selected, a corresponding input to the
encoder (pin 7, 8, 9, 12, 13, 14, or 15}
is grounded. All other inputs remain
open (high). If no tape speed is selec-
ted, all inputs are open, and the bases
of Ql, Q2, and Q3 are biased to +5 V
dc through resistors Rl1l, R12, and Rl3.
This will forward bias CRI15 through
CR20 and turn on transistors Ql through
Q3, causing their outputs (pins 4, 5,
and 6) to go low (0-volts), For
example, assume a tape speed of 30ips

is selected. Input pin 8 will be
grounded through the SPEED SELECT
switch on the transport. This will for-
ward bias CR7 and CR8, and reverse
bias CRI15 and CRl7. This low input
turns Ql and Q2 off, causing their col-
lectors to go high (+5 V). The collec-
tor of Q3 remains low, thus producing
a 3-bit binary output of '"1-0-1. "

Table 3-3 lists the binary output for
each tape speed selected, ’

'3-62. REPRODUCE FUNCTION.

3-63. The RD378/U will record and
reproduce in either the direct/analog
or FM record modes, depending upon
the type of signal electronics installed.
The direct/analog and FM signal elect-
ronics are directly interchangeable, to
permit simultaneous recording, or
reproducing, in both modes.

TABLE 3-3. BINARY CODE

Outputs

Tape Speed (4) (B) (C)
ips Pin 4 Pin 5 Pin 6

120 1 1 1

60 | 1 1 1

30 1 1 1

15 | 1 1 1

7-1/2 0 1 1

3-3/4 0 1 0

1-7/8 0 0 1
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3-64. DIRECT/ANALOG REPRO-
DUCE ELECTRONICS. The direct
reproduce electronics consist of up to
14 reproduce preamplifiers (one for
each channel), up to 14 reproduce amp-
lifier cards, and 1l speed change logic
card. The preamplifiers are encap-
sulated modules, and plug directly in-
to the reproduce heads to minimize
system noise, and signal loss due to
cable capacitance. The reproduce
amplifiers and speed change logic
cards plug into the reproduce amplifier
module (RAM), located directly below
the tape transport, and are accessible
fromthe front of the unit by opening the
transport and lifting the hinged top-
cover of the RAM. Voltage-mode
reproduce techniques are employed to
reproduce pre-recorded data signals
in the frequency range of 400 Hz to

2. 0 MHz, at 120 ips, with proportion-
ately narrower bandwidths at lower
tape speeds.

3-65. Reproduce Preamplifier.
Refer to Figure 3-20. The reproduce
preamplifier is a three-stage, direct-
coupled amplifier circuit, providing
approximately 30 dB of signal gain be-
tween the output of the reproduce head
and the input of the reproduce ampli-
fier. The amplifier is configured so
as to present a high input impedance
to the reproduce head, and a compar-
atively low output impedance to drive
the reproduce amplifier which follows.
For optimum signal-to-noise ratio,
transistors Q1 and Q2 are operated at
a very low collector current. With
specified output cable capacitance,
preamplifier frequency response is
flat (+3. 0 dB) from 100 Hz to 3, 0 MHz.

3-66. DIRECT/ANALOG REPRO-
DUCE AMPLIFIER. Refer to Figure
5-14. The Direct/analog reproduce
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amplifier consists of a low-noise,
common-base, input stage; several
stages of intermediate amplification;
electrically selected amplitude and
phase equalization; and a low imped-
ance output amplifier.

3-67. Input Stage. The output of the -
reproduce preamplifier is coupled to
the input amplifier (Q2) through resis-
tor R3 and capacitor C4. Transistor
Q2 is connected in a common-base
configuration, with operating bias de-
rived through Ql and R4. QI serves as
a constant-current source to the base
of Q2 which, in turn, supplies bias back
to the base of QL. Thus, any change in
the dc collector current of either tran-
sistor is cancelled by the other. 'With
the collector voltage of Q2 held constant,
the amplified ac data signal will be
essentially free of distortion, and un-
desireable noise. Transistor Q3 serves
as a ground return path for switching
transistors Q4 through Q9, selected by
the speed change logic, in the RAM.
These switching transistors, when
activated, select resistors (R9, 11, 13,
15, 17, or 19) to serve as ac load resis-
tors for amplifier Q2, through series
capacitor C3. In this manner, the gain
of the input amplifier (Q2) is automatic-
ally adjusted for each tape speed
selected.

3-68. Low-Frequency Equalization.
At low frequencies, (400 Hz to epprox-
imately 2. 0 kHz), the reactance of
capacitor C3 is large, compared to that
of the load resistors selected by the
speed change logic. Likewise, the
reactance of capacitor C2, in parallel
with Rl, will be large, providing maxi-

- mum amplifier gain at low irequencies.

As frequency increases, the parallel
combination of C2 and RI, in series
with Cl, begins to shunt the series
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. combination of Ql and R2, thereby lower-
ing amplifier gain. The reactance of

C3 also decreases as frequency increas-
es, which further reduces amplifier gain.

3-69. High-Frequency
Equalization. After the initial low fre-
quency boost from the input stage, the
data signal is coupled through capaci-
tor C7 to the next stage, consisting of
Q10 and Q11. Q10 is an emitter-
follower providing isolation between
the input stage (Q2) and equalization
amplifier Q11. The load impedance of
Q11 consists of a selected network that
provides mid-band and bandedge equal-
ization for the tape speed selected. A
separate equalization network is used
for each tape speed, and is connected
~across the output of Q11 by means of

a diode switching matrix, controlledby
the speed change logic. If, for ex-
ample, a tape speed of 3-3/4 ips is se-
lected, the network consisting of R29,
L1, C10, R31, and R30 is placed in
series with the collector load resistor
(R28) of transistor Q11. At mid-band
frequencies, R29 and L1 present a ris-
ing impedance to Q11, thus increasing
the stage gain. Near the upper band-
edge frequency, C10 and L1 show a
sharp increase in impedance, result-
ing from approaching resonance. The
impedance then decreases sharply
above the resonant frequency. R29
provides adjustment of mid-band fre-
quency response, and R31 permits ad-
justemnt of the high-frequency re-
sponse, to provide a fully amplitude-
compensated (flat) output, over the full
frequency range.

3-70. Phase Equalization. There-
active elements used for frequency

compensation in the second stage intro-
duce nonlinear phase response
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characteristics which must be correc-
ted, if the output signal is to be afaith-
ful reproduction of the original re-
corded data. From the amplitude
equalization stage (Ql11), the signal is
routed through emitter-follower Q12,
and then to the phase equalization stage
(Q13). Transistor Q13 is a phase
spliting amplifier providing two outputs
of equal amplitude, but having a 180
degree difference in phase. By connec-
ting a variable resistor (R53) and
acitor (C21 thru C26) between the emi-
tter and collector of Q13, it becomes
possible to correct for phase non-
linearities introduced during the pro-
cess of amplitude equalization. Switch-
ing diodes are used to automatically
place the appropriate phase-equaliza-
tion capacitor in the circuit, for the
speed selected. The PHASE ADJ. con-
trol (R53) affects the response at all
tape speeds.

3-171, Output Amplifier. From
the phase equalization stage, the signal
is routed through emitter-follower Q23
to a voltage amplifier consisting of tran-
sistors Q14 thru Q16, which provide a
voltage gain of approximately 100.

From the voltage amplifier, the signal
is routed to emitter-follower Q18. The

- OUTPUT LEVEL ADJ. control (R76), in

the emitter leg of Q18, controls theout-
put amplitude of the reproduce ampli-
fier. The output stage consists of driver
amplifier Q22, bias.control transistor
Q19, and output transistors Q20 and
Q21, connected in a complementary-
symmetery configuration. Amplifier
gain is normally adjusted to provide a
1.0 V rms output across a load imped-
ance of 75-ohms.

3-72. FM REPRODUCE
AMPLIFIER. Refer to Figure 3-21.
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The FM reproduce amplifier utilizes an
FM discriminator consisting of separ-
ate zero- crossing detectors (U5, U6),
which detect both the positive-going
and negative-going crossovers of the
modulated carrier. The detector out-
puts are combined through a gating
circuit(U7), and used to trigger a fix-
ed pulse-width one- shot multivibrator
(Y2). The FM signal is thus converted
to a pulse-width- modulated (PWM) sig-
nal having a constant amplitude, but a
varying duty cycle. The output of the
one-shot is coupled to a selected low-
pass filter (FL-1 through FL-6) which
responds to the average duration of the
input pulses, to extract the original
data signal.

3-73. Normalizing Amplifier. From
the preamplifier, the reproduce signal
is routed to the normalization ampli-
fier, consisting of Q3 through Q5.
Signal normalizing is necessary to
compensate for the increased output
from the reproduce head as frequency
increases at higher tape speeds. The
amplifier normalizes the carrier amp-
litude to approximately 3.0V p-patall
tape speeds. Amplifier gain changing
is accomplished by switching a resis-
tor in the feedback attenuator (R1
through R6) such that as the resistance
increases the feedback also increases,
which decreases amplifier gain. A
series capacitor (C1 through C6) is
also switched, along with the resistor,
to provide rolloff at low frequencies.
The resistor values increase by a
factor of approximately two and the
capacitor values decrease by a factor
of approximately one-half for each
lower tape speed selected. Thus, the
low frequency cutoff remains constant.
High-frequency rolloff is introduced
by L5. As the series resistor values
double, the high-frequency rolloff

point is also doubled. Switching of the
feedback resistors and capacitors is
accomplished by hex-inverter Ul.
Each inverter provides a low resis-
tance to ground when the input is high,
and an open-circuit when the input is
low.

3-74. Squaring Amplifier. Squaring
amplifier Q6 and Q7 is a two- stage
amplifier which increases the signal
slope at the zero-crossover points, and
limits the amplitude of the output sig-
nal. Slope increase is provided by the
high voltage gain of each stage, and v
amplitude limiting is provided by diode-
pairs connected from collector to base
of each transistor. The output of the
squaring amplifier is a squarewave sig-
nal having short rise and fall times, at
an amplitude of approximately 1.0V p-p.

3-15. Zero-Crossing Detectors. The.
zero- crossing detector consists of volt-
age comparators U5 and U6, and NAND
gate inverters UTA, U7B, and U7C. As
the output of the squaring amplifier
passes through zero in the positive-
going direction, the output of U5 goes
positive and is applied to the input of
NAND gate inverter U7TA, The nega-
tive- going output of U7A is differenti-
ated by C35 and R36, and inverted again
by U7C to trigger the one-shot multivi-
brator (Y2). The output of voltage com-
parator U6 goes positive whenthe output
of the squaring amplifier passes through
zero in the negative-going direction.

U6 output is inverted by U7B, differen-
tiated by C36 and R37, and OR'ed witl
the output of UTA (by U7C). to also trig-
ger the one-shot multivibrator.

3-36.  One-Shot Multivibrator. Refer
to Figure 3-22., The output pulse-width
of the monostable multivibrator (Ul) is
equal to one-half the cyclic period of the
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FM carrier frequency, when the carrier
signal is unmodulated, The pulse-width
is determined by capacitor Cl, resis-
tor Rl, and variable resistor R28.
Capacitor Cl is actually the parallel
combination of the 22 pF capacitor
(C1), within the one-shot module, and
external capacitors located on the se-
lected low-pass filter (FL-1 through
F1-6). Variable resistor R28 is ad-
justed for a symmetrical squarewave
output when the FM carrier is unmod-
ulated. The output of Ul is routed to
NAND gate inverters U2A and U2B,
which provide the necessary current
to drive the output switching transis-
tors (Q3 and Q4). Transistors Q3 and
Q4 are connected in a complementary-
symmetry switching configuration,
such that when the output of U2B is
high Q4 is on, and when U2B output is
low Q3 is on. This provides an output
signal having both negative and posi-
tive-going transitions, across the
common load resistor R57. The
average dc value of the squarewave
output across R57 will be zero when
the FM carrier is unmodulated. With
modulation, the squarewave duty cycle
~will vary, and the average dc value
'will change in direct relation to the
change in input frequency. To prevent
multivibrator instability due to changes
in ambient temperature, the entire
circuit is housed in a temperature-
controlled module. Temperature con-
trol is provided by temperature- A
sensitive resistor R4, which controls
the conduction of Darlington- connected
transistors Ql and Q2. As tempera-
ture decreases, the resistance of R4
also decreases, causing Ql and Q2 to
conduct. The module is then heated by
the power dissipated by resistors R2
and R3.
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3-77. Demodulation Filters. Refer
to Figure 3-23. The PWM squarewave
signal developed across R57 by the one-
shot must be filtered to remove the FM
carrier and extract the original modu-
lating data. Since a different carrier
frequency and bandwidth is used for
each tape speed, a separate filter must
be provided for each of these frequen-
cies. Thus, each of the demodulation
filters (FL~1 through F1~6) provides
the proper cut-off frequency for one
particular tape speed. Each of the fil-
ters contain a relay (K1) which, when
energized, connects the filter to the
common input bus (pin 7). The relay
also connects the proper value timing
capacitor to the one-shot multivibrator,
which alters the output duty cycle to
coincide with the cyclic period of the
input FM carrier frequency. Filter
relays are activated by hex-inverter
U3, which provides a ground return
path for the selected relay coil. U3 is
activated by positive-going inputs from
hex-inverter U2, which is activated by
the speed change logic. Each filter
contains a ZERO ADJ. control (R1) to
correct for any asymmetry in the un-
modulated squarewave signal from the
one-shot. RI is adjusted to produce

0. 000 V dc at the output of the repro-
duce amplifier, with an unmodulated
FM carrier input corresponding to the
tape speed (and filter frequency) se-
lected. Each filter is also provided
with an OUTPUT LEVEL ADJ. (R4) to
normalize the output of the reproduce
amplifier for all tape speeds. The out-
puts of all six filters are connected to
a common output bus, and routed to the
input of the output amplifier (U4).

3-78. Output Amplifier. The output
amplifier consists of a direct-coupled,
operational amplifier with a variable
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resistor (OUTPUT LEVEL, R14) in
the feedback loop to vary the gain.
ZERO ADJ. control R15 is provided
to balance out residual dc at the output
of the reproduce amplifier, with the
inputs of all demodulation filters
grounded. If desired, R15 may be
adjusted to provide a dc offset in the
output of the reproduce amplifier.

3-79. SPEED CHANGE LOGIC.
Refer to Figure 3-24. The functionof
the speed change logic is to select the
proper equalization network in the re-
produce amplifiers, which correspond
to the tape speed at which the recorded
signals are to be reproduced, deter-
mined by the position of the SPEED
SELECT switch on the tape transport.
When a specific tape speed is selected,
a corresponding relay (or combination
of relays) on the speed logic card is
energized. The only exception is the
3-3/4 ips speed, in which case all
speed select relays are de-energized,
and a ground return signal is provided
by the normally-closed contacts of K1,
K2, and K3. For 7-1/2 ips, K3 is
energized by 28 V dc across pins 5 and
6, and a ground return path is provi-
ded through normally-closed contacts
of K1 and K2, and throughK3A1/K3A2.
For 15 ips, K2 is energized (across
pins 6 and 14) and signal ground is sup-
plied through normally-closed contacts
of K1, throughK2A1/K2A2, and norm-
ally-closed contacts B2 and B3 of K3.
For 30 ips, K2 and K3 are energized
(across pins 6 and 9) and signal
ground is supplied throughK3B1/K3B2,
K2A1/K2A2, and through the normally-
closed contacts of K1. For 60 ips, K1
is energized (across pins 6 and 11)and
signal ground is supplied through the
normally-closed contacts of K4 andK2,
and through K1A1/K1A2. For 1-7/8
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ips, or 120 ips (depending upon how the
reproduce amplifiers are configured),
relays K1 and K4 are energized (across
pins 6 and 15) and signal ground is sup-
plied through K4A1/K4A2, through the
normally-closed contacts of K2 and
through K1A1/K1A2. In each case, the
ground return path provided by the
speed change logic selects the proper
equalization network on the reproduce
amplifier for the speed selected.

POWER DISTRIBUTION
FUNCTION.

3-81.  Operation of the RD387/U
requires a source of 117 V ac, 60 Hz,
single-phase input power. Connection
to this scurce is made through P101,
located on the rear connector panel.
Once line power is applied, internal
power supplies provide all necessary
dc voltages required to operate the unit.
The paragraphs which follow describe
the power distribution within the unit,
and provide a functional description of
the circuits and assemblies involved.

3-82.  General Discussion. Refer to
Figure 5-6. Input power is routed from
J101. on the rear connector panel to the
power distribution assembly through
line filters FL-1 and FL-2, and circuit
breaker CB-1, to the normally-open
contacts of power relay K1. The hot
side of the input power is also connec-
ted to the MAIN POWER switch (S9),
located or the front panel of the repro-
duce amplifier module (RAM). When S9
is closed, K1 is energized and applies
117 V ac primary power to the blower
fan and to the +28 V dc power supply,
via pins A and B of P155. The output of
the 28 V power supply (P146 pins A and
C) is applied to the tape transport via

‘pins A and C of connector J147, located
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on the transport connector bracket.
After passing through the dc line filter
(FL-1), the +28 V dc is routed to the
power switch assembly (TB5, terminal
1) which delays the application of full
operating power to the recorder cir-
cuits, until proper bias levels have
~ stabilized. Power relays in the power
switch assembly must be activated by
- closing the TRANSPORT POWER
switch (S1), on the front panel of the
RAM, to fully energize the unit.

3-83. Once the TRANSPORT
POWER switch has been closed,

+28 V dc is routed from the power
switch assembly (TB5, terminals 2 and
3) to the various transport circuits,
through fuses F1 through F4. Diodes
CR1 through CR4 provide reverse-
voltage protection in the event power
supply polarity should become rever-
sed. From the power switch, +28 Vdc
is also applied to the RAM, (P153,
pins F and b, and through fuses F1 and
F2) to operate the reproduce ampli-
fiers, the dc-dc converter, and the
various lamp indicators. The dc-dc
converter provides regulated positive
and negative 15 V dc to operate the FM
signal electronics. The ELAPSED -
TIME meter, located on the transport
connector bracket (Figure 2-3), is
connected to +28 V dc through fuse
F2. Ground return paths are provided
by the control logic, through diodes
CR5 through CR8, whenever the unit is
placed in the FORWARD, REVERSE,
FAST WIND, or FAST REWIND modes
of operation. Thus, the ELAPSED
TIME meter operates only during the
time that tape is actually in motxon
across the heads.

3-84. From fuse F4, the first leg
of the 28 V primary power is routed
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to the reel drive assembly (P33, pin9),
to operate the reel servo amplifier
which, in turn, operates the reel
motors. The second leg of the 28 V
primary power is routed from fuse F3
to the servo heatsink assembly (TB6,
terminal 6) to operate the capstan
motor power amplifier stages. Capstan
motor power is applied through connec-
tor J34, pins 5 (-) and 9 (+). The third
leg of the 28 V primary power is routed
from fuse F2, through connector P20
(pin 3), to the BCD encoder (J26, pin W),
and also to the control logic card (J24,
pins 22 and Z), which serves to place
the unit in the STOP mode when power
is first applied. The fourth leg of the
primary power is routed from fuse F1,
through connector P20 (pin 1), to the
voltage regulator (J25, pins 22 and Z)
and to the reference frequency sine-
wave converter (J57, pin 1), via con-
nector J59, pin 9 and P56, pin 32. '

3-85.  The voltage regulator provides
regulated voltages of 24 V dc (J25, pins
19 and W), to operate the reproduce

" preamplifier regulator; 20 V dc (J25,

pins 20 and Z), to operate the tape
break sensor, end-of-tape sensor, tape
supply sensors, and circuits locatedin
the logic, BCD encoder, capstan
servo, and reel drive assemblies;

18.5 V dec (J25, pins 8 and J), to oper-
ate the record amplifiers; and 5 V dc
(J25, pins 17 and U), to operate cir-
cuits in the logic, encoder, and capstan
servo assemblies. The voltage regula-
tor also supplies 10 V dc (J25, pins 18
and V) to the tachometer transducer,
located in the capstan motor housing,
via J34, pin 2.

3-86. Primary Power Supply. The
+28 V dc power supply is a sealed unit,
rated at 14 amperes full load, which



serves as the primary power source
for the RD378/U. The specifications
for this assembly are listed in ~
Table 3-4, and a detailed schematic
diagram is provided in Figure 5-6..

3-81. Power Switch Assembly. Re-
fer to Figure 3-25. The power switch
assembly permits proper bias levels
to be established in the solid-stage
circuits, before full operating voltage
is applied to the unit. The +28 V dc
input is applied through normally-
closed contacts of K1 to energize relay
K2. With K2 energized, power is
routed to the transport circuits through
limiting resistor R2. From K2, power
is also applied to relay K1, through
limiting resistor R1. As a result of
the time-constant provided by R1 and
Cl1, activation of relay K1 is delayed
for approximately 50 milliseconds,
thus allowing circuit bias voltages to
stabilize. After this brief delay, K1
energizes and applies full power tothe
unit. Once energized, K1 remains

activated through resistors R1 andR2,

now connected in series across the
28 V dc output of the power switch
(TB4, terminals 2 and 3).

3-88. DC-DC Converter. The dc-
dc converter is used only when the

FM record/reproduce signal electron-
ics are installed. The converter ac-
cepts +28 V dc primary power input,
and provides regulated +15 V dc out-
puts. The unit is an encapsulated,
non-repairable module, which should
be replaced as a complete assembly

if a malfunction should develop.

3-89. VOLTAGE REGULATOR.
Refer to schematic diagram, Figure 5-
16. The voltage regulator operates
directly from the +28 V dc primary
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power to provide the following outputs.

a. +24 V dc for the reproduce pre-
amplifier regulator.

b. +20 V dc for the capstan and reel
drive circuits, control logic,
BCD encoder, and sensor
assemblies.

c. +18.5 V dc for the record ampli-
fiers.

d. +10 V dc for the capstan tacho-
meter.

e. +5 V dc for the 'capstan servo,
BCD encoder, and control logic.

3-90. +24 V dc Regulator. The+24V
regulator is a series regulator, which
consists of transistor Q5, zener diode
CR8, and associated circuitry. This
regulator supplies the reproduce pre-
amplifiers regulator with +24 V dc in-

put power. This regulator is not ad-

justable.

3-91.  +18.5 V dc Regulator. The
+18.5 V dec regulator provides operating
voltage to the record amplifiers, and is
only energized when the unit is in the
RECORD mode of operation. The con-
trol amplifier (Q1) senses the output
voltage across potentiometer R8 (+18.5
V ADJUST), and compares this voltage
to a reference voltage across zener
diode CR1. Any variation in the output
results in a correction voltage from the
control amplifier to the base of Q1, on
the servo heatsink assembly. The in-
put 28 V dc is clamped by zener diode
CR1 to operate the RECORD control
circuit, in the control logic. Capacitor
C2 is a timing capacitor which controls
the turn-on/turn-off time of Q1, to
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TABLE 3-4. POWER SUPPLY SPECIFICATIONS

Input Voltage
Input Frequency
Output Voltage

Output Current

Regulé.tion - Line
and Load Combined

Ripple and Noise

Overload Protection

Magnetic Radiation

Operating Terﬁp
Storage Temp

Maximum Weight

105 - 125 V ac
47 - 420 Hz

28, ¥1.2Vdc
14.0 A, full load

+0.5%, for worst case

105 - 125 V ac line
and no-load to full-load
change. ,

" Less than 50 mV peak-to-peak

for worst case 110 - 125 V ac
line and no-load to full-load
change. Less than 500 mV
peak-to-peak for worst case
105 - 125 V ac line and no-
load to fmll-load change.

Greater than 20 A output.

Less thar 0.5 gauss, l-inch
from top surface.

-20°C to +550C (circulated air)
~550C to +850C

15 lbs
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permit a gradual build-up of the
+18.5 V dc output, when the circuitis
energized. This slow turn-on/turn-
off prevents magnetization of the re-
cord heads, due to sudden voltage
changes.

3-92. +20 V dc Regulator. The
+20 V dc regulator consists of tran-
sistors Q3 and Q4, plus shunt regula-
tor Q5, located on the servo heatsink
assembly. The output of the +20 V
regulator is adjusted by R15, located
on the voltage regulator PWB.

3-93. +5 V dc Regulator. The

+5 V dc required to operate the logic
circuitry is developed by emitter-
follower Q6. Base bias is established
by zener diode CR10 and diode CRI11,
in the emitter leg, to maintain a con-
stant +5 V dc output.

3-94. +10 V dc Regulator. The

+10 V dc supply consists of zener
diode CR, inductor L1, and capacitor
C4. CRT limits the 20 V reference in-
put to a 10 V level, which is supplied
to the tachometer transducer in the
capstan motor housing.

3-95. Preamplifier Regulator. Re-
fer to Figure 5-6. The reproduce
preamplifier regulator consists of an
integrated circuit precision voltage-
regulator (Ul) and associated compon-
ents. The regulator is located on the
interconnect PWB for the even numb-
ered reproduce preamplifiers, and is
used to supply +15 V dc preamplifier
operating voltage. '

3-96. MECHANICAL FUNCTION.

3-97.  The two primary mechanical
functions performed by the tape
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transport are those performed by the
capstan drive assembly and by the reel
drive assembly. The function of the
capstan drive is to drive the tape past
the record/reproduce heads at a se-
lected constant velocity, while main-
taining uniform head-to-tape contact.
The function of the reel drive is to un-
wind tape from the supply reel before
it enters the head area, and wind it on-
to the take-up reel after it leaves the
head area, while maintaining uniform

" tape tension at all times.

3-98. TAPE METERING. The tape
metering function is accomplished by
two elastomer-coated capstans having
identical diameters, but driven at
slightly different speeds, by a single
servo-controlled dc motor. The cap-
stans are driven such that the tape is
controlled by the slower turning capstan
as it enters the head area, and by the -
faster turning capstan as it leaves the
head area. This creates a slight ten-
sion in the section of tape passing over
the heads, and ensures uniform head-
to-tape contact. The capstans are
driven at slightly different velocities
through the use of a two-diameter
pulley, driven by the capstan motor,
and coupled to the capstans by a pair of
mylar drive-belts. Belt A is threaded
around both capstan pulleys and is
driven by the smaller diameter of the
two-diameter motor pulley. Belt B is
also threaded around both capstan pul-
leys, but is driven by the larger motor-
pulley diameter. The capstans will
turn at a velocity determined by the
driving source which is "'leading' the
particular capstan pulley (i. e. ,the motor
pulley which is PULLING the beltfrom
around the capstan pulley). The tape
is held in firm contact with the capstans
by first passing around the wrap-rollers



which provide a wrap-angle of approxi-
mately 226 degrees around the cap-
stans.

3-99. REEL DRIVE. The RD378/U
uses separate dc motors to turn the
supply and take-up reels, each of which
is under the control of a separate
closed-loop servo. The motors are
mounted concentrically and are housed
in a single reel motor assembly. The
reel servos (and hence the reel motor

torque) are controlled by two tension
sensors located in the tape path. Refer

to Paragraph 3-34 for descr1pt10n of
. sensor operation,
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CHAPTER 4

SCHEDULED MAINTENANCE

4-1. INTRODUCTION.

4-2, Maintenance procedures des-
cribed in this chapter are to be per-
formed on a scheduled basis to reduce
the possibility of catastrophic failure,
and to maintain the unit at a satis-
factory operating level.

4-3. PURPOSE.

4-4, The purpose of scheduled main-
tenance is to keep the unit operational
at all times under all circumstances.

4-5. SCOPE.

4-6. The information provided in
this chapter shall be used by all opera-
tor and maintenance personnel respon-
sible for the unit. Operator and Main-
tenance personnel should have the rank
of E-5, or greater.

4-7. ARRANGEMENT OF SCHED-
ULED MAINTENANCE DATA.

NOTE

The scheduled maintenance
instructions in this manual
are cancelled when the
Planned Maintenance System
(PMS) is implemented for
this equipment aboard your
ship or station.

4-8.. The scheduled maintenance
procedures are arranged in a logical
sequence and are to be done as
scheduled. '

4-9. SCHEDULED MAINTENANCE
ACTION INDEX,
4-10. Table 4-1 provides an index to

scheduled maintenance. The table
provides the period, required action,
and appropriate paragraph to perform
the action.

4-11. PREVENTIVE MAINTENANCE
PROCEDURES.

4-12, The following information and
procedures are to be used when per-
forming scheduled maintenance. Be
certain to observe all safety pre-
cautions and that all required tools and
test equipment are available.

4-13. SAFETY PRECAUTIONS.

CAUTION

The unit operates at dangerous
voltages. Turn off main circuit
breaker for all procedures that
do not require power to the unit.
For those procedures that re-
quire power to the unit, observe
all precautions normally follow-
ed in using and testing elec-
troniec equipment.

4-14. CLEANING MAGNETIC HEADS,

4-15. To minimize wear to the head
surfaces, and to prevent signal degra-
dation, itis very important to keep the
magnetic heads clean at all times.

This procedure should be performed
daily.



TABLE 4-1. SCHEDULED MAINTENANCE ACTION INDEX

Should be Reference
Periormed Maintenance Action Paragraph
Daily Demagnetize Heads 4-16
Daily Clean Heads 4-14

Monthly Inspect and/or replace 4-18
Capstan Drive-belts |

Quarterly General Inspection for Table 4-2.
damage or deterioration '

Every 60 - Perform transport and Chapter 6,

100 hours signal electronics adjust- Section I

of operation

ments/alignments as
necessary.




TABLE 4-2. ITEMS TO BE INSPECTED

Item

Inspect For

Cabinet and Transport (General)

Controls, Indicators and Switches

Tapeguides and other rotating
components

Heads

Connectors

Cables

Printed Wiring Boards
Terminal Boards

Fuses

Physical damage. Illegible markings on
controls and nameplates. Loose or
missing hardware.

Insecure mounting, missing lenses, loose
knobs, proper operation.

Smooth rotation. Damaged surfaces.

Dust, oxide or other foreign substances.
Scratched tape surface. Damaged or

excessive wear.

Insecure mounting, bent or missing pins.
Damaged shells.

Damaged insulation. Improper routing,
kinks or twists. Loose clamps.

Breaks, damaged components, proper
seating in sockets.

‘Breaks, cracks, loose terminals. In-

secure mounting.

Damaged holders. Proper rating.
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CAUTION

Avoid prolonged breathing of
xylene fumes. Keep xylene
away from open flame.

a. Tools, Parts, Material, and Test
Equipment. :

1. Xylene Federal Specification
TT-X-916B.

- 2. Cotton swabs.
b. Procedure.
1. Refer to Figure 4-1.

2. Loosen two captive screws and
remove headshield. Use extreme care
so as not to scratch head surfaces.

3. Clean the face of the magnetic
heads with a cotton swab dampened
(not saturated) with Xylene, by wiping
" in the vertical direction along the head

gaps.
NOTE

Headstack should be degaussed
after cleaning, while the head-
shield is still removed.

4. Reinstall headshield.

4-16. HEAD DEGAUSSING.

4-17. Heads should be degaussed
(demagnetized) frequently to prevent
loss of high-frequency data signals.
Daily degaussing is recommended.

a.  Tools, Parts, Material, and Test
Equipment,

4-4

l. Head demagnetizer - Ampli-
fier Corp. of America, Model 200-C.

b. Procedure.
CAUTION

Do not turn off degausser while
it is in the vicinity of the mag-
netic heads. Resulting direc-
tional magnetic field may re-
magnetize heads.

1. Refer to Figure 4-2.
2. Turn off recorder input power.

3. Remove tape and tape reels
from transport. _

4, Using a small pocket compass,
check and degauss all tools which will
be used near the head area. '

5. Remove head cover and head-
shield, being extremely careful not to
scratch the head surfaces.

6. Energize the degausser well
away from the immediate head area
(arms-length will suffice), and slowly
bring the degausser into the head area.

7. Bring the degausser close
enough to the headstack so that a
definite strong attraction is felt. Do
not permit physical contact between
the degausser and the head surfaces.

8. Slowly move the degausser
back and forth above the face of the
headstack for 15 to 30 seconds.

9. Slowly remove the degausser
from the head area, while at the same



Figure 4-1. Magnetic Head with Cover Removed.
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DEMAGNETIZER

HEADS
(TYPICAL)

CAUTION

AVOID
SCRATCHING
HEADS

Figure 4-2. Magnetic Head Degaussing.
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time continuing a slow back-and-forth,
or rotating, motion.

10. De-energize the degausser
only after it is well away from the
immediate head area. ‘

11. Re-install head-cover and
headshield.

' 4-18. CAPSTAN DRIVE- BELT
REPLACEMENT.

4-19.  After every 100 hours of opera-
tion or once each month, whichever
occurs first, the capstan drive-belts
should be inspected. If the belts do not
show signs of wear or deterioration,
simply clean and re-install. If cracks,
nicks, or slippage are obvious re-

‘place belts as outlined in paragraph
6-53.
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CHAPTER 5

-TROUBLESHOOTING

5-1. INTRODUCTION.

5-2.  This chapter provides trouble-
shooting instructions for the isolation
of malfunctions in the recorder/repro-
ducer. The troubleshooting instruc-
tions are limited to the isolation of
faults to mechanical or dlectronic sub-
assemblies. Replacement and repair
instructions are provided in Chapter 6,
Corrective Maintenance. Additional
information which will be of value in
troubleshooting may be found in Chap-
ter 3, Functional Description. This
chapter is divided into eight parts,
which are interrelated. They are:

1. Troubleshooting index table.

2. Relay and lamp index table.

3. Protective device index table.

4, Troubleshooting procedures.

5. Maintenance turn-on procedure. |
6. Troubleshooting diagrams.

7. Maintenance schematic diagrams.

8. Troubleshooting dependency
diagram.

The troubleshooting index (Table 5-1)
consists of the following:

1. Func_tional areas of the unit.

2. Troubleshooting paragraphs,

5-1

which serve as a help in isolating the
malfunction.

3. Troubleshooting diagrams, which
serve as an aid in isolating the mal-
funétion.

4. Functional descriptions, which
refer to paragraphs in Chapter 3 where
the theory of functional areas is des-
cribed.

5. Alighment/adjustment, which
refers to paragraphs in Chapter 6.

5-3. The relay and lamp index (Table
5-2) consists of a table listing all the
relays and lamps used in the recorder/
reproducer. Each relay and lamp is
listed by its functional name and a
troubleshooting diagram is provided to
facilitate understanding of the function.
The protective device index (Table 5-3)
lists all fuses and circuit breakers in
the unit and describes their functions.
Toubleshooting procedures are contain-
ed in Table 5-4. This table presents a
logical order of fault isolation through
the use of measurements and indica-
tions of the unit. Maintenance turn-on
procedure (Table 5-5)brings the unit
from fully OFF to the ON condition and
is described in a tabular form. Trou-
Lleshooting consist of signal flow
(Figures 5-1 through 5-4), control dia-
gram (Figure 5-5), and power distri-
bution (Figure 5-6). These diagrams
are presented using logical normal
indications to isolate the fault. Fig-
ure 5-7 is an intraunit interconnection
diagram. Maintenance schematic



diagrams, which consist of the over-
all unit (Figure 5-8), transport assem-
bly schematics (Figure 5-9), RAM as-
sembly schematic (Figure 5-10), and
subassemblies of the unit, (Figures 5-
11 through 5-19) are provided. All the
electronic components are identified.
Troubleshooting dependency diagrams
(Figure 5-20 through 5-23) show the
functional dependency of a function or

~ signal and also show a logical relation-
ship of dependency to the next lower
repairable level.

5-4, AC POWER. Power provided

to the unit is 115 V ac 60 Hz. The 115

V ac is used to drive a cooling fan and

- utility lamp, and to supply input power

to the +28 V dc power supply. For

- troubleshooting purposes refer to
Table 5-4, step 1.

5-5. DC POWER. A +28 V dcpower
supply is used in the unit to provide
power for all the lamps, relays, volt-
age regulator, and motors that are
used in the transport section. Table
5-4, troubleshooting procedures,
under step 1, Power Distribution,
gives a step- by- step troubleshooting
sequence. ‘

5-6. ° DIRECT RECORD. Should the
unit record, a step-by-step procedure
should be followed, as given in Table
5-4 troubleshooting procedure, step 3,
and Figure 5-20 troubleshooting depen-
dency diagram.

5-7. DIRECT REPRODUCE. In the
event that the unit will not reproduce,
a systematic troubleshooting proce-
dure is given in Table 5-4, step 3.
Also a dependency chart is given in
Figure 5-22,

5-2

5-14,

5-8. FAST WIND. Maliunctions of
the fast wind mode are described in
troubleshooting procedures, Table
5-4, step 2,

5-9. FAST REWIND. Malfunctions
in the fast rewind mode are described
in troubleshooting procedure, Table
5-4, step 2.

9-10.. FM RECORD. A troubleshoot-
ing procedure in Table 5-4, step 4,
and Figure 5-2] are provided for assis-
tance in finding problems.

5-11. FM REPRODUCE. Table 5-4,
troubleshooting procedures, step 4,
describes a number of malfunctions
that may correspond to FM reproduce
problems. Also provided for assis-
tance is Figure 5-23.

5-12.. FORWARD. Table 5-4,
troubleshooting procedures, step 2,
describes a number of malfunctions
that may fit problems in this area.

5-13. REVERSE. Use Table 5-4,
troubleshooting procedures, step 2,

for assistance in rectifying problems.

INPUT SIGNAL. Refer to
Table 5-4, step 3 (g.), and troubl-
shooting dependency diagram for
assistance in finding malfunctions.

5-15. OUTPUT SIGNAL. Refer to
Table 5-4, step 3 (g.), and trouble-
shooting dependency diagram for
assistance in finding malfunctions.

5-16. START. Refer to Table 5-4,
troubleshooting procedures, step 2.

5-17. STOP. Refer to Table 5-4,
troubleshooting procedures, step 2.



5-18. TAPE SPEED CONTROL.
Refer to Table 5-4, troubleshooting
procedures, step 2.

. 5-19. TAPE SPEED INDICATOR.
Refer to Table 5-4, step 2.

5-20. Relay and Lamp Index is shown
in Table 5-2, Protective Device Index
is shown in Table 5-3. Troubleshoot-
ing Procedures are shown in Table
5-4, and Maintenance Turn-On Pro-

. cedure is shown in Table 5-5.

NOTE

Before consulting Table 5-4,
check all voltages, using the .
VOLTAGE CHECK meter and
control on the front panel of
the RAM (except in cases
where a known or obvious mal-
function exists). This check
may provide clues to the loca-
tion of the malfunction.
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