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INTRODUCTION

This manual provides service instructions, circuit diagrams and
an illustrated parts breakdown for the Master Regulating Clock
TD-1251/U (MRC) and is arranged as follows. Chapter 1 gives general
information about the MRC. The equipment is illustrated and
described, and leading particulars, capabilities, limitations, and
special tools and test equipment are listed. Chapter 2 covers
installation followed by preparation for use and reshipment instruc-
tions in Chapter 3. Operation is the subject of Chapter 4 which
covers controls and indicators and normal and emergency operating
instructions. Chapter 5 covers theory of operation at the system
functional level and at the functional circuit level. Maintenance
instructions are provided in Chapter 6 organized under three sectlon
headings: organizational and intermediate maintenance, special
maintenance, and performance test checks. Chapter 7 contains the
illustrated parts breakdown. Circuit diagrams are included in
Chapter 8 and consist of functional block diagrams, unit schematic
diagrams, and an interconnecting wire run list. The manual ends with
an alphabetical index.

ix/(x blank)
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PRECAUTIONARY NOTES

REPAIR PROCEDURE PRECAUTIONS. The following precautions must be
observed during repair.

a. Replace faulty components with exact duplicates as identified
in the appropriate Illustrated Parts Breakdown (IPB).

b. Do not change the loc¢ation or manner of termination of
grounds, and do not alter the layout of wiring, cables, or harnesses.

c. After any repair action involving grounds or shields, test kv
continuity check for proper isolation between the ground involved
and other equipment grounds.

REASSEMBLY PROCEDURE PRECAUTIONS. During reassembly of the fol-
lowing, precautions must be taken.

a. Shields. Inspect as follows and replace if faulty.

(1) RF gaskets. All closures with rf gaskets must have con-
tinuous contact with the gasket along the contact surface. These
gaskets are made of a conductive rubber compound and must be checked
for resiliency, freedom from dirt, a uniformly smooth surface, and
lack of other deterioration. Metal surfaces that mate with the
gaskets should not be deformed, dirty, corroded, or scratched.

(2) Finger stock. No spring fingers should be missing,
cracked, or corroded.

b. Structural Integrity. The followihg drawer components must
be securely and properly fastened to their respective chassis in
accordance with T.0. 31-1-75.

(1) Covers.
(2) Front panels.
(3) Large subassemblies, such as the power supply modules.

(4) Gaskets.

xi
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4458-PF-001A

Figure 1-1. Master Regulating Clock, TD-1251/U
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CHAPTER 1

GENERAL INFORMATION

1-1. INTRODUCTION. This chapter provides general information about
the MRC of interest to operation and maintenance activities. The
equipment is illustrated and described and various informative tables
and data lists are given.

1-2. DESCRIPTION AND PURPOSE. The MRC, shown in figure 1-1, is a
portable equipment, that combines an atomic frequency standard and a
real time-of-day clock in a single self-contained instrument. The MRC
finds application in the 487L system as part of Radio Receiver Trans-
mitter Set AN/FRC-117 equipment and as part of Airborne Communications
System AN/ARC-96 equipment. The atomic frequency standard part of the
MRC outputs reference frequencies at 5 MHz, and 1 MHz which are avail-
able through front and rear panel connectors, and 3 MHz available
through the rear panel. The real time-of-day clock includes a front’
panel LED time display in hours, minutes, and seconds. In addition,
the real time-of-day clock provides timing information in the form of
1 PPS and 1 PPM outputs which are available through front panel con-
nectors. Real-time data are available through rear panel connector
Pl. All outputs are referenced to an atomic clock primary frequency
standard built into the MRC. The atomic clock as a standard is based
on the constancy of one of the several natural resonant frequencies of
one isotope of the Cesium atom, (Specifically the frequency is
9,192,631,771.39 Hz for Cesium 133.)

NOTE

Throughout this manual, this frequency will be abbreviated
as 9.19 + GHz.

a. In the MRC, a frequency of 14,591,479.0022 Hz (abbreviated
14.59 + MHz) is generated by an oven-controlled, voltage-controlled,
crystal oscillator in a primary closed-loop control circuit (primary
loop). A Cesium beam resonator (atomic standard) is used to stabilize
the 14.59 + MHz primary loop frequency. The 14.59 + MHz primary loop
output is then synthesized in a secondary loop which is phase-locked
to the primary loop. All MRC outputs are then derived from the
secondary loop. The result is that all outputs generated retain the
accuracy and stability factors inherent in the primary loop frequency
which is locked to the atomic standard. In the MRC, the output fre-
quencies are accurate to *3 ppl0ll with a long-term stability of
+1 pploll,

b. The MRC can operate from a 115 V ac or 230 V ac (47 to
460 Hz), single phase power source; from an external 22 to 30 V dc
power source; or from an internal battery. Simultaneous connection
to both ac and external dc power sources may be made. In this
case, operation is from the ac source as first priority, the external
dc source as second priority, with last priorty being the internal
battery. Front panel indicators advise of input power availability,
power source in use, and charging status of the internal battery.



T.0. 49B3-36-2

c. When the two front panel cover doors of the MRC are unfastened
and opened, access is provided to two groups of auxiliary controls and
indicators. (See figure 4-1.) The controls and indicators under the
right door are for the atomic frequency standard. The controls and
indicators under the left door are for the real time-of-day clock.

The rear panel (figure 1-2) contains the ac and dc power connector
(P1), a signal connector (P2), fuses and spares, and thumbwheel fre-
quency control switches (A7S1l) under a hinged cover door.

d. On removing the top and bottom cover plates as shown in figures
1-3 and 1-4, easy access is afforded to all modules and components.

1-3. LEADING PARTICULARS. Leading particulars for the MRC are com-
piled in table 1-1.

Table 1-1. Leading Particulars

Nomenclature . « « « « ¢ « o « o & Master Regulating Clock TD-1251/U
Common Name . « « « o« o o o o o & MRC

System Application . . . . . . . . 487L; P/O Radio Receiver Trans-
mitter Set AN/FRC-117 P/O Air-
borne Communications System
AN/ARC~-96, and Electronic
Systems Test Set AN/URM-202.

Primary Power Requirements . . . . 115 or 230 V ac (%*10%, 47 to 460
Hz, single phase power at 185
watts maximum, 22 to 30 V dc
at 63 watts maximum (external
power source), or internal
standby battery power supply

Power Priority (when connected . . First priority - ac power

simultaneously to ac, external Second priority - external dc
dc and internal battery) power
Third priority - internal battery
power

Power Consumption:

115 V ac 24 V dc

During Warmup Only . . . . . . . 75 W 15 w

Frequency Time Standard Only . . 60 W 45 W

Standby Battery Only (Trickle . 6 W 3 W
Charge)

Standby Battery Only (Normal . 50 W 3 W
Charge)
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Table 1-1. Leading Particulars-Continued

Standby Battery:
Battery Capacity . . « « « « « . 1 hour/25°C (77°F)

1/2 hour/-28°C, +55°C
(=17.6°F, +131°F)

Charging Rate. . . . . . . . . . 16 hours
Battery Switchover . . . . . . . Automatic
Dimensional Data:
Width. . . . . . . . . . . % . . 19 inches (nominal)
Height . . . . . . . . . . . . . 51/4 inches (nominal)

Depth. . . . . . . . . . . . . . 22-3/4 inches (nominal)

Weight . . . . . . . . . . . . . . 60 pounds

Transportability . . . . . . . . . Portable

Type of Mounting . . . . . . . . . Bench or 19-inch rack mount
(requires 22-inch depth behind
panel)

Storage Temperature Conditions . . =-62°C to +75°C (-79.6°F to +167°F)
without batteries

-40°C to +65°C (-40°F to +149°F)
with batteries

CAUTION

To store MRC with batteries
at +35°C (+95°F) or higher,
VAC-ION pump must be ener-

gized either by energizing

complete MRC normally or in
STORAGE mode.

MRC should never be left de-
energized when storing at
temperatures above 35°C
(95°F) .
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Table 1-1. Leading Particulars-Continued

Setup TimMe . « o s = o = s & & o o No special preparation required
if stored for less than 4
months. If stored for 4 months
or more, unit must be operated
for at least 6 hours before
specifications can be met.

Storage Period « « « « ¢ s o & = After each 4 months of storage,
remove from storage and operate
for 6 hours minimum. Requires
20 minutes warmup time at
-280C (-17.6°F) ambient and
above.

4458-PF-002A

Figure 1-2. MRC, Rear Panel View

1-4
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1-4. CAPABILITIES AND LIMITATIONS.
the MRC are compiled in table 1-2.

Capabilities and limitations for

Table 1-2. Capabilities and Limitations
Parameter Specification
Output Signals (Sinusoidal):
Frequencies 5 MHz, 1 MHz
Amplitude l to 1.5 V rms into 50 ohms

Harmonic Distortion

Non-Harmonic Distortion

Signal to Noise Ratio

Accuracy
Reproducibility

Settability

Range
Stability:

Long Term

Short Term

Stability vs Operating Tempera-
ture

Stability vs Humidity

-40 dB

-80 dB (except -60 dB at extreme
magnetic or vibratory fields)

-80 dB (in 30-kHz bandwidth, ex-
cluding bandwidth of *1 Hz from

fo; except -60 dB at extreme
magnetic'or vibratory fields)
+3 x 10711
+1 x 1071

12 of reference

“1l total range)

Within %2 x 10
standard (6 x 10

6 x 10 11
-11
1 x,10 for life of Cesium beam
tube

Standard Deviation:

0<8 x 10~ 2 for 100-microsecond
sample intervals

¢<7 x 101! for 1-second sample

interval
-11 for sample inter-
e<7 x 10 t wvals >1 second and<
vt than 1 day

~28°C to +65°C (~17.6°F to +149°F)
<2 x 1071

50°C/95°C (122°F/203°F) humidity
<+l x 10”11

=7
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Table 1-2. Capabilities and Limitations-Continued
Parameter Specification

Stability vs Magnetic Field
Time-of-Day Clock:
Manual Clock Controls

Time-of-Day Outputs

Second Mark

Real-Time Data

Real-Time Data Transfer Clock
Real-Time Transfer Gate

3 MHz

Clock and 1 PPM Coincidence
Time Scale Adjustment

1 PPS Pulse Width; 1 PPS Output

1 PPM Pulse Width; 1 PPM Output

1 PPS/1 PPM Isolation

1 PPS/1 PPM Jitter (Leading
Edge)

Time Scale:
Time Scale

Coincidence (1 PPS/1 PPM)

1-8

<:2 x 107122 gauss dc

UT SET, ADD, and SUB time

TIME DISPLAY in HOURS, MINUTES,
and SECONDS

+6 V, 10 microseconds wide
+6 V serial output
*6 V, 100 kHz, sync square wave

+6 V, 200 microseconds wide

3 V into 50-ohm square wave
Seconds read (00) at 1 PPM
Universal time (UT) + time adjust

1 PPS at +10 V +1 V into 50 ohms
(20 microseconds +50% -20% into
50 ohms); rise time <50 nano-
seconds (from 90% to 10% value);
fall time <1.0 microsecond

1l PPM at +4 V 1 V dc ("1" state);
0V £0.5 V ("0" state) into 50
ohms; rise time <1,0 micro-
second; fall time < 0.9 micro-
second, pulse width 10 +1.,0
microseconds -

40 dB (10 1Hz to 10 MHz)

10 microseconds (< 5 nanoseconds rms
referenced to 5 MHz output,
averaged over 10,000 pulses)

1 PPS and 1 PPM adjustable with
thumbwheel switches over range
of 1 second in discrete steps
of 100, 10, and 1 milliseconds;
and 100, 10, and 1 microseconds

1l PPS lead edge, 1 PPM trail edge:;
and second mark trail edge
coincident within 100 nanoseconds



Table 1-2.
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Capabilities and Limitations-Continued

Parameter

Svecification

Synchronization (1 PPM/1 PPS)

Sync Error
Timing Pulse:

Amplitude
wWidth

Rise Time

Fall Time

Jitter

Noise Immunity
Temperature Stability

Pulse Advance

Auto Sync

1 PPM Reset

Timing Fault Output

Open Loop Oscillator Perfofmance:
Short Term Stability
Orientation
Frequency Adjustment:

Frequency Stability vs Power
Supply

Frequency Stability vs
Temperature

Frequency Stability vs Load

Automatic with preset advance to.
leading edge of external sync
pulse

<+1.0 microsecond

1 PPS: +10 V into 50 ohms
1 PPM: +4 V into 50 ohms

1 PPS: 20 microseconds
1 PPM: 10 microseconds

1 PPS: 50 nanoseconds

1 microsecond

5 nanoseconds rms

200 V/1 microsecond/50 ohms
5 nanoseconds per °C

100 nanoseconds steps
1 second maximum

+0.5 nanosecond
100 nanoseconds magimum delay

3 to 5.5 V
0 to 0.5 V

Normal:
Fault:

<+l x lo—ll/l and 10 seconds

<4 x 1072

X 10-10/ac operation

IA
+

10" 1%/ac operation
-9
x 10

A IA

M

nos N
]

10-11

IA
I+
N
b

1~9
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Table 1-2. Capabilities and Limitations-Continued

Parameter Specification
Signal to Noise Ratio -87 dB
-60 dB/vibratory and magnetic
condition

Beam Tube Characteristics:

Line Width <1500 Hz

Signal to Background Ratio >0.5

Signal to Noise Ratio 2800

Figure of Merit 21

Life 3 years minimum

Controls and Indicators:
Alarm Indicators Primary and secondary loop

Continuous Operation Indicators Primary and secondary loop

Oscillator Frequency Controls Resolution 2 3 x 1010
C-Field Control >+2 x 10712 resolution
Environmental:

Operating Temperature Over -28°C to +65°C (-17.6°F to
+149°F)

Non-Operating Temperature -62°C to +75°C (-79.6°F to
+167°F)

Humidity 95%

Temperature and Humidity -28°C to +65°C (-17.6°F to
+149°F) /95% humidity

Magnetic +1 x 10711, 2 gauss field, and
orientation

Vibration MIL-STD-167

11

Shock, Vibration, and Inclination|2 x 10~

1-10



1-5. SPECIAL TOOLS AND TEST EQUIPMENT,
required for maintaining the MRC.
taining the MRC is compiled in table 1-3.

ment that is required but not supplied.

T.0. 49B3-36-2

There are no special tools
Test equipment required for main-
Table 1-4 lists test equip~-

Table 1-3. Test Equipment List
Nomenclature Name Use
Model 454 Oscilloscope Observe waveform/
(80009) pulse character-
(or equiva- istics

lent)

Timing pulse and dc
outputs test for
amplitude, pulse
width, rise time/
fall time, short
circuit protec-
tion, timing fault
operation

Timing pulse and dc
outputs test for
pulse advance,
synchronization,
1 PPM reset

Manual clock con-
trol/time-of-day
information tests
for second mark,
real~time data,
real-time data
transfer clock,
real-time data
transfer gate

Manual clock con-
trol/time-of-day
information test
for 3 MHz output

Clock indication/
1l PPM test

1-11
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Table 1-3. Test Equipment List~-Continued
Nomenclature Name Use

Supply line voltage
and frequency
test

Model 91Ca RF voltmeter Sinusoidal output
(04901) test for ampli-
(or equiva~ tude
lent) ;

Sinusoidal output
test for short
circuit protection

Supply line voltage
and frequency
test

Model 651B Signal source Sinusoidal output
(50435) tests for isola-
(or equiva-~ tion, harmonic
lent) distortion, and

non-harmonic dis-
tortion

Manual clock con-
trol/time-of~-day
information test
for 3 MHz output

Model 209A Square wave Timing pulse and dc
(50435) generator outputs test for
(or equiva- pulse advance,
lent) synchronization,

Model FE-40 ( )

(14844)

1-12

Phase compa-
rator

1 PPM reset
Accuracy test
Standby battery

test

Reproducibility
test



Table 1-3. Test Equipment List~-Continued

Nomenclature Name Use

Supply line voltage
and frequency
test II

Model 3702 Reference Cs Accuracy test
(14844) beam tube
standard

Standby battery
test

Reproducibility
test

Supply line voltage
and frequency
test

Model 141s/ Spectrum Sinusoidal output
8552B/ analyzer tests for isola-
8553B tion, harmonic
(50434) distortion, non-
(or equiva- harmonic distor-
lent) tion

Timing pulse and dc
outputs test for
isolation

Manual clock con-
trol/time-of-day
information test
for 3 MHz output

Beam tube charac-
teristics test
for beam tube
signal to noise
ratio

Model 5345a Frequency Measure high fre-
(or equiva-~ counter quencies
lent)
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Table 1-3. Test Equipment List-Continued
Nomenclature Name Use
Model S109 Pulse genera- Clock indication/
(or equiva- tor 1l PPM test for
lent) automatic
synchronization
Model 010~128 High impedance Oscilloscope input
(or equiva- probe impedance match
lent)
Model 432a Power meter Measure multiplier
(or equiva- power level
lent)
Model 260 Multimeter Voltage and resis-
(or equiva- tance measurements
lent)
Table 1-4. Test Equipment Required But Not Supplied
Part Number Nomenclature Use
636A630G01 Extender Cable Extend module A3
636A631G01 Extender Cable Extend module A7
636A632G01 Extender Cable Extend module A7
636A633G01 Extender Cable Extend module Al0
636A634G01 Extender Cable Extend modules Al2,
Al3, and Al7
636A635G01 Extender Cable Extend module Al4
636A636G01 Extender Cable Extend modules A4,
A8
636A637G01 Extender Cable Extend module A9
636A638G01 Power Cable Provide AC power
636A638G02 Power Cable Provide AC and DC
power
636A638G02 Power Cable Provide DC power
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1-6. RELATED TECHNICAL MANUALS. Technical manuals of interest to
users of the MRC operation and maintenance manuals are compiled in
table 1-5.

Table 1-5. Related Technical Manuals

Publication no. Title
T.0. 31723-623-2 Radio Receiver Transmitter Set AN/FRC-117
T.0. 12R2-2ARC96-32 Airborne Communications System AN/ARC-96

1-15/(1-16 blank)
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CHAPTER 2
INSTALLATION

2-1. INTRODUCTION. This chapter consists of two sections covering
installation requirements. Section I deals with installation
logistics, while Section II presents installation procedures.

Section I. INSTALLATION LOGISTICS
WARNING

Because of this unit's weight, it has a
two-person lift requirement.

2-2. SCOPE. This section provides unloading, unpacking, housing, and
storage data for the equipment pertinent to installation.

2-3. UNLOADING AND UNPACKING. Before attempting to unload the MRC
shipping container, examine exterior carefully to ensure that there
are no obvious signs of damage. If damage is noted, request the ship-
ping carrier's agent be present when the container is opened for in-
spection. At least two persons shall unload each shipping container.
The package and contents should always be handled with the care nor-
mally accorded a delicate electronic instrument. No other special
instructions are required for unloading or unpacking the equipment.
After unpacking, perform a thorough visual inspection for any obvious
damage that might have been caused in transit. Report damages to the
carrier in accordance with standard operating procedure.

2-4. HOUSING. No special storage container is required to house the
equipment before installation. However, the temperature in the stor-
age area shall be limited to from -62°C to +75°C (-79.6°F to +167°F) for
newly shipped units without intérnal batteries installed; -40°C to
+65°C (-40°F to +149°F) for newly shipped units with internal batteries
installed.

2-5. RECEIVING DATA. Receiving data are compiled in table 2-1.

Table 2-1. Receiving Data

Uncrated dimensions (MRC, less cables, nominal):
Width . . . ¢« ¢ ¢« ¢ ¢ ¢« ¢ 4 ¢+ 4 ¢« 4 ¢« o« « « «» 19 inches
Height. . . . . . . . . .. .+. 4.+ .+ ¢ .. . . 5=-1/4 inches
Depth . . . . ¢« . ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ 4 « « « « « 22-3/4 inches
Uncrated weight . . . . . . . . ... . . . . . 60 pounds
Crated dimensions (nominal):
Width . « ¢« ¢« ¢« ¢« ¢ ¢ ¢ ¢« ¢« ¢« o « ¢« s &« « « » 23 inches
Height. . . . ¢ ¢ ¢ ¢ ¢« ¢ ¢ « ¢« « « « « « & « 24 inches
Depth . . . . ¢« ¢ ¢ ¢ ¢« & ¢ ¢ ¢ ¢ ¢ ¢« « « « . 28 inches

Crated weight . . . . . « ¢« ¢« ¢« ¢+ ¢« « ¢« « . . . 100 pounds

2-1



2-6. MATERIAL HANDLING. Two persons are required to transport and
handle the MRC. The crated MRC can be moved from place to place with
the aid of a dolly or cart. One person shall pull the dolly or push
the cart while the other steadies the crate. The uncrated MRC can be
carried from place to place by two persons.

2-7. BUILDINGS AND OTHER SUPPORTING STRUCTURES. Data relative to
buildings in which the MRC is installed are compiled in table 2-2,

Table 2-2, Installation Data

Maintenance floor space . . . . . . Requires approximately 24 inches
access space at front and rear
of installed unit,

Floor loading . « « « s+ o« « « « s« « MRC weighs 60 pounds. No special
' loading problems should be en-
countered in either building or

aircraft installations.

Heating, ventilating and
miscellaneous criteria:

Winter and summer design . . . =28°C to +65°C (-17.6°F to +149°F)
temperatures (independent of season)

Maximum allowable humidity . . 95% relative humidity

Minimum cubic feet of air for . 6
ventilating

Magnetic field environment . . MRC should be installed in area
: that is relatively free of

strong magnetic fields. Toler-
able ambient steady-state mag-
netic field intensity: 0 to 25
oersteds; tolerable sinusoidal
variation of 0 to 25 oersted
field: 1 Hz

Explosive atmosphere , , , ., . MRC can operate in explosive
atmosphere as defined by MIL-
STD~810C, Method 511.1, Pro-
cedure I

Altitude . . . ¢« . ¢« « ¢« &« « o « o Accurate within design specifica-
tions for all altitudes up to
50,000 feet

Inclination . . . . . . ¢« « « «+ . « Meets requirements of MIL-E-16400
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Table 2-2,. Installation Data-Continued

ShOCkc @ e ® ® ® ® e 8 e o @ © ® e Meets requirements Of MIL"E-5400
Vibration. . « ¢« ¢« « ¢« ¢ « « ¢« « o« « Meets requirements of MIL-STD-810

CraSh Safety ® e & o ©® e o & o & ® Meets reqUirementS Of MIL’-E-54OO
paragraph 3.4.24.6.2

Air conditioning and heat. . . . . . Not applicable
dissipation

Section II, INSTALLATION PROCEDURES

2-8, SCOPE. This section provides instructions for assembly, instal-
lation, and interconnection required at time of installation to ensure
normal operational performance.

2-9, INSTALLATION SEQUENCE. Install the MRC in accordance with the
following guidelines and procedures,

a, Site Selection. The MRC is a portable unit that may be set up
on a bench or that may be permanently installed in a cabinet as part
of Radio Receiver Transmitter Set AN/FRC-117; or aboard an aircraft
as part of Airborne Communications System AN/ARC-96.

b. Installation. The MRC is installed in its designated cabinet
assembly as determined by the facility cabinet configurations. The
cabinet assembly recess contains two stationary slides on which two
nylon buttons located on the bottom of the drawer are placed. The
unit is installed in the cabinet using the following procedure.

(1) Set internal battery switch S1 at ON.

(2) Place drawer on cabinet slides and carefully push drawer
part way into cabinet assembly recess.

(3) Carefully, continue to push drawer until connectors on rear
of drawer are firmly seated with mating connectors of
cabinet.

(4) 1Insert four screws in front panel and tighten with a screw-
driver until drawer is firmly secured in cabinet.

c. Primary Power Connections. The MRC is operated from 115 V ac
or 230"V ac 537 to 63 Hz or 360 to 460 Hz), or 22 to 30 V dc power.
The MRC requires 185 watts of primary power at 115 V ac or 63 watts

of primary power at 26 V dc for normal operation. Connect the MRC
to power as follows:

2-3
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(1)

(2)

NOTE

For 115 V ac operation, Pl-4 and P1l-5 are
jumpered and Pl-6 and Pl-7 are jumpered.

To operate the MRC from 230 V ac, the con-
nector Pl jumpers used for 115 V ac should be
removed and a new jumper should be installed
between P1-5 and P1-6. Refer to tables 2-3,
2-4, and 2-5 for details of the following
connections.

Connect primary power to MRC through power cables to con-
nector Pl on rear panel.

Connect signal cables to connector P2 on rear panel and
signal connections on front panel.

d. Internal Battery Operation. An internal battery provides power

to operate the MRC for 1 hour at +25°C (77°F) at fully charged
capacity; and 30 minutes at +55°C and -28°C (+131°F and -17.6°F).

NOTE

If both ac and external dc primary voltages are
connected, the MRC will normally operate on the
ac voltage and will use the optional dc sources
for emergency standby power in the event of an
ac power loss. Switchover to dc operation is
automatic. During the absence of ac and dc
power, the MRC will switch over to internal
battery pack operation.

Table 2~3. Connectox( P1l)Power Connections on MRC Rear Panel

DPGM=—12-3235 -8

Pin Function

1 AC

2 Neutral

3 safety ground

4,5 115 V external jumper
6,7 115 V external jumper
(5,6) (230 V external jumper)
8,9,10 Unused

11 +22 to +30 V dc

12 Return for pin 11

2-4
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Table 2-4, Connector P2 Signal Connections on MRC Rear Panel
Pin Function
1 3 MHz square wave
2 Unused
3 3 MHz square wave
4 Unused
5 Real-time data
6 Real-time data transfer clock
7 Real-time data transfer gate
8 Second mark
9 Minute mark (1 PPM)
10 Signal ground
11 Timing fault output
12 Return for pins 5 through 9
13 Real-time data
14 Real-time data transfer clock
15 Real-time data transfer gate
16 Second mark
17 Minute mark (1 PPM)
18 Return for pin 11 (chassis ground)
19 Unused
20 Return for pins 13 through 17
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Table 2-5. Connectors on MRC Front Panel
Connector type
Quantity Function (or equivalents) Mating connectors
1 each 5 MHz output | UG-625B/U Cw-123A/U
1 each 1 MHz output | UG-625B/U Cw-123A/U
1 each 1 PPS output | Bendix Microwave 33062-1 Cw-123A/U
1 each Sync output | Bendix Microwave 33062-1 CW=-123A/U
1 each 1 PPM output | Bendix Microwave 33062-1 CW-123A/U
1 each Zeeman input | UG-625B/U Cw-123A/U

2~6
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CHAPTER 3

PREPARATION FOR USE AND RESHIPMENT

3-1. INTRODUCTION. This chapter consists of two sections; Section I
covers preparation for use, and Section II covers preparation for re-
shipment.

Section I. PREPARATION FOR USE

3-2. PREPARATION FOR USE. To prepare the MRC for use, proceed as
follows:

NOTE

Before performing any checks, be sure to open the front
panel hinged doors so that all controls, indicators,
and connectors are available for observation and use.

a. Remove top cover and ensure STORAGE/OPERATE switch is
set at OPERATE.

b. Set internal battery S1 ON/OFF switch at ON position (located
at rear top side of battery pack). Reinstall top cover.

€. On rear panel, check that fuses F1 through F4 are present and
in position. Apply AC power. (Spare fuses have been provided
and located in fuseholders marked SPARE FUSES.) Set battery
charge switch at AUTO.
NOTE
Allow 20 minutes warmup time for Cesium beam resonator
signal level and crystal oscillator frequency to stabilize.
d. Check that the following indicators are lit.

(1) POWER SOURCE/IN USE

AC
DC } Only one lights.
BAT

(2) POWER SOURCE/AVAILABLE

If external dc is applied,
DC and internal batteries are
BAT suitable for operation,

these indicators light.
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(3) PRIMARY LOOP and SECONDARY LOOP

Both OPERATE lamps light. If one
of the alarms is lit, it is an
OPERATE indication that fault exists or
ALARM existed. Push RESET switch. 1If
ALARM lamp does not go out, further
checking is required.

(4) BATTERY CHARGE

TRICKLE One indicator lights, depending on
HIGH battery charging state.

Assuming that all ac and dc input voltages are correctly
applied, check for proper indications, using CIRCUIT CHECK
meter and switch positions of table 3-1. Proceed through

all 12 steps of switch and note that CIRCUIT CHECK meter
indications fall within range of readings indicated.

With CIRCUIT CHECK switch set at position 4, 5, or 6, MRC must
be warmed up for CIRCUIT CHECK meter to read within indicated
range. At turn-on, or if MRC is not fully warmed up, meter
may read above required ranges. Oven temperatures may be above
or below normal readings depending on ambient temperature.

Set CIRCUIT CHECK switch at position 8 (Cesium ion current).
Observe PRIMARY LOOP OPERATE and ALARM indicators. If
PRIMARY LOOP OPERATE lamp is not lit, set PRIMARY LOOP MOD
OFF/OPR switch at OFF position.

Momentarily actuate PRIMARY LOOP SLEW INCR/DECR switch toward
INCR or DECR position until indication of ion current

appears on meter. Meter indication will trace out dc resonance
characteristics of Cesium beam tube (Al) frequency (Ramsey
curve) as 14.59 + MHz oscillator frequency is varied by SLEW
control. Characteristics of Ramsey curve are shown in figure
3~-1.

Continue operating PRIMARY LOOP SLEW INCR/DECR switch until
minima, maximum, and minima indications have been traced out
on meter.

Actuate PRIMARY LOOP SLEW INCR/DECR switch in direction
required to obtain maximum indication of trace centered on
meter. If Ramsey curve trace is off meter, adjust DC OFFSET
to bring it back within meter range.
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NOTE

If Ramsey curve does not trace out on meter, reset CIRCUIT
CHECK switch at position 9 (primary oscillator control
voltage) and activate PRIMARY LOOP SLEW switch to INCR or
DECR positions until meter nulls at zero. This sets 14.59
+ MHz oscillator of primary loop to approximate frequency
for achieving 9.19 + MHz transition frequency necessary to
lock primary loop and achieve Ramsey curve. Then repeat
steps g through i.

k. Release PRIMARY LOOP SLEW switch where main peak of Ramsey
curve is achieved.

Table 3-1. Circuit Check Functions

CIRCUIT CHECK

Switch meter reading
position Function range
1l DC supply voltage +40 to +80
2 Battery voltage +40 to +80
High charge +40 to +80
3 Battery current Trickle charge 0 to +20
Discharge -40 to -80
4 Cesium oven temperature +40 to +80
5 Primary oscillator oven temperature. +40 to +80
6 Secondafy oscillator oven temperature +40 to +80
7 VAC-ion current 0 to +20
8 Cesium ion current Set to 0 with
OFFSET
9 Primary oscillator control véltage 0 + 40
10 Secondary oscillator control voltage 0 + 40
11 Secondary phase detector voltage 0 to +20
12 3 MHz signal level +40 to +80

3=3
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--------- MAIN PEAK
_4 )
===~ SIDE PEAK
DC |
ION ) ——--- VALLEY
CURRENT ) ~~ BACKGROUND LEVEL
L}
0 : FREQUENCY
o] 9:192,631,771.39 12

(CRYSTAL OSCILLATOR FREQUENCY X630)

Figure 3-1. Cesium Beam Tube DC Response Characteristic (Ramsey Curve)

1. Reset PRIMARY LOOP MOD OFF/OPR switch at OPR position, and pri-
mary loop will automatically be locked. This condition will be
indicated by green PRIMARY LOOP OPERATE lamp. It is advisable
to sweep through curve once so that main peak is selected and
unit does not lock on side peak. Depressing RESET pushbutton
will extinguish ALARM lamp.

m. Connect all MRC signal outputs via front panel coaxial connec-
tors and rear panel connector P2.

n. Refer to paragraph 4-7 for instructions on setting 24-hour
real time-of-day clock to internal time base and/or to
external sync pulse.

Section II. PREPARATION FOR RESHIPMENT

3-3. SCOPE. The task of preparing the MRC for reshipment is de-
scribed in the following steps.

a. Cleaning. Before packaging, clean MRC in accordance with the
steps below.

WARNING

Wear goggles when using compressed air in
procedure below. Warn other persons to
keep away from the hazardous work area.

(1) Remove dust and loose dirt using vacuum or compressed air
(pressure not to exceed 15 lbf/in2 (pound-force per square
inch)).
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WARNING

Tetrachloroethylene is caustic and toxic.
When using tetrachloroethylene, wear neoprene
gloves to prevent prolonged contact with
skin. Use only in a well-ventilated area.

(2) Remove stubborn dirt using a brush moistened with tetrach-
loroethylene.

WARNING

1,1,1-trichloroethane is caustic and toxic.
When using 1,1,1-trichloroethane in procedure
below, wear neoprene gloves to prevent pro-
longed contact with skin. Use only in a well-
ventilated area.

(3) Remove corrosion from connector pins using a soft, clean
cloth moistened with 1,1,l-trichloroethane.

(4) Clean external surfaces using a soft, clean cloth moistened
with tetrachloroethylene.

WARNING

Wear goggles when using compressed air in
procedure below. Warn other persons to
keep away from the hazardous work area.

(5) Dry surfaces and connectors of unit using compressed
air (pressure not to exceed 15 1bf/in4).

b. Packaging MRC. Package the MRC in accordance with the steps
below.

(1) Refer to table 3-2 and ensure that required packaging
materials are present.

Table 3-2, Packing Materials, Standards, and Specification for MRC

Item Standard/specification
Identification markings MIL~-STD-129
Plastic film L-P-378
Cushioning material MIL-P-26514, Type 1, Class 2
Fiberboard box PPP-B-636, Style Fol-L, Type CF,
Class-Weather Resistance
Sealing tape PPP-T~97
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(2)

(3)

(4)
(5)

(6)
(7)
(8)

Inspect packing materials for cleanliness and good condi-
tion. Clean, repair, or replace as necessary.

Remove MRC top cover. Set battery S1 ON/OFF switch to
OFF. Replace top cover.

Wrap MRC with plastic film, Heat seal plastic film.

Wrap MRC in cushioning material. Secure cushioning
material with sealing tape.

Position wrapped MRC in fiberboard box.
Close box and seal with sealing tape.

Identify and label box in accordance with Military Stan-
dard MIL-STD-129.
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CHAPTER 4

OPERATION

4-1. INTRODUCTION. This chapter consists of three sections covering
operation. Section I presents controls and indicators information.
Section II provides operating instructions, and Section III covers
emergency operation.

Section I. CONTROLS AND INDICATORS

4-2. SCOPE. Operating controls and indicators for the MRC are located
on the front panel of the instrument as shown in figure 4-1. Table

4-1 lists all operating controls and indicators by name and reference
designation and describes the function of each listed item.

i

4458-PF-006A

Figure 4-1. MRC Front Panel Controls and Indicators
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Table 4-1.

MRC Controls and Indicators

Name

l

Ref des |

Function

Atomic frequency standard

PRIMARY LOOP
OPERATE
(indicator)

PRIMARY LOOP
ALARM
(indicator)

RESET
(switch)

SECONDARY LOOP
OPERATE
(indicator)

SECONDARY LOOP
ALARM
(indicator)

BATTERY CHARGE
TRICKLE
(indicator)

BATTERY CHARGE
HIGH
(indicator)

ZEEMAN INPUT
(jack)

POWER SOURCE
AVAILABLE DC
(indicator)

POWER SOURCE
AVAILABLE BAT
(indicator)

POWER SOURCE
IN USE AC
(indicator)

POWER SOURCE
IN USE DC
(indicator)

AOCR1

AOCR2

A0S4

AOCR3

AQOCR4

AOCRS5

AOCR6

A0J10

AOCR10

AOCR11

AOCR7

AOCRS8

Advises whether primary loop is
operating or inoperative.

Alerts that an alarm condition
exists in primary loop.

Resets alarm circuits after they
have been activated and MRC has
been returned to operation.

Advises whether secondary loop is
operating or inoperative.

Alerts that an alarm condition
exists in secondary loop.

Indicates battery charge circuit
is operating at trickle charge
rate.

Indicates battery charge circuit
is operating at high charge
rate.

Provides input for Zeeman fre-
quency during calibration or
test of Cesium beam tube.

Indicates a dc power line is con-
nected, is on, and is ready to
power MRC.

Indicates battery power source is
connected, charged, and ready
to power MRC.

Indicates MRC is operating from
ac power line.

Indicates MRC is operating from
dc power line due to ac line
failure or an ac unavailable
condition.
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Table 4-1. MRC Controls and Indicators-Continued
Name Ref des Function

POWER SOURCE AOCR9 Indicates MRC is operating from
IN USE BAT internal battery power due to
(indicator ac and dc line failure or an

unavailable condition.

1MHz OUTPUT A0J9 Provides coaxial front panel con-
(jack) nection for 1 MHz standard

output signals.

5MHz OUTPUT A0J8 Provides coaxial front panel con-
(jack) nection for 5 MHz standard

output signals.

PRIMARY LOOP A3S1 Removes or applies 83.3 Hz modu-
MOD OFF/OPR lation input to 14.59 + MHz
(switch) primary oven-controlled, volt-

age-controlled crystal oscil-
lator. Used for test or
adjustment purposes only.

PRIMARY LOOP A3S2 Opens or closes primary loop.
LOOP OPEN/OPR Used for adjustment or mainte-
(switch) nance purposes only.

PRIMARY LOOP A3S3 Used to adjust Ramsey curve by
SLEW INCR/DECR adjusting control signal to
(switch) 14.59 + MHz oven-controlled,

voltage-controlled crystal
oscillator.

SECONDARY LOOP A0S3 In fast mode of the secondary
TIME CONST loop, sets time constant at
FAST/NORM approximately 1 second; in the
(switch) normal mode of secondary loop,

sets time constant at approxi-
mately 70 seconds.

SECONDARY LOOP A0S2 Opens or closes secondary loop.
LOOP OPEN/OPR Used for adjustment or mainte-
(switch) nance purposes only.

SECONDARY LOOP A8- Adjusts 5 MHz oven-controlled,
OSCILLATOR ADJUST voltage-controlled crystal
INCR — /LOCK —» oscillator output frequency to
(control) correct for 5 MHz crystal aging.

CIRCUIT CHECK AOM1 Monitors values selected by CIR-

(meter)

CUIT CHECK switch (A0S8) for
test purposes.

4-3
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Table 4-1. MRC Controls and Indicators-Continued
Name Ref des Function

EXTR MTR A0J11 Provides output jack for connec-
(jack) tion of external meter for test

purposes. Connected via A0SS.

DC OFFSET A3R68 Provides off-scale reading capa-
(control) bility when adjusting for

Ramsey curve.

BAT CHG A0S6 Places battery charge circuits
AUTO/TRKL/HIGH into constant current or con-
(switch) stant voltage trickle/fast

charge modes.

CIRCUIT CHECK AQ0S8 Selects circuits for test pur-

1...12
(switch)

poses; pertinent values
displayed by meter AOM1.

Real time-of-day clock

CLOCK OPER/
TIME HOLD
(switch)

1 PPM RESET
(switch)

SYNC ARM
(switch and
indicator)

TIME DISPLAY
HOURS/MINUTES/
SECONDS
(indicators)

HOURS/MINUTES/

SECONDS
(switches)

ADD
(switch)

4-4

A9S2

A9S3

A9s4,

A9CR2

A9Ul thru
A9U6

A9S5 thru
A9S7

A9S9

Provides capability for clock
operation and holding of time
for setting of clock.

Resets 1 PPM to external sync
pulse and returns seconds to 00.

When SYNC ARM pushbutton switch is
depressed, SYNC ARM indicator
lights; when external sync pulse
syncs, clock indicator goes out.

Provide tens and units time-of-
day LED readout in hours,
minutes, and seconds.

Three pushbutton controls located
below hours, minutes, seconds
LED display which allows display
to be reset in conjunction with
ADD, SUB, and TIME HOLD switches.

Adds to time-of-day display, when
used in conjunction with HOURS,
MINUTES, and SECONDS switches
A9S5 thru A9S7.
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Table 4-1. MRC Controls and Indicators-Continued

Name Ref des Function
SUB A9S10 Subtracts from time-of-day dis-
(switch) play, when used in conjunction

with HOURS, MINUTES, and SEC-
ONDS switches A9S5 thru A9S7.

PULSE ADVANCE A9S1 Provides capability of advancing
MICROSEC or delaying the second mark,
(thumbwheel and 1 PPS and 1 PPM outputs
switch) over a range of 1 second in

discrete steps of 100, 10, and 1
millisecond, and 100, 10, and 1

microsecond.
UT SET A9S1ll, Switch subtracts 1 second from
(switch and A9CR1 time-of-day seconds display
indicator) and real-time seconds output to

universal time. Indicator
lights when switch is operated.

TIME DISPLAY . A9S8 Illuminates clock LED numerical
(switch) readout on command when MRC
is in battery operation.

SYNC IN A9J4 Provides connection for external
(jack) source of sync signals for
synchronization of time-of-day
clock.
1PPM OUTPUT A9J3 Provides front panel coaxial con-
(jack) nection for time-of-day real

data 1 PPM information.

1PPS OUTPUT A9J2 Provides front panel coaxial con-
(jack) nection for time-of-day real
data 1 PPS information.

Section II. OPERATING INSTRUCTIONS

4-3. GENERAL. Pre-operation procedures for the MRC are the same as
the preparation for use included under paragraph 3-2.

4-4. START-UP. To start the MRC, refer to paragraph 3-2.

4-5, MODES OF OPERATION. The MRC is operated as an atomic frequency
standard and as a real time-of-day clock.

4-6. ATOMIC FREQUENCY STANDARD OPERATING PROCEDURE. As an atomic
frequency standard, the MRC provides outputs of 5 MHz, 1 MHz, and 3
MHz. The 5 MHz and 1 MHz signals are sinusoidal outputs available via
BNC type connectors on the front panel. The 3 MHz signals are square
wave outputs and are available through connector P2 on the rear panel.

4-5
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A guide to the operation of the MRC as an atomic frequency standard is
presented in table 4-2.

4-7. REAL TIME-OF-DAY CLOCK OPERATING PROCEDURE. As a real time-of-
day clock, the MRC provides the user with a front panel digital
readout LED display of real time in hours, minutes, and seconds. 1In
addition, the clock function provides outputs of 1 PPS and 1 PPM at
the front panel; real-time data, and a 3 MHz square wave at output
connector P2 on the rear panel.

a. Operating Clock. To operate the real time-of-day clock, set
the CLOCK OPER/TIME HOLD switch at CLOCK OPER. The real time-of-day
display will run and show the time in hours, minutes, and seconds on
the front panel numeric LED display and readout.

NOTE

Under internal battery operation, push TIME DISPLAY switch
to light LED numerical clock display.

b. Setting Time-of-Day Clock. To set the clock, proceed as
follows:

(1) Set CLOCK OPER/TIME HOLD switch at TIME HOLD.

(2) Check reference time and push ADD or SUB switch to add or
subtract, while simultaneously depressing HOURS, MINUTES,
and/or SECONDS pushbutton, to reference time setting
seconds to 2 seconds later than true reference time.

(3) When true reference time reaches MRC time, set the CLOCK
OPER/TIME HOLD switch at CLOCK OPER.

c. 1 PPM Reset. To reset the 1 PPM pulse to 100 nanoseconds or
less delay from time coincidence with any selected 1 PPS output over
a 1 minute period, activate the 1 PPM RESET switch and note that:

(1) The SECONDS count goes to 00.
(2) The MINUTES count advances to the next minute.

ds uT (Universal Time) SET Switch. The UT SET switch allows for
correction of the seconds timing to WWV/WWVH corrections issued
periodically for variances in standard time. Each actuation of the

UT SET switch will subtract 1 second from the real time. (Delay the
seconds count by 1 second.)

e. External Synchronization. To synchronize the clock 1 PPS,
1 PPM, and second mark to the leading edge of an external sync pulse
automatically with a preset advance, proceed as follows:

(1) Apply synchronizing pulse to SYNC IN connector on front
panel.
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Table 4-2. Operation of the MRC as an Atomic Frequency Standard

Function Nomenclature Comments
Outputs: 5 MHz, 1 MHz, 3 MHz Connect as required.
Indicators:

POWER SOURCE
AVAILABLE
BATTERY CHARGE
Indicator lamps:
PRIMARY LOOP

SECONDARY LOOP

Switches:

PRIMARY LOOP:
MOD
LOOP
SLEW

SECONDARY LOOP:
LOOP
TIME CONST

BATTERY CHARGE

IN USE, AC/DC/BAT
DC/BAT

TRICKLE/HIGH

OPERATE and/or ALARM

OPERATE and/or ALARM

OPR

OPR

Center position

OPR
NORMAL

AUTO/TRKL/HIGH

Indicators light as con-
nected, and upon
setting of applicable
switches.

Indicator lamps light,
depending on opera-
tional status of
MRC.

Set switches, as required,
for system operational
requirement.

Set switches, as required,
for system operational
requirement.

(2) Depress'SYNC ARM pushbutton and observe that SYNC ARM
indicator lights.

(3) When clock synchronizes to external sync pulse, SYNC ARM
light is extinguished.

f. PULSE ADVANCE MICROSEC Thumbwheel Switch Operation. The timing

of the pulses is adjusted via the PULSE ADVANCE MICROSEC thumbwheel
switches on the front panel in seven discrete steps of 100, 10, and 1
milliseconds; and 100, 10, 1, and 0.1 microseconds, over a range of

1 second. The switches advance the time of the output pulses.
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4-8. STOPPING THE MRC. The MRC is turned off by removing both the
ac and dc power inputs applied through connector P2, and setting
internal battery switch S1 at OFF.

Section III. EMERGENCY OPERATION

4-9. NO-BREAK OPERATION. The MRC is capable of being connected to
both an external ac and a dc source of power, and contains an integral
backup battery. This setup is the basis of a no-break in~service
operational capability designed into the MRC. With all three power
sources connected and power available from all three sources, the MRC
is powered from the ac supply. If ac suddenly becomes unavailable, an
automatic no-break switchover to the external dc power source occurs.
Further, if the external dc supply is suddenly interrupted, an auto-
matic no-break switchover takes place and the internal battery becomes
the source of power for the MRC. At this time, to conserve power,

the LED display for the real time-of-day clock is extinguished and can
only be illuminated on command by pressing the TIME DISPLAY switch on
the MRC front panel.
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SECTION I

PROGRAM DESCRIPTION

1.1 Background

In June of 1978, Frequency Electronics was awarded
a contract to perform the necessary research and
development to advance the state of the art in Cesium
beam tube technology and applications to a point that
would make it feasible to design and fabricate a
portable Cesium Beam Frequency Standard having

performance characteristics equivalent to that of the

existing non-portable units.

" The current production model of the Cesium Beam
Standard is Model FE-5440A which is presently used in
the 616A program and other airborne, shipboard, and
ground support systems. The frequency and time signals
produced by the Cesium Standard are extremely accurate
with tolerances for accuracy and stability being on the

order of several parts per 101!



1.2 Program Objectives

A summary of the objectives set forth for the
design of the Portable Real Time Clock is given below.
These objectives cover only broad functional areas of

the design and development program.

1) Develop a light weight Cesium Beam Tube that
would make it feasible to design a Portable
Real Time Clock having the specified

capabilities and accuracies.

2) Investigate and complete the redesign of the
electronic control loops associated with the
Cesium Beam Tube. This was a necessary goal
if the required weight reduction of the unit
were to be realized and the final unit be a

truly portable unit.

3) Design, fabricate and evaluate the various
electronic assemblies and the Cesium Beam Tube

and Resonator.



4) Design, develop, fabricate and test two (2)
Portable Real-Time Clock (PRTC) feasibility
models based on Cesium Beam Tube technology
which will provide clock-drive and time-of-day

signal outputs.

5) The Time Scale of the feasibility models shall
be on Universal Coordinated Time. They shall
be capable of accepting information from
external sources, and will be capable of
synchronization upon operator command. The
PRTC shall be capable of being powered by ac,

dc, external or internal power source.

1.3 Summary

Frequency Electronics has successfully completed
the program with the design, fabrication, and testing
of two portable units. The new portable unit is known
as the Portable Real Time Clock (PRTC) and its
electrical characteristics have been proven to be equal
to or better than those of the existing non-portable

standards.



The PRTC measures 5-7/32 inches high by 13-1/4
inches wide by 19-1/4 inches deep and weighs 39 pounds.
The total weight of the PRTC including the internal
battery exceed the design goal of 30 pounds by 9
pounds. The unit occupies approximately 1330 cubic
inches of space which is a 40 percent reduction in
space requirements when compared to a typical non-

portable cesium standard.



SECTION II

TECHNICAL DESCRIPTION

2.1 PRTC Functional Description

A functional block diagram of the Portable Real
Time Clock is shown in Figure 1. The block illustrates
the new single loop system concept implemented ir the
PRTC. A functional description of the PRTC us | the
block diagram shown in Figure 3 is given in

paragraphs that follow.

The Cesium Beam Resonator, Al, provides the
primary frequency reference. The Cesium Beam Resonator
is an atom-microwave device that as a resonant
frequency of the (4,0) --> (3,0) hyperfine energy-level
transition of Cesium 133 in a weak magnetic field

(C-field).

The resonant frequency of the resonator is
9,192,631,771.59 Hz (9.192% GHz) and with the single
exception of magnetic fields, the transition frequency
is completely independent of all environmental
conditions. The resonator receives excitation energy
of 9.192% GHz from modulator and multiplier assembly

A5. The resonator assembly acts as a detector to
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detect the 83 Hz that is used by the A3 electronics to
synchronize the 5 MHz oven controlled, voltage
controlled, crystal oscillator (OCVCXO), assembly AS8.
Four assemblies, A1, A3, A8 and A5, form a phase locked
loop that maintains the accuracy of the output of the

5 MHz oscillator.
2.1.1 A1l Cesium Beam Resonator

Significant parameters of the new light weight
resonator that was developed for the PRTC program are:

A. Line width < 800 Hz

B. Signal to noise > 58 dB/Hz

C. Signal to background > 6

D. Short-Term stability < 3 x 10~
2.1.1.1 Improved Cesium Beam Tube Technology

The largest single item contributing the most size
and weight to Cesium Beam standard is the Cesium Beam
Resonator. This item weighs 20 pounds in non-portable
standard models. It was decided at the outset of the
PRTC program that a major redesign of this item could
yield a weight saving of almost 50 percent. Also, a
careful redesign of the resonator housing could result

in a 50% reduction in the volume of the unit,



The Cesium Beam resonator "A" and "B" magnets
were redesigned to reduce their weight from 3.5 pounds
to 1.0 pound. This weight reduction was accomplished
without any degradation in the magnetic field supplied
by these magnets. A magnetic field in excess of 9,000

gauss was obtained.

The Cesium Beam Resonator A1 assembly was
redesigned to reduce its size by 40 percent. This was
done without sacrificing performance or changing the
basic design. To attain this reduction, the height and
width were shortenend while the 16.5-inch length was
maintained. In addition, the VAC-ION pump was placed

on the outside of the Cesium Beam Tube.

The new Cesium Beam Resonator, developed for
the PRTC, weighs 11 pounds and occupies a space of 129
cubic inches. Thus, the redesign effort resulted in a
new smaller Cesium Beam Resonator for the portable unit
that has all the performance characteristics of its
larger non-portable unit counterpart but is 40 percent

smaller in volume and 45 percent lighter.



2.1.2 A3 Loop Electronics

The A3 loop electronics provide the phase
detection and integration that is required in the phase
lock loop to process the detected 83 Hz error signal
and develop the d-c control signal that is used to
correct the 5 MHz oscillator. The A3 loop electronics
provide a 83 Hz gain of 2000 and a 3 4B bandwidth of

10 Hz.
2.1.3 A5 Modulator and Multiplier

The A5 assembly receives the 5 MHz output of the
5 MHz OCVCXO and the 83 Hz output of the A7
Synthesizer. The input 5 MHz signal is phase modulated
at an 83 Hz rate. This signal is then multiplied by 40
to 200 MHz in a transistor multiplier. The 200 MHz
signal drives a step recovery diode which multiplies it
by a factor of 46 to 9.2 GHz. This signal is then
mixed with the 7.368% MHz signal from the A7
synthesizer to obtain the 9.192% GHz signal for the

Cesium Beam Tube.



2.1.4 A7 Synthesizer

The synthesizer receives the 5 MHz signal from the
5 MHz oscillator, A8, and uses it to synthesize the
7.368% MHz reference signal that is supplied to the
A5 module. This is accomplished by using a 7.368%
MHz voltage controlled crystal oscillator (VCXO) in a
phase locked loop configuration. The 5 MHz crystal
oscillator output is multiplied by a factor of
2013/1366 to obtain the 7.368% MHz reference signal
required to control the output of the 7.368% MHz
VCXO0. The output of the VCXO and the synthesized
7.368% reference signal are compared by a phase
comparator which, in turn, issues the necessary error-
correcting frequency control signal to the VCXO. The
range of control of the 7.368% MHz VCXO is 250 Hz and
its output is +6 dBm. The synthesizer also divides the
5 MHz signal by a factor 60,104 to develop the 83 Hz
signal that is used by the A5 module to phase-

modulate the 5 MHz crystal oscillator signal.

-10~



2.1.5 A9 Real Time Clock

The real time clock module uses the output of the
5 MHz crystal oscilaltor to develop real time data and

associated mark, timing and data transfer signals.

2.1.6 A10 Generator

The A10 generator module uses the output of the 5 MHz
crystal oscillator to develop the 1 MHz sinusoidal

output and the 3 MHz squarewave output.

2.1.7 A1l Power Supply

The A1l power supply module uses state of the art power
supplies equipped with phase modulated switching
regulators. The supply has been designed for minimum
ripple and switching spikes. The switching frequency
is 27 kHz with a ripple amplitude of less than

20 millivolts. The amplitudes of the high frequency
spikes are less than 40 millivolts. The efficiency of
a switching regulator is 65 percent. The overall
efficiency of the A11 power supply, including linear

regulators, is 53 percent.

-11=~



2.2 Technical Specifications

Electrical and Environmental Specifications of the
PRTC are presented in Table 1, PRTC Technical
Specifications and in Figure 2, Short-Term Stability

and Figure 3, Phase Noise Spectrum.
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TABLE 1

PORTABLE REAL TIME CLOCK

TECHNICAL SPECIFICATIONS

ELECTRICAL
ACCURACY: =21x10-"" @ room temperature
=3x 10- 1, maintained over a
temperature range of ~40°C to
+85° C and magnetic fields up to
0.2 millitesia (2 gauss) peak.
REPRODUCIBILITY: =21x10-%
SETTABILITY
(Frequency:) =3 x10-" Potentiometer ad-
justable “C" Field.
LONG-TERM
STABILITY: =21x10-
SHORT.TERM
STABILITY (5 MH2): See Figure 1
AVERAGING TIME
(SEC.): aoftf
0001 8x10-9
001 1x10-9
01 2x10-10
R | 3Ix10-M
1 5x10-%2
10 1x10-7
100 3Ix10-12
1,000 1%x10-12
10,000 Ix10-9
SSB PHASE NOISE
(S MHz): See Figure 2
OFFSET FROM
SIGNAL: Phase Noise (1 Hz BW)
Hz dB
0 120
10° 130
100 150
10* 155
0 155
WARM-UP TIME: 20 minutes from - 28° C
SINUSOIDAL
OUTPUTS: S MM2, 1 MMz, via front panel out-
puts.
OUTPUT VOLTAGE: 0.9 to 1.5 Vrms into 50 ohms.
HARMONIC
DISTORTION: Down more than 40 dB from rated
output.
NON-
HARMONICALLY
RELATED OUTPUT: Down more than 80 dB from rated
output.
LOOP TIME
CONSTANT. 1 second and 20 seconds.
SQUARE WAVE
OUTPUT 3 MMz 2.8 VP-P minimum into 75 ohms,

rear panel only.
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TABLE 1

PORTABLE REAL TIME CLOCK

TECHNICAL SPECIFICATIONS (CONT'D)

ENVIRONMENTAL
TEMPERATURE,
Operating: -40°C to +65°C. Frequency

change <2 x 10- ! with respect to
frequency at 25° C.

Non-Operating: -82° Cto + 75° C. The ion pump
must be operated continuously for
exiended storage above 35° C, or
periodically at lower storage tem-
peratures.

HUMIDITY: Operating range: 95% humidity,
from ~28° Cto +65° C. Fre-
quency change < 1x 10-11 from
-28° C to +50° C with respect to
frequency at 25° C, 50% humidity.

ALTITUDE: Frequency change 0 to 15.2 km
(50,000 ft.), < 2x 10-12,

MAGNETIC FIELD: 0 to 0.2 millitesia (0 to 2 gauss) dc
or peak ac at 50, 60 and 400 Hz; fre-
quency change less than =2 x
10-12. No permanent damage while
operating in magnetizing field of
2000 ampere-turns/meter (25
oersteds) dc to 1 H2.
VIBRATION: MIL-E-16400
MIL-E-5400
frequency shift <2x 10-1".
SHOCK:  MIL-E-5400
CRASH SAFETY: MIL-E-5400
EMC: MIL-STD-481 and MIL-STD-462
VOLYAGE
REQUIRED: 22 to 30 Vdc.
POWER
CONSUMPTION:
During Warm-up: 75 watts max.
After Warm-up. 48 watts max.
STANDBY
BATTERY:
Battery Capacity: 1hour @ 25°C
Vahour @ -28° Cand +85°C
Charging Rate: 16 hours
Battery Switchover:  Automstic
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TABLE 1

PORTABLE REAL TIME CLOCK

TECHNICAL SPECIFICATIONS (CONT'D)

TIME-OF-DAY CLOCK
Manus! Clock
Controls: Set and Add/Subtract

TIME-OF-DAY

OUTPUTS:
Second Mark: 28V, 10 microseconds wide. Rear

pane! (2 each) individually buffered.
RealTime Data: 26V, 20-bit seria! output (hours,

minutes, seconds BCD). Rear panel
(2 each) individually buffered.

REAL-TIME DATA

TRANSFER
CLOCK: =26V, 100kHz, synchronized square
wave. Rear panel (2 each) individ-
ually buffered.
REAL-TIME
TRANSFER GATE: =6V, 200 microseconds wide. Rear
panel (2 each) individually butfered.
TIME SCALE
ADJUSTMENT: UT <+ Time Adjust.
1PPS: 4+ 10V 2 1V into 50 ohms (20 micro-
seconds wide; rise time 50 nano-
seconds) front panel only.
1PPM: +4V21vdc into 50 ohms (10 micro-
seconds wide). 2 rear panel out-
puts, individually butfered.
1 PPS/1 PPM
fsolation; 40 dB (10 kHz 10 10 MH2).
1 PPS/I1 PPM Jitter
(Leading Edge): 5 nanoseconds rms referenced to
5 MHz output.

TIME SCALE: 1 PPS and 1 PPM adjustable with
thumbwhee! switches over a range
of 1 second in discrete steps of
100, 10, and 1 millisecond; and 100,
10, 1 and 0.1 microsecond.

COINCIDENCE
(1 PPS/1 PPM): 1 PPS lsadedge, 1 PPM trailedge;
and second mark trailedge coinci-
dent within 100 nanoseconds.
SYNCHRONIZA.

TION (1 PPMI1 PPS).  Automatic with Preset Advance to
the leading edge of an external
sync puise.

SYNC ERROR: = 1.0 microssconds.
TIMING FAULT
OUTPUT: Normal: 3 to 5.5v.

Fault: 0to 0.5v.

-15-
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2.3 Mechanical Design

The mechanical specifications for the Portable

Real Time Clock are as follows:

A. Size

- 5-7/32" high, 13-1/4" wide,
19-1/4" deep.

B. Weight - 39 pounds, including 1-hour

C. Tube

Figure 4
major assemblies

major assemblies

battery pack.
Life - Cesium Beam Tube life is
3 years minimum.
shows the mechanical layout of the
in the PRTC. The following lists the

of the PRTC:

MODULE
Al CESIUM BEAM TUBE
A3 ERROR SIGNAL CONTROLLER
AS MULTIPLIER
A7 SYNTHESIZER
A8 5 MHZ OCVCXO
A9 CLOCK
A10 1 MHZ/3 MHZ DIVIDER
A POWER SUPPLY
A17 BATTERY PACK

-1 P
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2.4 Environmental Characteristics

The Portable Real Time Clock has been designed
to meet the environmental requirements set forth in
Table 1. The PRTC was sibjected to environmental
testing including electromagnetic interference and
radiation testing, as a part of the research, design
and development program. The PRTC has passed all of

the environmental tests.

The environmental tests were conducted by
independent environmental testing laboratories. Their
test reports along with the associated test data are
available for inspection at FEI's facility in Mitchel
Field, N.Y. Table 2 lists all of the first article

tests performed and data submitted.

2.5 Operator Controls, Indicators and Input/Output

Receptacles

The operator controls, indicators and input and
output electrical receptacles on the Portable Real Time

Clock are shown and identified in Figure 5.
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TABLE 2 LIST OF FIRST ARTICLE TESTS AND TEST DATA

o Pre-Environmental-Production

Inspection Test Data

o Environmental Test Report

(East/West Technology Laboratory)

o) Environmental Test Data:

Pre-Altitude Test Data

Altitude Test Data

Humidity Test Data

Humidity (2nd Cycle) Test Data
Humidity (5th Cycle) Test Data

Post Humidity Test Data

Post Vibration Test Data

Post Shock and Crash Safety Test Data
Post Explosion Test Data

Post Inclination Test Data

Post Magnetic Environment Test Data
Temperature Test Data (-40°C)

Temperature Test Data (+65°C)

-20-



TABLE 2 LIST OF FIRST ARTICLE TESTS AND TEST DATA (CONT'D)

o Pre-Environmental Production Inspection Data

o Pre EMI, Radiation, and Temperature-

Production Inspection Test Data

o EMI Test Report (All-Tronics Laboratory)

‘0 Radiation Test Report (Jaycor Laboratory)

o EMI, Radiation, and Temperature Test Data:

Pre-Radiation Test Data

Post Radiation Test Data

Post EMI Test Data
Temperature (-40°C) Test Data

Temperature (+65°C) Test Data

o Post EMI, Radiation, and Temperature-

Production Inspection Test Data

-21-
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APPENDIX A

SET-UP AND OPERATING INSTRUCTIONS



1.0 PREPARATION FOR USE:

1.1 Remove top cover, set internal battery switch S1

to "ON" position.
1.2 Apply DC power.

NOTE:
ALLOW 20 MINUTES WARM-UP TIME FOR CESIUM
BEAM RESONATOR SIGNAL LEVEL AND CRYSTAL
OSCILLATOR FREQUENCY TO STABILIZE. CHECK
ALL METER POSITIONS BEFORE STARTING
ALIGNMENT PROCEDURE.

2.0 ALIGNMENT PROCEDURE:

2.1 A) Set the LOOP switch to "OPEN" position.

B) Set the MODULATION switch to "OFF"
position.

C) Set the TIME CONSTANT switch to "FAST"
position.

D) Set the METER function to Position "8".

E) Adjust DC offset for minimum meter
reading.

F) Adjust "Oscillator Adjust" control to
obtain maximum indication on meter and

lock control.
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A 4.0

G) Set MODULATION switch to "OPER"
position.

H) Set LOOP switch to "OPER" position.
After approximately 15 seconds, the
operate light (green) should come on,
then press reset button. The system is

now operating in normal condition.

PHASE LOCKING AND FREQUENCY OFFSET

A front panel ZEEMAN INPUT connector is provided
to enable the Cesium Beam Tube to be calibrated

against a known ZEEMAN INPUT.

TIME-OF-DAY CLOCK OPERATING PROCEDURE

The Real Time-Of-Day Clock provides the user with
a digital readout display of real-time in hours,
minutes, and seconds. It provides outputs of

1 PPS at the front panel; and real- time data,
and a 3 MHz squarewave at output connector P2 on

the rear panel.

-26-



A 5.0 TO OPERATE CLOCK

A 5.1

A 6.0

To operate the Real Time-0f-Day Clock, set the
CLOCK OPER/TIME-HOLD switch to CLOCK OPER. The
Real Time-Of-Day display will run and show the
time in hours, minutes, and seconds on the front
panel numeric LED display and readout.
NOTE
UNDER INTERNAL BATTERY OPERATION,
ACTIVATE PUSH TIME DISPLAY SWITCH

TO ILLUMINATE LED NUMERICAL CLOCK
DISPLAY.

SETTING TIME-OF-DAY CLOCK

Set CLOCK OPER/TIME HOLD switch to TIME HOLD.
Check reference time and push ADD/SUB switch to
add or subtract, while simultaneously
depressing the HOURS, MINUTES, and/or SECONDS
button, to reference time setting seconds to |
two (2) seconds later than true reference

time. When true reference time reaches
Portable Real-Time Clock time, set the CLOCK

OPER/TIME HOLD switch to CLOCK OPER.

-27-



A 7.0

A 7.1

A 8.0

A 8.1

1 PPM RESET

To reset the 1 PPM pulse to within < 100
nanoseconds delay from time coincidence with
any selected 1 PPS output over a one (1)
minute period, activate the 1 PPM RESET
button and note that:

(a) The SECONDS count goes to 00, and

(b) The MINUTES count advances to the next

minute.
UNIVERSAL TIME (UT) SET

The Universal Time (UT) SET control allows for
correction of the SECONDS TIMING to National
Bureau of Standards corrections issued
periodically for variances in standard time.
Each actuation of the UT SET button will
subtract one (1) second from the real-time.

(Delay the seconds count by one (1) second).

-28-



A 9.0

A 10.0

A 10.1

SYNCHRONI ZATION

To synchronize the clock 1 PPS, 1 PPM and
second mark to the leading edge of an
external sync pulse automatically with a
preset advance, proceed as follows:
(a) Apply synchronizing pulse to SYNC IN
connector on the front panel.
(b) Depress SYNC ARM pushbutton.
(c) SYNC ARM indicator will light.
(d) Upon occurrence of clock
synchronization to the external sync
pulse, the SYNC ARM light will be

extinguished.

CLOCK DISPLAY ILLUMINATION (BATTERY OPERATION)

During internal battery operation, the clock
display is not 1lit in order to conserve
battery power. To illuminate the clock
display in this mode, actuate the TIME

DISPLAY pushbutton.
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A 11.0

A 11.1

A 12.0

A 12.1

PULSE ADVANCE MICROSEC

The timing of the pulses is adjusted via the
PULSE ADVANCE MICROSEC thumbwheel switches
on the front panel in seven (7) discrete
steps of 100, 10, and 1 millisecond; and 100,
10, 1, and 0.1 microseconds, over a range of
1 second. This allows the 1 PPS lead edge,

1 PPM trailedge, and second mark trailedge to
be coincident with each other within 1.0

microsecond.
TIMING FAULT OUTPUTS

Timing fault outputs are automatically
available at the rear connector (P2), on the
occurrence of a fault. During no-fault
operation, the output level is in the range
of 3.0 Vdc to 5.5 Vdc. During abnormal
operation, the timing fault output level is

in the range of 0 Vdc to 0.5 Vdc.
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LINE POWER CONVERTER DATA
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SPECIFICATIONS AND FEATURES

D.C. OUTPUT - Voltage regulated for line and load. See Table 1

for voltage and current ratings;

TABLE 1
-
MAXIMUM CURRENT (AMPS)*
AT AMBIENT TEMPERATURE INPUT
VOLTAGE POWER
MODELS RANGE 40°C |]50°C |60°C 71°C | (WATTS)**
LNS-W-5-0V 5+5% 14.0 |12.2 {10.0 7.5 220
LNS-W-6 6:5% 13.0 j11.1 }9.3 6.8 220
LNS-W-12 12:5% 8.5 7.2 5.9 4,2 255
LNS-W-15 15+5% 7.7 6.7 5.5 3.8 255
LNS-W-20 20t5% 6.1 5.2 4.2 3.0 255
LNS-W-24 24+5% 5.4 4.6 3.7 2.5 255
LNS-W-28 28+5% 4.7 4.0 3.2 2.2 255

Current range must be chosen to suit the appropriate maximum
ambient temperture. Current ratings apply for entire voltage
range.

*Ratings apply for use with cover removed. Derate current 15%
for each ambient temperature if cover is used. Refer to
Figure 11 for cover removal.

**With output loaded to full current rating and input voltage

127 volts AC, 60 Hz.
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REGULATED VOLTAGE OUTPUT

Regulation (line)..........0.1% for input variations
from 105-127, 127-105,
210~-254, or 254-210 volts
ACO

Regulation (load)..........0.1% for load variations
from no load to full load
or full load to no load.

Ripple and Noise...........1.5m V rms, 5m V peak to
peak with either positive
or negative terminal
grounded.

Temperature Coefficient....Output change in voltage
0003%/°C.

Remote Programming

External Resistor........Nominal 200 ohms/volt
output.

Programming Voltage......One-to-one voltage change.
Remote Sensing.............Provision is made for
remote sensing to
eliminate effect of power

output lead resistance on
DC regulation.

OVERSHOOT - No overshoot under conditions of power

turn-on, turn-off, or power failure.
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AC INPUT - 105-127 or 210-254t volts AC at 47-440 Hz.
Standard LNS-W power supplies are factory wired for
105-127 volt input, but can be rewired for 210-254 volt
input. For input power see Table I. Ratings apply for
57-63 Hz input. For 47-53 Hz or 63-440 Hz input
consult factory.

tCertified by Canadian Standards Association for

210-250 volt input.

OUTPUT PROTECTION

Thermal....c.ccccceeeeee...Thermostat, resets
automtically when over
temperature condition is
eliminated.

Electrical.ccceceseeseeesss Automatic electronic
current limiting circuit,
limits output current to a
safe value. Automatic
current limiting protects
the load and power supply
when external overloads
and direct shorts occur.

INPUT AND OUTPUT CONNECTIONS

AC input..ccccceencecssesesSCrew terminals on printed
circuit board

Ground.ccscececccecccessesesssTerminal on transformer

DC output...ceccveeeeceecssesSCrew terminals on printed
circuit board

-34-



SensSinNg..ccccecccsesssssss.SCrew terminals on printed
circuit board

Overvoltage Protection.....Quick disconnect terminals
on printed circuit board

with mating connectors
attached.

OPERATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE -

Continuous duty from 0°C to 71°C ambient with

corresponding load current ratings for all modes of

operation.

STORAGE TEMPERATURE (non operating) - -55°C +85°C

FUNGUS - All LNS-W power supplies are fungus inert.

DC OUTPUT CONTROL - Screwdriver voltage adjust control
permits adjustment of DC output voltage. Refer to

Figure 11 for location of control.
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PHYSICAL DATA
Size........t..............9"xs” x2-7/8" with
cover in place
9" .x 4-7/8" x 2-3/4" with
cover removed

Weight.....................9 le. net; 9-1/2 lbs-
shipping

Finish.".....I............Gray’ FED. STD. 595 ml
26081

MOUNTING - Three surfaces, two with tapped mounting
holes and one with clearance mounting holes, can be
utilized for mounting this unit. Air circulation is

required when unit is mounted in confined areas.

"J" OPTION - All LNS-W power supplies can be obtained
for 90-110 VAC, 47-440 Hz input. Ratings apply for
57-63 Hz input. For 47-53 Hz or 63-440 Hz input

consult factory.

ACCESSORIES
Overvoltage Protector......Internally mounted L-20-0V

series Overvoltage
Protectors are available.
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MISSION
of
Rome Avr Development Center

RADC plans and executes nesearch, development, test and
delected acquisition programs in support of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering support within areas of technical competence
48 provided to ESD Program Offices (POs) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guidance and control, sur-
veillance of ground and aerospace objects, intelligence data
collection and handling, information system technology,
Lonospheric propagation, sofid state sciences, microwave
physics and electronic neliability, maintainability and
compatibility.

Printed by
United States Air Force
Hanscom AFB, Mass. 01731
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CHAPTER 5

THEORY OF OPERATION

5-1. SCOPE. This chapter presents theory of operation for the MRC.
A system level block diagram discussion is given in Section 1I.
Section II provides block diagram discussions for the subsystems of
the MRC.

Section I. FUNCTIONAL SYSTEM OPERATION

5-2. OVERALL DISCUSSION. The MRC includes an atomic frequency stan-
dard and a real time-of-day clock that are referenced to an integral
atomic clock primary frequency standard. A functional system block
diagram of the MRC is shown in figure 8-1. The atomic clock primary
frequency standard includes the primary loop subsystem (modules Al,
A3, A4, A5, and A6), and the secondary loop subsystem (modules A7 and
A8). The real time-of-day clock (module A9) and the atomic frequency
standard (module Al0 and an output of module A8) form the output
subsystem of the MRC. A low voltage power supply subsystem furnishes
the required operating power. A monitoring (metering) and alarm
subsystem is distributed throughout the other subsystems to support
built-in testing and operator warning functions should the system
fail. Cesium beam power supplies are covered with module Al under the
primary loop subsystem.

a. The primary loop subsystem generates a frequency of 14.59 + MHz
in primary 14.59 + MHz oven-controlled, voltage controlled, crystal
oscillator (OCVCXO) module A4. Cesium beam resonator assembly Al
serves to atomically stabilize the 14.59 + MHz primary loop fre-
quency using as a standard the constant resonant frequency (9.19 + GHz)
of the (4,0)—»(3,0) hyperfine energy-level transition of the Cesium
133 atom.

b. The secondary loop subsystem synthesizes a signal which is
phase locked to the primary loop frequency standard. The output of
the secondary loop subsystem is then used to drive the functions in
the output subsystem of the MRC.

c. The output subsystem provides for operation of the MRC as an
atomic frequency standard and as a real time-of-day clock. As an
atomic frequency standard, the output of the MRC is from 1 MHz, 3 MHz
generator module AlO0 which provides a 1 MHz sinusoidal output and a
3 MHz square wave output. An additional output at 5 MHz is also
available from module A8. As a real time-of-day clock, the output of
the MRC is from module A9 which provides a front panel LED time dis-
play in hours, minutes, and seconds, and additional timing information
in the form of real-time data and 1 PPS and 1 PPM outputs.

d. A low voltage power supply subsystem provides operating dc
voltages for the electronic circuits of the MRC. The supply operates
the MRC from external 115 V ac power, automatically switches to
external 20 to 30 V dc power if ac fails, then automatically switches
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to internal battery power if external dc fails. A charging system to
maintain battery condition also is provided.

Section II. FUNCTIONAL OPERATION OF ELECTRONIC CIRCUITS

5-3. INTRODUCTION. Detailed block diagram discussions are presented
in the paragraphs that follow for the primary loop, secondary loop,
output, and low voltage power supply subsystems of the MRC. The
monitoring (metering) and alarm subsystem is shown in the block dia-
grams and is discussed where applicable in the course of covering the
functional subsystems.

5-4. PRIMARY LOOP SUBSYSTEM. The primary loop subsystem generates
the atomically stabilized primary frequency standard basic to MRC
operation. A functional block diagram of the primary loop subsystem
is shown in figure 8-2. The primary loop subsystem consists of
primary 14.59 + MHz OCVCXO module A4, X630 multiplier module A5,
waveguide A6, Cesium beam resonator assembly Al, and primary loop
module A3.

a. Primary 14.59 + MHz OCVCXO Module A4. Primary 14.59 + MHz
OCVCX0 module A4 operates at a crystal controlled frequency of
14,591,479.0022 Hz. This is 1/630 of the resonant frequency of the
Cesium 133 atomic reference (9,192,631,771.39 Hz). The output signal
of this oscillator is the control for the exciting energy initiating
the Cesium energy level transitions.

(1) Oven. The 14.59 + MHz oscillator is a sealed unit contained
within an integral oven assuring isolation from environmental tempera-
ture variations. Oven temperature is monitored by the MRC front panel
CIRCUIT CHECK meter.

(2) DC control voltage. A front panel PRIMARY LOOP SLEW switch
is used to set the nominal operating frequency of the OCVCXO oscil-
lator near the locked 14.59 + MHz frequency when performing routine
adjustments.

(3) VCO control signal. The VCO control signal is derived from
the Cesium resonator output and is the primary frequency stabilizing
input to the OCVCXO oscillator.

(4) 14.59 + MHz outputs. Two stabilized outputs are derived
from the OCVCXO oscillator, one going to X630 multiplier module A5 and
from there to Cesium beam resonator assembly Al completing the
primary loop; the second going to synthesizer module A7 in the second-
ary loop, part of the primary-secondary loop linkage.

(5) FM modulation. The 14.59 + MHz output of the OCVCXO oscil-
lator is frequency modulated by a square wave at an 83.3 Hz rate; the
modulating signal derived from primary loop module A3. The FM
deviation about the voltage controlled center frequency provides the
necessary error sense signal required for servo feedback.

b. X630 Multiplier Module A5. The frequency modulated 14.59 + MHz
output of the OCVCXO oscillator is multiplied by 630 in X630 multi-
plier module A5. The output of X630 multiplier module A5 is 9.19 + GHz.
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(1) X18 multiplier. The 14.59 + MHz signal is multiplied by
18 to 262 + MHz in X18 multiplier (A5) AlQl1,02,03,AlUl, and AlCR2.

(2) Tuned filter. Harmonics other than 262 + MHz are removed by
tuned filter (A5) L1-L4 and C2-CS8.

(3) 262 MHz amplifier. Gain and isolation are supplied by 262 +
MHz amplifier AS5A2.

(4) X35 multiplier. The 262 + MHz from the 262 MHz amplifier is
multiplied by X35 multiplier ASAT1 to 9.19 + GHz plus harmonics.

(5) Microwave filter. Harmonics of the 262 + MHz frequency
other than 9.19 + GHz are filtered by the microwave filter.

(6) Ferrite circulator. Coupling into waveguide A6 and
the 9.19 + GHz level control is accomplished by ferrite circulator

(7) Dual compensator. Bias levels for the multiplier components
and temperature variation compensation are provided by dual compen-
sator AS5A3.

c. Waveguide A6. Waveguide A6 is a mechanically tuned cavity
designed to accept and be optimally tuned to the 9.192 + MHz frequency
output of X630 multiplier module A5. The input signal level is set
by the ferrite circulator on module A5. The waveguide 9.19 GHz output
is directly connected to the input port of Cesium beam resonator
assembly Al.

d. Cesium Beam Resonator Assembly Al.

(1) General. Cesium beam resonator assembly Al is an atom-
microwave interaction device. It employs the resonant frequency
(9,192,631,771.39 Hz) of the (4,0)—p (3,0) hyperfine energy-level
transition of Cesium 133 in a C-field (weak dc magnetic field) of 57.1
millioersteds as a primary frequency reference. With the single
exception of magnetic field, the transition frequency is completely
independent of all environmental conditions. For the Atomic Time (AT)
scale, the resonant frequency (fo) of the (4,0)—»(3,0) hyperfine

energy-level transition of Cesium 133 under zero-magnetic-field condi-
tions is defined to be exactly 9,192,631,770 Hz. The weak dc magnetic
field, known as the C-field, is used to orient the Cesium atoms with
respect to the ac magnetic component of the linearly polarized micro-
wave field.

(2) Cesium beam tube. The Cesium beam tube contains the reser-
voir of liquid Cesium, the vaporizing mechanism, beam forming elements,
an atom-microwave interaction region, and the means for detecting
energy transitions.

(3) Oven. In the beam tube within the oven, liquid Cesium is
heated to 85°C to 90°C (194°F to 203°F) causing vaporization. The
Cesium vapor is the source of Cesium atoms for excitation.
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(4) VAC-ION pump. As the entire process of vaporizing, exciting,
and detecting excited Cesium atoms must occur in a high vacuum, a ’
YAC-ION pump is used. The VAC-ION pump is integrally a part of the
input selector magnet B. In the pump, electrons are emitted from a
cold cathode and travel in spiral paths toward an anode maintained at
a nominal potential of +3000 V dc. These electrons ionize stray
particles within the vacuum envelope. The negatively ionized parti-
cles are attracted to the highly positive anode of the pump. Spiral
electron paths are produced by application of a dc magnetic field
provided by the associated selector magnet. Use of spiral paths
greatly increases the probability that electrons ionize stray parti-
cles, and thus improves pumping efficiency.

(5) Interlock. The +3000 V dc input to the VAC-ION pump is also
applied to a resistive voltage divider within the resonator. This
divider also provides the VAC-ION pump interlock signal that enables
VAC-ION supply A24. Power can be supplied to the Cesium oven, the
hot wire ionizer, and the electron multiplier only when the high volt-
age input to the VAC-ION pump is greater than approximately +2000
V dc. This protects the resonator against the damage or destruction
that.might result from operation in the absence of adequate vacuum
pumping.

(6) Input selector magnet A. The collimated beam of Cesium
atoms escaping from the Cesium vapor pool contains both desired
(f = 4, mg # —4) atoms and undesired (f = 3 and f = 4, m; = -4) atoms.

Magnet A deflects all (f = 4, me # -4) atoms toward the atom-
microwave interaction region and diverts (f = 4, me = -4) and all

(f = 3) atoms away from the interaction region.

(7) C-field coil. A weak dc magnetic field is required to
orient the Cesium atoms entering the interaction region with respect
to the ac component of the linearly polarized microwave energy
emanating from waveguide A6. This is known as the C-field and is
induced by the C-field coil when C-field current from C-field supply
AlA3 is on. It is necessary to measure and adjust the C-field with
great accuracy. For this purpose, the resonant Zeeman frequency (fz)
of the (4, -3)—»(4, -4) hyperfine energy-level transition of
Cesium 133 is employed, via the Zeeman frequency flop coil.

(8) Atom-microwave interaction region. The atom-microwave
interaction region is where the Cesium 133 hyperfine energy transi-
tions take place.

(a) The 9.192 + GHz excitation energy entering through wave-
guide A6 is linearly polarized by the mechanical coupling into the
microwave cavity.

(b) Cesium atoms in this same region are oriented parallel to
the microwave energy by the C-field magnetic lines of force. When
the microwave excitation energy is near the natural resonant frequency
of Cesium 133 hyperfine energy transition, transitions occur.

5-4
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(c) The hyperfine energy-level transitions of an atom are
specified by the initial and final values of two quantum numbers
(f, mf). Quantum number f determines the magnitude of the grand total

angular momentum vector associated with the atom. Quantum number me
determines the projection of this vector on a preferred direction

in space, and thus specifies the orientation of the vector with
respect to the preferred direction. The parallel orientation of the
C-field versus microwave energy polarization has established the pre-
ferred direction (mf).

(d) As the injected microwave energy nears the hyperfine
transition frequency, the number of transitions occurring increases.
When the two frequencies coincide, the number of (4,0)—p(3,0)
transitions is at a maximum, and the output of the beam tube peaks.
This provides the control indication which allows the Cesium beam
tube to act as a frequency standard.

(e) To ensure an error signal suitable to operate the primary
loop as a servo system, an 83.3 Hz square wave is used to frequency
modulate the microwave signal, providing a known constant variation
about the center resonant frequency.

(9) Output selector magnet B. The output selector magnet B
directs the desired Cesium atoms that have undergone the (4,0)—(3,0)
energy level transition toward the hot wire ionizer, and diverts any
undesired Cesium atoms that have not undergone transitions.

(10) Hot wire ionizer. The Cesium atoms from which the resona-
tor output signal is obtained impinge upon the hot wire ionizer. This
ionizer converts the atomic beam to an ionic beam. Positively charged
Cesium ions are attracted by the electron multiplier.

(11) Electron multiplier. The positively charged Cesium ions
emanating from the hot wire ionizer are attracted to the dynode of the
electron multiplier, which is maintained at a potential of approxi-
mately -1.5 KV dc. This dynode converts the ionic beam to an electron
beam, which is multiplied to a usable intensity by a chain of
secondary-emission stages. Decreasingly negative voltage inputs for
the successive secondary-emission stages are obtained from a resistive
voltage divider chain, which is connected between the dynode and
ground. The output from the electron multiplier drives preamplifier
assembly AlA2.

(12) Preamplifier AlA2. The beam tube output signal is ampli-
fied by low-noise current preamplifier AlA2 prior to application to
the oscillator control circuit. The preamplifier matches the rela-
tively high output impedance of the electron multiplier to the
relatively low input impedance of the voltage preamplifier in primary
loop module A3.

(13) Cesium beam power supplies. The Cesium beam power supplies
supply operating voltages for the electron multiplier, hot wire
ionizer, VAC-ION pump, C-field coil, and the Cesium oven.
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(a) VAC-ION supply A24. The VAC-ION supply provides a +18
V dc controlled voltage to the -HV power supply and regulator A23, +6
V dc regulator hot wire power supply Al9, Cesium oven control AlA4,
C-field supply AlA3, and high voltage supply A22. Input to the VAC-ION
supply is from +18 V regulator Al2. A monitor signal from high volt-
age power supply A22 holds relay K1, contained in A24, on. Should
high voltage fail, relay A24K1l opens disabling the +18 V dc output.

(b) High voltage power supply A22. High voltage power supply
A22 provides approximately +3000 V dc to operate the VAC-ION pump. In
addition, a monitor voltage is supplied to relay Kl in VAC-ION supply
A24. Should the output of module A22 fail, damage to the Cesium beam
tube would result as it would operate without the necessary high
vacuum. Protection from this possibility is provided by relay A24Kl.

(c) -HV power supply A2l and regulator A23. Approximately
-2.6 KV dc is supplied to operate the electron multiplier by A2l and
its associated regulator A23. The successive stage operating voltages
for the electron multiplier are provided by resistive voltages
dividers from the -2.6 KV output.

(d) +6 V regulator hot-wire power supply Al9. The current
required to operate the hot wire ionizer is provided by module Al9.

(e) Oven control and C-field. The +18 V dc from module A24 is
supplied directly to oven control AlA4 and the C-field coil via relay
A24K1l.

(14) VAC-ION and Cesium ion metering. Monitoring of VAC-ION
and Cesium ion currents is accomplished by the CIRCUIT CHECK meter
with the appropriate setting of the MRC front panel CIRCUIT CHECK
switch.

(15) Oven control metering. Monitoring of the oven control cir-
cuit is accomplished by the CIRCUIT CHECK meter with the appropriate
setting of the MRC front panel CIRCUIT CHECK switch.

e. Primary Loop Module A3. Primary loop module A3 supplies the
83.3 Hz modulating signal for the 14.59 + MHz oscillator and senses
the 83.3 Hz error signal from the Cesium beam resonator. These two
signals are detected by a synchronous detector to produce the dc con-
trol voltage for the primary 14.59 + MHz OCVXCO oscillator. The 83.3
Hz input from the Cesium beam resonator assembly preamplifier is fed
to an 83.3 Hz error amplifier whose output is fed to a synchronous
detector. Simultaneously, an 833.3 Hz input is fed to a +5 circuit
A3Ul5, whose output of 166.6 Hz is fed to a variable delay circuit,
which serves to retard this signal (2 milli seconds) to compensate
for the delay experienced in the electron flow through the Cesium beam
resonator assembly. The 166.6 Hz signal is fed to +2 circuit A3U4B,
and the resultant 83.3 Hz is fed to the 83.3 Hz delay input, where it
is fed to synchronous detector A3U7 along with the 83.3 Hz signal
derived from the resonator assembly. These two inputs form the loop
and they are detected by stage A3U7. If they are in synchronism, there
is no change in the output 1level of integrator circuit A3Al. If there

5-6



T.0. 49B3-36-2

is a difference in frequency, it is detected, and the change in dc
control voltage to OCVCXO module A4 corrects the 14.59 + MHz OCVCXO
output frequency accordingly so that the loop is locked.

f. Primary VCO Metering. The dc control voltage generated by
primary loop module A3 is monitored by the CIRCUIT CHECK meter with
the appropriate setting of the MRC front panel CIRCUIT CHECK switch.

g. Primary VCO Logic and Excess AC and Distortion Logic Alarms.
The primary loop module also provides excess ac error and second
harmonic level outputs to logic alarm (A26) U4, U5 which provides vis-
ual warning on the MRC front panel should the primary loop become
unlocked or be operating beyond specified tolerances.

5-5. SECONDARY LOOP SUBSYSTEM. The secondary loop subsystem, shown
in the functional block diagram of figure 8-3, consists of synthe-
sizer module A7 and secondary 5 MHz OCVCXO module AS.

a. Secondary Loop Phase Lock. The secondary loop is phased-locked
to the primary loop, and therefore, retains the accuracy and stability
factors of the 14.59 + MHz frequency. The 14.59 + MHz input to
synthesizer module A7 is referenced to the resonant frequency
(9,192,631,771.39 Hz) of the (4,0)—(3,0) hyperfine energy-level
transition of Cesium 133 in the C-field. Synthesizer module A7 per-
forms the conversions required to maintain the accuracy of outputs
referenced to the Cesium beam tube.

b. Synthesizer Module A7. Synthesizer module A7 receives a sta-
bilized 14.59 + MHz OCVCXO signal from module A4 and the 5 MHz OCVCXO
signal from module A8. The synthesizer generates an 833.3 Hz signal
which is fed to primary loop module A3 in the primary loop; and 5 MHz
signals which provide a secondary loop alarm signal and feed real
time-of-day clock A9. A dc control voltage controls secondary 5 MHz
OCVCXO module A8 to provide the input signal to 1 MHz, 3 MHz generator
module AlOQ.

(1) 14.59 + MHz input. The frequency modulated 14.59 + MHz out-
put of primary OCVCXO module A4 is applied directly into synthesizer
module A7.

(2) 5 MHz input. The 5 MHz output of secondary OCVCXO module A8
is inputted directly into synthesizer module A7. The 5 MHz signal is
multiplied and processed within the synthesizer and locked to the
14.59 + MHz signal via an internal phase locked loop.

(3) 5 MHz control voltage output. The processed 5 MHz signal is
detected in a synchronous detector with the 14.59 + MHz signal in a
phase detector whose output level is determined by the difference in
phase between the two signals. This output signal is processed and
becomes the 5 MHz OCVCXO oscillator control voltage.

(4) 833.3 Hz output. The 5 MHz output from OCVCXO module A8 is
processed in synthesizer module A7 and mixed with the modulated
14.59 + MHz output from OCVCXO module A4 to derive a stabilized 833.3
Hz signal. This signal is returned to the primary loop subsystem via
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primary loop module A3 where it is divided by 10 to become the 83.3

Hz modulating square wave for primary 14.59 + MHz oscillator A4. This
completes the loop locking the secondary loop subsystem to the primary
loop subsystem.

. (5) § MHz outputs. Two 5 MHz square wave outputs are derived
in synthesizer module A7 to drive real time-of-day clock A9 and 1 MHz,
3 MHz generator module AlO.

(§) Loop lock and secondary VCO. Visual alarms indicating the
operating status of the secondary loop subsystem are driven by the
loop lock and secondary VCO outputs of synthesizer module A7.

(7) Secondary phase detector output. Front panel visual warning
of secondary loop out of lock condition is obtained from the secondary
phase detector output.

c. Secondary 5 MHz OCVCXO Module A8. The 5 MHz sinusoidal output
required to drive synthesizer module A7 waveshaping circuits is gen-
erated in secondary 5 MHz OCVCXO module A8. The 5 MHz output is
locked to the 14.59 + MHz primary OCVCXO output via circuitry within
synthesizer module A7. Accuracy is maintained via a control voltage
generated by synthesizer module A7 from the comparison of the pro-
cessed 5 MHz signal with the 14.59 + MHz signal.

(1) Oven. The 5 MHz secondary OCVCXO module A8 is contained
within an integral oven to assure isolation from environmental
temperature variations.

(2) 5 MHz oven sensor. Secondary OCVCXO oscillator oven tem-
perature is monitored by the CIRCUIT CHECK meter with the appropriate
setting of the MRC front panel CIRCUIT CHECK switch.

5-6. OUTPUT SUBSYSTEM. The output subsystem includes the real time-
of-day clock module A9 and the 1 MHz, 3 MHz generator module AlO.
(Module A8 provides a 5 MHz front panel output signal for the output
subsystem.)

a. Real Time-of-Day Clock. Real time-of-day clock module A9 pro-
vides real time-of-day information via direct readout LED numerical
indicators on the front panel, front and rear panel 1 PPS and 1 PPM
outputs, and real-time data timing information via rear panel connec-
tors. This information is derived from the 5 MHz output of synthesizer
module A7. A functional block diagram of the real time-of-day clock
is shown in figure 8-4. The real-time-of-day clock is a removable
module, designated A9, located on the left front panel of the MRC. A
hinged cover prevents inadvertent operation of controls but presents
the LED numerical time display visibly. Cable connections are
accessible on the front panel and outputs (described in table 2-5) are
available through connector P2 on the rear panel. The clock module
receives as an input the 5 MHz input time base signal applied from
synthesizer module A7.




T.0. 49B3-36-2

(1) External sync. Should the clock be operated in the external
synchronization mode, a 1 PPS synchronizing input is received via
SYNC IN jack A9J4 on the front panel.

(2) Outputs. 1 PPS and 1 PPM outputs are available on the front
panel via 1PPS OUTPUT jack A9J2 and 1PPM OUTPUT jack A9J3, as well as
via connector P2 on the rear panel. Additional BCD real-time data also
are available via rear panel connector P2. (Refer to table 2-5.)

(3) Input. The 5 MHz driving input signal from synthesizer
module A7 enters the time-of-day clock through A9J1 in the panel
interface circuit.

(4) X2 multiplier. The 5 MHz input is multiplied by an X2
multiplier (A9) UlA, U4A, US5A to 10 MHz, which is then fed to a series
of logic circuits on the main counter.

(5) Main counter. The main counter logic processes the 10 MHz
input and generates 100 kHz, 1 PPS, and 1 PPM signals. These signals
are used as time bases to actuate the preset advance counter, seconds,
minutes, hours counter, and synchronizes the real-time data outputs.
The main counter also accepts UT set, and 1 PPM reset inputs to pro-
vide 1 PPS and 1 PPM time base information. The timing diagram shown
in figure 5-1 illustrates the timing relationship between the various
pulse trains.

(6) Preset advance counter. The time base information gen-
erated in the main counter is inputted to the preset advance counter,
which provides a delay of 0.1 microsecond to 1 second, via front panel
thumbwheel switches so that the time of the second mark, and the 1 PPS
and 1 PPM outputs are adjustable over a range of 1 second in discrete
steps of 100, 10, 1, and 0.1 microseconds. The 1 PPS lead edge, 1
PPM trail edge, and second mark trail edge are coincident with each
other within 1.0 microsecond. The timing sequence for the preset
advance counter is shown in figure 5-1.

(7) Seconds, minutes, hours counters. The seconds, minutes,
hours counters generate time signals coincident with the passage of
time units from the delayed pulse inputs provided by the preset
advance counter. The seconds and minutes counters count from 0 to 59,
and the hours from 0 to 24. See figure 5-1 for the seconds, minutes,
and hours timing operations. The interrelationships of various con-
trol functions of the clock are shown in the timing diagram, such as
external sync set and arm, add, and subtract, 1 PPS advance, time
hold, clock operate, as well as transfer signals to the real-time
outputs. Figure 5-1 also shows the 1 PPS advance timing, the sync
arm synchronization sequence for external sync operation of the clock,
the pulse advance, the UT set timing, and the 1 PPM reset timing, in
addition to other timing information required for understanding the
clock operation. The outputs of the seconds, minutes, and hours
circuits are used to provide the direct numerical clock front panel
readout and the real-time data information available at the rear
panel connectors.
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(8) Real-time data circuits and output circuits. Real-time
data inputs are received from the seconds, minutes, and hours counter
and are fed into an output shift register, which feeds the data via
drivers to the rear panel connectors. The real-time data signature
is controlled by the 100 kHz real-time transfer pulse-train (transmit
control circuits), which assures that the real-time data output is
in the proper sequence. The real-time data are a binary coded decimal
word framed by a real-time data transfer gate.

(9) 1 PPM output. The 1 PPM outputs are obtained via the 1 PPS
and 1 PPM drivers (A9) Ql and U9C. The 1 PPM input signal to the
driver is obtained from the seconds, minutes, hours counter as a
1PPM pulse. Inversion and impedance matching are accomplished within
the driver circuits.

(10) 1 PPS output. The 1 PPS outputs are obtained via the 1 PPS
and 1 PPM drivers. The 1 PPS input signal to the driver is obtained
from the preset advance counter as a 1PPS ADV pulse. Inversion and
impedance matching are accomplished within the driver circuits.

(11) Clock display. The clock display Al provides an illumin-
ated direct numerical front panel readout of the time in seconds,
minutes and hours. The display is tens and units, such as 23, 11, 01,
etc.
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(a) The clock display is controlled by the seconds, mingtes,
hours counter output, which is in binary coded decimal form. Display
drivers convert the BCD input to a numerical readout.

(b) If the MRC is operating from internal battery power, the
clock display is inhibited to conserve energy. When this condition
exists, a front panel pushbutton switch is used to command the clock
display on.

(12) Panel interface. The manual clock control circuits
governing operation of the real time-of-day clock are found in the
panel interface. These controls consist of the 1 PPM RESET switch;
the UT SET switch and indicator; the SYNC ARM switch indicator; the
HOURS/MINUTES/SECONDS switches and indicators; the CLOCK OPER/TIME
HOLD switch; and the ADD and SUB switches. The functions of these
controls are listed in table 4-1.

b. 1 MHz, 3 MHz Generator Module Al10. The 1 MHz, 3 MHz generator
module Al0 provides a 1 MHz sinusoidal output and a 3 MHz square
wave output derived from the 5 MHz square wave output of synthesizer
module A7. A functional block diagram of 1 MHz, 3 MHz generator
module Al0 is shown in figure 8-5.

(1) Input. The 5 MHz output of synthesizer module A7 provides
the drive signal for 1 MHz, 3 MHz generator module Al0.

(2) Outputs. The outputs of 1MHz, 3MHz generator module Al0
are available on front and rear panels. The 1 MHz sinusoidal output
is available at A0J9 on the front panel while the 3 MHz square wave
is available at connector P2 on the rear panel.

(3) X2 multiplier. The 5 MHz square wave inputted through
A4J1 is multiplied by the X2 multiplier (Al0) Ul, U2 circuit to

create a 10 MHz signal. The 5 MHz square wave signal is also routed
to mixer circuit Al0U2D.

.(42 +19 circuit. The 10 MHz square wave output from the X2
multiplier circuit is divided by +10 circuit Al0U3 to provide a

l.MHz Square wave output to the mixer circuit and to the 1 MHz ampli-
fier chain (A1G) Q1-0Q3.

‘ (5) 1 MHz amplifier chain. The 1 MHz output of the +10 circuit
1s coupled to the front panel connector A0J9 via waveshaping ampli-
f%ers of 1 MHz amplifier chain (Al0) Q1-03, which provide a filtered
Slne wave output at a level of 1 to 1.5 V rms.

(6) Mixer. The 1 MHz square wave output from the <10 ciréuit'
gnd Fhe 5 MHz square wave output from the X2 multiplier are combined
in mixer AlQU2D. The 6 MHz square wave sum signal is the mixer output.

_ (7) 6 MHz Amplifier. The 6 MHz amplifier (Al0) Q4, Q5 provides
gain and is a buffer between the mixer circuit and +2 circuit Al0U4.
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(8) +2 circuit. The 6 MHz square wave 6utput from 6 MHz ampli-
fier (Al0) Q4, Q5 is divided by +2 circuit Al0U4 to produce a 3 MHz
square wave output, which is inputted to driver A1l0US.

(9) Driver. The 3 MHz square wave output of +2 circuit
AlQU4 is coupled to the rear panel 3 MHz outputs of connector P2
via driver Al0U5 which provides impedance matching and isolation.
The 3 MHz square wave output level can be monitored by 3 MHz level
meter A25 at this point.

5-7. LOW VOLTAGE POWER SUPPLY SUBSYSTEM. The discussion covering the
low voltage power supply subsystem begins with an overall description
tied in to a simplified block diagram shown in figure 8-6 that pro-
vides an overview of power generation and distribution within the

MRC. The block diagram of figure 8-6 then serves as a key to the
considerably expanded low voltage power supply subsystem functional
block diagram of figure 8-7. The detailed analysis of the functional
block diagram concludes the discussion of the low voltage power
supply subsystem.

a. Overall Description. The power required to operate the MRC
is provided by the low voltage power supply subsystem shown in the
block diagram of figure 8-6. External operating voltages of 115/230
V ac and/or 26 +* 4 V dc enter the low voltage power supply subsystem
through power supply regulator assembly All, and part of main
assembly A0. (An integral +28 V dc battery power supply Al7 is also
included in the MRC.) Automatic switching enables system operation
on either external input, or on the internal battery supply con-
tingent upon availability, with external ac ranking first priority,
external dc ranking second priority,.and internal battery ranking
third priority. This enables the MRC to operate without interruption
should the ac power input or the ac and dc power input both fail.

(1) Both external dc power at 26 + 4 volts and/or internal dc
power at greater than 21 volts, derived from rectified external ac
power, are supplied to battery charger assembly Al4Al. The rectified
ac power can supply current to charge and maintain the charge of the
internal battery power supply Al7. External dc power can supply cur-
rent to maintain the charge of the Al7 cells. Automatic switching con-
tgined within battery crossover assembly Al4A2 enables system opera-
tion on internal battery power .contingent upon failure of both external
ac agd external dc line power. This enables the MRC to operate with-
out interruption should both ac and dc line power fail. Operating
power status and battery mode status are continuously monitored and
announced by front panel LED indicators.

§2) The resulting dc voltage derived from any of the possible
functional modes is applied to +18 V dc switching regulator module
Al2 to establish the +18 V dc operating supply voltage for modules
A3, A4, A5, A7, A8, Al3, Al4, A24, and A25. The +18 V dc switching
regulator Al2 is operated in synchronism with dc/dc converter Al3.

(3) The +18 V dc output of module Al2 is monitored via the
CIRCUIT CHECK meter on the MRC front panel.
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(4) Power at +18 V dc distributed to the MRC circuits is via
storage switch A0S5 and warmup relay AOKIl.

(5) When open, storaée switch A0S5 allows the VAC-ION pump to be
operated independently of the remaining circuits of the MRC in order
to maintain the high vacuum required in Cesium beam resonator assem-
bly Al.

(6) Warmup relay AOKl inhibits MRC operation if oscillator oven
temperature is subnormal by interrupting the +18 V dc supply voltage
line.

(7) Power at +18 V dc will be available for the MRC circuits if
and only if storage switch A0S5 is closed (the MRC is not in special
high temperature storage), and the contacts of warmup relay AOKl are
closed (oscillator oven temperature is within operation specifications).

(8) The voltages required to operate the Cesium beam resonator
circuitry are generated by six modules identified as the Cesium beam
power supplies. They include facilities for generating voltages to
operate the Cesium oven, the hot wire detector, the C-field magnet,
the electron multiplier, and the VAC-ION pump, from an input from
switching regulator Al2.

(a) To avoid damage it is critically important to maintain a
high vacuum within the Cesium resonator at all times, but especially
so when the resonator is operating. Maintaining this vacuum is the
purpose of the VAC~ION pump.

(b) To ascertain the resonator will not operate without
vacuum pumping, an interlock system has been incorporated to disable

the source voltage to the other five Cesium beam power supplies in the
event of pump failure. :

L (c)’ This interlock operates by sensing the high voltage
lonizing potential generated by the VAC-ION supply and enabling relay
A24Kl in the source voltage line if and only if the ionizing poten-
tial is above the specified level (+3000 V dc).

(9) The Tls V dc regulated output from +18 V dc switching
regulato; A}Z 1s distributed to subordinate regulator circuits con-
tained within their respective modules and to dc/dc converter Al3.

(10) Supply voltages ranging from -18 to +40 V dc are derived

Yithin the dc/dc converter to power circuits requiring these operating
evels.

(11) Powgr at +18 V dc coming directly from +18 V dc switching
regulator A12.1s distributed to the Cesium beam power supplies and to
the X630 multiplier AS series regulator.

(12) Power at +18 V dc from +18 V dc switching regulator A12 is
al§o routed to the 1 MHz, 3 MHz generator module Al0 series regulator,
primary loop module A3, synthesizer module A7, and meter driver
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amplifier A25 in addition to voltages from dc/dc converter Al3. The
1 MHz, 3 MHz generator module Al0 series regulator receives +5 V dc
from module Al3, primary loop module A3 receives -18 V dc from module
Al3, and synthesizer module A7 and meter driver amplifier A25 both
receive +5 and -18 V dc from module Al3.

(13) Those circuits which receive power from module Al3 alone
include +5 V dc switching regulator module Al6 which receives +18
volts (used to power module A9), real time-of-day clock A9 which
receives +12 volts, the alarms logic module A26 which receives +5 and
-18 volts, and the control portion of battery crossover assembly
Al4A2 which receives +5 and +40 V dc.

(14) A detailed description of each function of the low voltage
power supply subsystem with reference to the functional block diagram
of figure 8-7 is presented in the paragraphs which follow.

b. Power Supply A0O. The power supply portion of A0 contains the
facilities for handling 115/230 V ac and +22 to +30 V dc power inputs.
Selection of either ac input voltage is accomplished by jumpering
primary windings of the power transformer. Jumpering pin 5 to pin 6
enables 230 V ac operation, while jumpering pins 4 to 5, and 6 to 7
enables 115 V ac operation. Direct current connections are via pins
11 (+) and 12 (-).

(1) Line fusing and filtering. Overcurrent protection for the
primary windings of power transformer AOT1 is accomplished by fuses
AOF1 and AOF2, which limit continuous primary current to 2 amperes.
Protection from radio frequency interference is by filters AOFL1 and
AOFL2, which isolate power transformer AOT1 from external rf inputs
and suppress high voltage transients.

(2) Power transformer. Power transformer AOT1 provides stepped
down ac voltages for rectification in the two following power supply
rectifier circuits (A11CRl1 and Al1lCR2, AOCR12,13,14,15).

(3) Full-wave rectifier and LC filter. Diodes AOCR12, AOCR13,
AOCR14, and AOCR15 are a full-wave rectifier bridge which provides
pulsating dc from the ac input from AOTI. This pulsating dc is
filtered by the standard pi filter of AOLl, AOCl, and AOC2.

(4) Al1Ql diode resistance network. The diode resistance net-
work contained within this circuit (part of All) provides, via a
second full-wave rectifier and transistor switch, both automatic
switching from external ac to external dc operation, and an indication
of which mode of operation the MRC is utilizing at all times (except
during battery operation).

(5) DC fusing and filtering. Protection from overcurrent in the
external dc operation circuits is provided by fuse AOF3 which limits
external dc input current to 4 amperes. This current is filtered by
filter AOL2 and the circuit is protected from switching transients
by diode AOCR1l7.
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c. +18 V dc Switching Regulator Al2. Module Al2 provides basic
dc operating current for the entire MRC system. Inputs are accepted
from the All module, including both external dc power and rectified,
filtered external ac power, and from battery charger and crossover
module Al4 when the MRC is operating on battery pack power.

(1) Fuse. DC input current to switching regulator Al2 is
limited to 3 amperes by fuse Al2F1.

(2) Control regulator. Regulation of dc voltage is achieved
by control regulator Al2Ul which is a dc coupled series pass element.

(3) Feedback loop. Control of series pass elements contained
within control regulator Al2Ul is through frequency compensated
operational amplifier Al2U2 and drivers Al12Q2 and Al1206. Input to
operational amplifier Al2Ul is via current sensing transistors
Al12Q3 and Al2Q4. These elements complete the feedback circuit re-
quired to operate series control regulator Al2Ul.

(4) 2Zener diode clamping. DC output of switching regulator
Al2 is clamped to a maximum of +22 V dc to protect the MRC system
in the event of overvoltage malfunction. Zener diode A12CR6 across
the output of Al2 will shunt to ground all excess current resulting
from an overvoltage condition.

(5) Transistor switch. To assure maximum sensitivity to
power demand variations, and consequently most accurate possible
regulation of output voltage, the Al2 regulator is synchronized to
dc/dc converter Al3. When the chopper multivibrator in Al3 is in one
of its maximum conduction states, transistor Al12Q5 is keyed on,
which, in turn, keys on operational amplifier Al2U2. This assures
best regulation will occur simultaneously with maximum current demand.

d. Storage Switch. With most operation of the MRC, storage switch
A0S5 is always closed. If however the MRC is to be stored for a long
period of time or at unusually high temperatures, storage switch
A0S5 will be opened. This removes dc power connection from all MRC
circuitry except the Cesium beam power supplies. This function pro-
vides a means to operate the electronic vacuum pump (VAC-ION pump)
located within the Cesium beam resonator assembly 1ndependently of
the MRC system to maintain the high vacuum required in the Cesium
reservoir.

e. Warmup Relay. Sen51ng the oven temperature of the secondary
OCVCX0O 5 MHz oscillator is warmup relay AOKl. When initial power is
applied to the MRC, relay AOKl opens the +18 V dc output circuit
from switching regulator Al2 to the remainder of the MRC. When cor-
rect operating temperature is achieved relay AOKl enables the
remainder of the MRC by closing the +18 V dc circuit.

f. DC/DC Converter Al3. Various operating voltages required by
MRC circuits and subordinate regulator modules are suppled from the
basic +18 V dc supply output by dc/dc converter Al3. Via electronic
switching and regulation, output voltages of +18, +12, +5, and +40
volts are generated.
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(1) DC chopper circuit. The +18 V dc output of Al2 is inputted
to dc/dc converter Al3 via a dc chopper. This is a free-running
multivibrator operating at 20 to 25 kHz. The primary of power trans-
former Al3T1 and transistor Al3Q8 provide feedback triggering of
multivibrator Al13Q1-Q2. Alternate conduction and nonconduction of
transistors Al13Ql and Al3Q2 allow current pulses to flow in the pri-
mary windings of Al3Tl1 which inductively are coupled to the secondary
winding, in an action similar to the more usual ac powered power
transformer.

(2) Transformer. The chopped dc input to transformer Al3T1
from multivibrator Al3Q1-Q2 is transformed to 5,21,18, and 40 volts
nominal ac at the multivibrator frequency rate by transformer A13T1.
These voltages supply the rectifiers and regulators in Al3 to produce
the six dc output voltages.

(3) 12 volt supply. Rectifiers A13CR1, Al13CR2, Al3CR3, and
Al13CR4 provide full-wave rectification of the 18 volt nominal ac
output of Al3T1 to power transistors Al3Q3, Al3Q4, Al13Q5, and Al3Q6.
These four series pass transistors are controlled by two emitter
coupled zener diodes A1l3CR13 and Al3CR1l4 to provide a balanced +12
volt dc regulated output.

(4) +18 volt supply. The dc output from A13CR1-4 is tapped
before regulators Al13Q3-Q6 to provide an unregulated +18 V dc output.

(5) -18 volt supply. Full-wave rectifiers A13CR5 and A1l3CR6
produce 21 volts nominal ac to power transistor Al13Q7 to provide an
18 volt regulated output. Zener diode A13CR1l5 and operational
amplifier Al3Ul1 are the control elements for Al3Q7.

(6) +5 volt supply. Full-wave rectifiers A13CR7 and Al3CRS8
operate regulator Al3U2 to provide a +5 V dc regulated output.

(7) +40 volt supply. Bridge rectifiers A13CR9,10,11, and 12
and capacitor filter Al13Cl9 provide an unregulated +40 V dc output.

(8) Sync. The synchronizing signal to switching regulator Al2
is provided by dc/dc converter multivibrator transistor Al13Ql1
collector circuit via a voltage divider.

g. OCVCXO Modules A4 and A8. Power to the two sealed crystal
controlled oscillators is from switching regulator Al2. Additional
regulation or other processing of the dc input is integral to these
modules. Warmup relay AOKl is triggered by an output from OCVCXO
module AS8.

h. Internal Battery System. Battery charger and crossover module
Al4 and battery pack Al7 comprise the internal battery system. This
circuitry provides four distinct means of charging the battery pack,
a means for switching the MRC over to battery operation, and
battery protection.
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(1) Battery pack Al7. The MRC internal battery consists of
24 rechargable C cells in series. Overcurrent protection is
provided by fuse AOF4, located outside the battery module. Overtem-
perature protection is provided by thermal switch A17S2, located
within the battery module. Storage switch Al7S1 is provided to
isolate the battery pack for storage or should the operator wish to
disable the batteries. Nominal battery voltage is + 28 V dc.

(2) Battery charger Al4Al. The battery charge circuit controls
all of the four means of charging the battery pack: high charge,
trickle charge, automatic charge, and external trickle charge.

(a) External trickle charge. When it is desired to charge
the battery pack externally, the external trickle charge circuit is
used. Transistors Al14A10Q08,Q9, and Al4Al1Q10 regulate the current
flow from an external charging input. This external charging current
is added to the normal internal charge circuit at the input of series
pass regulator Al4AlQl.

(b) Series pass regulator. All charging currents, external
and internal, are passed through transistor series pass regulator
Al4A1Q1 which limits the current magnitude by changing its series
resistance in accordance with its control circuits.

(c) Internal charging. All internal charge energy enters
the battery charging circuit via series pass transistor Al4Al1Ql.
Each mode of internal charging is enabled by control circuits which
drive the transistor.

(3) Charge sensing and control. The automatic charge circuit
is composed of automatic voltage sense amplifier Al14AlU4 and its
related sensing elements. The manual high and low charge circuits
are composed of resistive and zener diode sensing elements selected
by operating front panel switches. In each case the amount of
charging current and its characteristics are a function of the balance
obtained between the two inputs of voltage comparator Al4AlUl. One
input of Al4AlUl is the output of current sensing amplifier A14A1U2
and the other is the reference voltage selected by the selection of
a particular charging mode. The output of comparator Al14AlUl drives
series pass transistor A14A1Q1 through driver Al14A1Q5, determining
the charge current.

(4) Battery crossover Al4A2. The Al4A2 circuitry is the
sensing mechanism by which +18 V dc system B+ power is maintained
through switching regulator Al2 and hence the remainder of the MRC
if external ac and dc prime power fails. The sequence of logic for
this is, when ac power is present, either external dc or battery
power will not be used. Secondly, in the event of ac power loss, if
external dc power is available to the system, the external dc power
takes preference over the battery power. The logic also is such,
that when ac power is resumed, it will supply power as a prime source.
In the event both ac and external dc power are not available, the
battery power will be capable of powering the system for 1 hour.
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(a) External power present. With the presence of dc power
from A0, power supply, and/or external dc power through power supply
All, the ac and external dc power monitoring circuit, consisting of
Al4A2U4, CR5, CR6, and associated circuitry, is normally cut off.
This prevents Al4A203 and Al4A2Q6 from turning on, which prevents
relay Al4A2K1 from energizing. This effectively prevents battery
power from entering the system.

(b) External power, fails. The other situation which can
exist is the absence of both ac and external dc power. As can be
seen from the block diagram (figure 8-7) both +44 V dc (from ac power
source) and external dc power are monitored by Al4A2U4. The operation
involved in supplying battery power to the system is as follows:

1. When both ac and dc power are absent at the input of
monitor circuit A14A2U4, Al4A2U4 turns on. This, in turn, turns on
Al14A2Q3 and Al4A2Q6 to energize relay Al4A2K1l, which supplies
battery power through series transistor Al14A2Q5 back through the +44
V dc input supply line to Al4A2U4, as well as supplying the rest of
the system with battery power.

2. 1In addition, to protect battery cells from discharging
to a minimum voltage level, when battery voltage drops to approxi-
mately +26 V dc, amplifier Al14A2U3 and transistor Al14A2Q2 bias
Al4A2Q3 to off, shutting off the battery supply by disabling relay
Al4A2Kl1.

3. Front panel LED indicators monitor and announce the
presence of battery voltage and that the battery is being used to
power the system.

i. +5 V dc Switching Regulator Al6. Switching regulator module Al6
provides +5 V dc for the display circuitry on real time-~of-day clock
A9. The +18 V dc is inputted from dc/dc converter Al3. Regulation
is provided by switching regulator circuit Al6Ul, Al6Q1, and AleU2.

(1) Control. Control amplifier Al6U2 is synchronized by a
sync input from the control multivibrator in dc/dc converter Al3.

(2) Filter. Filtering of the regulated dc output is accom-
plished by capacitor Al6C6.

j. Subordinate DC Circuits. Each module within the MRC consumes
power from the dc power supply. Several contain integral regulators
to provide precise control over voltage levels within the module.
Those circuits are discussed by module in the following subparagraphs.

(1) Real time-of-day clock A9. The *12 V dc from dc/dc
converter Al3 1is used to drive the waveshaping circuits within A9.
The +5 V dc from switching regulator module Al6 is filtered within A9
and utilized to illuminate the digital real-time data readout on the
MRC front panel.

9-22
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(2) Meter driver A25. The facility for measuring battery volt-
age, charge current, and dc supply voltage from Al2 (+18 V dc) and
Al3 (=18 V dc and +5 V dc) is included in the A25 module. Power to
operate the meter driver amplifier is derived from the module Al2

supply.

(3) Logic alarms A26. The +5 V and -18 V dc power to operate
logic alarms module A26 is obtained directly from the +5 and ~18 volt
outputs of dc/dc converter Al3.

(4) 1 MHz, 3 MHz generator module Al0. Two series regulators
are contained within the Al0 module: a +15 V regulator AlQU6é deriving
power from Al2 switching regulator (+18 V dc), and a +5 V regulator
Al0Ql1l deriving +5 volt power from dc/dc converter Al3.

(5) X630 multiplier module A5. The X630 multiplier circuits are
powered by a series regulator Ul providing +15 V dc derived from the
+18 V dc output of switching regulator Al2.

(6) Primary loop module A3. Three regulators are contained
within and operate primary loop module A3. A +15 volt regulator
A3U2 obtains power directly from switching regulator Al2. A -15 volt
regulator A3Ul6é and a +5 volt regulator A3Ul obtain power from dc/dc
converter Al3.

(7) Synthesizer module A7. Two regulators are contained within
and operate synthesizer module A7. A +15 volt regulator A7U4-Ql
obtains power from switching regulator Al2. A -15 volt regulator
A703 obtains power from dc/dc converter Al3. Converter Al3 also
supplies +3 volts directly to operate some A7 circuitry.

k. VAC-ION Regulator and Cesium Beam Interlock Circuit. Beam tube
C-field supply AlA3, hot wire supply Al9, Cesium oven control AlA4,
and electron multiplier supplies A2l and A23 all operate on +18 V dc
power from switching regulator Al2 via interlock relay A24Kl. When
relay A24K1 is enabled, +18 V dc power is inputted to those supplies
and they operate. Relay A24Kl is enabled only when driven by relay
driver U20-U21 which senses the presence of +2000 volts dc at voltage
divider A24R23-A24R24. As voltage divider A24R23-A24R24 is connected
to the output of the VAC-ION pump power supply, high voltage will
exist at the R23-R24 junction only when high voltage (+3000 V dc) is
present at the VAC-ION pump. Consequently relay A24K1l will be enabled
only when the VAC-ION pump is operating and the Cesium beam resonator
will be protected from operation without vacuum pumping.

5-23/(5-24 blank)
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CHAPTER 6

MAINTENANCE

6-1. INTRODUCTION. This chapter consists of two sections covering
maintenance data. Section I deals with intermediate maintenance and
features a performance test table and fault isolation information.
Section II provides special maintenance instructions for maintenance
personnel involved in module repair and alignments. Since assembly/
disassembly of replaceable components is obvious, no instructions are
provided. Preventive maintenance is covered at the end. of Section II.

Section I. INTERMEDIATE MAINTENANCE

6-2. SCOPE. This section provides data required for intermediate
maintenance of the MRC. The minimum performance test provides a
system level check of the unit's operation. If any step of the
minimum performance test fails, the fault isolation index is used.

For any step that has failed, the failure is most likely among the
associated components listed in the index. If a module is suspected
to be faulty, it may be checked by a module performance test table
(see MODULE PERFORMANCE paragraph). If all suspected components pass
all performance standards, wiring may be checked using the MRC running
list found in chapter 8.

6-3. MAINTENANCE SUPPORT EQUIPMENT. Maintenance support equipment
required for performance testing is compiled in table 6-1. In ad-
dition to the equipment and an AC power source, a +28 VDC power source
is required.

Table 6-1. Maintenance Support Equipment

Equipment Identification Characteristics
Oscilloscope, Tektronix Model Observe waveform/pulse
454 (or equivalent) characteristics.
RF voltmeter, Boonton Model Sinusoidal output testing for
91 CA (or equivalent) rf signal level measurements.
Signal source, Hewlett Packard Sinusoidal output testing for
Model 651B (or egquivalent) isolation, harmonic distortion,

non-harmonic distortion.

Timing pulse and dc outputs
testing for isolation.



T.0. 49B3-36-2

Table 6-1.

Maintenance Support Equipment-Continued

Equipment Identification

Characteristics

Square wave generator, Hewlett
Packard Model 209A (or equiva-
lent)

Phase comparator, Frequency
Electronics Model FE-40 ( )

Reference Cs beam tube standard,
Frequency Electronics Model
3702

Spectrum analyzer, Hewlett
Packard Model 141S/8552B/8553B
(or equivalent)

Frequency Counter, HP Model
5345A (or equivalent)

Pulse generator, Data Dynamics
Model S109 (or equivalent)

Multimeter, Simpson Model 260
(or equivalent)

High impedance probe, Tektronix
Model 010-128 (or equivalent)

Power Meter HP 432A with 478A
Mount (or equivalent)

Timing pulse and dc output
testing for pulse advance and
synchronization.

Accuracy and frequency
comparison.

Accuracy.

Sinusoidal output testing for
harmonic distortion, non-
harmonic distortion.

Measure high frequencies.
Clock indication/1PPM testing

for auto sync.

Voltage and resistance
measurements.

Match circuit under test to
oscilloscope input.

Measure multiplier power level.

6-4. MINIMUM PERFORMANCE.

Table 6-2 is the minimum performance test
procedure for the MRC. It provides a complete system level check of
the unit. This test is to be run when a unit is received at the
intermediate level from the field. It is also to be performed after
a unit is repaired.



Table 6-2.

Preliminary Instruction:
Set unit on test bench.

Note:
power is +28 VDC.

AC power is 115V (or 230V) 47

MRC Minimum Performance Test

to 460 Hz, and DC

T.O.

49B3-36-2

Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
1 Front Using cable POWER SOURCE
Panel 636A638G01, IN USE AC
connect Pl to is lighted.
AC power
source. Set
BAT CHG switch
to AUTO. Allow
a 20 minute
warm up period.
2 Front Using cable POWER SOURCE
Panel 636A638G02, IN USE DC,
connect Pl to POWER SOURCE
DC power scurce. AVAILABLE DC,
Disconnect AC AND POWER
power. SOURCE
AVAILABLE
BAT indi-
cators are
lighted.
3 Front Using cable PRIMARY LOOP
Panel 636A638G03, ALARM and
connect P1 to AC SECONDARY
power source. LOOP ALARM
Set PRIMARY indicators
LOOP LOOP and are lighted.
SECONDARY LOOP
LOOP switches
to OPEN.
4 Front Set PRIMARY LOOP PRIMARY LOOP
Panel LOOP and OPERATE and
SECONDARY LOOP SECONDARY
LOOP switches to LOOP OPERATE
OPR. Perform indicators

procedure listed
in paragraph 3-2
steps £ through
1. With the

are lighted.
Primary LOOP
ALARM and

SECONDARY
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Table 6-2. MRC Minimum Performance Test-Continued

Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
4 CIRCUIT CHECK LOOP ALARM
(Cont) switch in indicators
position 8, ad- are not
just DC OFFSET lighted.
Control for
an indication
of 0 5 on the
CIRCUIT CHECK
METER.
5 CIRCUIT Set CIRCUIT
CHECK CHECK switch
Meter, to the following
M1 positions:
a. 1 +40 to +80
b. 2 +40 to +80
C« 3 During high
charge, +40
to +80.
During
trickle
charge, 0
, to +20.
d. 4 +40 to +80
e. 5 +40 to +80
£f. 6 +40 to +80
g. 7 0 to +20
h. 8 -5 to +5
(Set in
Step 4).
i. 9 0 %40
j. 10 0 +40
k. 11 0 to +20
1. 12 +40 to +80
6 Connect a 75 ohm P2-1 or 3 MHz output
load to point of P2-3 at each
test. Connect point is a
oscilloscope square wave

6-4

across 75 ohm
load (use tee
connector).

5 £2.5v p-p,
rise time <
40 nsec.



T.0. 49B3-36-2

Table 6-2. MRC Minimum Performance Test-Continued

Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
7 Remove 75 ohm Front Disconnect P1 PRIMARY LOOP
load. Panel from AC and DC OPERATE and

sources. SECONDARY
LOOP OPERATE
indicators
remain
lighted.
POWER SOURCE
IN USE BAT
is lighted.

Using cable

636A638G01,

connect Pl to

AC source.

8 Connect a 50 ohm 1PPS A positive
load to point of OUTPUT pulse, ampli-
test. Connect jack tude: 10
oscilloscope t1.0v, pulse
across 50 ohm width: 20 +
load (use tee 10, -4 usec,
connector). rise time

< 50 nsec,
fall time
<1.0 usec.

9 Same as step 8 1PPM A positive
for each point OUTPUT pulse, ampli-
of test. jack, tude 4 +1.0v,

P2-9 pulse width
(P2-12 10 *1.0 usec,
RTN), rise time
P2-17 £1.0 usec,
(P2-20 fall time
RTN) £0.9 usec.
10 TIME Set CLOCK TIME DISPLAY
DISPLAY OPER/TIME stops running.
HOLD switch to
TIME HOLD.
11 TIME Simultaneously SECONDS
DISPLAY press SECONDS portion of
switch and display
ADD switch. advances.
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Table 6-2. MRC Minimum Performance Test-Continued
Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
12 TIME Simultaneously SECONDS
DISPLAY press SECONDS portion of
switch and SUB display
switch. retards.

13 TIME Simultaneously MINUTES

DISPLAY press MINUTES portion of
switch and ADD display
switch. advances.

14 TIME Simultaneously MINUTES

DISPLAY press MINUTES portion of
switch to SUB display re-
switch. tards.

15 TIME Simultaneously HOURS portion

DISPIAY press HOURS of display
switch and advances.
ADD switch.
16 TIME Simultaneously HOURS portion
DISPLAY press HOURS of displays
switch and SUB retards.
switch.

17 TIME Set CLOCK TIME DISPLAY

DISPLAY OPER/TIME HOLD starts
switch to running.
CLOCK OPER.

18 Connect oscil- P2-8 SECOND MARK
loscope to each (P2-12 output at
point of test. RTN) each point is
Use load P2-16 +6 $1.0V high
636A629G01. (P2-20 and -6 1.0V

RTN) low. Pulse
width is 10
1.0 usec.
Slew rate
magnitude is
+4.0V to
+30.V/usec
(0.4 to 3.0
usec rise
time).

6-6
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Table 6-2. MRC Minimum Performance Test-Continued

Step

Operation of Test
Equipment

Point of Operation of
Test Equipment

Performance
Standard

19

20

Same as Step 18.
Trigger horizontal
sweep to MRC

1PPS.

Same as step 18.

P2-5
(P2-12
RTN)
P2-13
(P2-20
RTN)

P2-6
(P2-12
RTN)
P2-14
(P2-20
RTN)

Time of day
at each point
is 20 bit
word of 6
BCD digits
occurring
once per
second. Bit
duration is
10 *#1.0 usec
beginning 10
2.0 usec
after trail-
ing edge of
second mark.
Logic 1 is
+6 1 vDC,
logic 0 is
-6 +1 vDC.
Slew rate
magnitude is
4.0v to
30.0v/usec
(0.4 to 3.0
usec rise
time).

Real time
data trans-
fer clock at
each point is
20 pulse

100 kHz
square wave.
Leading
edges coin-
cident with
centers of
real time
data bits.
Logic levels
and slew rate
magnitude
same as Step
19.
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Table 6-2. MRC Minimum Performance Test-Continued
Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
21 Same as step 18. P2-7 Real time
(P2-12 transfer gate
RTN) at each
P2-15 point is
(P2-20 positive
RTN) pulse 200
+4 usec
once per
second,
bracketing
real time
data trans-
fer clock.
Logic levels
and slew
rate magni-
tude same as
step 19.
22 TIME Press 1 PPM Observe that
DISPLAY RESET switch. hours,
minutes, and
seconds are
displayed
and TIME
DISPLAY ad-
vances to
next minute
and 00
seconds.

23 Connect 1 pps Output Set PULSE AD- SYNC ARM in-
output of a 1PPS jack VANCE MICRO- dicator is
cesium beam on Front SEC thumbwheel lighted.
standard to both Panel, switches to When second
unit SYNC IN jack P2-8 (P2- 000000.0. mark occurs,
and oscilloscope, 12 Re- Depress SYNC SYNC ARM in-
A trace. Connect turn), and ARM switch. dicator goes
point of test to P2-16 out. Second
oscilloscope B (P2~20 mark is in
trace. Return). sync with

reference
+1 usec.

TIME DISPLAY
advances to
next minute
and 00
seconds.



T.0. 49B3-36-2

Table 6-2. MRC Minimum Performance Test-Continued
Operation of Test Point of Operation of Performance
Step Equipment Test Equipment Standard
NOTE
CONNECT HIGH-
GOING INPUT
TO FEMALE
PIN OF SYNC
IN JACK AND
RETURN OF IN-
PUT TO MALE
PIN.
24 Same as step 23. P2-8 Set PULSE AD-
(P2-12 VANCE MICROSEC
Return) thumbwheel
switches to
following
positions:
a. 000000.1 Second mark
through advances 0.1
000000.9 usec through
0.9 usec.
b. 000001.0 . Second mark
through advances 1
000009.0 usec through
9 usec.
c. 000010.0 Second mark
through advances 10
000090.0 usec through
90 usec.
d. 000100.0 Second mark
through advances 100
000900.0 usec through
900 usec.
e. 001000.0 Second mark
through advances 1
009000.0 msec through
9 msec.
£f. 010000.0 Second mark
through advances 10
090000.0 msec through

90 msec.
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Table 6-2. MRC Minimum Performance Test-Continued

Step

Operation of Test
Equipment

Point of

Operation of
Equipment

Performance
Standard

24
(Cont)

25

26

27

Connect oscillo-
scope to point of
test. Set to
measure 20 msec/

cm and 2V/cm. Set

sync to external.

Connect the 1 MHz
output of a
cesium beam
standard and the
point of test to
a phase compara-
tor.

Disconnect test
equipment.

g. 100000.0
through
900000.0

Set time of 23
hrs, 59 min, and
00 sec into MRC.
View 20-bit time
of day on
oscilloscope.
Observe until
time becomes 00
hrs, 00 min, and
00 sec.

~ Observe phase

comparison for
2 hours minimum.

Disconnect P1
from AC power
source.

Second mark
advances 100
msec through
900 msec.

20-bit word
displayed is
1000111011001~
XXXXXXX. The
last seven
bits change
with the
seconds. At
time 00 hrs,
00 min, 00
sec 20-bit
word is all
Zeros.

1 MHz fre-
quency is
accurate to
within #3
ppl0ll,

6-10



T.0.. 49B3-36-2

6-5. FAULT ISOLATION. When a step in the minimum performance test
fails, the fault isolation index (table 6-3) is used to determine
which module or group of modules contains the fault. The left
column of the index lists the step numbers of table 6-2. The
middle column lists the symptoms. The right column lists the
components associated with the symptoms.

Table 6-3. Fault Isolation Index

Min. Perf. Associated
Step Symptom Components
1 Indicator is not lighted after Rear fuses, All
20 minutes.
2 Indicators fail to light. Rear fuses, Al4
3 ALARM indicators fail to light. A26
4 OPERATE indicators fail to light, A26
or ALARM indicators fail to go out.
5 Meter indication is incorrect:
Step 5a All, Al2, Al3,
Al6, A25
b Al7
c Al4
d Al
e A4
£ A8
Al, Al9, A22, A24
h A4, A5, A21, A23
i A3, A4
A7
k A7
1 Al0
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Table 6-3. Fault Isolation Index-Continued

Min. Perf. Associated
Step Symptom Components

6. 3 MHz signal missing or out of Al0, Al3
specification.

7 Clock operation is not continued Al4, Al7
using battery.

8.-21. Any pulse readings or display read- A9
ings incorrect.

22.~24. Sync and pulse advance circuits not A9
operating properly.

25, 1 MHz signal missing or out of A7, A8, Al0, Al2,
specification. Al3.

6-6. MODULE PERFORMANCE. Tables 6-4 through 6-23 are the perfor-
mance test tables for the following modules: A3, A4, A5, A7 through
Al4, Al6, Al7, Al9 and A2l through A26. The I's and O's in the
PERFORMANCE STANDARD column signify which points of test are inputs
and which are outputs. In the point of test column, if no return is
listed, use chassis ground. The cesium beam resonator assembly Al
and the waveguide assembly A6 cannot be maintained at the inter-
mediate level. These two assemblies can only be replaced at the
depot level, and they must be tested and repaired at the factory.
Except for modules A4, A8, Al7, A2l, and A22, there are parts loca-
tion diagrams next to their respective module test tables. These
diagrams (figure 6-1 through figure 6-20) are used during both
performance tests and troubleshooting to locate components and
standoffs.

6-12
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Table 6-4. Primary Loop Module A3, Performance Test

Preliminary Instructions:

Set the internal battery (S1l) switch to OFF.

Disconnect all external power from the MRC.

Remove A3 module from the MRC chassis. Connect cable 636A630G01
between the A3 module and the MRC chassis.

Set the internal battery (Sl1l) switch to ON.

Apply external power to the MRC.

Note: All 20 minute warmup for the Cesium Beam Resonator signal
level and Crystal Oscillator

frequency to stabilize.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to each A3P1 - 1 Normal Operation, +18V I
point of test, in no Special Con- +0.7V DC
turn. figuration Re-
A3P1 - 4 quired. -18Vv I
0.7V DC
A3P1 - 7 +15V 0
+0.5V DC
-9 =15V o}
+0.5V DC
- 10 0 ¥2v DC ©
=~ 13 +4V 0
+1V DC
- 14 ov (o]
+0.5V DC
- A2 0 x2v DC O
2 Connect counter - A3 833.333 I
to each point Hz 1 Hz
of test, in
turn. - A4 83.3 Hz 0
0.1 Hz

6~13
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Table 6-4. Primary Loop Module A3, Performance Test-Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
3 Connect oscilloscope - A4 1.5 to 0
to point of test. ' 2.0V
P-P
Square
Wave

4 Disconnect all test
equipment.

Table 6-5. Primary OCVCXO Module A4, Performance Test
Preliminary Instructions:
Set the internal battery (S1) switch to OFF.
Disconnect all external power from the MRC.

Remove A4 module from the MRC chassis. Connect cable 636A636G01
between the A4 module and the MRC chassis.

Set the internal battery (S1) switch to ON.
Apply external power to the MRC.

Note: Allow 20 minute warmup for the Cesium Beam Resonator
signal level and Crystal Oscillator frequency to

stabilize.
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A4P1-1 Normal operation, +18V I
the point of test. no special con- +0.7V DC
figuration re-
A4P1-4 quired. ov I
2V DC
2 Connect counter to A4P1-Al 14.591479 0O
each point of test MHz +20 Hz
in turn.

6-15
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Table 6-5. Primary OCVCXO Module A4, Performance Test-Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
2 A4P1-A2 14.591479 O
(Cont) MHz
+20 Hz
A4P1-A3 83.333 Hz I
t1 Hz
3 Connect RF volt- A4P1-Al 0.16 to (o}
meter to each 0.31V RMS
point of test,
in turn. -A2 0.22 to o}

4 Disconnect all
test equipment.

0.40V RMS

Table 6-6. Multiplier Module, Times 630, A5, Performance Test

Preliminary Instructions:

None Applicable.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A5C1 Normal operation, +18V I
point of test. no special con- $0.7v DC
figuration re-
quired.
2 Disconnect cable
at A5J1
3 Connect signal A5J1 Disconnect cable Signal:
generator to point at A5J2 14.59 MHz
of test. +1 KHz
Level: O
dBm +3 dB
4 Connect power A5J2 -8 dBm +4
meter to point -2 4B

of test.

6-16
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Table 6-6. Multiplier Module, Times 630, A5, Performance Test-
Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
5 Connect counter with A5J2 9.19 GHz
5255A plug-in to +630 KHz

point of test.

6 Disconnect all
test equipment.

Replace cables
disconnected at
Steps 2 and 3.

Table 6-7. Synthesizer Module A7, Performance Test

Preliminary Instructions:

Set the internal battery (S1) switch to OFF.

Disconnect all external power from the MRC.

Remove A7 module from the MRC chassis.

Connect cables 636A631G01

and 636A632G01 between the A7 module and the MRC chassis.

Set the internal battery (S1) switch to ON.

Apply external power to the MRC.

Note: Allow 20 minute warmup for the Cesium Beam Resonator
signal level and Crystal Oscillator frequency to

stabilize.

Control Settings

Performance

Operation of Test Point of and Operation
Step Component Test of Equipment Standards
1 Connect DVM to each A7J1-2 Normal operation, +5V I
point of test, in no special con- +0.2V DC
turn. figuration re-
A7J1-5 quired. +18V I
0.7V DC
A7J1-7 -18v I
0.7V DC
A7J31-9 +18Vv I
0.7V DC

6-17
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Table 6-7. Synthesizer Module A7, Performance Test-Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 A7J1-8 OV +0.5V I
(Cont) bC
A7J1-1 oV +0.5V O
DC
A7J32-A7 +5V +3vV DC O
A7J2-A8 ov +0.5v O
DC
2 Connect counter A7J2-Al 14,591,479 1
to each point of Hz +20 Hz
test, in turn.
A7J32-A3 5,000,000 I
+1 Hz
A7J32-24 5,000,000 o
+0.1 Hz
A732-A5 5,000,000 0O
+0.1 Hz
A7J2-26 833.3 Hz o}
+0.1 Hz
3 Connect oscil- A7J32-A4 4.0 +1.0V O
loscope to each P-p¥*
point of test in
turn. ~-AS 4.0 1.0V O
P-p*
-A6 4.0 £1.0Vv O
P-P Square
Wave
*Distorted
Sawtooth
Wave

4 Disconnect all
test equipment.
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Table 6-8. Secondary OCVCXO Module A8, Performance Test
Preliminary Instructions:
Set the internal battery (S1l) switch to OFF.
Disconnect all external power from the MRC.

Remove A8 module from the MRC chassis. Connect cable
636A636G01 between the A8 module and the MRC chassis.

Set the internal battery (S1) switch to ON.
Apply external power to the MRC.

NOTE: Allow 20 minute warmup for the Cesium Beam Resonator
Signal level and Crystal Oscillator frequency to

stabilize.
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A8P1-1 Normal operation, +18V +0.7V I
each point of no special con- DC
test, in turn. figuration re-
A8P1-3 quired. 0 +4V DC o
A8P1-4 6.2V +0.5V O
DC
A8P1-A3 +5V +3V DC I
A8P1-7 +18V 0.7V O
DC
2 Connect counter A8P1-Al 5 MHz (o]
to each point +0.1 Hz
of test, in turn.
A8P1~A2 5 MHz (0]
+0.1 Hz
3 Connect the RF A8P1-Al 0.9 to o
voltmeter to each 1.5V RMS
point of test in
turn. A8P1-A2 0.32 to 0]
0.40V RMS

4 Disconnect all
test equipment.
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Table 6-9. Real Time-of-Day Clock Module A9, Performance Test

Preliminary Instructions:

Set the internal battery (Sl) switch to OFF.

Disconnect all external power from the MRC.

Remove A9 module from the MRC chassis.

between the A9 module and the MRC chassis.

Set the internal battery (S1) switch to ON.

Apply external power to the MRC.

Connect cable 636A637G01

NOTE: Allow 20 minutes warmup for the Cesium Beam Resonator
signal level and Crystal Oscillator frequency to

stabilize.
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A9J1-26 Normal operation, +5V +0.2V
each point of (A9J1-21 no special con- DC
test, in turn. RTN) figuration re-
quired.
-27 +5V +0.2V
(A9J1-21 DC
RTN)
-28 +5V +0.2V
(A9J1-21 DC
RTN)
-29 +5V +0.2V
(A9J1-21 DC
RTN)
-30 +18V 0.7V
DC
-31 +18V £0.7V
DC
-33 +12V +0.2V
DC
-36 -12V +0.6V
DC
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Real Time-of-Day Clock Module A9,
Performance Test~Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards

2 Connect counter to A9J1-1 5,000,000 I

point of test. (A9J1-2 +1 Hz
RTN)

3 Connect oscil- A9J1-5 10 +1 usec O
loscope to each bits, Binary
point of test, in «-13 "1": +6 +1V
turn. Binary "O0":
(A9J1-12 RTN) -6 +1V
Terminate with
3000 ohm 1/4W A9J1-6 20 pulse, o}
Resistor in 100 KHz
Parallel with -14 Square wave
2500 pf capa- train Binary
citor. "1": +6 +1V

Binary "O0":
-6 1V
A9J1-7 1 pulse/ 0
sec. Pulse
-15 width: 200
+4 usec.
Binary "1":
+6 +1V
Binary "0":
-6 +1Vv
A9J1-8 1 Pulse/ 0
sec. Pulse-
~-16 width: 10 +1
usec Binary
"1": +6 +1VDC
Binary "0":
-6 +£1VDC
A9J1-9 1 Pulse/ (o}
-17 min. Pulse-

4 Disconnect all

test equipment.

width: 10 +1
usec.

Binary

"l": +4

£1VDC into
Binary 50
"oll: o Ohms
+0.5VDC
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Table 6-10.

49B3-36-2

1MHZ,

Preliminary Instructions:

Set the internal battery (S1) switch to OFF.

Disconnect all external power from the MRC.

Remove Al0 module from the MRC chassis.

between the A1l0 module and the MRC chassis.

Set the internal battery (S1) switch to ON.

Apply external power to the MRC.

NOTE:

3MHz Generator Module Al0, Performance Test

Connect cable 636A633G01

Allow 20 minute warmup for the Cesium Beam Resonator signal

level and Crystal Oscillator frequency to stabilize.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1l Connect DVM to Al0P1-1 Normal Operation, +18V 0.7V I
each point of test, : no special con- DC
in turn. figuration re-
Al0P1-3 quired. 7.5V £1Vv DC I
Al0P1-5 +2V £0.2V 0
DC
2 Connect counter to Al0P1-Al 3 MHz #0.1 O
each point of Hz
test, in turn.
Al0P1-A2 3 MHz 0.1 O
Hz
Al0P1-A3 1 MHz +0.1 O
Hz
Al0P1-A4 5 MHz +1 Hz I
3 Connect oscil- Al0P1-Al 5.0V P-P 12.5V
loscope to each into 75 ohms
point of test, in square wave
turn.
Al0P1~-A2 Same as Al
4 Connect RF volt- Al0P1-A3 +1.0 to 1.5V
meter to point of RMS into 50
test. ohms.
5 Disconnect all

test equipment.
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Table 6-11. Regulator P.C. Assembly All and Power Supply,
: Performance Test

Preliminary Instructions:

Carefully remove protective cover from A0Cl, adjacent to All Board.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to AllEl/ Normal Operation, +6V +1V (0]
each point of test, Yellow no special con- DC
in turn. figuration re-
quired.
AllE3/ With External +21 to 0
Orange DC Available +30V DC
Al1E8/ With AC power 2.0 +0.5v 0O
White/ available DC
Orange
Without AC 0V +1V DC 0]
power available
AllES5/ With External DC +2.0V 0
White/ Power Avail. +0.5V DC
Green
Otherwise 0V £0.5Vv o
DC
Al1E6/ AC in Use/DC 0.5V +1V DC O
White/ Avail.
Brown
AllE7/ Ext. DC Power 2.0V +£0.5v O
White/ in Use DC
Blue
Otherwise 0V £1Vv DC (o]
AllE4/ GND
Black
AllE9/ 5V 1V AC o i
Orange
AllElQ0/ 5V +1v AC I
Red
AllEll/ With External DC +21 to I
Green Available. +30V DC
AOCl (+) +21V DC o
minimum
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Table 6-11. Regulator P.C. Assembly All and Power Supply,
Performance Test-Continued

Control Settings

Operation of Test Point of and Operation Per formance
Step Component Test of Equipment Standards
2 Disconnect all

test equipment.

Table 6-12. Switching Regulator +18VDC Module Al2, Performance Test

Preliminary Instructions:

Set the internal battery (S1) switch to OFF.

Disconnect all external power from the MRC.

Remove Al2 from the MRC chassis. Connect cable 636A634G01l between

the Al2 module and the MRC chassis.

Set the internal battery (S1l) switch to ON.

Apply external power to the MRC.

NOTE: Allow 20 minute warmup for the Cesium Beam Resonator signal

level and Crystal Oscillator frequency to stabilize.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to Al2P1-1 Normal operation, +21 VDC I
each point of test, no special con- nminimum
in turn. figuration re-
Al12P1-9 quired. +18V +0.7V 0
DC
Al12P1-10 +18V +0.7Vv O
DC
2 Connect oscil- Al2P1-4 500mv P-P,
loscope to point minimum
of test. triangle
wave
3 Disconnect all

test equipment
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Table 6-13. DC/DC Converter Module Al3, Performance Test

Preliminary Instructions:

Set the internal battery (S1l) switch to OFF.

Disconnect all external power from the MRC.

Remove Al3 module from the MRC chassis. Connect cable 636A634G01l
between the Al3 module and the MRC chassis.

Set the internal battery (S1) switch to ON.

Apply external power to the MRC.

NOTE: Allow 20 minute warmup for the Cesium Beam Resonator signal
level and crystal Oscillator frequency to stabilize.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to Al3P1-2 Normal Operation, +18V 0.7V I
each point of test, no special con- DC
in turn. figuration re
(P1-8 RTN) DC
Al3P1-7 +12V 0.2V O
(P1-8 RTN) DC
Al3P1-9 -12V +0.6V O
(P1-8 RTN) DC
Al3P1-10 -18V +£0.7v O
DC
Al3P1-11 +7.5V #1v. O
DC
Al3P1-12 +5V +0.2Vv O
DC
Al3P1-14 +40V +4V DC O
2 Connect oscil- Al3P1-3 500 mV P-P, O
loscope to each minimum*
point of test,
minimum¥*
Al3P1-5 500 mv P-P, O
(P1-8 RTN) minimum#*

*Triangle Wave

3 Disconnect all
test equipment.
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Table 6-14. Battery Charger And Crossover Module Al4,
Performance Test

Preliminary Instructions:
Set the internal battery (S1l) switch to OFF.

Disconnect all external power from the MRC.

Remove Al4 module from the MRC chassis. Connect cable 636A635G01
between the Al4 module and the MRC chassis.

Set the internal battery (S1) switch to ON.

Apply external power to the MRC.

NOTE: Allow 20 minute warmup for the Cesium Beam Resonator
signal level and crystal Oscillator frequency to

stabilize.
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to each  Al4P1-1 Normal operation, +40V #4V DC I
point of test, in no special con-
turn. Al4P1-3 figuration re- +5V +0.2v I
quired. DC
Al4P1-14 +6V £1.0v I
DC
Al4P1-15 +21V DC I
Minimum
Al4P1-16 External DC +21V to I
Available. +30V DC
Al4P1-24 +18V +0.7v I
DC
Al4P1-4 0 +0.5Vv DC O
Al4P1-5 +2V +0.5V 0]
DC
Al4P1-7 0 +£0.5v 0
DC
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Table 6-14. Battery Charger And Crossover Module Al4,
Performance Test-Continued

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
Al4P1-8 0 +0.5V 0
DC
Al4P1-9 +2V 0.5V 0
DC
Al4P1-10 18V +0.7v. O
DC
Al4P1l-11 +12V +2vV DC O
Al4P1-12 +13V £2V DC O
Al4P1-13 +13V £2V DC O
Between
Al4P1-20 (+)
and
Pl1-21 +10V +2V DC O
Al4P1-22 +28.8V I
+4V DC or
o]
2 Disconnect
all test
equipment.
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Table 6-15. Switching Regulator +5VDC Module Al6,
Performance Test
Preliminary Instructions:
NONE

NOTE: Allow 20 minute warmup for the Cesium Beam Resonator
signal level and Crystal Oscillator frequency to

stabilize.
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to Al6FL1 Normal operation, +17V +0.7V DC
each point of (E1 RTN) no special con- I
test, in turn. Al6FL% - figuration re- +5V $0.2V DC
(E1 RTN) quired. (o]
2 Connect oscil- Al6E2 200 mv P-P, I
loscope to point A minimum.
of test. triangle
wave

3 Disconnect all
test equipment.
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Table 6-16. +28 VDC Battery Power Supply Module Al7,
Performance Test
Preliminary Instructions:
Allow Battery to become completely charged.

Approximate charge time for a discharged battery 16 hrs. with
AC Power supplied.

Set the internal battery (S1) switch to OFF.
Disconnect all external power from the MRC.

Remove Al7 from the MRC chassis. Connect cable 636A634G01l
between the Al7 module and the MRC chassis.

Set the internal battery (S1l) switch to ON.

Apply external power to the MRC.

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to Al7P1-1 Normal operation, +28.8V
each test point, no special con- +4V DC
in turn. figuration re-
Al7P1-2 quired. +28. 8V
+4V DC
Al7P1-3 +28.8V
+4V DC
Al7P1-8 +10.0V
+2.0V DC
(A17P1-7
RTN)

2 Disconnect all
test equipment.
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Table 6-17. Switching Regulator +6 VDC Module Al9, Performance Test

Preliminary Instructions:

NONE
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to Al9FL1 Normal operation, +18V +0.7V I
each point of no special con- DC
test, in turn. figuration re-
Al9FL2 quired. +4.8V to o
+5.8V DC
2 Connect oscil- Al9E2 500 mv P-P,
loscope to point minimum,
of test. triangle
wave
3 Disconnect all

test equipment.

Table 6-18. Negative HV Power Supply A2l, Performance Test

Preliminary Instructions:

NONE
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
WARNING
LETHAL VOLTAGES ARE PRESENT IN THIS ASSEMBLY.
USE EXTREME CARE WHEN WORKING ON THIS ASSEM-
BLY WITH THE EQUIPMENT ENERGIZED.
1 Connect DVM to each A21El Normal operation, +5 to +10V I
point of test, in (INPUT) no speical con- DC
turn. figuration re-
A21TP4 quired. -7V 0
+2.0V DC
2 Disconnect all

test equipment.
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Table 6-19. Positive HF Power Supply A22, Performance Test

Preliminary Instructions:

NONE
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
WARNING
LETHAL VOLTAGES ARE PRESENT IN THIS ASSEMBLY.
USE EXTREME CARE WHEN WORKING ON THIS ASSEM-
BLY WITH EQUIPMENT ENERGIZED.
1 Connect DVM to A22E1l Normal Operation, +13V %1V I
each point of test (INPUT) no special con- DC
in turn. : figuration re-
A22TP4 quired. +3V +1V o

DC

2 Disconnect all
test equipment.

Table 6-20. Regulator P.C. Assembly A23, Performance Test

Preliminary Instructions:

NONE
Control Settings
Operation of Test ‘Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A23El Normal Operation, +18V #0.7V I
each point of test (WH/OR) no special con- DC
in turn. figuration re-
A23E3 quired. +5 to +10V O
(WH/GN) DC
A23E4 -7.7V I
(WH/GN) +2.0V DC

2 Disconnect all
test equipment.
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Preliminary Instructions:

NONE

Table 6-21.

Performance Test

VAC-Ion Regulator and Interlock Assembly A24,

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect a VTVM to A24El Normal operation, +3V 1V DC I
each point of test (WH/BL) no special con-
in turn. figuration re-
A24E4 quired. +13V £1V DC O
(WH/RD)
A24E6 +18V +0.7V I
(WH/YL) DC
A24E7 0 to +2Vv DC O
(WH/OR)
A24ES8 +18V +£0.7V I
(WH/YL) DC
A24E9 +18V +£0.7V O
(WH/OR) DC
2 Disconnect all

test equipment.
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Table 6-22. Meter Driver P.C. Assembly A25, Performance Test

Preliminary Instructions:

NONE
Control Settings
Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to A25J1-7 Normal Operation, +18V +0.7V I
each point of no special con- DC
test, in turn. figuration re-
-8 quired. -18V +0.7vVv I
DC
-5 +5V +0.2V I
DC
-2 0 £0.5v DC O
-3 +3.5V
+0.5V DC
-4 +28.8V .
+4.0V DC
-6 +0.65V 0
+0.1V DC
=9 +2 to +8V I
DC
-10 +2 to +10V I
DC
-12 +2 to +8V I
DC
=13 0 to +0.5V I
DC
-14 0 +1V DC I
~-16 0 £0.5V DC I
A25J2-2 0 £0.5v DC 1
-6 0 +2V DC I
-9 0 £0.5v DC I
-11 0 £0.5V DC O
-12 +1.5V I
+0.5V DC
-13 -9V #1Vv DC O

2 Disconnect all
test equipment.

(o)
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Figure 6-19.

Meter Driver Board Assembly A25,
Parts Location Diagram
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Table 6-23.

Preliminary Instructions:

NONE

Alarms Logic P.C. Assembly A26, Performance Test

Control Settings

Operation of Test Point of and Operation Performance
Step Component Test of Equipment Standards
1 Connect DVM to each A26J1-2 Normal Operation, +5V +0.2V I
point of test, in no special con- DC
turn. A26J1-3 figuration re- -18V +0.7V I
quired.
DC
A26J1-8 +2V +0.5V (o)
DC
-9 0 +1V DC I
=10 0 +1V DC I
-11 +4V +£1V DC I
-12 +2V +0.5V o
DC
-13 +4V £1V DC O
-14 0 +1v DC 0
-15 +4V 1V DC O
-16 0 £1V DC (o}
A26El 0 +2V DC I
A26E5 0 £0.5v DC I
2 Secondary Secondary Loop
Loop Loop Switch
Operate/ in: OPR Operate Indi-
Alarm In- cator LIT
dicators .
¢ OPEN Alarm Indica-
tor LIT
3 Primary Primary Loop
Loop Loop Switch :
Operate/ in: OPR Operate In-
Alarm dicator LIT
Indicators
: OPEN Alarm Indica-

4 Disconnect all
test equipment.

tor LIT
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Section II. SPECIAL MAINTENANCE

6-7. SCOPE. This section covers special maintenance which is useful
to maintenance personnel operating at a depot level. It includes
information on the troubleshooting of defective modules; it also in-
cludes adjustment and calibration data.

6—-8. TROUBLESHOOTING. If a module is defective, its performance test
table can be used to determine which outputs are faulty. Trouble-
shooting of the module may then be performed using its schematic
diagram (Chapter 8), the illustrated parts breakdown (Chapter 7), and
theory of operation (Chapter 5).

6-9. ADJUSTMENTS. The adjustment procedures below are used to adjust
the primary loop oscillator, secondary loop oscillator, power supplies,
and synthesizer. They are to be done when performance tests show
adjustments are necessary.

a. Primary loop 14.59 + MHz crystal oscillator adjustment. To
adjust the 14.59 + MHz crystal oscillator, proceed as follows:

l. Place CIRCUIT CHECK switch in position 9. Observe CIRCUIT
CHECK meter indication. The meter shall read 0 +40. If in-
dication is outside +40 end points, readjust oscillator
frequency.

2. Remove MRC top cover and locate 14.59 + MHz OCVCXO module
A4, (A4 is directly in front of rear panel on right side
partition.)

3. Remove FREQUENCY ADJUSTMENT access hole cover. Using align-
ment tool, adjust control as necessary to zero CIRCUIT CHECK
meter.

4. Replace access hole cover and MRC top cover.

b. Secondary loop 5 MHz oscillator adjustment. To adjust the
5 MHz oscillator, proceed as follows.

1. Place CIRCUIT CHECK switch in position 10. Observe CIRCUIT
CHECK meter indication. The meter shall read 0 +40. If
indication is outside +40 end points, readjust oscillator
frequency.

2. Set front panel SECONDARY LOOP TIME CONST at FAST.

3. Adjust front panel OSCILLATOR ADJUST control slowly, as
necessary, to zero CIRCUIT CHECK meter.
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c. Power supply adjustments. The following power supplies may re-
quire adjustment if their output levels are not in accordance with
the following requirement:

Module DC output level requirement
Al2 DC output level +18 V DC +0.7 V DC.
Al6 DC output level +5.0 V DC +0.2 V DC
Al9 DC output level +4.8 V DC to +5.8 V DC

(Refer to Note)

A23 DC output level +5.0 V DC to +10.0 V DC
(Refer to Note)

NOTE

This level is adjusted to in-
dividual Cesium beam tube volt-
age requirements.

1. Module Al2 (switching requlator module, +18 V DC). Connect
digital voltmeter between pin 9 (+) and pin 15 (-). Digital voltmeter
reading shall be +18.00 V DC +0.2 V DC. If not, adjust potentiometer
Al2R12 to obtain normal reading.

2. Module Al6 (switching regulator module, +5 V DC). Connect
digital voltmeter between FL2 (+) and E2 (-). Digital voltmeter
reading shall be +5.00 V DC +0.2 V DC. If not, adjust potentiometer
Al6R2 to obtain normal reading.

3. Module Al9 (switching regulator module, +6 V DC). Connect
digital voltmeter between FL2 (+) and E2 (-). Digital voltmeter shall
read between 4.8 V DC and 5.8 V DC. If not, adjust potentiometer
Al9R2 to obtain a normal reading.

NOTE

The voltage is nominally 5.0 V DC,
however, it varies from Cesium beam
tube to Cesium beam tube. Refer to
data on the Cesium beam tube for
exact requirements.

4. Module A23 (regulator pc assembly, electron multiplier).

CAUTION

Since the voltage requirement for
each Cesium beam tube is different,
refer to data for specific tube in-
stalled in equipment for exact volt-
age requirements.
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(a)

(b)

Connect a digital voltmeter between A21El and A21E2,
and a digital voltmeter between A21E5 (-) and A21E6 (+).

NOTE

The nominal output voltage of
A23 is between +5 V dc and
+10 V dc.

Adjust A23R2 until the digital voltmeter across A21ES
and A21E6 reads 2.2 nominal. (This is equivalent of
=2200 V dc). Since the voltage requirement for each
Cesium beam tube is different, refer to data for
specific tube installed in equipment for exact voltage
requirements.

Synthesizer Frequency Adjustment. Adjustment of the synthesizer

is accomplished by adjusting the synthesizer module A7 frequency se-
lector thumbwheel switch A7S1 at the rear of the MRC. The thumbwheel
switches under the hinged cover on the rear panel of the MRC permit
offsetting of the 5 MHz output frequency, as necessary, to accom-
modate possible deviations in the 5 MHz frequency due to aging. These
switches are also used when calibrating the MRC to an external ref-
erence signal.
adjustment switches. ' Refer to table 6-24 for output frequency versus
thumbwheel settings, adjusting the thumbwheel switches to achieve the
correct offset frequency.

Table

Instructions:

Remove the cover plate for access to the thumbwheel

6-24. Synthesizer A7 Frequency Adjustment

From the 2-hour test in the minimum performance table, determine
how much in error the frequency is. .

Look at the thumbwheel switch settings to see what offset frequency
is presently being used.

From the listing below, find the offset ffequency that will produce
the proper change to bring the unit into tolerance.

Set the thumbwheel switches to the corresponding setting for the
desired offset frequency.

6-56



T.0. 49B3-36-2

Table 6-24. Synthesizer A7 Frequency Adjustment-Continued

Thumbwheel settings Offset frequency (fg)
0
Min 1450 -3.90 x 10-10
Nom 1699 -4.23 x 10-13
Max 2050 +3.88 x 10-10
1460 -3.72 x 10°10
1490 -3.19 x 10710
1520 -2.68 x 10”10
1550 -2.19 x 10-10
1580 -1.71 x 10710
1610 -1.26 x 10710
1630 -9.65 x 10”11
1650 -6.79 x 10~11
1670 -3.99 x 10711
1680 -2.61 x 10711
1690 -1.25 x 10~11
1691 -1.12 x 10711
1692 -9.82 x 10712
1693 -8.47 x 10712
1694 -7.12 x 10-12
1695 -5.78 x 10712
1696 -4.44 x 10712
1697 -3.10 x 10~12
1698 -1.76 x 10712
1699 -4.23 x 10-13
1700 +9.12 x 10713
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Table 6-24. Synthesizer A7 Frequency Adjustment-Continued

Thumbwheel settings Offset frequency (_f£)
fo
1701 +2.25 x 10712
1702 +3.58 x 10-12
1703 +4.91 x 10712
1704 +6.24 x 1012
1705 +7.57 x 10~12
1706 +8.89 x 10712
1707 +1.02 x 10711
1708 +1.15 x 10-11
1709 +1.29 x 10”11
1710 +1.42 x 10~11
1720 42.73 x 10°11
1750 +6.57 x 10”11
1780 +1.03 x 10710
1810 +1.38 x 10710
1850 +1.85 x 10-10
1890 +2.29 x 10°10
1930 +2.71 x 10710
1970 +3.12 x 10~10
2010 +3.51 x 10-10

6-10. PREVENTIVE MAINTENANCE. There are several functions that are
to be performed periodically on the MRC. Each is described below.

a. MRC periodic operation. After on MRC has been in storage for
four months, it is to be removed from storage and operated for six
hours minimum. It then may be returned to storage.
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b. Tube calibration.  The cesium beam tube is to be calibrated
every six months. Calibration is performed in accordance with
T.0. 33K3-4-1-22.

c. Periodic battery check. The internal battery power supply, Al7,
in an operating system, should be removed and sent to the battery shop
for testing and/or repair every three months. At the time of removal,
a known good charged battery should be installed. For a system in
storage, the removal and replacement time is the time the stored
system is exercised for six hours (see a. above).

1. Removal and replacement of the battery installed in an
operational system shall be accomplished as follows:

(a) Loosen the four (4) thumbscrews on front panel holding
system in rack.

(b) Remove system from rack and place on workbench or
similar work surface.

(c) Connect AC power cable to connector Pl and apply AC
power to system. Verify POWER SOURCE IN USE AC indicator
is 1it.

(d) Loosen the 37 captive screws in the top cover and re-
move cover from system.

(e) Loosen the four (4) screws in the two brackets holding
the battery in the system and remove the two brackets.

(f) Loosen the two retaining screws holding the cable plug
to battery jack Jl. Do not remove cable plug.

(g) Obtain replacement battery.
WARNING
For all operational systems, the
next six steps must be completed
within two minutes of starting.
(h) Set battery switch S1 to OFF.
(i) Remove cable plug from battery jack Jl.
(J) Remove battery from system.

(k) Install replacement battery.

(1) Insure that battery switch S1 is in OFF position; then
connect cable plug to battery jack Jl.
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(m) Set battery switch S1 to ON.

(n) Tighten the two retaining screws that hold the cable
plug to battery jack Jl. Insure POWER SOURCE AVAILABLE
BAT indicator is lit.

(o) Obtain and replace battery retaihing brackets.
(p) Obtain and replace system top cover.
(g) Disconnect AC Power and disconnect AC power cable.

(r) Place system in rack and tighten four (4) front panel
thumbscrews to hold system in rack.

(s) Verify system is operating normally with no ALARM indi-
cators.

2. Battery requirements (for battery shop testing) are as
follows:

(a) Battery output pins are +28V on J1l-1, 2, and 3 and

(b) Temperature sensing thermistor of 4K ohms nominal
between pins J1-7 and J1-8.

(¢) Battery capacity for a fully charged battery is 42 watts
for a period of one (1) hour minimum, and after the one
hour period, the battery voltage is not below the
system drop-out minimum of 24 VDC.

(d) Battery charging current is 150mA, 37vdc maximum for
high rate and 15 to 25 mA, 34 vdc maximum for trickle
rate. Maximum charging time for the high rate is 16
hours, and for the trickle rate is infinite.

6-11. CONFORMAL COATING. The conformal coating used on circuit boards
and components is Humiseal, type 1A27, manufactured by Humlseal
division of Columbia Chase Corp.

a. Remove of Humiseal from any area may be accomplished by
scrubbing with a solvent such as chlorothene.

b. Application of Humiseal to any area is accomplished by spraying
and allowing to dry per manufacturer's directions.
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CHAPTER 7

ILLUSTRATED PARTS BREAKDOWN

SECTION I

INTRODUCTION

7-1. GENERAL. This Illustrated Parts Breakdown contains listings,
descriptions, and illustrations of assemblies, subassemblies, and
detail parts which comprise Master Regulating Clock, TD-1251/U,
manufactured by Westinghouse Electric Corporation, Integrated
Logistics Support Division, Hunt Valley, Maryland.

a. The illustrated-parts-breakdown introduction contains
information concerning the contents of the following tabulations. It
also explains how they are to be used when parts ordering and parts
location information is desired. Each tabulation is explained
separately on a column-by-column basis with appropriate reference to
other columns when they are interrelated. An illustration is included
at the end of this text which explains how to use this illustrated
parts breakdown.

7-2, MAINTENANCE PARTS LIST. The Maintenance Parts List contains a
breakdown of the end item into its major assemblies, subassemblies,
and detail parts. It is divided into figures each of which contains
an illustration(s) and an accompanying parts list. The figures are
directly interrelated through the use of cross-reference notes in the
Description column. These cross-reference notes indicate which figure
contains the breakdown of a particular subassembly and which figure
contains the breakdown of the next higher assembly that contains that
particular subassembly.

a. Maintenance significant assemblies and parts installed at the
time the end item was manufactured are listed and identified in the
Maintenance Parts List. When an assembly or part, that is different

from the original item, was installed during the manufacture of later
configurations of the end item, all assemblies and parts are listed

and identified as to configuration application through the use of
"used on" notes in the DESCRIPTION column or by the assignment of
coding in the USABLE ON CODE column.

b. When the original assembly or part no longer has continued
application in the end item, only the preferred item is listed. If an
assembly or part was installed during modification of the end item,
and the original replaced item no longer has continued application,
only the replacement part is listed.



M. 4EE-IH-2

¢c. Interchangeable and substitute assemblies or parts,
subsequently authorized by the procuring activity, are not listed in
the Maintenance Parts List. Such items are identified by information
available through the Interchangeable and Substitute Data System
(refer to T.O0. 00-25-184).

d. When a standard size part listed in the Maintenance Parts List
can be replaced with an oversize or undersize part, the replacement
parts, showing sizes, are also given. Repair parts kits are listed
when they are available for installation in the end item for which
this Illustrated Parts Breakdown was prepared.

e. Parts of similar assemblies, broken down within a figure or
broken down in a separate figure, are listed individually depending
upon their commonality to the similar assemblies. For example, parts
common to all similar assemblies and having the same quantity are
listed only once at one indent under the similar assemblies. Parts
common to all similar assemblies and having different quantities are
listed individually with their appropriate quantity. A "used on" note
is given in the DESCRIPTION column to define which quantity applies to
which similar assembly. Parts peculiar to each similar assembly are
listed only once at one indent under the similar assemblies. The
appropriate quantity is specified and the "used on" note is employed
after the description to identify applicability of the parts.

f. The Maintenance Parts List is composed of seven columns, each
of which contains information applicable to the end item. The
contents of each of these seven columns is described in the following
paragraphs.

g. Figure and Index Number. Items are identified by index numbers
appearing in the applicable illustrations. These index numbers are
arranged in the first column of the Maintenance Parts List in
consecutive numerical order. For those figures which require one
illustration the number preceding the dash indicates the figure number
of the illustration which shows the part; the number following the
dash is the index number of the part in the associated illustration.
The figure number is not repeated at each index number on a parts list
page, but is repeated at the top of each subsequent page of listing
within a figure.

h. When two or more illustrations are used within a figure to show
all parts of an assembly, the figure number, illustration sheet
number, and the index number are given in the FIGURE AND INDEX NO.
column. The figure number and the illustration sheet number are
separated by a diagonal (/). For example, a typical entry in this
column is 3/2 - 5 where 5 is the index number in figure 3 and it
appears on sheet 2 of the illustrations accompanying figure 3.

.. 1. Part Number. The second column of the Maintenance Parts List
identifies the part by a Westinghouse Electric Corporation part number,

a military or federal specification number, or a vendor's part number.
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Vendor parts are identified by the Vendor's part number in the PART
NUMBER column and the vendor's code in the FSCM column. For vendor
part numbers exceeding 16 digits, the complete part number is repeated
in the DESCRIPTION column.

(1) Part numbers for Government Furnished Equipment (GFE) and
Contractor Furnished Equipment (CFE), listed in the Maintenance Parts
List, are followed by a number sign (#) flush right in the PART NUMBER
column behind each part number. This number sign denotes that the
breakdown of these GFE and CFE items are contained in separate
manuals. When applicable, a list of these separate manuals is given
in the latter portion of this section.

(2) Part numbers for markings (decals, metalcals, vinyl film
markers, etc) are followed by an asterisk (*) flush right in the PART
NUMBER column behind the part number. This asterisk denotes that the
marking is to be requisitioned in accordance with the requirements of

j. Federal Supply Code for Manufacturers (FSCM). This column
contains the manufacturer's code as given in the Federal Supply Code
for Manufacturers, Cataloging Handbook H4. Manufacturers' codes used
in this manual are listed in the Vendors' Codes table at the end of
this text. 1In addition to the manufacturer's code for vendor parts,
the specification control drawing for the item is given in a
parenthetical note in the DESCRIPTION column immediately following the
manufacturer's code.

k. Description. 1In each figure of the Maintenance Parts List, the
assembly or subassembly broken down is listed under numeral 1
appearing at the top of the DESCRIPTION column, and each assembly,
subassembly, or part is indented thereafter in accordance with its
relationship to the item immediately preceding. For example, all
items indented under 3 are parts of the item immediately above
indented under 2 (disregarding attaching parts). The abbreviation
(AP) after the description is used to define the attaching parts for a
particular assembly, subassembly, or detail part. Attaching parts are
always listed at the same indent as the item they attach.

1. When a Federal Supply Code for Manufacturer's is not published
in the Cataloging Handbooks H4, the word "NOKE" appears in this
column. Where the word "NONE is listed in the FSCM column the

complete name and address of the vendor is shown in parenthesis
following the description.

m. Units Per Assembly. Quantities in this column are determined
by the number of identical assemblies and subassemblies listed in the
Maintenance Parts List. For each identical assembly of the equipment,
the total quantity is given, but for subassemblies and detail parts of
the assembly, the quantity listed is that used in only one of the
identical assemblies. For example, the units per assembly specified
for items indented under an assembly having a quantity of two are
quantities required for only one such assembly. The abbreviation REF
in this column signifies that the units per assembly for the part has
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already been accounted for earlier in the listing or in a previous

figure. The abbreviation AR is given for items to be procured in bulk
and used As Required.

n. Usable On Code. Letters in this column indicate the
app%lcabllity of assemblies, subassemblies, and detail parts to the
various configurations or models of the end item. Lack of a code
letter in the USABLE ON CODE column indicates that the part is used in
all models or configurations of the end item covered by this
Illustrated Parts Breakdown.

0. Source, Maintenance and Recoverability Code. Source,
maintenance, and recoverability (SMR) codes assigned to the end item
covered by this Illustrated Parts Breakdown are given in the last
column of the Maintenance Parts List. The SMR code is a five-position
code consisting of a two-position Source Code, a two- position
Maintenance Code, and a one-position Recoverability Code, in that
order from left to right. The SMR codes given are those assigned by
the procuring activity. Definitions of applicable SMR codes are set
forth in T.0. 00-25-195.

7-3. NUMERICAL INDEX. The Numerical Index is an alphanumerical
listing by part number of all items listed in the Maintenance Parts
List. All appearances of a particular part number in the Maintenance
Parts List are specified in the second column, the total quantity used
in the end item is specified in the third column, and the source,
maintenance, and recoverability code assigned to the part is given in
the last column. Detailed explanations of the contents of each column
of the Numerical Index are given in the following paragraphs.

a. Part Number. The numbers in the first column of the Numerical
Index are the same as those appearing in the PART NUMBER column of the
Maintenance Parts List. When another number, other than the part
number established by the original manufacturer, has been assigned to
a specification-controlled part, both the specification control
drawing number and the actual manufacturer's part number are listed in
the Numerical Index. The specification control drawing number
references the original manufacturer's part number by the notation
[See.....(original manufacturer's part number)]. The original
manufacturer's part number then gives all pertinent information under
appropriate column headings. Both numbers are listed in their proper
alphanumerical order within the Numerical Index.

b. The PART NUMBER column arrangement begins at the extreme
left~hand position of the part number and continues from left to right
one digit at a time, until all parts are arranged in sequence.
Alphabetical (O's) are considered as numerical zeros (0's), except
when they are combined with other letters to spell a word within a
part number. The order of precedence in beginning the part number
arrangement at the extreme left~hand (first) digit of the part number
is letters A through Zz and then numerals 0 through 9. The order of
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precedence in continuing the part number arrangement at the second and
succeeding positions of the part number from left to right is as
follows:

(a) Space (blank column)
(b) Diagonal (slant) /
(c) Point (period) .

(d) pash (=)

(e) Letters A through 2
(£f) Numerals 0 through 9

c. Figure and Index Number. The second column of the Numerical
Index contains the number of the figure in which the part appears, and
its appropriate index number. An unindexed subassembly or detail part
in the Maintenance Parts List is listed in the Numerical Index with
the index number of the item immediately preceding it in the
Maintenance Parts List. The location of these unindexed items are
listed in the FIGURE AND INDEX NO. column preceded with an F which
denotes "follows". For example, the entry F3-12 in the FIGURE AND
INDEX NO. column indicates that the part number appears in figure 3
of the Maintenance Parts List and it follows index 12 in the
accompanying parts list.

d. Quantity Per End Item. The third column of the Numerical Index
contains the total quantity of each part used in the end item. When
in lieu of a quantity, the abbreviation REF appears, one of two
possible conditions is implied: (1) that the part is an alternate for
another part listed in the Maintenance Parts List at the same figure
and index number location, or (2) that the part has a second listing
which specifies the quantity in both the Numerical Index and the
Maintenance Parts List. The abbreviation AR in this column signifies
“"As Required" when no definite quantity can be shown.

e. Source, Maintenance, and Recoverability Code. The Source,
Maintenance, and Recoverability (SMR) codes appearing in the last
column of the Numerical Index are the same as those given in the
Maintenance Parts List. They are repeated in the Numerical Index for
convenience of the IPB user.

7-4. REFERENCE DESIGNATION INDEX. The Reference Designation Index

contains an alphanumerical listing of all items assigned electrical
and electronic reference designations that appear on the end item and

in the text and illustrations of other supporting technical manuals
for the end item.

a. Reference Designation. All parts assigned reference
designations are listed in alphanumerical order of reference
designations in the first column. The reference designation assigned
to a part is not to be confused with, nor is it a substitute
designation for, the part number of the item. The reference
designation provides for convenient identification by physical
location of identical and nonidentical parts which function within the
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end item circuits.
part on schematic
technical manuals

b. Figure and
Designation Index

The reference designation also identifies each
and wiring diagrams, which are included in other
supporting the end item.

Index Number. The“second column of the Reference
contains the figure and index number assigned to

reference designated items listed in the Maintenance Parts List.

7-5. ABBREVIATIONS. Abbreviations used in this Illustrated Parts

Breakdown are for
of the abbreviatio

the most part in accordance with MIL-STD-12. A list
ns used and their definitions is given below.

AP Attaching Parts No. Number
AR As Required REF Reference
DWG Drawing SPEC Specification
NHA Next Higher
Assembly
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CODE VENDOR'S NAME AND ADDRESS CODE VENDOR'S NAME AND ADDRESS
05820 WAKEFIELD ENGINEERING, INC. 20093 ELECTRICAL INDUSTRIES
AUDUBON RD. DIVe. OF PHILIPS ELECTRONICS AND
WAKEFIELD, MASS. 01880 PHARMACEUTICAL INDUSTRIES, INC.
693 CENTRAL AVE.
D6540 AMATOM ELECTRONIC HARDWARE MURRAY HILL, NoJo. 07974
DIVe. OF MITE CORP.
486 BLAKE ST. 22526 DERG6 ELECTRONICS INC.
NEM HAVEN,CONN. 06515 YOUK EXPRESSMAY
NEW CUMBERLAND, PA. 17070
07047 THE ROSS MILTON CO.
511 2ND ST PIKE 22599 ESNA DIV. OF AMERACE CORP.
SOUTHAMPTON, PA. 18966 16150 STAGG ST.
VAN NUYS, CA., 91406
07263 FAIRCHILD SEMICONDUCTOR
A DIV OF FAIRCHILD CAMERA AND 46384 PENN ENGINEERING AND MFG. CORP.
INSTRUMENT CORP BOX 311
464 ELLIS ST, DOYLESTOWN,PA. 18901
MOUNTAIN VIEW, CALIF. 98082
71002 BIRNBACK CO.,INC.
08289 BLINN DELBERT CO.y INC. 177 HANSE AVE
1678 E« MISSION BLVD FREEPORT,LONG ISLAND,N.Y. 11520
P.0. BOX 2007
PAMONA, CALIF. 91766 71279 CAMBRIDGE THERMIONIC CORP,
445 CONCORD AVE.
08524 DEUTSCH FASTENER CORP. CAMBRIDGE, MASS. 02138
P.0e BOX 92925
WEST INPERIAL HMY 71468 ITT CANNON ELECTRIC
LOS ANGELES, CALIF. 90045 666 E DYER RD
SANTA ANA, CALIF. 92702
08730 VEMALINE PRODUCTS CO., INC.
P.0s BOX 3 76385 MINOR RUBBER CO., INC.
455 W MAIN ST 49 ACKERMAN ST
WYCKOFFy NeJo Q7481 BLOOMFIELD N.J. 07003
09353 C AND XK COMPONENTS, INC. 79963 ZIERICK MFGe. CO.
103 MORSE ST. RADIO CIRCLE
WATERTOWN,MASS. 02172 MTe KISCO, NoYe 10589
12615 U< So TERMINALS INC. 80294 BOURNS, INC.
7504 CAMARGO ROAD INSTRUMENT DIVISION
CINCINNATI, OH. 45243 6135 MAGNOLIA AVE.
RIVERSIDE, CALIF. 92506
13103 THERMALLOY CO.
P+0e BOX 34829 81349 MILITARY SPECIFICATIONS
2021 W VALLEY VIEW LANE
DALLAS, TEXe. 75234 82389 SWITCHCRAFT INC.
5555 N ELSTON AVE
14844 FREQUENCY ELECTRONICS INC. CHICAGO,ILL 60630
3 DELAWARE DR
NEW HYDE PARK, N.Y. 11040 83330 HERMAN H SMITH, INC.
812 SNEDIKER AVE.
15057 GULTON INDUSTRIES INC. BROOKLYN, N.Y. 11207
MEASUREMENT AND CONTROLS DIV.
GULTON INDUSTRIAL PARK 88044 AERONAUTICAL STANDARDS GROUP
EAST GREENWICH, R.I. 02818 DEPTe. OF NAVY AND AIR FORCE
15849 LITTON SYSTEMS, INC. 91637 DALE ELECTRONICS, INC.
USECO DIV P.0s BOX 609
13536 SATICOY AVE COLUMBUS, NEBR. 68601
VAN NUYS,CALIF. 91409
(USED CODE 88245) 95987 WECKESSER CO.,INC.
44944 MEST PARK RD
18323 NWESTINGHOUSE ELECTRIC CORP. CHICAGO, ILL. 60641
ELECTRONIC SYSTEMS SUPPORT DIV-ILS
1111 SCHILLINE RO. 96906 MILITARY STANDARDS

HUNT VALLEY,HD. 21030
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VENDORS' CODES (Continued)

CODE VENDOR'S NAME AND ADDRESS

CODE

VENDOR'S NAME AND ADDRESS

97942 MWESTINGHOUSE ELECTRIC CORP.
DEFENSE SYSTEMS AND
TECHNOLOGY DIVISIONS
Pe0e BOX 7“6' NS-TIQD
BALTIMORE~WASHINGTON INTL. AIRPORT
BALTIMORE, MD. 21203

98291 SEALECTRO CORP.
225 HOYT
MAMARONECK, NoY. 10544
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HOW TO USE THE ILLUSTRATED PARTS BREAKDOWN

T.0. 49B3-36-2

IF YOU DON'T KNOW THE PART NUMBER

TARLE OF CONTINTS

FwD CLECTROMCS ASSTMSLY

/

PART,

DO THIS
/—(D REFER TO ILLUSTRATION LIST AND

SELECT THE ILLUSTRATION MOST
LIKELY TO CONTAIN THE DESIRED

(® IF ILLUSTRATION OF PART IS

DESIRED-REFER TO SAME

FIGURE AND INDEX NUMBER

ON ACCOMPANYINS
ILLUSTRATION.

IF YOU DO KNOW THE PART NUMBER

38807-84-HTV

DO THIS

U

@ REFER YO THE PAGE NUMBER
INBICATED AND FIND DESIRED PART
ON [LLUSTRATION,

@ NOTE THE FIGURE NUMBER OF THE

ILLUSTRATION AND THE INDEX

NUMBER OF THE PART. REFER TO THE
CORRESPONDING FIGURE-INDEX NUMBER
ON THE ASSEMBLY LIST PAGE FOR PART
NUMBER, NOMENCLATURE,ETC.

® TURN TO FIGURE AND mnsx—/
NUMBER INDICATED TO OBTAIN
DESIRED INFORMATION.

-

b%z;‘
i
i:

—IL ’

(D FIND THE PART NUMBER IN THE
NUMERICAL PARTS LIST. NOTE THE

IN PARTS LIST.

FIGURE AND INDEX NUMBER
WHERE THE PART IS CALLED OUT

F
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DETAIL A

4493-6M-1B

Figure 7-1. Master Regulating Clock TD-1251/U (Sheet 1 of 5)
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SECTION Il
MAINTENANCE PARTS LIST
ey PART o DESCRIPTION 0 b
INDEX NO RAINBER ASSY | CODE
' 1234567
1 - 21750-6200 14884 MASTER REGULATING CLOCK TD=1251/U o s o o o o 1
1 /1 '1 21792“6200 1“3““ ° PL“TE’ INS'“UC‘ION ® e © ® o » & o & & o o 1
171 =2 21763-6200 13889 o COVERy TOP o o o o o o s o ¢ o o o o o » o 1
171 =3 21769~6200-1 13844 o GASKET, RF, CHASSIS, TOP; FRONT ¢ o o o o o 1
171 =% 21769~6200-4 18844 o GASKETy RFy, TOPy REAR o ¢ o o o o o ¢ o o o 1
b /1 =5 21896-6200 19844 » BAR' FRGNT' TOP ‘ e o o -.o e o & o & @ o o 1
MS$51959-30 96906 o SCRE® (AP) e o0 0 0 06 06 06 06 0 0 0 0 0 0 0 3
1/71 -6 21768-6200 14884 o COVERy BOTTOM o o o o @« ¢ ¢ ¢ o ¢ o ¢ o o o 1
171 =7 21769-6200-2 148644 o GASKET, RFy CHASSIS, BOTTOMy FRONT .+ o ¢ o 1
1 /2 -8 21769-6200-5 158484 . G‘S“ET’ RF. BOTTO", REAR ® @ ®© o @ o o o o 1
172 -9 21897-6200 188484 o BARy BOTTOMy FRONT o o o o o ¢ o o ¢ o o o 1
MS51959-30 96906 « SCREM (AP) ® ® & o6 ®» o o o © © & » o o o o 4
171 -10 21769-6200~3 18884 o GASKETy RFy CHASSISy SIDE ¢ o o ¢ o o o o & 8
171 -11 22000~-6209 158844 o MODULE ASSEMBLY, REAL TIME-OF-DAY CLOCK . 1
(SEE FIGURE 2 FOR BREAKDOWN)
1 /71 =12 21903-6200 18884 o STRAPy BATTERY ¢ ¢ o o ¢ o ¢ s ¢ o ¢ ¢ o & 2
MS51958-6 96906 « SCREW (AP) e © @ &6 & ® o ® o o o o o © & o L
1 /1 -13 21727-6200-1 18848 o BRACKET, CORNER, BATTERY, "RIGHT HAND =« « & 2
MS51958-6 96906 SCREH (AP) e 8 ® ® o ® & O & o o O 0 ¢ 0 o L)
171 -18 21727-6200-2 14884 . BRACKET, CORNERy BATTYERYy; LEFT HAND ¢ ¢ o o 2
MS51958-6 96906 « SCREN (AP) e o & & & 0o & & ¢ ® ® o ® 0 O o 4
1/1 -1§ 22470-6217 14884 . POWER SUPPLY, +28 VOC BATTERY (SEE FIGURE S 1
FOR BREAKDOWN)
1 /1 -16 D20419-16 71868 o SCREW LOCK ASSEMBLYy MALE ¢ ¢ o o o o o o o 2
171 -17 M28308-21-2 813499 o BACKSHELL o o o o o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o 1
1 /71 -18 M28308-1-2 81349 o CONNECTOR o o ¢ ¢ ¢ ¢ © o o 2 o o o o o o o 1
22140-6214% 16844 o BATTERY CHARGER AND CROSSOVER MODULE + « o 1
173 -19 22822-6214-2 13888 o ¢ COVER o ¢ ¢ ¢ ¢« ¢ o o o 06 06 o o ¢ ¢ o o o 1
1 /73 =20 MS51959-11 96906 « o SCREW (AP) ® &6 © & & & o © o » s ° & 0 o 4
1 /3 =21 MS51957-12 96906 « o SCREW (AP) ® ¢ o & © & 0 © & ® o © & o o L}
MS35338-78 96906 o o MASHER (AP) o ¢ ¢ o o« ¢ ¢ ¢ o ¢ o o s o o L]
1 /3 =22 22141-6214 14884 o o« BOARD ASSEMBLY, BATTERY CHARGER (SEE . 1
FIGURE 6 FOR BREAKDOWN)
1 /73 -23 22142-6214 14844 « . BOARD ASSEMBLY, BATTERY CROSSOVER (SEE 1
FIGURE 7 FOR BREAKDOWN)
MS35649-248 96906 « o NUT (AP) @ o6 8 & & & & & 5 o o ¢ & ° o o 8
MS35338-78 96906 o o MASHER (AP) ¢ ¢ o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o 8
1/3 =24 21757STD 14844 o« o STUDy DOUBLE ENDED o o o o o ¢ o ¢ o o o 4
1 /3 =25 22113sTD 13884 o o STANDOFF o o ¢ ¢ ¢ ¢ ¢ 0o ¢ ¢ o o o o o o 4
1 /73 =26 H24308-3-3 81349 . & CONNECTOR o o ¢ o ¢ © ¢ a ¢ o o o ¢ ¢ o o 1
HS51957-15 96906 o o SCREW (AP) o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o s o o 2
MS35338-78 96906 o o MASHER (AP) o o o o ¢ ¢ o ¢ o ¢ ¢ ¢ o o o 2
MS15795-304 96906 o o WASHER (AP) ¢ o ¢ o ¢ o o ¢ o o o o o o o 2
1 /3 =27 JANTX2NS664 81389 o o TRANSISTOR o o o o o o o o o © o ¢ ¢ o o 1
1 /3 -28 MS51957-1S5 96906 o« ¢« SCREW (AP) o o o s o ¢ ¢ ¢ ¢ o o ¢ o o o 1
1/3 =29 MS51957-14 96906 o o SCREN (AP) o o ¢ ¢ o ¢ o 0 o ¢ o o o o o 1
M515795-304 96906 o« o MASHER (AP) o o ¢ ¢ © ¢ ¢ o o ¢ o & o o o 2
MS35338-78 96906 o o WASHER (AP) o o o o ¢ ¢ o ¢ o o o o o o o 2
MS35649-244 96906 o o NUT (AP) o ¢ o ¢ o ¢ ¢ ¢ o ¢ ¢ ¢ o o s o 1
1 /3 =30 2630-140207093 065490 o o WASHER, SHOULDEREDy NOe 2 o o ¢ o o o o o 2
1 /3 -31 341 79963 o o LUGy GROUNDy NOo 2 o ¢ o o ¢ o o o o o o .}
1 /3 =32 4066 13103 o o HEAY SINK o o o o ¢ ¢ ¢ o ¢ ¢« 2 o o o o o 1
1 /3 -33 22“22-52“1‘1 14844 o o CHASSIS ¢ ¢ o ¢ o o ¢ o o o s ¢ o ¢ o o & 1
1 /1 -34 22120-6213 14844 o MODULE ASSEMBLY, DC TO DC CONVERTER (SEE . 1
FIGURE 8 FOR BREAKDOWN)
1 /1 -3§ 22100-6212 14884 o MODULE ASSEMBLY, SWITCHING REGULATOR, +18 . 1

VDC (SEE FIGURE 10 FOR BREAKDOWN)
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T.O. 49B3-36-2

FIGUR
AND. R FSCM DESCRIPTION | e
INDEX NO. 12548 &7 ASSY | cODE
1 /1 =36 22721-6200~1 18884 o SWITCH, TOGGLE, SPDTy LOCK LEVER o« ¢ o o o 1
1 /1 =37 21539-6200 13888 o BRACKET ¢ ¢ ¢ o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o 1
MS51957-14 96906 o SCREMW (AP) o o o ¢ « ¢ ¢ ¢ ¢ 0 0 0 ¢ o o ¢ 2
1 /1 -38 21807-6200 148844 o INSULATORy DIODE ¢ o o o ¢ ¢ ¢ o o o o o o 1
MS51957-3 96906 ¢« SCREW (AP) o o ¢ ¢ ¢ ¢ o 6 ¢ 0 0 0 0 ¢ o & 2
MS21045-04 96906 o NUT (AP) o o o ¢ o 2 ¢ 0 ¢ ¢ o 0 o ¢ » o o 2
1/1 =39 CXRO6BX104KR 81389 o CAPACITOR o ¢ o o ¢ a ¢ o 0 ¢ ¢ ¢ 0 0 0 o & 1
1 /1 =40 22786-6200 13884 o« VARISTOR o o ¢ o @« ¢ ¢ o o 0 0o ¢ o ¢ o o o 1
1 /71 =41 22083-6211 18844 , YRANSFORHERQ POMWER e e 8 © 0 o © ¢ & o o o 1
MS51957-4S 96906 » SCREW (AP) ® & o 06 & © 0 o © & & 0 0 s 0 o 2
Ks21045-08 96906 o NUT (AP) o ¢ o ¢ ¢ ¢ ¢ s o ¢ ¢ o o o o o o 8
1 /71 =42 22082-6211 1384848 o INDUCTORy 40 MH o o ¢ o « ¢ ¢ o ¢ ¢ ¢ a o o 1
Ms21045-08 96906 « NUT (AP) ® ® o6 ®» o @ & ¢ & & & ° 6 o & 0o o L)
171 =43 JANTX1NG148 81349 o SEMICONDUCTOR DEVICE, DIODE o o o o o o o o 1
1 /1 -8& 22081-6211 18884 o« INDUCTORy S MH o o o o o ¢ ¢ o o o o o o o 1
MS21045-08 96906 o NUT (AP} o ¢ o o ¢ 6 ¢ ¢ a o ¢ o o o o o o 2
1 /1 -85 22742~-6200-1 14834 o CAPACITOR, POLYCARBON, 2800 UF, 75 WVDC .« » 1
MS51957-30 96906 « SCREW (AP) ® o 6 o ®» o 06 06 0 0 0 0 o 0 o 0 3
MsS21045-06 96906 o« NUT (AP) o o o o ¢ o o ¢ 06 ¢ s 0 0 0 0 o o 3
1 /1 -&é6 22742-6200-2 18838 o o CLIPQ MOUNTING ® © & © o @& & o ° o o & o b
1 /1 -47 1486-1 83330 o TERMINALy LUG ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ 0 o o o 1
1 /1 -48 MS757-13-56 B1349 o RELAY ¢ o ¢ ¢ o ¢ ¢ ¢ o ¢ o ¢ o o o o o o o 1
MS51957-4 96906 o SCREWN (AP) o o ¢ ¢ o o« 6 s ¢ ¢ » o ¢ ¢ o o 2
1 /1 -49 21930-6207 18884 o SYNTHESIZER ASSEMBLY (SEE FIGURE 12 FOR « & 1
BREAKDOWN)
1 /71 =50 21830-6204 12884 , OSCILLATOR MODULE o o o« ¢ o ¢ o o ¢ ¢ o o &« 1
1 /1 =51 22040-6210 14884 o MODULE ASSEMBLY, GENERATOR, 1 MHZ, 3 MHZ . 1
(SEE FIGURE 16 FOR BREAKDOWNN)
1 /1 =52 21770-6201-1 14884 o RESONATOR ASSEMBLY, CESUIM BEAM ¢ ¢ o o » 1
171 -53 21970-6208 188494 o OSCILLATOR MODULE, SECONDARY, 5 MHZ o o ¢ o 1
1 /71 -5§ 21800-6203 14844 . MODULE ASSEMBLY, PRIMARY LOOP (SEE FIGURE . 1
18 FOR BREAKDOWN)
1 /4 -5S RLRO7C473JR 81339 o RESISTOR o ¢ o ¢ ¢ o 0o ¢ 06 ¢ ¢ 0 0o 0 o o & 1
1 /79 =56 RCRO76155KS 81399 o« RESISTOR o o o ¢ ¢ ¢ o ¢ ¢ 0 ¢ o ¢ 0o ¢ o & 1
1 /8 =57 RCRO76188KS 81399 o RESISTOR o o ¢ ¢ o o ¢ o o s ¢ s o 5 o o o 1
1 /6 ~58 RCRO76225KS 81389 ¢« RESISTOR o o ¢ ¢ ¢ ¢ o ¢ ¢ ¢ ¢ o o 2 s o o 1
1 /4 -59 RLRO7C223JR 81389 o« RESISTOR o o ¢ ¢ ¢ o o« s o 6 ¢ 6 ¢ ¢ o o o 1
1 /84 -60 CXR0O68X332KR 81349 o« CAPACITOR o o ¢ ¢ ¢ ¢ o o ¢ 0 06 0 0 0 0 o o 1
1 /4% =61 JANTX1NG148 81349 o SEMICONDUCTOR DEVICEy DIODE o o o o o o o o 1
1 /71 =62 21793-6200-1 15884 . PLATE' INSTRUCTION e ®© ®» o o o & o o o o o 1
1 /1 '63 21793—6200-2 1“8““ [ PLATE. INSTRUCTION e ®© ¢ ® & © o & o © o o 1
1 /71 -64 21729-6200-3 14884 o GASKETy RF o o o ¢ ¢ o ¢ o o o o ¢ 0 o o o 2
1 /1 =65 21729-6200-4 13884 o GASKETy RF o o o @« ¢ 6 ¢ o o @ s o o o o o 2
1 /71 =66 21728-6200-1 14834 o DOOR, PANELy FRONT, INSTRUMENT ¢ ¢ ¢ o o o 1
MS51959-13 81339 o« SCREW (AP) o o o ¢ ¢ ¢ ¢ ¢ ¢ 0 0 0 0 ¢ o ¢ 2
1 /1 -67 21728-6200-2 184844 o« STOPy DOORy INSTRUMENT + o o o o o o o o o 1
8S51959-4 813539 . SCREM (AP) a8 0 o o © ®» & 06 6 & o o o s o o 2
1 /1 -68 21729-6200-1 14844 . GISKET' RF ® © » ®» & & o & ® © &6 0 o o o o 2
1./71 =69 21729-6200-2 14884 o GASKEYy RF o o ¢ o o o ¢ o o o ¢ ¢ o ¢ s o 2
171 -70 21755-6200~1 14849 o DOOR, PANEL, FRONT, TIME OF DAY CLOCK « o « 1
MS51959-13 96906 o SCREW (AP) e 6 ¢ o o © @ 06 0 & o 8 o 0 o 2
1 /8 '71 21755‘6200'2 1“8““ o STOP' DOOR. CLOCK e @ ® © & ® &6 ° o ® © o o 1
8S51959-13 96906 o SCREN (AP) o o ¢ o o 0o 0o o ¢ o ¢ o o o o o 2
1 /4 =72 21733-6200 13884 o SADDLEy; DOOR PIVOT o ¢ ¢ o ¢ o 0o o ¢ o o o 8
1 /8 =73 JANTX1N609S 81349 o SEMICONDUCTOR DEVICE, DIODE o o o o o o o & 7
1 /8 =78 JANTX1N6092 81349 o SEMICONDUCTOR DEVICE, DIODE o s o o o o o o 2
1 /8 -7$ JANTX1ING6093 81349 « SEMICONDUCTOR DEVICE, DIODE « o o = o o o o 2
1/8 =76 21906-6200 14884 o SHIMy 0016 THICK o ¢ ¢ s o o o o o o o o o 7
1 /8 =77 22747-6200 13844 o SWITCHy PUSHBUTTON o o ¢ o ¢ ¢ o o o o o o 1
1 /4 -78 §8826-1 71279 o TERMINALy STANDOFF o o o ¢ o o o o o o o o 1
1 /48 =79 MR13PSHSDCUAR 81399 o METER ¢ o a o o ¢ o« 0 ¢ ¢ s ¢ o o 0 ¢ o o o 1
1 /4 -80 TR2A 82389 o CONNECTOR o ¢ o ¢ ¢ ¢ o ¢ o ¢ o o 0 o o o o 1
1 /4 =81 22721-6200-2 18834 o SWITCH, TOGG6LE, SPDT, LOCK LEVER o o ¢ o o 1
1 /4 -82 RJR23FH203M 81389 ¢ RESISTOR ¢ ¢ o ¢ ¢ ¢ o o @ o 0o o o o o o o 1
1 /4 -83 MS91528-1N28B 96906 « KNOB e o 6 6 « 6 ¢ o 5 6 ¢ ® ° ° » o o o o 1
1 /% -84 M3786-3-5033 81349 o SWITCH e © » o ® ¢ o ®© & ® o o & o o o o o 1
1 /4 -8S 22785-6200 14884 o RESISTORy VARIABLE, 20K OHMSy 26 o o o o & 1
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T.O. 49B3-36-2

FIGURE
AND I — DESCRIPTION o3 bl
INDEX NO. L HBLE &Y ASSY | CODE
1 ,q -86 NQ’z-s 8029“ L] nI‘L L] L] * ° L] L] L] . e o L] * L] L] . L] ° L] L] l
1 /6 -87 22721-6200-3 14888 o SMITCH, TOGGLE, DPDTy LOCK LEVER o« o o o o 1
1 /4 -88 22721-6200~1 18834 o SWNITCH, TOGGLE, SPDT, LOCK LEVER ¢ o ¢ o o 1
1 /4 -89 1496 83330 o« TERMINALy LUG ¢ ¢ ¢ @« o o ¢ ¢ o ¢ o ¢ o o o 1
171 -90 2170 83330 . 5“0"”51 ® ®© ® © & o @ & o © & o & ¢ & o o o 1
1 /71 -91 21756-6200 18834 o SUBPANEL @ 8 o © @ 06 ¢ 8 ® o 0o © & & o » o 1
”551951-3 96906 L ] SCRE” “P) L] L L L . L] L] L L] L] L] L] L L] L] L a
1721 -92 21771-6200 158484 » sASE. SUBPANEL e ® » o © ®» & & © o o o o = 1
MS51959-3 96906 o« SCREM (AP) o ¢ ¢ ¢ ¢ ¢ 06 0 0 5 ¢ 0 0 0 ¢ o L]
171 -93 21766-6200 13894 o SHROUDy SUBPANEL o o o o ¢ o ¢ o o o o ¢ o 1
MS51957-2 96906 « SCREN (AP) o ¢ ¢ ¢ ¢ o ¢ ¢ 0» o o ¢ ¢ ¢ o o L
171 -95 8870-1 11219 3 TERNINAL. TURRET ® » @ & ® & » o o s o & O 12
1 /71 -95 341 71002 o« TERMINALy, LUG ¢ ¢ ¢ o ¢ o o ¢ ¢ o o ¢ ¢ o o 10
"551957-2 96906 L] scRE' (“P' e o o L] . ® o L] L] . L] L] o L] @ L] 6
MSS1957-8 96906 o SCREWN (AP) o o ¢ ¢ ¢ ¢ 06 @ o o o s o o o o 8
1 /71 =96 1497 83330 o« TERMINALy LUG ¢ ¢ o ¢ ¢ ¢ ¢ o 0 o o o o o o 3
1 /8 ~97 U66258U 81389 o CONNECTOR ¢ o ¢ ©« ¢ ¢ ¢ ¢ ¢ © o 0o s o o o o 3
1 /8 -98 cWi123 22599 o CAPy PROTECTIVE ¢« o o o o ¢ o ¢ ¢ o 2 o o o 6
MS§51957-26 96906 o SCREM (AP) o ¢ o o ¢ o ¢ ¢ ¢ s ¢ o o o o o 3
MS51957-30 96906 o SCREN (AP) o o ¢ ¢ ¢ ¢ o« ¢ o ¢ 0o s o & o 3
172 -99 22530-6219 14884 o MOOULE ASSEMBLY, SWITCHING REGULATOR, +6 . 1
VDC (SEE FIGURE 20 FOR BREAKDOWN)
1 /2 -100 22790-6200-1 13884 o CONNECTYORy COMBINATION o« o o ¢ o o o o o o 1
1 /2 -101 22790-6200~-11 19844 o« CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . 2
1 /72 -102 M23308~-26-1 81349 o SCREW LOCK ASSEMBLYy FEMALE « o o ¢ ¢ o o o 2
1 /72 -103 22650-6225 13844 o BOARD ASSEMBLY, METER DRIVER (SEE FIGURE 21 1
FOR BREAKDOWN)
MSS1957-27 96906 o SCREN (AP) o o ¢ ¢ ¢ ¢ ¢ o ¢ o o ¢ o o o o 5
"5210“5'06 96906 « NUT (AP’ ® o © ¢ o o ¢ ® &6 © o o & o o o o 5
1 /72 -104 22610-6223 13884 o BOARD ASSEMBLY, ELECTRON MULTIPLIER (SEE . 1
FIGURE 22 FOR BREAKDOWN)
MS51957-27 96906 o SCREW (AP) e & © o & o o & 0 o 6 & ° 0o 0o o S
"szlnqs-oa 96906 L ] NUT “P’ L] L] . L] L] L] L] L] L] L ] L] L] Ll L] L3 L] L] S
1 /72 -105 22670-6226 19844 o BOARD ASSEMBLY, LOGIC, ALARMS (SEE FIGURE . 1
23 FOR BREAKDOWN)
MS51957-27 96906 » SCREW (AP) ® & » 06 @ o 0 & o 0 & o o 0 o o 5
"szlo“s-os ’6906 L] Nur ‘“P' L] L * e L ] L ] L] L ] L] L] L] L] L] L] ® L] L] s
1 /72 -106 22571-6221 14844 , POWER SUPPLY, HIGH VOLTAGE, NEGATIVE + o o« 1
1 /2 =107 22572-6222 15849 o POWER SUPPLY, HIGH VOLTAGE, POSITIVE +« « o 1
1 /2 -108 22575-6221 138484 o PLATEy MOUNTING ¢ ¢ ¢ ¢ o« @ ¢ o ¢ o o o o o 4
ANS507Ca30-16 88083 o« SCREW (AP) ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0o 0 ¢ ¢ o 0 0 o 8
1 /72 =109 22790-6200 18883 o CONNECTOR, RECEPTACLE, ELECTRICAL o o o o o 2
1 /2 =110 22750-6200~12 13864 o CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . 6
21900-6206 138488 o WAVEGUIDE ASSEMBLY o o o o ¢ ¢ ¢ o o o o o 1
NS21045-04 96906 o NUT (AP) o o @ o ¢ ¢ ¢ ¢ o ¢ 0 o o ¢ o o o L}
173 =111 21915-6206-2 18888 o o COVER o o ¢ ¢ o ¢ ¢ ¢ ¢ o ¢ 0 06 ¢ 0 0 o o 1
MS51957-2 96906 « o SCREW (AP) @ ¢ o ® @ o & o & 0 o o 0 o o 6
MS15795-302 96906 o o HASHER (AP) ¢ o o ¢ ¢ ¢ ¢ ¢ 0o ¢ o o ¢ o o 6
MsS35338-13% 96906 o o WASHER (AP) o ¢ ¢ ¢ o o o o o o o ¢ o o o 6
1/3 -112 21918-6206 13888 o o ATTENUATOR o o ¢ o o ¢ ¢ o 0 o ¢ o o o o 1
1 /3 -113 ANS515C32 88084 o« o SCREN (AP) o o ¢ ¢ ¢ ¢ ¢ 6 ¢ 0o 0 5 o o o 2
173 =114 22731-6200-1 188848 o o CONNECTORy RFy TYPE SMA o ¢ o ¢ o ¢ o o o 1
MS51957-1 96906 o o SCREN (AP) ¢ ¢« ¢ ¢ o 0o ¢ o ¢ 06 0 0 0 o & 2
MS35338-134 96906 o o WASHER (AP} o ¢ 2 ¢ @ s ¢ o ¢ o ¢ ¢ o o o 2
1 /3 -115 "551056‘2~ 96906 ¢ o SCREW o o o o o o o e 8 @ o o o o & ° o o 3
1 /3 -116 MS35649-264 96906 o ¢ NUT ¢ o ¢ ¢ ¢ ¢ ¢ o o ¢ 6 © 06 06 0 06 0 0 o 3
1/3 -117 21915-6206~-1 13884 o o HOUSINGy WAVEGUIDE o o ¢ o ¢ ¢ o o o o o 1
1 /72 -118 21830~6200 14884 o« GASKETy WAVEGUIDE ¢ ¢ o ¢ ¢ ¢ o ¢ o s o o o 1
1 /72 -119 22630-6224 14844 o BOARD ASSEMBLY, VACION REGULATOR AND CESIUM 1
BEAM INTERLOCK (SEE FIGURE 24 FOR
BREAKDOWN)
MS51957-27 96906 o SCREW (AP} o ¢ o ¢ o o ¢ 2 ¢ o o ¢ o o o o L)
MS21045-06 96906 « NUT (AP} o o ¢ 0o ¢ o 0o 0 ¢ 0 0 0 06 s ¢ o » 4
1 12 '120 21797-6200 1‘8““ [ BUS"ING' ECCEN'RIC ® ¢ ¢ ® ® 5 & ® © o o o [
MS35338-139 96906 ¢ WASHER (AP) o ¢ ¢ o ¢ ¢ ¢ o o ¢ o o ¢ o o o 6
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T.O. 49B3-36-2

FIGURE UNITS| USABLE
AND il FSCM DESCRIPTION PER | ON | swmR
INDEX NO. 1234567 ASSY| CODE
1 /2 =121 H24308~-1-2 81389 ¢« CONNECTOR ¢ ¢ o o ¢ » ¢ o o s o o o o ¢ o o 1
MS51957-3 96906 o SCRENW (AP) ¢ o o @ ¢ ¢ s ¢ 06 o ¢ ¢ o s ¢ o 2
H521045-04 96906 o NUT (AP) o ¢ ¢ ¢ o o o ¢ 2 06 0 ¢ ¢ 0 @ o o 2
1 /2 -122 020419 71468 o SCREW LOCK ASSEMBLYy MALE ¢ o o o o o & o o 2
1 /2 =123 21860-6205 13834 « MODULE ASSEMBLY, MULTIPLIER, TIMES 63 SEE 1
FIGURE 25 FOR BREAKDOWN)
1./72 -124 22790-6200~2 14884 o CONNECTOR, COMBINATIONy FLOAT o ¢ o o o » o 1
1 /72 -125 22790-6200-11 13844 o CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . 4
172 =126 M253308-1-1 81399 o CONNECTOR o ¢ ¢ ¢ o« o o ¢ o o o @ ¢ o o o o 1
1 72 -127 020419 71468 o« SCREW LOCK ASSEMBLYy MALE o o ¢ ¢ o o o o o 2
1 /2 -128 22790-6200-3 1884 o CONNECTOR o ¢ o ¢ o ¢ o ¢ ¢ o 0 ¢ a o« o o o 1
1 /72 =129 D20419 71468 o« SCREW LOCK ASSEMBLYy MALE o o o o ¢ o o o o 2
1 /2 -130 DM53743-5076 71468 o CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE 3
1 /2 =131 DH53743-5073 714868 o CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . S
1 /5 -132 2381-1 71279 o TERMINAL, GROUND o o o ¢ o o o ¢ o o o o o 5
1 /5 -133 21791-6200 183864 o INSULATOR o o o o ¢ ©« e ¢ o o o ¢ o o ¢ » o 1
MS51957-26 96906 « SCREM (AP) ® © o & o o 86 6 0 0 o 5 0 0 0o o 2
1 /5 -13“ 1411-6 63330 L] YERHINAL. LUG » ¢ ¢ ¢ o ¢ ¢ s 0o o o 0o ¢ o o 1
1 /5 -135 8217550632-7 06580 o TERMINALy STANDOFF o o o ¢ o ¢ o o ¢ o o o 1
1 /5 -136 CKRO6BX105KR 81339 ¢« CAPACITOR ¢« ¢ o o o o o ¢ o ¢ o s o o o o o 1
1 /5 =137 22070-6211 14844 o BOARD ASSEMBLY, REGULATORy POWER SUPPLY .+ » 1
(SEE FIGURE 29 FOR BREAKDOWN)
MS51957-27 96906 o SCREM (AP) o o ¢ o ¢ ¢ o o ¢ ¢ ¢ 0 0 o » o 4
MS21045-06 96906 « NUT (AP) e o 06 6 5 8 06 86 86 0 8 0 0 8 o o8 4
1 /75 -138 22850-6216 14844 o MODULE ASSEMBLY, SWITCHING REGULATOR, +S . 1
VOC (SEE FIGURE 20 FOR BREAKDOWN)
1 /5 -139 JANTX1N3893 81349 o SEMICONDUCTOR DEVICEy DIODE o« o o ¢ o o ¢ o S
1 /5 -140 2552 83330 « GROMMET ¢ o« « o ©« ¢ ¢ o ¢ © ¢ ¢ » 0 o o o o 2
175 -141 M24308-1-13 81399 o CONNECTOR o o ¢ o # o ¢« ¢ ¢ a a o ¢ & o o o 2
1 /5 =142 M24308-1-14 81349 o« CONNECTOR « ¢ o o o o ¢ o o o o o ¢ o o o o 1
1 /72 -143 425308-1-4 81389 o« CONNECTOR o o ¢ ¢ ¢ ¢ o o ¢ o ¢ ¢ o o ¢ o o 1
1 72 -144 020419-16 71468 o SCREW LOCK ASSEMBLYy MALE o o o o ¢ o ¢ o o 2
172 -145 M23308-21-4 81389 o« BACKSHELL ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ s ¢ o o o 1
1 /72 -146 22790-6200-4 13884 o CONNECTOR o o o ¢ o ¢ ¢ ¢ 0 ¢ ¢ 0 o 0 0 o o 1
1 /72 -147 22790-6200-12 14844 o+ CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . 1
1 /2 -148 22790-6200-11 14884 o CONTACT, COAXIAL, RECEPTACLE, RIGHT ANGLE . 1
1 /6 =149 128C102H06 97982 o CONNECTOR SETy ELECTRICAL ¢ o ¢ ¢ o o o = o 1
1 /8 '150 031’0905'000 71“68 . CONTACID PIN ® ® o ® ®» & ® & © ® 8 © o ©° o 20
1 /8 '151 259-1178‘001 71“6& [ CONT“CT' PIN' CO‘XI‘L ® & & ©o o » o » o o o 4
1 /8 ~152 128C102H02 97942 o CONNECTOR SET, ELECTRICAL o ¢ o o o o o o o 1
1 /“ '353 031'09““'000 71468 ° CONTACT' PIN ® ® o ®» © © © & o o ¢ o o o° =@ 12
1 /4 -154 21808~6200 14884 o SPACER ® & ® o 6 &6 © & » & & & o & o o o o 4
1 /8 -155 F0O2B125Vv4A Bl339 o FUSE o o o o o o o ¢ ¢ 0o o 0 0 0 0 6 0 & o 2
1 /48 =156 F028250v2A 81349 ¢ FUSE o o o o o 2 o« ¢ o ¢ o o o 0 s 0 0 0 ¢ 3
1 /4 -157 FHN2662 81349 o FUSEHOLDER o o ¢ o o o o o o« o o o o » o o q
1l /4 -158 21752-6200 148449 o DOORy REAR o o o o o o o o ¢ ¢ ¢ ¢ o o o o 1
PSlD-QQD-QB “638“ e SCREUQ C“PTIVE ®© & o ® © @ © o & ¢ ° & o o 2
1 [Q =159 21729-6200’5 14844 o G“SKET| RF’ DOOR. REAR ® ® 8 8 © ¢ © ®» o o 2
1 I“ =160 21729-6200-6 1“8““ [ GASKET’ RF' DOOR' RE“R e @ ® ©o @ o o o o o 2
1 /74 ~-161 21753-6200 14884 o HINGEy REAR DOOR o o ¢ o ¢ o o o o o ¢ ¢ o 1
MS51959-58 96906 o SCREW (AP) & o ¢ o o ¢ o o ¢ o o o ¢ 0 o o 2
21748-6200 18884 o SCREW (AP) ¢ o o o ¢ o ¢ o ¢ ¢ o o 0 0 o o 2
1 /74 =162 M15733-05-001 81349 , FILTER ® ® & & 0 o & & & 5 o 0 0 & o o 8 o 2
MS51957-28 96906 o SCREN (AP) ® o o & 9o & 5 6 0 o 0 0 0 0 o o L
"5210“5'06 96906 « NUT (AP) ® o ® © 6 ® o o & © 0 ® o v 2 O o L
1 /% -163 122B620H01 97942 o« BUSHING o o ©« o ¢ o o » ¢« ¢ s ¢ ¢ s o o s o 1
1 /% ~164 146C033H01 979492 o BUSHING ¢ ¢ o o o« o o s o ¢ o s o ¢ 6 o o o 1
1 /4 =165 1485-6 83330 o TERMINALy LUG o ¢ o o © o o @ o o o 0 o o o 1
1 /4 ~166 21768-6200-1 14844 o CABLE ASSEMBLY, POWER, ACCESSORY ¢ o o o o« 1
1 /4 -167 772 83330 . CLA"P, CABLE ® ® @ o o e ® o ® 5 0 o » o 1
1 /2 -168 775 83330 . CL“"PQ CABLE ® & o o » © & o @ & o & & o @ 1
MS51957-29 96906 o SCREW (AP) o o o o o o o 0o 0 0 ¢ 6 ¢ o o o 1
172 -169 776 83330 o CLAMP, CABLE o « o o o o o © s o o 0 o o » 1
MS51957-29 96906 « SCREW (AP) ® 0 o o ® o 5 o 0 @ 6 o s o 0 o 1
172 -170 21015 76385 o« GROMMET o o o ¢ s « ¢ o s ¢ o o o o 5 ¢ » & 3
1 /74 -171 22787-6200 188484 o PADy CUSHIONING o o o s ¢ ¢ o « o s o o s o 2
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Figure 7-1. Master
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T.O. 49B3-36-2

FIGURE UNITS| USABLE
yiri AT — DESCRIPTION PER | ON | smr

INDEX NO. 1234567 ASSY| CODE

1 /78 -172 21392’6200 148484 P‘NEL' REAR ® & © 8 ¢ 06 o © ® © ° & B o o @ 1
NS51957-28 96906 « SCREW (AP) ¢ o ¢ ¢ o o o o6 a o 6 06 0 0 » o 7
HS51960-63 96906 o« SCREW (AP) ¢ o ¢ o o o o ¢ 06 0 ¢ ¢ 0 o o & 10

1 /1 "173 DB‘I“"!"‘S 08730 - ”‘"DLE' BOH e ® e ® & & 6 ¢ o © 9 © 0 ° o » 2
NSS51960-66 96906 o« SCREN (AP) ¢ o o ¢ @« o ¢ 06 ¢ s 06 ¢ 0 0 0 o 4

171 -17% 21895-6200 13884 o PANELy CENTER ¢ o ¢ ¢ s 0o ¢ s ¢ o ¢ ¢ 5 o » 1
MS51958-62 96906 , SCREW (AP) ® o ¢ 6 o6 & 5 s 0 0 ® 0 0 0 o o 3
MS21045-08 96906 o NUT (AP) o ¢ o o ¢ o ¢ ¢ o 06 06 0 06 0 ¢ o @ 3
HS51960-69 96906 o SCREW (AP) o ¢ ¢ o ¢ ¢ ¢ ¢ 06 ¢ 0o s 0 0 o o 2

1 /2 =175 21794-6200 14884 o PLATE, IDENTIFICATION ¢ o o o o © o o o ¢ o 1

1 /72 =176 21722-6200 18884 o PLATE, IDENTIFICATION o o o o ¢ o o o o o o 1

1 /72 -1Mm 21891-6200 18844 PL‘TE' MOUNTING o o o o o 2 o ¢ ¢ ¢ 0 o ¢ o 1
MS51957-28 96906 o SCREN (AP) e ®© 8 & 9 0o 0 @ s 8 0 8 8 0 0 o 10

1 /8 -178 21761-6200 13884 o PANELy) FRONT o o o ¢ o o ¢ s 6 ¢ 6 8 o » o 1
MS51959-30 96906 o« SCREW (AP) o ¢ o ¢ ¢ 6 6 ¢ 6 06 o 0 0 0 0 o 6

172 =179 21894-6200 18834 o PANELy SIDEy RIGHT HAND o o o o ¢ o o o o o 1

1 /72 -180 21893-6200 13838 o PANELy SIDEy LEFT HAND o ¢ s o o o o o = o 1
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T.O. 49B3-36-2

FAND. i FSCM DESCRIPTION P | o | swe
INDEX NO. 1234567 ASSY| CODE
2 - 22000-6209 15855 MODULE ASSEMBLY, REAL TIME-OF-DAY CLOCK (SEE. REF

FIGURE 1 FOR NHA)
-1 22015-6209-3 188688 o COVERy TOP PANEL ¢ ¢ ¢ ¢ o o o o ¢ o ¢ o ¢ 1
-2 MS51959-14 96906 o SCREM (AP) o ¢ ¢ o ¢ 0o o ¢ 0 06 5 ¢ 0 ¢ o o 2
-3 MS51957-14 96906 « SCRENW (AP) e o o o 6 0 0 0 5 0 ® 0 0 0 0 0 L
"535330-78 96’06 L] u‘s"ER “P, L] e o o e o * o o [ ] e o L] o o Q
-4 22015-6209-2 13844 . COVERQ TOP e @ ® o & 0 o o & 0 0 © ° 0 o o 1
l551957-1§ 96906 » SCREH (AP) ® & © 0 6 © o o © & o ° & o o o 8
N835333'7B 96906 » WASHER “P, ® © & o & o 6 0 © & o 0 0 0o v 0 8
-5 22017-6209-2 13888 o WINDOWy DISPLAY ¢ o ¢ o o ¢ ¢ ¢ ¢ s o o o o 1
-6 22001-6209 156834 o BOARD ASSEMBLY, DISPLAY (SEE FIGURE 3 FOR . 1
BREAKDOUN)
MS51957-2 96906 » SCREW (AP) ® © & o ® & @ ® 0 o © © & © » o L)
MS35338-77 96906 o WASHER (AP) o o o o o e o 06 & 0 0 0 0 0o 8 o L]
-7 MS757-13-56 81349 o RELAY ¢ o o o ¢ o ¢ ¢ o 0o ¢ ¢ 0 0 ¢ 0 o o o 1
MS51957-2 96906 o« SCREW (AP) ® © ¢ o & ®» o &6 » o » o o & & o 2
-8 8106AQ256 06580 o« STANDOFF o o o ¢ o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o 2
NS51959-3 96906 « SCREW (AP) ¢ ¢ ¢ 0o ¢ ¢ 2 ¢ ¢ ¢ s 0 ¢ ¢ o o 2
-9 22748-6200 15884 o SWITCHy TOBGLE o« o o o ¢ ¢ ¢ o s ¢ o ¢ o o 1
-10 22747-6200 188484 o SHITCH' PUSHBUTTON ® ® 5 ¢ & © & 0 o 0o & @ 9
7969 09353 o NUTy KNURLED (AP) o o ¢ o ¢ o ¢ ¢ o o o o o 1
-11 JANTX1N609N 81339 o DIODEy LIGHY EMITTING o ¢ ¢ = © ¢ o o ¢ o o 2
-12 22774-6200 18848 o CONNECTOR o o ¢ ¢ o ¢ ¢ ¢ o o ¢ o o 0 o o o 3
-13 22735-6200 14884 o SWITCHy THUMB WHEEL o o ¢ o o o o ¢ o o o o 1
MS51959-h 96906 « SCREN (AP) ® © & 0 o o © 0 8 0 & o <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>