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SAFETY SUMMARY

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

RESUSCITATION

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

The following warnings appear in the text in this volume, and are repeated

here for emphasis.
| WARNING I

1. High voltages capable of causing death are used in this equipment.
Use extreme caution when handling/servicing either the power supplies
or their load components. (Pages 5-16, 6-3)

2. Voltage dangerous to life exists when equipment is open and
energized. Do not work alone. (Pages 4-7, 4-9)

3. Wear protective equipment and clear immediate area of personnel when
using LP air. (Pages 4-7, 4-11)

vii
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SAFETY SUMMARY - (Continued)

The following cautions appear in the text and are repeated here for emphasis.

CAUTION

1. To prevent equipment from being dropped, ensure that MRC is supported
during these procedures. (Page 6-2)

2. 1In the following steps, one or more of the waveguide capacitive
screws will be adjusted. Do not allow the screw to "bottom out."
(Page 6-5)
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CHAPTER 1

GENERAL INFORMATION AND SAFETY PRECAUTIONS

1-1. WARRANTY. Seller warrants that the master regulating clock (MRC) units will
be free from defects in material and workmanship under normal service and use for
which it was designed for a period of one year after shipment. Seller's obligation
under this warranty is limited to replacement or repair of a part or parts
determined by Seller to be defective. Such warranty is limited to the value of the
individual part or parts. The unit must be returned to seller freight prepaid.

1-2. SAFETY PRECAUTIONS. A safety summary is provided in the front matter on page
vii listing all general precautions, warnings and cautions with page number
locations where referenced in this manual.

1-3., INTRODUCTION. This manual provides organizational, intermediate, and depot
level maintenance information for Master Regulating Clock 0-1824/U. This manual is
applicable for all configurations of MRC.

1-4. EQUIPMENT DESCRIPTION. The MRC, figure 1-1, is a self-contained, solid-
state, atomic frequency standard and real time-of-day clock. The atomic frequency
standard portion of the MRC provides standard output frequencies at 5 MHz, 1 MHz,
and 100 kHz available through front and rear panel connectors. The real time-of-
day clock provides a front panel visual display of hours, minutes, and seconds;
electrical timing information in the form of 1 pulse-per-second (PPS) and 1 pulse-
per-minute (PPM); and digital time data outputs available through front and rear
panel connectors. Since all outputs are referenced to an atomic primary frequency
standard, the precise frequency and time signals are obtained without reference to
another standard. The atomic clock as a standard is based on one of the several
natural resonant frequencies of one isotope of the Cesium atom (specifically, the
frequency is 9192631771.59 Hz for Cesium 133).

1-5. REFERENCE DATA. Reference data applicable to the MRC are listed in table
1-1. The data includes output signal characteristics, environmental requirements
and input power requirements.

1-6. EQUIPMENT, ACCESSORIES, AND DOCUMENTS SUPPLIED. All equipment, accessories,
and documents supplied with the MRC are listed in table 1-2.

1-7. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED. All equipment and
publications required but not supplied for operation and maintenance of the MRC are
presented in table 1-3.

1-8. FIELD CHANGES AND FACTORY CHANGES. There are no outstanding field changes or
installed factory changes to the MRC as of the date of issue of this manual.
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Table 1-1.

Reference Data

Parameter

Specification

Warm-up time

Accuracy, Af/£

Reproducibility, Af/f

Settability, Af/f

Range, Af/f

Stability:

Long Term, Af/f

Short Term, Af/f

Stability vs. operating
temperature (-28°¢
(-18°F) to +65°C
(#149°F) ambient), Af/f

Stabilit¥ vs. humidity (50% to
90% relative humidity), Af/f

Stability vs. magnetic
field (any orientation in a
2 gauss dc field or 2 gauss
peak 50, 60, or 400 Hz ac
field), Af/f

Output signals (sinusoidal):

Frequencies
Amplitude (50 ohm termination)
Harmonic distortion
Nonharmonic distortion
Signal-to-phase noise ratio
frequency bands
(1 MHz and 5 MHz only, in the

frequency bands (£  +1 Hz)
to (£  *15 KHz)

20 migutes ato-28°C (-18°F) to
+65 C (+149°F) ambient

+3 x 1071}

+1 x 107H

+2 x 10712

6 x 1011

L 10-'11 for life of
Cesium beam tube

7 x 107

<#2 x 10711

<41 x 1071

<+2 x 1072

5 MHz, 1 MHz, 100 kHz
1 to 1.5 V rms

<~40 dB

<-80 dB

<-80 dBc
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Reference Data - Continued

Specification

Output Signals (Pulse):
Clock outputs, both

1 PPS, 1 PPM (50 ohm
termination)

Time code output, 1 word/sec

Environmental:
Operating temperature
CAUTION

When stored at temperatures

above 35°C (95°F) the VAC-ION
pump of the Cesium beam tube

must be operated.
Nonoperating temperature

Storage temperature

Humidity
Standby battery:

Battery capacity

Time to recharge a completely

discharged battery
Battery switchover

Power required to trickle
charge battery from
115 Vac line

Power required to recharge
a completely discharged
battery from 115 Vac line

+10 V +1 V peak pulse
20 usec wide, rise time
50 nanosec, fall time
1 usec

24 bit serial BCD word
“1 11]

: _2 ! V% via 9616 line driver

over -28°C (-18°F) to +65°C (+149°F)

-62°C (-80°F) to +75°C (+167°F)

-62°C (-80°F) to +75°C (+167°F)
(without batteries)

-40°Cc (-40°F) to +75°C (+167°F)
(with batteries)

95%

1 hour at 25°C (+77 F), +6S °c (+149°F)
0.5 hour at -28°C (-18°F)

16 hours
Automatic

6w

50w
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Table 1-1., Reference Data - Continued A@@
Parameter Specification
Power:
Voltage required ac 115 or 230 Vac +10% single
phase, 50, 60, or 400 Hz, +10%,
185 watts maximum
Voltage required dc 22 to 30 Vdc, 75 watts maximum

Power consumption (Frequency/Time
Standard only):

Warmup (115 Vac) 135W
Warmup (24 Vdc) 75W
Operating (115 Vac) 60W
Operating (24 Vdc) 45W

NOTE: Total power consumption is above power plus power required by standby
battery.

Table 1-2. Equipment, Accessories, and Documents Supplied

Weight
CID Dimensions and
Quantity Nomenclature Number (in inches) volume
1 Master Regulating Clock, 14844 W=19 62 pounds
Unit 1 0-1824/U H=5.5 1.27 cubic
D =21 feet
1 Cesium Beam Resonator, 14844 W= 2.29 12.5 pounds
1Al H = 3.06 106.4 cubic
D = 15.19 inches
1 High Voltage Power 14844 Ww=1.3 0.2 pounds
Supply Module, VAC-ION, H=0.73 3.6 cubic
1A2 D = 3.65 inches
1 High Voltage Power 14844 W= 1.47 0.2 pounds
Supply Module, Electron H=0.76 4.3 cubic
Multiplier, 1A3 D = 3.88 inches
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Table 1-2. Equipment, Accessories, and Documents Supplied - Continued
Weight
CID Dimensions and
Quantity Nomenclature Number (in inches) volume
1 OCVCXO Oven Controlled, 14844 W= 2,19 1.1 pounds
Voltage Controlled, H=5.83 47.9 cubic
Crystal Oscillator, D= 3,75 inches
5 MHz, 1A4
1 Modulator/Multiplier 14844 W=1.05 0.8 pounds
Module 1A5 H= 2,75 19.9 cubic
D = 6.90 inches
1 Power Supply Module, 14844 W= 1.84 2 pounds
1A6 H = 4,15 58.7 cubic
D=17.69 inches
1 Synthesizer Module, 14844 W= 0.85 1.3 pounds
1A7 H= 3,70 33 cubic
D = 10.48 inches
1 Buffer Amplifier 14844 W=15.0 0.5 pounds
Module, 1A8 H = 4,36 21.8 cubic
D=1.0 inches
1 Real Time-of-Day 14844 W=17.75 3.4 pounds
Module, 1A9 H = 4,31 329 cubic
D = 9.87 inches
1 Generator Module, 14844 W=5 0.5 pounds
1 MHz, 100 kHz, 1Al0 H=4 20 cubic
D=1 inches
1 Battery Charger/Logic 14844 W=25 0.5 pounds
Module 1Al4 H= 3.9 19.3 cubic
D=1 inches
1 Amplifier Meter Drive 14844 W= 2.1 0.1 pounds
Assembly, 1Al6 H = 4.1 4.3 cubic
D = 0.5 inches
1 Battery Power 14844 W=5.3 9 pounds
Supply, 1Al7 H= 2,7 106.9 cubic
D=7.4 inches
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Table 1-2. Equipment, Accessories, and Documents Supplied - Continued
Weight
CID Dimensions and
Quantity Nomenclature Number (in inches) volume
2 Technical Manual, 14844 W= 8.5
Organization, Inter- H = 11.0
mediate and Depot
Level Maintenance
Instructions,
Master Regulating
Clock 0-1824/U
1 Overhaul Manual, 14844 W= 8.5
Master Regulating H = 11.0

Clock 0-1824/U
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Table 1-3. Equipment Required But Not Supplied
SCAT Manufacture and
Code Category model number Test parameters Application
4307 | Oscilloscope Tektronix 475 Frequency range: 50 Hz to 7.4 MHz Used to observe ac

42.2

N/A

N/A

N/A

RF Voltmeter

Counter

Spectrum Analyzer

Digital Volt-
meter

Master Regulating
Clock

BNC Jack, OSM
Plug Adapter

Test Cable
Assembly for
1A6

Boonton 92B-S5

Hewlett-Packard
5328A

Tektronix 492-02

Fluke 8600A-01

0-1824/U
(FEI FE-5440A)

Omni-Spectra
3282-2241-00

FEI P/N
C52086-9406

Amplitude range: 20 mV to 12 V
Rise Times: 20 nanoseconds

Frequency range: 7.4 MHz to
100 MHz
Amplitude range: 1.2 V p-p +0.1 V
Power: -4 to +13 dbm

Frequency range: 100 kHz to

200 MHz

Frequency range: 9.2 GHz +1 Hz
Power level range: -5.0 to
+1.0 dbm

Voltage range: =18 Vdc to +45 Vdc
Resistance range: 0 to 8 kohms

See table 1-1

N/A

See paragraph 5-2.1
for fabrication data

and digital waveforms

Measures RF
voltage/power

Measures frequency
of parameters

Measures frequency
and power level

Measures dc voltage,
resistance

Provides test bed
for module
troubleshooting

Used with patch
cable

Module 1A6 extender
cable

%#2810-0113/010-IKO-d8~-01L 13



Table 1-3. Equipment Required But Not Supplied - Continued

SCAT Manufacture and

Code Category model number Test parameters Application

N/A | Test Cable FEI P/N See paragraph 5-2.1 Module 1A7 extender
Assembly for C52087-9407-1 | for fabrication data cable
1A7-1

N/A | Test Cable FEI P/N See paragraph 5-2.1 Module 1A7 extender
Assembly for C52087-9407-2 for fabrication data cable
1A7-2

N/A | Test Cable FEI P/N See paragraph 5-2.1 Module 1A8 extender
Assembly for C52088-9408 for fabrication data cable
1A8

N/A | Test Cable FEI P/N See paragraph 5-2.1 Module 1Al10 extender
Assembly for C52090-9410 for fabrication data cable
1A10 ‘

N/A | Test Cable FEI P/N See paragraph 5-2.1 Module 1Al4 extender
Assembly for C52094-9414 for fabrication data cable
1A14

N/A | Test Cable N/A General image
Assembly (2)
12-inch test
lead wire with
alligator clips
at each end

N/A |Power Cable MIL-C-3432 3-wire (5 feet) For testing and fault

type C0-03 MGF
(3/14) 0500

isolation. Fabricate
in accordance with
Maintenance Require-
ment Card U-1 in
Chapter 4

$%2810-0113/010-IR0-d€-0TL 13
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Table 1-3.

~

Equipment Required But Not Supplied - Continued

SCAT Manufacture and

Code Category model number Test parameters Application

N/A | Electric Wire M5086/1-22-0 Copper Teflon insulated (5 feet) Card U-1 in Chapter &4

N/A | Electric Wire M5086/1-22-2 Copper Teflon insulated (5 feet) Card U-1 in Chapter 4

N/A | Electric Wire 22 AWG Bare copper, tin-plated (1 foot) Card U-1 in Chapter 4

N/A | RF Cable M17/028-RG058 Flexible coaxial (15 feet) Card U-1 in Cﬁapter 4

N/A | RF Connector M39012/16-0101 Coaxial BNC (3) Card U-1 in Chapter &
Plug

N/A | Clip N/A Alligator style, electrical (2) Card U-l in Chapter 4

N/A | Connector Plug WC596/13-3 General purpose electrical, Card U-~1 in Chapter &

2-pole, 3-wire

N/A | Connector Plug MS3106F10SL-3S N/A Card U-1 in Chapter 4

N/A | Connector Plug MS3106F10SL-4S N/A Card U-1 in Chapter 4

N/A | Connector Plug MS3126F14-12S N/A Card U-1 in Chapter &

N/A | Connector Plug MS81511/26EBO2P1 | N/A Card U~1 in Chapter 4

N/A | Connector, TEE, Type UG-274A/U 50 §2feedthru General Purpose

BNC Termination

%2810-0113/0T10-IHO-d9-01L 13
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CHAPTER 2

OPERATION

2-1. INTRODUCTION. This chapter contains operating instructions for the Master
Regulating Clock (MRC). Included in this chapter are tabular descriptions and
illustrations of all controls and indicators, input and output connectors,
operating procedures presented in step-by-step sequence for turn-on and turn-off,
and operator maintenance instructions and schedules.

2-2. CONTROLS, INDICATORS, AND CONNECTORS. Controls, indicators, and connectors
for the MRC are located on both the front and rear panels. Figure 2-1 and table
2-1 illustrate and describe the front panel controls, indicators, and connectors.
Figure 2-2 and table 2-2 illustrate and describe the rear panel controls,
indicators, and connectors. Access to the front panel controls and indicators are
obtained by opening the doors protecting these components.

2-3. OPERATION. The MRC requires a minimum of operator attention. Normally, the
unit is left in an energized condition to prolong the life of the Cesium beam tube
and to eliminate the warm-up time necessary for MRC stabilization. Under
circumstances, where the MRC is deenergized, perform the preoperational, turn-on
and turn-off procedures in this chapter.

2-4, PREOPERATIONAL PROCEDURE. Perform the following procedure prior to turning
on the MRC.

NOTE

When shipped from manufacturer, the MRC is normally set for 115 Vac, 19,
47 Hz to 400 Hz operating power. It can, however, also be operated at
230 Vac. To operate the MRC from a 230 Vac power source, remove the
locking switch plate on rear panel and set LINE SELECTOR switch 83 (7,
figure 2-2) to the left. Replace locking switch plate so that LINE
SELECTOR 230 VAC is indicated and LINE SELECTOR switch (7) is locked in
position.

a. Check that LINE SELECTOR switch S3 (7) is set for proper ac power source
(115 VAC or 230 VAC).

b. At rear panel, connect external ac power source to AC POWER IN connector
J14 (6).

c. At rear panel, connect external +22 Vdc to +30 Vdc power source to DC
POWER IN connector J13 (5).

d. Connect cables from applicable MRC output signal connectors to external
equipment. '

2-1
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Figure 2-1. Master Regulating Clock Front Panel View
Table 2-1. Master Regulating Clock Front Panel Operator Controls,
Indicators, and Connectors
Figure 2-1 | Control, indicator,
index no. or connector Function

1 SYNC ARM Indicator lights when external sync (TTL
indicator level pulse, 1 PPM or 1 PPS) is applied
(1A9CR2) via SYNC IN connector (34) and SYNC ARM

switch (37) is momentarily pressed.
Indicator will remain lit until
synchronization has occurred.

2 1PPM RESET Advances TIME DISPLAY indicator (5) by one
switch (1A9S3) minute and returns seconds display to 00.

Also changes time code and 1 PPM outputs
similiarly.

3 CLOCK OPER/ In CLOCK OPER position TIME DISPLAY clock
TIME HOLD display operates normally. 1In TIME HOLD
switch (1A9S2) position, clock operation is stopped

to allow clock setting.
4 PULSE ADVANCE, Provides capability of advancing 1 PPS

2-2

MICROSEC
thumbwheel
switch (1A9S1)

and 1 PPM outputs over a range of 1
gsecond in discrete steps of 100, 10,
and 1 millisecond, and 100, 10, and 1
microsecond.
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Figure 2-1
index no.
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Master Regulating Clock Front Panel Operator Controls,

Indicators, and Connectors - Continued

Control, indicator,
or connector

Function

5

10

11

13

14

TIME DISPLAY
indicator
(1A9U1-U6)

TIME DISPLAY
HOURS switch
(1A9S85)

TIME DISPLAY
MINUTES switch
(1A9S6)

TIME DISPLAY
SECONDS switch
(1A9s87)

UT SET indicator
(1A9CR1)

SUB switch
(1A9S10)

ADD switch
(1A989)

TIME DISPLAY
switch
(1A988)

LOOP OPEN/OPR
switch (1A7S1)

MOD OFF/OPR
switch (1A7S3)

Provides LED numerical display of time.

When pressed, allows HOURS portion of TIME
DISPLAY indicator (5) to be reset by using
ADD and SUB switches (11 ‘and 10).

When pressed, allows MINUTES portion of TIME
DISPLAY indicator (5) to be reset by using
ADD and SUB switches (11 and 10).

When pressed, allows SECONDS portion of TIME
DISPLAY indicator (5) to be reset by using
ADD and SUB switches (11 and 10).

When UT SET switch (33) is pressed, indicator
lights, and TIME DISPLAY indicator (5),
1 PPM and 1 PPS clock outputs, and time
code output, are delayed by one second.

Subtracts from TIME DISPLAY indicator (5),
when used in conjunction with HOURS,
MINUTES, and SECONDS switches (6 thru 8).

Adds to TIME DISPLAY indicator (5), when
used in conjunction with HOURS, MINUTES,
and SECONDS switches (6 thru 8).

When pressed lights TIME DISPLAY indicator
(5) when operating with internal battery.

In OPEN position opens frequency lock loop
circuits for maintenance and adjustment.
In OPR position, closes frequency lock
loop.

In OFF position removes 83+ Hz modulation
input signal to modulator/multiplier (1AS5)
for testing and adjustments. In OPR
position applies 83+ Hz modulation input
signal to modulator/multiplier (1AS).
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Table 2-1. Master Regulating Clock Front Panel Operator Controls,
Indicators, and Connectors - Continued

Figure 2-1}] Control, indicator,
index no. or connector Function
15 CIRCUIT CHECK Selects function to be displayed on CIRCUIT
switch (1A16S1) CHECK meter (18).
Switch Function
pos name
0 +18 V Provides indication of +18 Vdc bus.
1 SUPPLY VOLTAGE Provides indication of dc voltage
generated by 115/230 Vac source.
2 +5 V Provides indication of +5 Vdc bus.
3 2ND HARMONIC Provides indication of second harmonic
LEVEL level (166+ Hz), generated by Cesium
beam resonator 1Al.
4 BATTERY {CHARGE Provides indication of internal battery
CURRENTlDISCHARGE charging/discharging current.
5 CESIUM OVEN TEMP |Provides indication of Cesium oven temper-
ature (P/0 Cesium beam resonator 1Al).
6 0SC OVEN TEMP Provides indication of oscillator 1A4
: inner oven temperature.
7 VAC-ION CURRENT Provides indication of VAC-ION pump anode
current (P/O Cesium beam resonator 1Al).
8 CESIUM ION Provides indication of Cesium beam resonator
CURRENT 1Al dc output level.
9 0SC CONTROL Provides indication of voltage applied to
VOLTAGE oscillator 1A4 to maintain frequency
lock.
10 5 MHz SIGNAL Provides indication of 5 MHz output level
LEVEL from buffer amplifier 1AS8.
11 SYNTHESIZER Provides indication that phase lock of
LOCK IND 7.368+ MHz local oscillator has occurred.
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index no.
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Master Regulating Clock Front Panel Operator Controls,

Indicators, and Connectors - Continued

Control, indicator,
or connector

Function

16

17

18

19

20

21

22

23

24

25

26

27

28

SYSTEM LOCK OPERATE
indicator (DS3)

SYSTEM LOCK RESET
switch (S1)

CIRCUIT CHECK
meter (M1)

SYSTEM LOCK ALARM
indicator (DS1)

EXT MTR connector
(J28)

DC OFFSET (POS8)
potentiometer (R2)

OSCILLATOR ADJUST
INCR/LOCK
control (R1)

ZEEMAN INPUT connector
(J10)

POWER SOURCE AVAILABLE,
BAT indicator (DS5)

POWER SOURCE AVAILABLE,
DC indicator (DS4)

POWER SOURCE IN USE,
BAT indicator (DS2)

POWER SOURCE IN USE,
DC indicator (DS6)

POWER SOURCE IN USE,
AC indicator (DS7)

When lit, indicates that system is operating
normally maintaining frequency lock.

Resets alarm circuits after they have been
activated and after frequency lock has
reoccurred.

Indicates the value of the function selected
via the CIRCUIT CHECK switch (15).

When lit, indicates that the frequency lock
loop has been momentarily or permanently
opened.

Provides capability to substitute a more
sensitive external meter for CIRCUIT CHECK
meter (18).

Adjusts meter indication for ion current
measurement of Cesium beam resonator 1Al.

Adjusts 5 MHz oven controlled, voltage
controlled, crystal oscillator frequency
when frequency lock loop is open.

Provides input for Zeeman frequency signal
during maintenance or troubleshooting of
the MRC.

When lit, indicates internal batteries are
available for powering MRC.

When lit, indicates external dc power is
available for powering MRC.

When 1lit, indicates internal batteries are
providing power to operate MRC.

When 1lit, indicates dc power source is
providing power to operate MRC.

When lit, indicates ac power source is
providing power to operate MRC.
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Table 2"1 .

Master Regulating Clock Front Panel Operator Controls,
Indicators, and Connectors - Continued

Figure 2-1 Control, indicator,
index no. or connector Function

29 . 100 KHz OUTPUT Provides 100 kHz output signal.

connector (J27)

30 1 MHz OUTPUT Provides 1 MHz output signal.

connector (J9)

31 5 MHz OUTPUT Provides 5 MHz output signal.

connector (J8)

32 TIME CONSTANT LONG/ In NORM position sets time constant to

NORM switch (S2) approximately one second. In LONG
position sets time constant to
approximately ten seconds.

33 UT SET switch (1A9S11)| When pressed, retards TIME DISPLAY indicator
(5)y, 1 PPM and 1 PPS clock outputs, and
time code output by one second. Also
lights UT SET indicator (9).

34 SYNC IN connector Provides connection for MRC synchronization

(1A934) from external reference signal (TTL level
pulse, 1 PPM, or 1 PPS).
35 1 PPM OUTPUT connector| Provides one pulse-per-minute (1 PPM)
(14933) standard output signal.

36 1 PPS OUTPUT connector| Provides one pulse-per-second (1 PPS)
(1A9J32) standard output signal.

37 SYNC ARM switch Used to synchronize MRC to an external
(1A984) signal.,

2-6
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Table 2-2.

Figure 2-2.

WARNING
HIGH VOLTAGE

REAR PANEL VIEW

REF
LINE SELECTOR
@ 7

230 VAC

TM51762-9400A

Master Regulating Clock Rear Panel View

Master Regulating Clock Rear Panel Operator Controls,

Indicators, and Connectors

Figure 2-2
index no.

Control indicator,
or connector

Function

1

1PPM connectors
(J15 thru J18)

SMHz connectors
(J19 thru J21)

4A SLO BLO EXT DC
fuse (F3)

4A SLO BLO INT
BTRY fuse (F4)

DC POWER IN
connector (J13)

AC POWER IN
connector (J14)

LINE SELECTOR (115
VAC or 230 VAC)
switch (83)

Provides for 1 PPM output signals.
Provides coaxial connections for 5 MHz
output signals.

Provides overload protection for external
dc input circuit.

Provides overload protection for internal
battery.

Input connector for dc power.

Input connector for ac power.

With locking plate removed, switch may be
positioned to select either a 115 Vac or
230 Vac power source. Attaching locking
plate secures switch in selected position.
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Table 2-2. Master Regulating Clock Rear Panel Operator Controls,
Indicators, and Connectors - Continued

Figure 2-2 Control, indicator,
index no. or connector Function
8 POWER ON/OFF Applies or removes operating power to unit
switch (S4) (ac, dc, and internal battery power).
9 2A SLO BLO 115/ Provides overload protection for ac input.
230 VAC (F2)

10 2A SLO BLO 115/ Provides overload protection for ac input.
230 VAC (F1)

11 TIMING FAULT Provides signal for external SYSTEM LOCK,
AND 5MHz con- ALARM circuit; also provides 5 MHz
nector (J23) output signal.

12 TIME CODE ' Provides 24 bit serial BCD word, one word per
connector (J22) second, representing time-of-day.

13 1MHz connector Provides 1 MHz standard output signal.
(325)

14 100 KHz connector Provides 100 kHz output signal.

(J24)

15 1PPS connector Provides 1 PPS output signal.

(J26)

2-5, TURN-ON PROCEDURE. To turn on the MRC, proceed as follows:
NOTE
Fan will not operate (see step a.) and POWER SOURCE IN USE AC indicator
(28, figure 2-1) will not light (see step a.(3)) if 115/230 Vac supply is

not used.

a. Set S4 POWER ON/OFF switch (8, figure 2-2) to ON. Fan Bl, located on the
rear panel, should operate and the following indicators should light:

NOTE

TIME DISPLAY (5, figure 2-1) will not light if MRC is operating on
internal battery.

(1) TIME DISPLAY (5).

(2) SYSTEM LOCK ALARM (19).

(3) POWER SOURCE IN USE AC (28).
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NOTE

POWER SOURCE AVAILABLE DC (25) indicator will not be lit if external dc
supply is not connected.

(4) POWER SOURCE AVAILABLE DC (25).
NOTE

POWER SOURCE AVAILABLE BAT (25) indicator will not be lit if battery
power supply module 1Al7 is not charged.

(5) POWER SOURCE AVAILABLE BAT (24).
b. Observe that the following indicators are out:
(1) POWER SOURCE IN USE BAT (26).
NOTE

POWER SOURCE IN USE DC (27) indicator will be lit if 115/230 Vac supply
is not used.

(2) POWER SOURCE IN USE DC (27).

NOTE

Access to the CIRCUIT CHECK switch and CIRCUIT CHECK meter, both located
on the front panel, are obtained by opening the door protecting these
components. Indications observed, in response to selected switch
positions, should fall within limits specified on the CIRCUIT CHECK table
located on the inside of the door. Meter indications observed outside of
specified limits are indicative of equipment or circuit malfunction.

c. Set CIRCUIT CHECK switch (15) to position 0. Observe that CIRCUIT CHECK
meter (18) indicates between 40 and 80.

2-6. OPERATIONAL CHECKOUT AND ADJUSTMENT. Immediately after energizing the MRC,
perform the following steps:

NOTE

CIRCUIT CHECK meter will not provide indication for CIRCUIT CHECK switch
position 1 unless 115/230 Vac supply is used.

a. Set CIRCUIT CHECK switch (15, figure 2-1) to positioms 0, 1, 2, 4, 10, and
11, For each switch position, observe corresponding reading on CIRCUIT
CHECK meter (18) for correct indication. If readings are not within
specified limits, equipment malfunction is indicated and repair action
necessary.

b. Set LOOP OPEN/OPR switch (13) to the OPR position.
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2-10
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Set MOD OFF/OPR switch (14) to OPR position.
Set TIME CONST LONG/NORM switch (32) to NORM position.

Following 20 minute warm-up period, observe that SYSTEM LOCK OPERATE
indicator (16) lights.

Press SYSTEM LOCK RESET switch (17) and observe that SYSTEM LOCK ALARM
indicator (19) goes out. If the ALARM indicator (19) remains out, and the
SYSTEM LOCK OPERATE indicator (16) remains lit, the MRC is operating in
frequency lock and no further adjustments are required. If the ALARM
indicator (19) remains lit, perform steps g. and h. If frequency lock has
been established go to paragraph 2-7 (if required).

Recheck MRC frequency locking ability by momentarily setting the LOOP
OPEN/OPR switch (13) to the OPEN position and then returning the switch to
the OPR position. Observe that the SYSTEM LOCK OPERATE indicator (16)
lights within two minutes.

Press SYSTEM LOCK RESET switch (17) and observe that the SYSTEM LOCK ALARM
indicator (19) goes out. If the ALARM indicator (19) remains out, and the
SYSTEM LOCK OPERATE indicator (16) is lit, the MRC is operating in
frequency lock and no additional adjustments are required. If the ALARM
indicator (19) is still lit, perform steps i. and j. If frequency lock
has been established proceed to paragraph 2-7 (if required).

Set CIRCUIT CHECK switch (15) to positions 3, 5, 6, 7, and 9. For each
switch position, observe corresponding reading on CIRCUIT CHECK meter (18)
for correct indication. If readings are not within specified limits,
equipment malfunction is indicated and repair action is required.

Perform the following procedures to verify that the 5 MHz voltage
controlled crystal oscillator is properly tuned so that frequency lock
can occur:

(1) Set LOOP OPEN/OPR switch (13) to the OPEN position.
(2) Set MOD OFF/OPR switch (14) to the OFF position.
(3) Set CIRCUIT CHECK switch (15) to position 8.

(4) While observing CIRCUIT CHECK meter (18), rotate OSCILLATOR ADJUST
INCR/LOCK control (22) for maximum positive meter indication.

(5) 1If required, adjust DC OFFSET (POS 8) potentiometer (21) to place the
maximum positive meter indication within the operating range of
CIRCUIT CHECK meter (18).

(6) Set both LOOP OPEN/OPR switch (13) and MOD OFF/OPR switch (14) to the
OPR positions.

(7) Press SYSTEM LOCK RESET switch (17). Observe that the SYSTEM LOCK
OPERATE indicator (16) lights and the SYSTEM LOCK ALARM indicator
(19) goes out, indicating that frequency lock has occurred.
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o 2-7. CLOCK SETTING AND SYNCHRONIZATION. The following steps define the procedures
GWN for setting and synchronizing the time-of-day (TOD) clock.

NOTE

Prior to performing procedures, verify that frequency lock exists by
observing that SYSTEM LOCK OPERATE indicator (16, figure 2-1) is lit and
SYSTEM LOCK ALARM indicator (19) is out, If the MRC is not operating in
frequency lock, the TOD clock will be operating from a free running 5 MHz
crystal oscillator and timing errors will occur.

2-7.1 Setting Time Display Indicator (5, figure 2-1). Set the hours, minutes,
and seconds of the TIME DISPLAY indicator (5) in accordance with the following
procedures:

a. Set CLOCK OPER/TIME HOLD switch (3) to the TIME HOLD position.

b. Set HOURS portion of TIME DISPLAY indicator (5) by observing reference
time and, while simultaneously pressing the TIME DISPLAY HOURS switch (6),
press as applicable, the SUB switch (10) or ADD switch (11) to synchronize
the HOURS portion of the TIME DISPLAY (5) with the reference time.

c. Set MINUTES portion of TIME DISPLAY indicator (5) by observing reference
time and, while simultaneously pressing the TIME DISPLAY MINUTES switch
(7), press as applicable, the SUB switch (10) or ADD switch (11) to
synchronize the MINUTES portion of the TIME DISPLAY (5) with the reference

Gw“ time.

d. Set SECONDS portion of TIME DISPLAY indicator (5) by observing reference
time and, while simultaneously pressing the TIME DISPLAY SECONDS switch
(8), press as applicable, the SUB switch (10) or ADD switch (11) to
‘advance the SECONDS portion of the TIME DISPLAY indicator (5) several
seconds ahead of reference time.

e. When reference time advances to the time indicated on the TIME DISPLAY
indicator (5), set the CLOCK OPER/TIME HOLD switch (3) to the CLOCK OPER
position. The TIME DISPLAY indicator (5) should now be precisely
synchronized with the reference time.

2-7.2 1PPM RESET.
NOTE

After pressing the 1PPM RESET switch (2, figure 2-1), the TIME DISPLAY
indicator (5) will not indicate correct time since the SECONDS count
returns to 00 and the MINUTES count advances to the next minute.
Consequently, the TIME DISPLAY indicator (5) must be reset (see para.
2-7.1) after performing this operation.

The 1PPM RESET function enables the operator to monitor the time interval of an
event with zero time when concurrently pressing the 1PPM RESET switch (2). The

2-11
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elapsed time, is indicated on the TIME DISPLAY indicator (5) and as digital time
code data via TIME CODE connector J22 (12, figure 2-2). To reset the 1 PPM pulse
to within =100 nanoseconds delay from time coincidence with any selected 1 PPS
output over a one minute period, perform the following procedure:

a. Press the 1PPM RESET pushbutton (2, figure 2-1).

b. Verify the SECONDS count goes to 00.

c. Verify the MINUTES count advances to the next minute.

2-7.3 Universal Time (UT) Set. The Universal Time (UT) SET switch (33, figure
2-1) allows for correction of the SECONDS timing in accordance with National Bureau
of Standards corrections issued periodically for variances in standard time. Each
depression of the UT SET switch (33) will subtract one second from the TIME DISPLAY
indicator (5), 1 PPM and 1 PPS clock outputs, and from the digital Time Code data
output. The UT SET indicator (9) will light when the UT SET switch command has
been received.

2-7.4 Clock Synchronization. Synchronize the clock 1 PPS and 1 PPM outputs to
an external sync pulse as follows:

a. Apply TTL level, 1 PPM, or 1 PPS synchronizing pulse to SYNC IN connector
(34, figure 2-1).

b. Press SYNC ARM switch (37). SYNC ARM indicator (1) will light.
c. Upon synchronization, the SYNC ARM indicator (1) will go out.

2-8. TURN-OFF PROCEDURE. Turn off power to the MRC by setting the POWER ON/OFF
switch (8, figure 2-2) to the OFF position. This results in disabling ac and dc
power, including internal battery power, to the MRC.

2-9, EMERGENCY TURN-OFF PROCEDURE. There are no special emergency turn-off
procedures for the MRC. Should an emergency condition exist, perform the turn-off
procedure referenced in paragraph 2-8. There are no battle shorts built into the
MRC for emergency operation.

92-10. TURN-ON PROCEDURE AFTER PROLONGED STORAGE. There are no special turn-on
precautions to be considered following prolonged MRC storage. During operational
checkout and adjustment (see para. 2-6) however, acceptable CIRCUIT CHECK meter
indications for CIRCUIT CHECK switch positions 7 and 8 as well as frequency lock
may not be obtained following 20 minute warmup period. If this condition occurs,
perform the following procedure:

NOTE

Procedure should be performed by depot level maintenance personnel.

2=12
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a. Set POWER ON/OFF switch (8, figure 2-2) to the OFF position.

b. Disconnect external dc power from DC POWER IN connector J13 (5, figure
2-2) .

c¢c. For a minimum period of 24 hours, apply 22 to 30 volts dc to DC POWER IN
connector J13 (5) (+22 V to +30 V to JI3-E; return J13-C) to energize the
Cesium beam ion pump.

d. Following the minimum 24 hour period of pump operation, reconnect external
dc power source to connector J13.

e. Set POWER ON/OFF switch (8) to the ON position.
f. Perform procedures referenced in paragraphs 2-5 through 2-7.

2-11. MAINTENANCE INSTRUCTIONS AND SCHEDULES. The MRC maintenance tasks are
listed in table 2-3. The table defines the maintenance tasks, the frequency, and
provides reference to the appropriate maintenance procedure. Refer to the
Maintenance Requirement Cards in Chapter 4 for further checks and procedures. The
daily checks consist of monitoring MRC operate, alarm, and power source
indicators. The monthly checks consist of built-in-test equipment (BITE)
operability test. These daily and monthly maintenance tasks are performed using
front panel indicators and controls to determine the MRC operating condition.
There are no special safety precautions required.

Table 2-3. Maintenance Instructions and Schedules

Maintenance procedure
Maintenance task Frequency reference
Conduct MRC check Daily Refer to paragraph 2-11.1
Conduct MRC check Monthly Refer to paragraph 2-11.2

2-11.1 Daily MRC Check. Perform the daily MRC check as follows:

a. Observe that SYSTEM LOCK ALARM indicator (19, figure 2-1) is out. If the
indicator is lit, a frequency lock failure is indicated since the
previous check.

b. Observe that SYSTEM LOCK OPERATE indicator (16) is lit. If both the
SYSTEM LOCK ALARM indicator (19) and the SYSTEM LOCK OPERATE indicator
(16) are 1lit, press SYSTEM LOCK RESET switch (17) and observe that the
SYSTEM LOCK ALARM indicator (19) goes out.

c. If SYSTEM LOCK OPERATE indicator (16) is out, open right-hand access panel

and verify that LOOP OPEN/OPR switch (13) and MOD OFF/OPR switch (14) are
both set to OPR positionms.

2-13
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d.

Press SYSTEM LOCK RESET switch (17) and observe that SYSTEM LOCK OPERATE
indicator (16) lights and SYSTEM LOCK ALARM indicator (19) goes out. If
both indicator conditions do not occur, perform Operational Checkout and
Adjustment as specified in para. 2-6. If both indicator conditions still
do not occur, refer to troubleshooting information in Chapter 5.

Observe that applicable POWER SOURCE IN USE indicator (26, 27, or 28)
lights for corresponding power source being used.

Close and secure access panel.

Monthly MRC Check. Perform the monthly MRC check as follows:

Open both front access panels by loosening 4 screws and lowering panels.

Set CIRCUIT CHECK switch (15, figure 2-1) successively to the positions
listed in table 2-4, observe that CIRCUIT CHECK meter (18) indications
are within the range indicated in the table. If any readings are out-of-
range, refer to the troubleshooting section in Chapter 5.

Observe TIME DISPLAY readout (5). Verify that SECONDS and low-order
MINUTES readouts increment. Ensure that CLOCK OPER/TIME HOLD switch (3)
is set to CLOCK OPER position.

Close and secure access panels.

2-11.3 MRC Log Form. Readings observed during the performance of the daily and

monthly checks described in paragraphs 2-11.1 and 2-11.2, respectively, are entered

on the Master Regulating Clock Log Form in the appropriate column. A sample form
is shown in figure 2-3. 1If any reading is outside the specified range, circle it
and refer to chapter 5 for troubleshooting procedures.

2-14
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Monthly Check

Circuit check switch

Circuit check meter indication

Pos Function Range
0 +18 V +40 to +80
1 SUPPLY VOLTAGE +40 to +80
2 +5 v +40 to +80
3 2ND HARMONIC LEVEL +40 to +80
4 BATTERYlCHARGE CHG: 0 to +80
CURRENT |[DISCHARGE DISCHG: =40 to -80
5 CESIUM OVEN TEMP +40 to +80
6 0SC OVEN TEMP +40 to +80
7 VAC-ION CURRENT 0 to -20
8 CESIUM ION CURRENT Set to 0 (midrange) with DC-offset
adjustment
9 0SC CONTROL VOLTAGE 0 to +40
10 5 MHz SIGNAL LEVEL +40 to +80
11 SYNTHESIZER LOCK IND. +40 to +80

2-15
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CHAPTER 3

FUNCTIONAL DESCRIPTION

3-1. INTRODUCTION. Chapter 3 provides an overview of the 5 MHz frequency lock
loop operation and the ancillary circuits necessary to support the loop. This is
followed by a similar discussion for the Time-of-Day Clock. Circuit operation of
each assembly is then discussed in greater detail. Finally, an overview of
operation, followed by a detailed discussion of the theory of operation for the MRC
power distribution circuits are provided.

A listing of the assemblies comprising the MRC are referenced in table 1-2.

3-2. OVERVIEW OF SIGNAL CIRCUITS OPERATION. The following paragraphs provide an
operational overview of the various MRC signal circuits.

3-2.1 Frequency Lock Operation. The MRC uses the property of atomic resonance

in the Cesium beam resonator (1Al) to control, via a frequency lock loop, the
frequency of a 5 MHz oscillator (l1A4). Frequency locking of the 5 MHz crystal
oscillator is accomplished by operating the cesium beam resonator and associated
electronics as a frequency discriminator; i.e. departures of frequency of an input
signal from a defined center frequency will produce a dc output signal from the
discriminator. This dc output signal will have a magnitude and polarity related to
the extent and direction of departure from the defined center frequency.

The defined center frequency of the MRC Cesium beam resonator, is 9192631771.59 Hz
(figure 3-1), and departure from this center frequency will yield signal output
currents less than maximum obtainable from the resonator. This characteristic of
the resonator is made to behave as a frequency discriminator by use of a
modulation/demodulation technique.

If the 9.192+ GHz resonator input signal is frequency modulated, the resonator beam
current will contain the modulation frequency signal at 0 or 180° phase

depending upon whether the modulated microwave resonator signal is above or below
the center frequency as shown in D and B of figure 3-2. At the center frequency,
resonator beam current will contain a component of twice modulation frequency as
shown in C of figure 3-2. Components of twice modulation frequency also occur at
other microwave frequencies, such as A and E of figure 3-2.

Between microwave frequencies A and C, and similarly, between microwave frequencies
C and E, the modulation frequency component of resonator beam current will attain a
maximum. If these modulation frequency components, A, B, C, D and E of figure 3-2
are phase detected with respect to the original modulation frequency signal, the
resulting output from the phase detector will have, as a function of microwave
resonator frequency, the discriminator characteristic of figure 3-3.

Implementation of the MRC frequency lock loop is shown in figure 3-4. Output from
oscillator 1A4 is frequency modulated at an 83+ Hz rate in a phase modulator
circuit (for small indices of modulation, the spectra of FM and PM are similar)
multiplied to 9.2 GHz and offset to 9.192+ GHz by a local oscillator in modulator,
multiplier 1A5. The 83+ Hz frequency modulated microwave signal is detected by the
Cesium beam resonator resulting in, at the output of preamplifier 1A1A2, an 83+ Hz

3-1
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signal whose behavior with regard to amplitude and phase is like that depicted in
figure 3-2. Phase detection (figure 3-4) of the 83+ Hz signal from preamplifier
1A1A2, with respect to the 83+ Hz modulation signal and filtering, will yield a dc
signal to keep oscillator module 1A4 in frequency lock. Since 9.192+ GHz is not an
integer multiple of 5 MHz, it is necessary to use a local oscillator in modulator/
multiplier module 1A5 to "offset" the generated (9.2 GHz) microwave signal to
9.192+ GHz. The offset frequency, 7.368+ MHz, is made coherent with the 5 MHz
oscillator signal by phase locking the 7.368+ MHz VCX0O to a noninteger multiple
2013-1366 of 5 MHz. This is accomplished in synthesizer module 1A7 by dividing 5
MHz by 1366 and using the resulting 3660+ Hz as a reference signal for a phase
detector. The phase detector is part of a phase lock loop system wherein the
control voltage (for locking the 7.368+ MHz VCXO located in modulator/multiplier
module 1A5) is derived from a phase comparison of every 2013th cycle of 7.368+ MHz
against the 3660+ Hz reference.

The signals (83+ Hz) used by the phase modulator in modulator/multiplier 1A5 as
well as a reference for the phase detector in synthesizer module 1A7 are derived,
in 1A7, by division of the 3660+ Hz signal by 44.

In the above described system, all signals are coherent with the 5 MHz oscillator
signal.

3-2.2 Time-0f-Day Clock Operation. The time-of-day clock is an assembly of TTL
logic circuits whose function is to generate the 1PPS, 1PPM, and time code signals
available on the front and rear panels of the MRC as well as the signals to operate
the LED numeric TIME DISPLAY on the front panel of the MRC. All time signals are
derived from the stabilized 5 MHz OCVCXO and consequently have the accuracy and
stability of the cesium beam resonator.

3-3. DETAILED THEORY OF SIGNAL CIRCUITS OPERATION. Figure 5-10, illustrating the
major signal blocks of the MRC, is an expansion of figure 3-4 used in describing
the operation of the frequency lock loop. The method of generation of the various
MRC output signals, the error and alarm blocks to establish whether frequency lock
has occurred and has not been broken (even momentarily), and the circuit check
block for MRC performance evaluation and testing, are illustrated in figure 5-10.

All MRC outputs are derived from oscillator 1A4. The functional requirements of
each block comprising the signal portion of the MRC are described in the following
paragraphs.

3-3.1 Cesium Beam Resonator Module lAl. The major component of cesium beam
resonator 1Al is the cesium beam tube, lAlAl, consisting of a cesium oven, an input
selector magnet, an atom-microwave interaction region, an output selector magnet, a
hot wire ionizer, and an electron multiplier. A vacuum-ion pump with integral
magnet is attached to the tube hous1ng to maintain a relatively high vacuum within
the tube. The vacuum-ion pump is powered by +3 kilovolts dc from high voltage
power supply 1A2, while the electron multiplier is powered by - (ad;ustable)
kilovolts dc from high voltage power supply 1A3.

Another component of the Cesium beam resonator is the C-field and Cesium oven
control, 1A1A3. The C-field portion of 1AlA3 prov1des a stabilized, adjustable
current to generate a magnetic field (the "C" field) in the atom-microwave




ET 710-BP-OMI-010/E110-01824

interaction region of the tube. The Cesium oven control portion of 1A1A3 maintains
a constant temperature in the cesium oven.

The cesium oven, is heated to 85°C and a collimated beam of cesium atoms is

effused towards the first selector magnet. This magnet will select the desired
atoms for deflection into the atom-microwave interaction region. If the microwave
input to the cesium beam resonator is at the correct frequency, the atoms in the
atom-microwave interaction region will acquire another energy level and these atoms
will be deflected by the output selector magnet to a hot wire ionizer. Upon
striking the ionizer, Cesium atoms are ionized and are attracted to, and strike,
the first dynode plate of an electron multiplier whereupon amplification, similar
to that of an electron multiplier vacuum tube, occurs to generate the output signal
of the cesium beam tube lAlAl.

If the microwave input to the Cesium beam resonator 1Al is frequency modulated at
an 83+ Hz rate, then the output signal from the Cesium beam tube is a dc level with
an 83+ Hz component provided the microwave signal is close to 9192631771.59 Hz.
When the microwave signal is exactly on 9192631771.59 Hz, the output from the
cesium beam tube contains an ac component at 166+ Hz. Preamplifier AlA2, also a
component of the Cesium beam resonator 1Al, amplifies the 83+ Hz signal output of
the Cesium beam tube and applies the resulting signal to the phase detector in
synthesizer 1A7. A second output from preamplifier 1Al1A2 is a dc signal
proportional to the level of 166+ Hz appearing in the output from the Cesium beam
tube which is used in synthesizer 1A7 to indicate that frequency lock of the MRC
has occurred. The Cesium beam resonator is not field-repairable.

3-3.2 Oscillator Module 1A4. Oscillator 1A4 is an oven controlled, voltage
controlled crystal oscillator (OCVCX0) operating at nominally 5 MHz. The
oscillator assembly is protected against ambient temperature changes by the use of
two ovens, each with its own temperature controller, and protected against ambient
mechanical perturbations by suitable shock and vibration cushioning within the
housing. -

Oscillator 1A4 has two isolated outputs; one output provides a signal for
synthesizer 1A7, the second output provides a signal for buffer amplifier 1AS8.

The oscillator is a sealed unit and is subject to factory repair only.

3-3.3 Modulator/Multiplier Module 1A5. Modulator/multiplier module 1AS5

generates the modulated microwave signal required by Cesium beam resonator module
1Al1. This is accomplished by multiplying a 5 MHz signal from oscillator 1A4
obtained via synthesizer 1A7, by 2 x 10 x 2 x 46 = 1840 times. The resulting 9.2
GHz signal is mixed with a local oscillator signal (7.368+ MHz) to obtain the 9.192
GHz signal required by 1Al.

The local oscillator in 1A5 is a voltage controlled crystal oscillator that is
phase locked, via a phase detector and digital frequency dividers in 1A7, to a
non-integer multiple of 5 MHz.

Frequency modulation of the 83+ Hz microwave signal is accomplished by generating
the modulation signal by digital frequency division in 1A7 and applying the 83+ Hz
modulation signal to the phase modulator in 1A5. Phase modulation is performed on
a 5 MHz carrier.
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The modulator/multiplier module 1A5 is primarily comprised of hybrid integrated
circuits and, depending upon facilities available, repair by replacement of an
hybrid integrated circuit may be possible.

3-3.4 Synthesizer Module 1A7. Synthesizer module 1A7 performs the following
functions:

a. Accepts a 5 MHz signal from oscillator module 1A4 and, from which three 5
MHz signals are generated for input to modules modulator/multiplier 1AS,
time-of-day clock 1A9, and generator 1AlQ.

b. Accepts the error signals generated by Cesium beam resonator module 1Al
(83+ Hz, and detected 166+ Hz) which, is used to generate the frequency
locking control signal for 1A4 and the frequency lock loop status
information (via front panel indicators).

c. Derives the 83+ Hz modulation signal required by modulator/multiplier
module 1AS5.

d. Provides a phase locking means for the 7.368+ MHz local oscillator by (1)
accepting a sample of the local oscillator signal from modulator/
multiplier module 1A5 and (2) generating a control voltage for delivery to
1AS.

e. Provides SYSTEM LOCK OPERATE and SYSTEM LOCK ALARM indications to front
panel LEDs.

A 5 MHz signal from oscillator module 1A4 is split two ways in a passive 50 ohm
power splitter. One output from the power splitter is the 5 MHz signal delivered
to 1A5; the second output from the power splitter is the 5 MHz signal inmput to
synthesizer hybrid circuit 1A721. Two 5 MHz square wave signals are obtained from
synthesizer 1A7Z1. One 5 MHz square wave signal is delivered to the time-of-day
clock, 1A9; the second square wave signal goes to generator 1AlO.

The 83+ Hz error signal from Cesium beam resonator module 1Al is compared in the
phase detector in 1A7 and detected with respect to an 83+ Hz reference signal which
is obtained by division of 5 MHz by 60104 in synthesizer 1A7Z1. The output from
the phase detector, after filtering (integration), becomes the control voltage
output from 1A7 applied to 1lA4.

This same 83+ Hz signal, obtained from 1A7Z1 by dividing SIMHz by 60104 in 1A7Z1,
is also applied to the phase modulator in modulator/multiplier module 1AS.

The detected 166+ Hz error signal is a dc signal whose level is proportional to the
level of 166+ Hz appearing in the output from the Cesium beam tube. An amplitude
comparator in 1A7Z1 monitors the level of this signal (as well as the level of
another signal whose derivation is not shown in 1A7) and derives, as an output from
1A7Z1, a SECOND HARMONIC ALARM signal when input amplitudes are not correct. Logic
processing of the SECOND HARMONIC ALARM and SYNTHESIZER FAIL signals generates the
voltages that ultimately light the OPERATE and ALARM front panel indicators. The
SYNTHESIZER FAIL signal indicates when the 7.368+ MHz local oscillator is
improperly phase locked.
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The 7.368+ MHz local oscillator, in 1AS5, is phase locked by a phase detector in
1A7. The reference signal for the phase detector, 3660+ Hz, is obtained by
dividing 5 MHz by 1366 in 1A7Z1. The input signal for the phase detector is a
sample of the 7.368+ MHz oscillator signal; the output from the phase detector
becomes the control voltage for phase locking the local oscillator. The
SYNTHESIZER FAIL signal generated in 1A7Z1 is used by the alarm circuits discussed
above.

With the exception of synthesizer hybrid circuit 1A721, the synthesizer is
field-repairable. Depending upon facilities available, repair by replacement of
1A7Z1 may be possible.

3-3.,5 Buffer Amplifier Module 1A8. Buffer amplifier module 1A8 generates the
multiple, isolated, 5 MHz outputs required by the MRC. The buffer amplifier
consists of five identical output amplifiers that amplify the 5 MHz signal from
oscillator 1A4 for application to the front and rear panel connectors.

This module is completely field-repairable.

3-3.6 Real Time-0f-Day Module 1A9. The real time-of-day module 1A9 provides the
following outputs from a 5 MHz input signal:

a. Five 1 PPM outputs
b. Two PPS outputs
c. One output of digital time code data

d. A visual hours, minutes and seconds time display with controls for manual
setting of time. Module 1A9 also provides for synchronization of all
timing signals, as well as the TIME DISPLAY, to an external time signal.

A 5 MHz signal is applied to a times-2 multiplier (figure 5-12) and the resulting
10 MHz output is then applied to a main counter where it is divided to provide
outputs of 100 kHz, and 1 PPS. These signals are used as time bases for the preset
advance counter, the hours, minutes, seconds counter and the real-time data

output.

The 1 PPS signal from the main counter is applied, via the manual clock controls,
to hours, minutes, and seconds counters where the pulses are counted. The counter
is arranged to provide BCD time signals for driving the TIME DISPLAY 1A9A1 and the
real-time data output.

The preset advance counter and manual clock controls are used to set the hours,
minutes, and seconds counters for the TIME DISPLAY 1A9Al. These controls include
HOURS, MINUTES, SECONDS, CLOCK OPER/TIME HOLD, ADD and SUB switches. The TIME
DISPLAY switch is used to illuminate the TIME DISPLAY when the MRC is operated from
battery power.

The real-time data output receives BCD time signals from the hours, minutes,
seconds counters and 100 kHz from the main counter. The 100 kHz signal is divided
to provide a 50 PPS timing signal to synchronize the real-time data output. The
BCD time signals are applied to a shift register where they are converted to a
serial data stream at the 50 PPS rate.
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The TIME DISPLAY 1A9A1 receives BCD time signals from the hours minutes seconds
counters. The BCD time signals are applied directly to LED displays to provide the
visual readout,

3-3.7 Generator Module 1Al0. Generator module 1Al0 generates two isolated 1 MHz
outputs and two isolated 100 KHz outputs. Excitation for module 1Al10 is obtained
from synthesizer module 1A7.

This module is completely field-repairable.

3-3.8 Amplifier Meter Drive Assembly 1Al6. Amplifier meter drive assembly 1Al6
monitors the internal functions of the MRC. The CIRCUIT CHECK meter displays
indication of +18 Vdc, and +5 Vdc output voltages from power supply 1A6, input
supply voltage applied to power supply 1A6, battery current, the second harmonic
frequency signal level, Cesium ion current, vac-ion current, and Cesium oven
temperature (all relating to performance of the Cesium beam resonator 1Al),
oscillator oven temperature, oscillator control voltage, 5 MHz signal level from
buffer amplifier 1A8 and the synthesizer fail signal from synthesizer module 1A7.
The function to be displayed is selected by setting the CIRCUIT CHECK pushbutton

switch on the front panel. An external meter may be connected to the EXT MIR
connector on the front panel.

This module is completely field-repairable.

3-4. POWER DISTRIBUTION OVERVIEW OF OPERATION. The MRC may be operated from
either 115/230 Vac, 22-30 Vdc external power, or internal battery power. A switch
on the rear panel of the MRC selects either 115 Vac or 230 Vac operation. The
external 115/230 Vac as well as the external 22-30 Vdc are fed to the MRC via rear
panel connectors. Internal battery power is available to operate the MRC for a
maximum of one hour in the event of loss of both external power sources. Status
lamps on the front panel indicate primary power usage and availability in the MRC.
Power sequencing is such that with all three (external ac, external dc, and
internal battery) sources available, the MRC will operate on external ac; loss of
external ac will result in the MRC operating on external dc; and finally, loss of
both external sources will result in the MRC operating on its internal battery.
Full recharging of, or maintaining a trickle charging current in, the internal
battery requires use of the external ac supply.

AC power supply components, consisting of power transformer, rectifier,
inductor/capacitor filter and emitter follower regulator, are mounted directly on
the MRC chassis. The power supply generating the several low voltages required by
the MRC is a pulse-width-modulated switching regulator supply operating at
approximately 25 KHz. This power supply is a plug-in unit. Higher voltage
supplies to support the Cesium beam resonator are of the blocking oscillator type
that generate the required high voltage output from a low voltage input.

3-5. POWER DISTRIBUTION DETAILS OF OPERATION. Distribution of power within the
MRC will be briefly discussed, followed by a detailed discussion of the functional
operation of each block relating to the power supply. The relationship between the
"power supply blocks" and the "signal blocks" is shown in figure 5-11. The ac
power supply accepts 115/230 Vac and generates 42 Vdc (used by blower 1Bl and
battery charger 1Al4) and 34 Vdc (used by the Cesium oven of 1AlAl, vac ion high
voltage power supply 1A2, and power supply 1A6). If ac power is not used, the
external dc will substitute for the 34 Vdc and support the Cesium oven of 1AlAl,

3-8
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vac ion high voltage power supply 1A2 and power supply 1A6. Blower 1Bl and battery
charger/logic module 1Al4 will not operate if ac is not used. Switch S4, located
on the MRC rear panel, disconnects all power sources. Power supply module 1A6
outputs the following dc voltages to the MRC subassemblies referenced below:

Voltage
+18 V

-18 v

+HV

+7.6 V (isolated)
+7.6 V
+13.5 V

+4,6 V to +6,2 V
(variable)

Ref Des

1A1A2
1A1A3
1A3

1A4

1A5
1A7
1A8
1A14
1A16
1A1A2
1A7
1A9
1A16
1A9
1A14
1A7
1Al10
1A9

1A]lAl

Subassembly

Preamplifier
"C" field and oven controller
Electron multiplier high voltage power supply

Oven controlled, voltage controlled, crystal
oscillator (OCVCXO)

Modulator/multiplier
Synthesizer

Buffer amplifier
Battery charger/logic
Amplifier meter drive
Preamplifier
Synthesizer

Real time-of-day clock
Amplifier meter drive
Real time-of-day clock
Battery charger/logic
Synthesizer

Generator, 1 MHz, 1 KHz
Real time-of-day clock PC assembly

Cesium beam tube
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Vac-ion high voltage power supply 1A2 generates approximately +3 Kv to support the
vac-ion pump affixed to the Cesium beam tube. Also, electron multiplier high
voltage power supply lA3 generates an adjustable (approximately -1000 to -2500 v)
voltage for use by the electron multiplier in the Cesium beam tube.

Battery power supply 1Al7 is supported by battery charger/logic module 1Al4; it is
through 1Al4 that 1Al7 is charged and is connected to power the MRC when required.

3-5.1 Vac-Ion High Voltage Power Supply 1A2. Vac-ion high voltage power supply
1A2 is a blocking oscillator type power supply generating approximately +3 Kv for
use by the ion pump of the Cesium beam tube. The input voltage for this supply is
the +34 V generated by the chassis subassembly from the ac supply or +22 V to 30 V
dc, from the external dc supply. The input to this supply is AND gated so that an
external dc supply may be used to energize 1A2 without energizing the remainder of
the MRC (for long term MRC storage).

This unit is sealed and is not repairable.

3-5.2 Module 1A3 Electron Multiplier High Voltage Power Supply. Electron
Multiplier High Voltage Power Supply, 1A3, is also a blocking oscillator type power
supply, generating an adjustable negative voltage (approximately -1000 to -2500 V)
for use by the electron multiplier in the Cesium beam tube. The input voltage for
this supply is +18 V generated by power supply 1A6.

This unit is sealed and is not repairable.

3-5.3 Power Supply Module 1A6. Power supply 1A6 is a pulse-width-modulated
switching regulator supply whose input voltages consist of one of the following:

a. +34 V via the Chassis Assembly
b. +22 to +30 V from external supply via chassis subassembly
c. 17 V minimum from battery power supply 1Al7

The output voltages from 1A6 are shown in figure 5-11. These voltages are
maintained by the switching regulator over the input voltage range of +17 V to
+34 V. This module is completely field-repairable.

3-5.4 Battery Power Supply l1Al7. Battery power supply 1Al17, is an assembly of
nickel cadmium cells with a fully charged no load voltage of approximately 22 V.
Two protective devices are a part of this assembly; a 20 ampere fuse to protect the
battery against short circuits and a thermistor to sense possible overheating
during charging. Repairs are limited to the replacement of the thermistor or fuse.
The battery is sealed and is not repairable.

3-5.5 Battery Charger/Logic Module 1Al4. The functions of battery charger/logic
module 1Al4 are as follows: :

a., Holds the regulator that charges battery power supply 1Al7.

b. Accepts connection to temperature sensing thermistor (in 1A17) and
controls charging of battery in 1Al7.

3-10
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Delivers battery voltage via chassis subassembly to operate the MRC upon
loss of both external ac and dc supplies.

Disconnects battery voltage from MRC when battery voltage reaches a level
too low (approximately 17 V) to operate MRC.

Holds logic for power source status indicators and driver for TIME DISPLAY
relay.

Accepts an external dc source sense signal for power source status
indication.

Normally, the regulator maintains a trickle charge current into battery power
supply 1A17. If the battery is discharged, the regulator will operate in a current
limited mode to supply a larger current for fast recharging. The temperature
sensing thermistor in 1Al7 monitors battery temperature and reduces charging
current if excess heat is detected.

When the MRC is operating from battery power supply 1Al7, the battery voltage is

monitored in 1Al4. When the voltage drops to approximately 17 volts, the relay in
1Al14 disconnects the battery. When the MRC is operating from battery power supply
1A17, logic is used to turn off the TIME DISPLAY in 1A9 to conserve battery power.

A logic gate array is used to drive the POWER SOURCE status indicators. Inputs to
all logic circuits are dc voltages consisting of the following:

AC IN USE monitors +42 V (from ac power supply)

DC AVAILABLE monitors external dc supply voltage
BAT AVAILABLE monitors battery voltage (from 1A17)
DC IN USE monitors both +42 V and battery voltage

BAT IN USE monitors both +42 V and battery voltage

This module is completely field-repairable.

3-5.6 Power Supply (Part of Chassis Subassembly). The functions of the power

supply circuitry within the chassis subassembly are as follows:

a.

Accepts 115/230 Vac

Generates +42 V for operation of blower Bl and charges the battery in 1Al7
Generates +34 V for use by the following:

(1) Cesium oven of 1AlAl

(2) Vac Ion High Voltage Power Supply 1A2

(3) Power Supply 1A6

3-11
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d. Accepts a 22 V to 30 V external dc power source and substitutes this for
+34 V normally generated by 115/230 Vac.

e. Generates an external dc power source sense voltage for 1Al4

£. Accepts voltage from battery power supply 1A17 (via 1Al4) to operate the
MRC when both 115/230 Vac and external 22 V - 30 V dc sources are not
available.

Both +42 V and +34 V are generated by a conventional transformer-rectifier-filter
combination applying power to an emitter-follower regulator. The output from the
emitter-follower regulator is +34 V; filter output of +42 V is applied to the
regulator and is also used to operate blower Bl and charge the battery in 1Al7 via
battery charger/logic module 1Al4.

A diode AND gate connects the +34 V generated by the ac power source, the external
dc source, and the battery power supply 1A17, to power supply 1A6, Vac Ion High
Voltage Power supply 1A2, and the Cesium oven of 1AlAl. TIf the 115/230 Vac source
is not used, i.e. if +34 V is not used, the AND gate will allow the external dc
source to operate the MRC. Similarly, if both 115/230 Vac and external dc source
are not used, then battery power supply 1Al7 will operate the MRC. The module is
completely field-repairable.

3-6. DETAILED CIRCUIT DESCRIPTIONS. The following paragraphs contain detailed
circuit level descriptions for each repairable module in the MRC. In this sectionm,
the major signal blocks of figure 5-10, that are field-repairable, are discussed.

3-6.1 Preamplifier 1A1A2. Preamplifier 1Al1A2, part of Cesium beam resonator 1Al
is mounted on the Cesium beam tube 1AlAl at the electron multiplier end of the
tube. The preamplifier (figure 5-43) consists of a multifunction hybrid circuit
which processes the output signal from the Cesium beam tube into two output
functions; 83+ Hz error signal and detected 166+ Hz signal, both delivered to 1A7
and two test point functions, both being measures of signal obtained from the

tube. One test point is accessible locally at the assembly; another signal is
delivered to 1A16 via 1Al1P1 pins 4 and 5. Power for hybrid 1A1A2Z1 is provided via
connector 1AlP1 and regulators 1A1A2U1 and 1Al1A2U2. Potentiometer 1AlA2R1 sets the
gain obtained from hybrid circuit 1AlA2Z1.

3-6.2 Modulator/Multiplier 1A5. The 5 MHz and 83+ Hz signals from synthesizer
module 1A7 (figure 5-13) are applied via connectors J1 and J2 of 1A5 to
modulator/times 20 multiplier 1A5Al. Hybrid 1A5A1Z1 is a hybrid phase modulator
and times 2 multiplier. The modulated 10 MHz signal from 1A5A1Z1 is multiplied by
10 in hybrid multiplier 1A5A12Z2 and the resulting modulated 100 MHz signal is
applied to crystal filter 1A5A2. After filtering, the modulated 100 MHz signal is
multiplied by 2 in hybrid multiplier 1A5A3Z3 and the resulting modulated 200 MHz
signal is amplified by 1A5A3Q3. The output of 1A5A3Q3 is then fed to a times-46
multiplier 1A5CRl, a step recovery diode, to generate a modulated 9200 MHz signal.

In addition, diode 1A5CRl is fed a 7.368+ MHz signal obtained from oscillator
hybrid 1A5A42Z4. Mixing occurs in diode 1A5CRl; the resulting modulated 9.192+ GHz
signal is filtered by a coupled pair of microwave coaxial cavities (part of 1lAS5
housing) and is then routed to Cesium beam resonator 1Al via a coaxial-to-waveguide
transition.
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The 7.368+ MHz local oscillator signal must be made coherent with the 5 MHz signal.
This is accomplished by phase locking the 7.368+ MHz oscillator by a phase detector
located in Synthesizer 1A7.

Oscillator 1A5Z4 generates the 7.368+ MHz signal that is routed to Synthesizer 1A7.
A control signal is developed by 1A7 and returned to hybrid 1A5Z4 to accomplish
phase locking of the oscillator.

Potentiometer 1A5A3R15 adjusts the level of 7.368+ MHz signal injected into diode
(mixer) 1A5CRl. Potentiometer 1A5A1Rl optimizes the operation of the phase
modulator in hybrid 1A5Z1. Power for the modulator/multiplier is provided via
1A5FL1 and regulator 1A5Ul.

3-6.3 Synthesizer 1A7. A 5 MHz signal from 1A4 is applied to connector 1A7P2-Al
(figure 5-15) and is split 2 ways in passive power splitter DCl. One output
becomes the 5 MHz signal fed to 1A5 via connector 1A7P2-A2; the other output is the
5 MHz input to hybrid 1A7Z1. Hybrid 1A7Z1 generates two 5 MHz square wave signals
from the 5 MHz input. These signals, obtained at 1A7Z1 pins 27 and 28, are the 5
MHz signals fed to 1A10 (100 KHz, 1 MHz generator) and 1A9 (time-of-day clock)
respectively.

The 83+ Hz error signal from 1Al is applied to 1A7P2-A4 and then fed to phase
detector 1A7Ul where it is compared in phase to an 83+ Hz reference signal
generated in 1A7Z1 (available at 1A7Z1 pins 8 and 9) occurs. The output from
1A7U1, ac with a dc component, is integrated by integrator 1A7U8. The output from
1A7U8, available at 1A7P1-A2, is the control voltage for frequency locking the 5
MHz OCVCXO module 1A4.

Some controls for operation, testing, and adjustment of the MRC frequency lock loop
are associated with the circuitry comprising the integrator. The integrator time
constant may be changed from LONG to NORM (a factor of 20) by energizing relay
1A7K2. The frequency lock loop may be opened by energizing relay 1A7Kl1 (thereby
effectively shorting integrating capacitor 1A7C40).

A second 83+ Hz signal, generated in 1A7Z1, is available at 1A7Z1-7. This signal,
a TTL square wave, is coherent with the 83+ Hz signal available at 1A7Z1 pins 8 and
9 and is attenuated, filtered and adjusted by potentiometer 1A7R5 before being
sent, as a modulation signal, to 1A5. The modulation may be controlled for
operation, testing, and adjustment of the MRC; placing a logic low on 1A721-6 will
remove the 83+ Hz signal available at 1A7Z1-7 and at 1A7Z1 pins 8 and 9 by
disabling a flip-flop within 1A7Z1.

A fine adjustment of the phase of the 83+ Hz reference signal at 1A7Z1-7, with
respect to the 83+ Hz signaloat 1A7Z1 pins 8 and 9, is accomplished at 1A7Z1-19 by
potentiometer 1A7R17. A 180 phase adjustment can be made by changing the

jumper from E6-E4 to E6-E9.
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Alarm circuits, which establish whether the frequency lock loop is closed, or not,
or, if closed, whether it has opened, even momentarily, are incorporated as part of
1A7. There are three circuits:

a. The 166+ Hz signal generated by 1Al when the MRC is correctly frequency
locked is applied via connector 1A7P2-3 to 1A7Z1-1 and its amplitude
measured in 1A7Z1. Insufficient amplitude of this signal will cause a
logic low to appear to 1A7Z21-38.

b. A gross phase comparison is made in the second half of phase detector
1A7U1 (phase of 83+ Hz signal at 1A7Ul-4 with respect to reference 83+ Hz
signal at 1A7Ul pins 1 and 2) to insure that correct frequency locking of
1A4 has occurred. The gross phase comparison will generate a dc signal at
1A7U1-5 which is sent to amplitude comparators in 1A7Z1. An improper dc
signal at 1A7Z1-2 is indicative of incorrect frequency lock and will
result in a logic low appearing at 1A7Z1-38.

c. Failure of the 7.368+ MHz local oscillator to achieve correct phase lock
will result in a logic low appearing at 1A7Z1-16. The circuits generating
this signal are contained in 1A7Z1; it is derived by monitoring the output
of phase detector amplifier 1A7U7 (which is sent to 1A7Z1-15).

System faults will then generate logic lows at 1A7Z1 pins 16 and 38 and conversely,
correct system operation will generate logic highs at 1A7Z1 pins 16 and 38. These
signals are processed by 1A7U5 and 1A7U6 to operate the SYSTEM LOCK, OPERATE, and
ALARM indicators on the front panel, and to generate the TIMING FAULT output signal
obtained at J23-3. Logic highs at 1A7U5 pins 1 and 2 will result in a logic low to
appear at 1A7U6-6, lighting the OPERATE indicator and will cause a logic high to
appear at connector J23-3. Conversely, a logic low at 1A7U5-1, or 1A7U5-2, or at
both 1A7U5-1 and 1A7U5-2 will cause the following to occur:

a. A logic high to appear at 1A7U6-6, extinguishing the OPERATE indicator
b. A logic low to appear at 1A7U5-8, lighting the ALARM indicator
c. A logic low to appear at connector J23-3.

Resetting flip-flops 1A7USB and 1A7U5C via the SYSTEM LOCK RESET switch will
extinguish the ALARM indicator. Note that a momentary fault, followed by a
recovery, will light both ALARM and OPERATE indicators and that the ALARM indicator
may be extinguished by depressing the RESET switch.

The 7.368+ MHz local oscillator, in 1A5, is phase locked by a phase detector in
1A7. Reference signal for the phase detector, 3660+ Hz, is derived by dividing 5
MHz by 1366 in 1A7Z1 and is obtained at 1A7Z1-21. Sample-and-hold phase detector
1A7Q2 and 1A7Q3 accepts a 7.368+ MHz signal from 1A5 and adds it to a narrow pulse
from 1A7Z1-21 via amplifier 1A7Ql. The resulting dc signal has a magnitude related
to the phase of the 7.368+ MHz signal present when the addition to the 3660+ Hz
pulse occurred. The output, from 1A7Q3, is amplified by 1A7U7 and is the control
signal for phase locking the oscillator in lAS5. Potentiometer 1A7R53 is used to
set the dc level at the output of 1A7U7. Failure of the 7.368+ Hz local oscillator
to achieve phase lock will result in an audio frequency appearing at 1A7U7-6. This
signal, delivered to 1A7Z1-15, is used in 1A7Z]1 to generate the synthesizer fail
signal appearing at 1A7Z1-16.
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Power for synthesizer 1A7 is provided via 1A7P1 and voltage regulators l1A7U2
(+#15 V), 1A7U3 (-15 V) and 1A7U4 (45 V).

3-6.4 Buffer Amplifier 1A8. Buffer amplifier module 1A8 (figure 5-16) consists
of five identical output amplifiers that amplify the 5 MHz signal from oscillator
module 1A4 for application to the front and rear panel connectors. Input 5 MHz is
applied to splitter 1A6Ul where five outputs are developed. One output is
amplified by output amplifier transistors 1A8Ql and 1A8Q2 and applied to output
terminal 1A8E2 and connector 1A8P1A2. Similarly, the remaining four outputs are
amplified by transistors 1A8Q3 and 1A8Q4 for output amplifier 2, transistors 1A8Q5
and 1A8Q6 for output amplifier 3, transistors 1A8Q7 and 1A8Q8 for output amplifier
4 and transistors 1A8Q9 and 1A8Ql0 for output amplifier 5. A sample of the output
signal from amplifier 5 is rectified. The resulting dc signal is used by the
CIRCUIT CHECK meter for monitoring.

Power for buffer amplifier 1A8 is provided via 1A8P1 and voltage regulator 1A8U2.

3-6.5 Real Time-of-Day Clock Module (RTC) 1A9. (See figures 5-17 and 5-18.)

NOTE

In the following discussion, reference designations refer to
1A9A2 printed circuit board Part No. D52002-9409 (Figure 5-17)
while reference designations in parentheses ( ) refer to 1A9A2
printed circuit board Part No. D52002-9409-1 (Figure 5-18).

A 5 MHz signal is received from synthesizer module 1A7 and applied to times-2
multiplier Ul in the RTC. The resultant 10 MHz output is then applied to a main
counter U51, U52, U54-U56, and U63-U65 (U61-U63) where it is divided to provide
outputs of 100 kHz, and 1 PPS. These signals are used as time bases for the
preset advance counter, the hours, minutes, and seconds counter and the real-time
data output.

The 1 PPS signal from the main counter is applied to hours, minutes, and seconds
counters U7 (U8), U8 (U9), U19 (U20), U20 (U21), U3l (U34) and U32 (U35) where the
pulses are counted. The counter is arranged to provide BCD time signals for
driving TIME DISPLAY 1A9Al1 and the real-time data output.

The preset advance counter U47 (U46), U48 (U47), U57-U59 (U57-U59), U66-U70
(U64-U68) and manual clock controls are used to set the hours, minutes, and seconds
counters for TIME DISPLAY 1A9A1. These controls include HOURS S5, MINUTES S6,
SECONDS S7, CLOCK OPER/TIME HOLD S2, ADD S9, and SUB S10 switches. TIME DISPLAY
switch S8 is used to illuminate the TIME DISPLAY when the MRC is operated from
battery power.

The real-time data output receives BCD time signals from the hours minutes seconds
counters and 100 kHz from the main counter. The 100 kHz signal is divided to
provide a 50 PPS timing signal to synchronize the real-time data output. The BCD
time signals are applied to a shift register consisting of U33 (U36), U2l (U22),
and U9 (Ul0) where they are ‘converted to a serial data stream at the 50 PPS rate.
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TIME DISPLAY 1A9A1 receives BCD time signals from the hours, minutes, and seconds
counters. The BCD time signals are applied directly to LED displays Ul-U6 to
provide the TIME DISPLAY.

This module is completely field-repairable.

3-6.6 Generator Module 1A10. Generator module 1A10 (figure 5-19) receives a 5

MHz signal from synthesizer module 1A7. The 5 MHz signal from connector 1A10P1

pins 4 and 5 is multiplied to 10 MHz by diodes 1A10Al CR9 and CRl10 and transformer,

Tl. The resulting 10 MHz signal is applied to cascaded divide by 10 circuit Ul and

divide by 10 circuit U2. The 1 MHz output of divide by 10 circuit Ul is applied to

half of output driver U3 from which two 1 MHz outputs are derived. The 100 kHz

output of divide by 10 circuit U2 is applied to half of output driver U3 from which

two 100 kHz outputs are derived. The outputs of output driver U3 are filtered and

routed to the front and rear panel connectors of the MRC via connectors 1A10P1-Al

through 1A10P1-A4. i

Power for generator 1A10 is provided via 1A10P1 and voltage regulator 1Al10U4.

3-6.7 Amplifier, Meter Drive, 1Al16. Pushbutton switch 1Al16Sl senses important
points within the MRC. The selected signal is applied to meter driver 1A16AlUl
(figure 5-21) and then to front panel meter 1Ml where the status is displayed.

3-7 MAJOR POWER DISTRIBUTION BLOCKS. In this section, the field-repairable major
power distribution blocks, keyed to figure 5-11, are discussed.

3-7.1 Power Supply 1A6. An input voltage of 17 to 35 Vdc power is applied from

the chassis to connector 1A6P1 (figure 5-14). After filtering by capacitors 1A6Cl
and 1A6C7 and inductor 1A6Ll, the power is applied to switching controller 1A6Ul
which controls the operation of darlington transistors 1A6Ql and 1A6Q2 connected to
the primary winding of power transformer 1A6T1. Transistors 1A6Ql and 1A6Q2,
operating in a push-pull mode, act as switches which effectively produce a square
wave of voltage across the primary winding of 1A6Tl.

Controller 1A6Ul controls the duty-factor (ratio of voltage "on" time to total
cycle time) of the square wave voltage. By controlling the duty-factor, controller
1A6Ul maintains a constant output voltage, from the power supply, despite a
variable input voltage.

The variable duty-factor square wave voltage that is generated by 1A6Ql and 1A6Q2
also appears, by transformer action, at the several secondary windings of 1A6T1.
Four separate secondary windings are used to provide the various output supply
voltages.

The voltage at secondary winding terminals 1A6T1-4, 1A6T1-5 and 1A6T1-6 is
rectified by diodes 1A6CR5 and 1A6CR6 and filtered by inductor 1A6L4 and capacitor
1A6C16 to provide a +18 Vdc output at connector 1A6P1-6 and 1A6P1-18. A portion of
the +18 Vdc output is regulated by 1A6U5 to provide a +13.5 Vdc output at connector
1A6P1-2. The voltage at secondary winding terminals 1A6Tl-4, 1A6T1-5, and 1A6T1-6
is also rectified by diodes 1A6CR3 and 1A6CR4 and filtered by inductor 1A6L3 and
capacitor 1A6Cl4 to provide a -18 Vdc output at connector 1A6P1-3.
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The voltage at secondary winding terminals 1A6T1-7, 1A6T1-8, and 1A6T1-9 is
rectified by diodes 1A6CRl and 1A6CR2 and filtered by inductor 1A6L2 and capacitor
1A6Cl1 to provide 7.6 Vdc. From +7.6 Vdc, three power supply outputs are
generated:

a. +7.6 Vdc available at connector 1A6P1-9.

b. +5 Vdc available at connector terminals 1A6Pl1 pins 7 and 19 via regulator
1A6U3.

c. An adjustable output of +4.6 to +6.2 Vdc available at connector 1A6P1-13,
via regulator 1A6U4 and pass transistor 1A6Q5. This output voltage can be
adjusted by means of potentiometer 1A6R42.

The voltage at secondary winding terminals 1A6T1-10, 1A6T1-11 and 1A6T1-12 is
rectified by diodes 1A6CR14 and 1A6CR15 and filtered by inductor 1A6L6 and
capacitor 1A6C29 to provide an unregulated 1 Vdc output between connector terminals
1A6P1-8 (-) and 1A6P1-10 (+).

The voltage at secondary winding terminals 1A6T1-13, 1A6T1-14 and 1A6T1-15 is
rectified by diodes 1A6CR9 and 1A6CR10 and filtered by inductor 1A6L7 and capacitor
1A6C2]1 to provide an isolated +7.6 Vdc output between connector terminals 1A6P1-11
(-) and 1A6P1-12 (+).

3-7.2 Battery Charger/Logic 1Al4. Rectified and filtered +42 Vdc from the

chassis subassembly is applied to Battery Charger/Logic Module 1Al4 (figure 5-20).
This voltage is then branched to resistor 1A14A1R26, zener diode 1A14AI1CR13 and
resistor 1A14Al R36 and illuminates the AC IN USE indicator 1DS7 and provides a
logic high for 1A14Al1U7-2. This same voltage provides power to regulator 1A14U6 to
charge battery power supply 1Al7.

External dc source voltage is applied to 1Al4Pl1-1 and is sensed by logic 1A14U7-5
after processing by resistor 1A14A1R21, zener diode 1Al14CR7, and resistor 1A14R24.
When external dc source is present the DC AVAILABLE indicator 1DS4 is lit and
1A14U7-5 receives a logic high.

Battery logic 1Al4U8 senses the battery availability status. When the battery is
in charged condition, relay 1Al4K1 is energized and the battery is connected to a
diode AND gate, ready to be used if the ac and dc input power fails. The BAT
AVAILABLE indicator is lit via resistors 1A14R26 and 1Al14R28 when relay Al4Kl is
energized.

The gate array 1A14U7 describes power source status via the following front panel
indicators:

dc present - logic high at 1A14U7-5 DC AVAILABLE indicator lit

a. ac present - logic high at 1A1407-2$ AC IN USE indicator lit
battery charged and available BAT AVAILABLE indicator lit

dc used - logic high at 1A14U7-5 DC AVAILABLE indicator lit

b. ac not used - logic low at 1A1407-2$ DC IN USE indicator lit
battery charged and available BAT AVAILABLE indicator lit
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dc not used - logic low at 1A14U7-5

c. ac not used - logic high at 1A14U7-2 2 AC IN USE indicator 1lit
battery charged and available

BAT AVAILABLE indicator 1lit

dc not used - logic low at 1A14U7-5

d. ac not used - logic low at 1A14U7-2 % BAT IN USE indicator 1lit
battery charged and available

BAT AVAILABLE indicator lit

(Indicators not referenced are not lit.) In addition, when the BAT IN USE indicator
is 1lit, (logic low at 1A14U7-8), transistor 1A14Q4 is turned on, and the time-of-
day clock 1A9 display relay is energized and the TIME DISPLAY is turned off.

Thermistor sensing of battery temperature is used to control battery charging

rate. Normally the battery is at ambient temperature and normal fast charge and
trickle charge rates are maintained by regulator 1A14U6. Any condition which would
cause the battery to overheat will be sensed by the thermistor RTl in Battery Power
Supply 1A17 which, in turn, will act to reduce the charging current from 1A14U6.

Normal charging current for 1Al7 ranges from about 700 mA for fast charge to about
100 mA for trickle charge. The battery can be in fast charge for a maximum of 16
hours and in trickle charge for an indefinite period.

Power required by Battery Charger/Logic module 1Al4 is supplied by 1A6 via
connector 1Al4Pl.

3-7.3 Battery Power Supply 1Al7. The nickel cadmium battery is capable of
powering the MRC for a maximum of one hour in the event external ac and dc sources
are not used. Protection is provided by a thermistor (1Al17RT1) which reduces
battery charging current under abnormal operating conditions (battery over-
heating). Fuse 1A17F]1 provides overload protection to the battery when it is
removed from the MRC.

The battery can be in the high charge state (700 mA) for a maximum of 16 hours and
in the trickle charge state (100 mA) for an indefinite period.

3-7.4 Power Supply (Part of Chassis Subassembly). Refer to Figure 5-22. The
chassis subassembly circuitry is comprised of a conventional transformer, full wave
rectifier, filter group delivering +42 V unregulated to fan 1Bl, Battery Charger
1A14, and emitter follower regulator lUl., The ac input to 1T1, 115/230 V, must be
matched by selection of appropriate primary connections by switch 183.

The output from 1Ul, normally +34 V; the output from the external dc source,
nominally +22 to +30 V; and the output from the Battery Power Supply 1lAl7,
nominally +22 V, are routed to Vac Ion High Voltage Power Supply 1A2 and Power
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; Supply 1A6 via diode AND gates 1U3 and 1U4. Operation of the diode gates is such
Gﬁh that selection of a source to power the MRC is automatically accomplished on an
amplitude basis under the following conditions:

a. If the ac source is used, the +34 V will operate 1A2 and 1A6.

b. If the ac source is not used, the +22 to +30 V external dc source will
operate 1A2 and 1A6.

¢. If both the ac and external dc sources are not used then the +22 V from
1A17 will operate 1A2 and 1A6.

A diode AND gate, 1CRl, and 1CR2, is used only to energize the Vac-Ion High Voltage
Power Supply 1A2 by an external dc source during long term or high temperature
storage of the MRC. An external +22 to +30 V source connected to 1J13-E (return to
1J13-C) will power 1A2 only via 1CRl.

Overload protection of the ac source is provided by fuses 1Fl and 1F2 while
overload protection of the external dc source is provided by fuse 1F3. Overload
protection of the battery power supply 1Al7 is provided by fuse 1F4 (as shown in
Figure 5-20). Toggle switch 1S4, as shown in Figures 5-20 and 5-22, simultaneously
connects/disconnects all three power sources.

3-8. INTEGRATED CIRCUIT AND HYBRIDS. The following subparagraphs contain
information on hybrid and standard integrated circuits used in the MRC. Hybrid

integrated circuits are used in preamplifier 1A1A2, Modulator/Multiplier 1AS5, and
@@h Synthesizer 1A7.

3-8.1 Preamplifier 1Al1A2. The preamplifier uses one hybrid circuit 1A1A2Z1 (as
shown in Figure 5-43). The preamplifier is an 83+ Hz center frequency bandpass
type with circuitry to reject 166+ Hz.

The first preamplifier is broadband and generates signals for the local test point
(terminal 1A1A2Z1-38), the remote test point (terminal 1A1A2Z1-5), the 166+ Hz
notch filter and the second harmonic detector. The output of the second harmonic
detector is routed to terminal 1A1A2Z1-9 for the 166+ Hz detector output. The
output of the 166+ Hz notch filter goes to a bandpass amplifier with center
frequency at 83+ Hz, which delivers its output to terminal 1A1A2Z1-18,

3-8.2 Modulator/Multiplier 1A5. This assembly uses a total of four hybrid
circuits.
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3-8.2.1 Hybrid 1A5A12Z1. Hybrid 1A5A12Z1 (Figure 5-23) accepts a 5 MHz carrier and
83+ Hz modulation signals and delivers a frequency modulated 2 x 5 MHz output
signal. A 5 MHz carrier signal and an 83+ Hz modulation signal from synthesizer
1A7 are applied to terminals 1A5Z1-32 and 1A5Z1-25 respectively. The 5 MHz signal
is routed to isolation amplifiers 1A5Z21-Ql and 1A5Z1-Q2 and is then phase
modulated with the 83+ Hz by 1A5Z1-CRl thru CR4. The phase modulated 5 MHz signal
is amplified by 1A5Z1-Q4 and doubled to 10 MHz by 1A5Z1-CR5 and 1A5Z1-CR6, and
delivered to terminal 1A5Z1-15. The output from terminal 1A5Z1-15 is routed to
hybrid 1A522.

3-8.2.2 Hybrid 1A522. Hybrid 1A522 (Figure 5-24) performs a 10 x frequency
multiplication of the modulated 10 MHz input signal. A 10 MHz input signal is
applied to hybrid times-10 multiplier terminal 1A5Z2-2. This signal is amplified
by 1A5Z2-Ql and then frequency multiplied by a factor of 2 in 1A522-Q2. The
resulting 20 MHz signal is amplified by 1A5Z2-Q3 and then frequency multiplied by a
factor of 5 in multiplier 1A522-Q4. The 100 MHz output signal of times-5
multiplier 1A5Z2-Q4 is applied to crystal filter 1A5A2, via terminal 1A522-18.

3-8.2.3 Hybrid 1A5A323. Hybrid 1A5A323 (Figure 5-25) performs a 2 x frequency
multiplication of the modulated 100 MHz input signal. A 100 MHz signal is applied
to terminal A5Z3-1 and amplified by A5Z3Ql and frequency multiplied by a factor of
2 in A523-Q2. The amplified 100 MHz signal is then applied to times-2 multiplier
Q2. The resulting 200 MHz signal is applied to power amplifier A5A3Q3 via terminal
A523-10.

3-8.2.4 Hybrid 1A5A4Z4. Hybrid 1A5A424 (Figure 5-26) contains the circuitry of
the 7.368+ MHz local oscillator and derives two independent and isolated 7.368+ MHz
outputs. Oscillator 1A5Z4-Ql is a voltage controlled crystal oscillator. An
external crystal is connected between terminals 1A5Z4-2 and 1A524-4. A control
voltage is applied to terminal 1A5Z4-17 where it is filtered by resistors 1A524-Rl
thru R3 and capacitor 1A524Cl. The control signal at terminal 1A524-1 is routed,
via external circuitry, to terminal 1A524-5 where it is applied to varactor diodes
1A5Z4CR1 and 1A524CR2. The varactor diodes are electrically in series with the
crystal and changes in diode capacitance will change oscillator frequency. Nominal
frequency of the oscillator, established by the external crystal, is 7.368+ MHz.

The output of the oscillator is applied to two separate output amplifiers. One
amplifier 1A524Q2 (1A524Q3) amplifies the 7.368+ MHz signal and applies the output
to terminal A5Z4-11 while the other amplifier 1A5Z4Q4 (1A524Q5) amplifies the
7.368+ MHz signal and applies the output to terminal 1A524-9.

3-8.3 Synthesizer 1A7. The synthesizer uses one hybrid circuit, designated
1A7A121, which is shown in Figure 5-27. This is a multifunction hybrid that
accepts a 5 MHz signal, and from this performs the following:

a. Generates the following signals:

(1) 5 MHz signal for use by 1A9
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(2) 5 MHz signal for use by 1Al0
(3) 83+ Hz modulation signal for use by 1A5

(4) 83+ Hz reference signal for use by phase detector (of frequency lock
loop) in 1A7

b. Accepts the following signals:
(1) Detected 166+ Hz error signal generated by 1Al

(2) Error signal generated when phase lock of the 7.368+ MHz
oscillator has not occurred

(3) DC voltage generated by the coarse phase detection accomplished by
phase detector 1A701 - and from these, singly or in combination,

¢. Generates a signal to be used by the circuitry of the front panel
frequency lock loop indicators

d. Provides the reference signal required by the phase detector (that phase
locks the 7.368+ MHz local oscillator).

A 5 MHz signal is applied via terminal 1A7Z1-37 to isolation amplifiers 1A7Z1Ql and
14721Q2. After amplification and shaping by 1A7Z1U4 pins 1 and 2 the 5 MHz signal
is applied to counter 1A7Z1U5, U6, and U7 and inverter 1A7Z1U4 pins 3 and 4. The 5
MHz signal from 1A7Z1U4~4 is applied to inverter 1A7Z1U4-5 to generate
complementary 5 MHz outputs for the 1Al0 and 1A9 modules. The output from binary
counters 1A7Z1U5, U6, and U7 generates a signal, via 1A7Z1U8, 1A7Z1U9, and terminal
1A7Z21-21, which is used as a reference signal in the sample and hold phase detector
(1A7Q2 and 1A7Q3 as shown in Figure 5-15).

Operation of counters 1A7Z1U5, U6, and U7 (Figure 5-27), is such that the 5 MHz
input signal is divided by 1366. In addition to being used as a reference by the
phase detector, the 3660+ Hz signal is divided by 2 by 1A7Z1Ul1 and then divided by
11 by 1A7Z1U12. The output from 1A7Z1U12-15 drives two divide-by-two stages; (1)
1A7Z1U14-5 providing 83+ Hz output at terminal 1A7Z1-7 (modulation signal for 1AS)
and (2) 1A7Z1Ul4 pins 8 and 9 providing 83+ Hz output at terminals 1A7Z1 pins 8 and
9 (reference for phase detector lA7Ul as shown in Figure 5-15).

Timer A7Z1U10, functioning as a monostable multivibrator, generates a logic low at
terminal 1A7Z1-16 when the 7.368+ MHz local oscillator in 1A5 is not phase locked.
Under normal operation, 1A7Z1U10 is periodically set by the 3660+ Hz signal used as
a reference by the phase detector, and, when set, 1A7Z1U10-5 is at a logic high.

An ac signal appearing at terminal 1A7Z1-15, the result of the 7.368+ MHz local
oscillator not being phase locked, will reset 1A7Z1U10, causing 1A7Z1U10-5 to go to
a logic low.

Comparator 1A7Z1Ul monitors, via terminal 1A7Z1-1, the level of 166+ Hz signal
developed by 1Al while comparators 1A7Z1U2 and 1A7Z1U3 monitor, via terminal
1A7Z1-2, the level of the dc voltage generated by the gross phase detection of
phase detector 1A7U1 (figure 5-15). Outputs from all three comparators (figure
5-27) are combined at terminal 1A7Z1-38. Normal operation will result in a logic
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high appearing at terminal 1A7Z1-38; should either input voltage level fall out
side its prescribed level, a logic low will appear at terminal 1A7Z1-38. Both
terminals 1A7Z1-16 and 1A7Z1-38 are used by logic in 1A7 to operate the front panel
SYSTEM LOCK, OPERATE and SYSTEM LOCK, ALARM indicators.

3-8.4 Standard Integrated Circuits. Table 3-1 provides a commercial
nomenclature to figure number cross reference for schematics and truth tables of
the standard integrated circuits used in the MRC.

Table 3-1. Standard Integrated Circuits

Commercial
Nomenclature Function Figure
54LS02 QUADRUPLE 2-INPUT POSITIVE-NOR GATE 5-28
541508 QUADRUPLE 2-INPUT POSITIVE-AND GATE 5-29
54LS14 HEX SCHMITT-TRIGGER INVERTER 5-30
541520 DUAL 4-INPUT POSITIVE-NAND GATE 5-31
54LS30 8-INPUT POSITIVE-NAND GATE 5-32
54LS74A DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS

WITH PRESET AND CLEAR 5-33
54LS76A DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR 5-34
54LS165 ' PARALLEL-LOAD 8-BIT SHIFT REGISTER WITH

COMPLEMENTARY OUTPUTS 5-35
54LS175 QUAD D-TYPE FLIP-FLOPS 5-36
5418190 SYNCHRONOUS UP/DOWN COUNTER 5-37
54196 PRESETABLE DECADE OR BINARY COUNTER LATCH 5-38
54390 DUAL 4-BIT DECADE AND BINARY COUNTER 5-39
MC14490 HEX CONTACT BOUNCE ELIMINATOR 5-40
5082-7391 NUMERIC LED DISPLAY 5-41
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CHAPTER 4

SCHEDULED MAINTENANCE

4-1. INTRODUCTION. This chapter contains scheduled maintenance procedures to
ensure that the Master Regulating Clock 0-1824/U (MRC) is operationally ready. No
operator for the MRC is required. All check procedures are performed by a techni-
cian as specified. No preventive maintenance is required for this equipment. The
scheduled maintenance instructions in this manual are intended to duplicate those
furnished in the Planned Maintenance System (PMS). In case of conflicts, the PMS
documentation takes precedence. Such conflicts should be reported immediately on
the user comment sheets in accordance with the maintenance procedures for this
manual.

4-2, SCHEDULED MAINTENANCE INDEX WORKSHEET. The scheduled performance test pro-
cedures contained in the Maintenance Requirement Cards for the MRC are listed in
the Maintenance Index Worksheet. Preventive maintenance procedures are not
required.
4-3. SCHEDULED PERFORMANCE TESTS. A copy of the Maintenance Requirement Cards is
included. Follow the procedures indicated for the scheduled time periods. The
scheduled performance procedures contained in the MRC Maintenance Requirement Cards
are as follows:

a. Observe operational status of 0-1824/U

b. Perform 0-1824/U BITE

c. Perform primary loop alignment

d. Clean air filters

e. Conduct front panel output checks

f. Conduct rear panel output checks

g. Fabricate bench power cable (as required)

h. Fabricate 0-1824/U test cables (as required).
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4-4. INACTIVE EQUIPMENT MAINTENANCE. When the MRC is inactivated for prolonged
periods, specific lay-up and start-up maintenance procedures are required. These

procedures are described in the Maintenance Requirement Cards and listed as
follows:

4-4,1 Lay-Up Maintenance

a. Install protective cover
b. Removal and storage.

4-4.,2 Start-Up Maintenance

a. Remove protective covering

b. Reinstall 0-1824/U.
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SHIP SYSTEM SUBSYSTEM MRC CODE
D-1
SYSTEM EQUIPMENT RATES M/H
0-1824/u RMSN
Clock, Master 0.1
Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
0.1
1. Perform 0-1824/U operability test. ELAPSED TIME
0.1

SAFETY PRECAUTIONS:

1. Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT:
None.

PROCEDURE:
1. Perform 0-1824/U operability test.

NOTE: This MRC is applicable to equipment located in
unmanned spaces only.

a. Observe ALARM light. Normal indication is off.
When 1it, ALARM indicates that a system-lock
failure occurred since the previous check.

(1) Observe OPERATE light. Normal indication
is LIT.

7240 1 39vd

(a) If OPERATE light is lit, press RESET
switch and observe that ALARM light goes off.

(b) 1f OPERATE light is off, loosen knurled
screws and open right-hand access panel.
Set MOD switch to OPR, LOOP switch to OPR.
Press front panel RESET switch.

(2) Verify that ALARM light is off and OPERATE light
is lit. If not, refer to troubleshooting

procedures in the technical manual.

LOCATION DATE

MAINTENANCE REQUIREMENT CARD (MRC)
11IND NAVSEACENPAC 4700/1 (9-75)
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b. Verify the POWER SOURCE - IN USE indicators indicate the
power currently being used.

c. If previously opened, close access panel and tighten
knurled screws.

d. Return equipment to readiness condition.

¢ 40 T 39vd

MAINTENANCE REQUIREMENT CARD (MRC)
1IND NAVSEACENPAC 4700/2 (9-75)
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SHIP SYSTEM SUBSYSTEM MRC CODE
M-1
SYSTEM ] EQUIPMENT RATES M/H
0-1824/U. RMSN
Clock, Master 0.1
Regulating
TOTAL M/H
MAINTENANCE REQUIREMENT DESCRIPTION 0 1
1. Perform 0-1824/U BITE operability test. ELAPSED TIME

SAFETY PRECAUTIONS

1. Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

None.

PROCEDURE
Preliminary

a. Ensure that equipment has been energized for 20
minutes or more.

1. Perform 0-1824/U BITE operability test.

v
a. Open both (left and right) access panels by un- 2
screwing captive knurled screws and lowering panels. n
—
b. Press top spring-loaded pushbutton to successively Q
set the CIRCUIT CHECK switch to the positions listed X
in Table 1 while observing CIRCUIT CHECK meter.
Meter readings should be as listed. If any meter
reading is out of tolerance, refer to troubleshooting
procedures in the technical manual.
c. Close both access doors and tighten captive knurled
screws.
d. Return equipment to readiness condition.
LOCATION OATE
|
MAINTENANCE REQUIREMENT CARD (MRAC)

1IND NAVSEACENPAC 4700/1 (9-75)
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TABLE 1
CIRCUIT CHECK CIRCUIT CHECK
SWITCH METER INDICATION
POS FUNCTION RANGE
0 +18 V +40. to +80
1 Supply Voltage +40 to +80
2 +5 V +40 to +80
3 2nd Harmonic Level +40 to +80
4 Battery Current | 0 to +80
(AC IN USE)
5 Césium Oven Temp. +40 to +80
6 Osc. Oven Temp +40 to +80
7 Vac-ion Current 0 to -20
8 Cesium Ion Current Set to 0 with DC-
Offset adj. =
9 Osc. Control Volts 0 to %40 . E
10 5 MHz Signal Level +40 to +80 °
11 Synthesizer Lock Ind. +40 to +80 »

MAINTENANCE REQUIREMENT CARD (MRC)
11IND NAVSEACENPAC 4700/2 (9-75)




ET 710-BP-OMI-010/E110-01824

SHIP SYSTEM SUBSYSTEM MRC CODE
s-1
SYSTEM EQUIPMENT RATES M/H
0-1824/U ET3 1.0
Clock, Master ETSN - 1.0
Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TO;ABM/H
1. Perform Cesium beam waveform alignment ELAPSED TIME
2. Clean air filters 1.0
SAFETY PRECAUTIONS
1. Forces afloat comply with Navy Safety Precautions
for Forces Afloat, OPNAVINST 5100 Series.
2. Voltage dangerous to life exists when equipment is
open and energized. Do not work alome.
3. Wear protective equipmenf and clear immediate area
of personnel when using LP air.
TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
F TEST EQUIPMENT
1. (0942) Oscilloscope, 200 MHz, 2 ns (SCAT 4307) 2
o
m
MATERIALS —
1. (1346) Tag, shipping, paper, string-tied (12ea) g
2. (1144) Tag, safety (2ea) o
TOOLS
1. (1194) Screwdriver, flat tip, 4", %" tip
2. (1198) Screwdriver, flat tip, 6", general purpose
3. (2987) Screwdriver, cross tip, Phillips No. 1, 3"
LOCATION DATE
6“ MAINTENANCE REQUIREMENT CARD (MRC)
11ND NAVSEACENPAC 4700/1 {9-75)
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TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

MISCELLANEOUS
1. (0418) Faceshield, industrial 4, (1608) Brush oval

LL I 2_1 8"
2. 0-1824/U Bench power cable. 7/8 /
Fabricate locally using MRC U-1l. 5. MRC S-3

3. (2390) towel wiping

PRELIMINARY

NOTE: If the 0-1824/U is so installed that extending
and rotating the drawer is possible, use Pre-
liminary procedure no. 1. If extending and rotating
the drawer is not possible, use Prellminary
procedure no. 2.

Preliminary procedure no. 1:

a. Turn off and tag main AC POWER and main DC POWER switches.

b. Loosen captive, knurled screws and slide 0-1824/U
drawer out of cabinet to limit of stops.

c. Release rotation latches and tilt drawer for access
to the rear panel connectors.

d. Tag and disconnect cables from rear panel connectors
J-15 through J-26.

e. Loosen captive screws and remove 0-1824/U top cover.

Preliminary procedure no. 2:

a. Turn off and tag main AC POWER and main DC POWER
switches.

Q 40 7 3ovd

b. Loosen captive, knurled screws and slide 0-1824/U
drawer out of cabeint to limit of stops.

c. Release rotation latches and tilt drawer for access
to the rear panel connectors.

d. Tag and disconnect cables from rear panel connectors
J-15 through J-26.

e. Disconnect AC power cable from J14 and DC power cable
from J13.

f. Release rotation latches and return the 0-1824/U
to horizontal position and lock rotation latches.

MAINTENANCE REQUIREMENT CARD (MRC) T
11IND NAVSEACENPAC 4700/2 (9-75) ;
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g. Release drawer slide catches, then remove 0-1824/U
from equipment cabinet and place on work surface.

h. Connect bench power cable to rear panel connector
J14 and to 115 VAC power source.

i. Loosen captive screws and remove 0-1824/U top cover.
PROCEDURE

1. Perform Cesium Beam Waveform Alignment.
a. Set rear panel POWER switch to ON. Remove tag and
turn on main AC POWER switch.

WARNING: Voltage dangerous to life exists when equipment
is open and energized. Do not work alone.

b. Open loosen knurled screws and open right-hand
access door on front panel.

c. Set MOD switch to OPR.

d. Set LOOP switch to OPEN.

e. Set oscilloscope controls:

- SYNC to INTERNAL

GWN TIME/DIV to 2 MSEC

V/CM to 0.2V

f. Connect probe to test point 1A7TPl. Turn GAIN ADJ
1A1A2R1 fully CCW.

9 J0 € 39Vvd

4

f

FIGURE 1

g. Adjust front panel OSCILLATOR ADJUST for a maximum
positive amplitude as shown in figure 1. If wave-
form distortion occurs, readjust GAIN ADJ 1AlA2Rl.

h. Adjust MODULATION ADJ 1A7R5 for maximum amplitude as
displayed on the oscilloscope, then adjust one-half
turn clockwise.

e MAINTENANCE REQUIREMENT CARD (MRC)
\ 11ND NAVSEACENPAC 4700/2 (9-75)
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i. Adjust PHASE ADJ 1A7R17 for correctly phased waveform.
Incorrect and correct waveforms are shown in figure 2.

_/\__/\_—IRV (0.5V to 1.5V)
—r.

INCORRECT CORRECT
FIGURE 2

j. Disconnect oscilloscope from 1A7TP1

k. Connect oscilloscope probe to 1A1A2TPl, preamplifier
signal output. The observed waveform should be as
shown in figure 3. 1If correct, go to step p. If
not correct, set rear panel POWER switch OFF. Dis-
connect oscilloscope probe and go to next step.

R
(0.4 to 1.5V)

FIGURE 3

1. Rotate 0-1824/U until bottom plate is visible. Loosen
29 captive phillips head screws and remove bottom cover.

m. Set rear panel POWER switch to ON.

n. Connect oscilloscope probe to 1A1A2TPl.

o. Adjust 1A3Rl (electron multiplier adjust) for correct
waveform (figure 3). If correct waveform cannot be
obtained, refer to troubleshooting procedures in the
technical manual. If waveform is correct, discomnect
oscilloscope and go to next step p.

9 40 4 39Vd

p. Connect oscilloscope probe to 1A7TPl. Set oscilloscope
to 0.05 volts per division. Adjust front panel
OSCILLATOR ADJUST control for minimum amplitude as
shown in figure 4.

/0 N/ IR I N I N R I I

INCORRECT INCORRECT CORRECT

FIGURE 4
q. Set front panel LOOP OPEN/OPR switch to OPR and press
front panel SYSTEM LOCK RESET button. SYSTEM LOCK
OPERATE indicator should light, SYSTEM LOCK ALARM
indicator should extinguish.

MAINTENANCE REQUIREMENT CARD {MRC)
11ND NAVSEACENPAC 4700/2 (9-75)
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r. Adjust GAIN ADJ 1A1A2Rl for waveform shown in figure 5.

NOTE: Waveform will appear unstable since loop constantly
corrects for precise output frequency.

_r\ /\ 4.0V (3.8 to 4.2v)
\J !

FIGURE 5
s. Disconnect oscilloscope.

t. Turn off and tag main AC POWER switch.

2. Clean Air Filters:

WARNING: Wear protective equipment and clear immediate
area of personnel when using LP air.

a. Clean rear panel air filter by applying LP air in
a reverse flow direction (from outside to inside).

b. Wipe accessible surfaces of inside of the 0-1824/U
with a clean towel.

c. Use brush to remove dust and dirt from areas not easily
accessible.

d. Clean top cover air screen by applying LP air to the
inside surface of the top cover screen.

e. Replace top cover and tighten captive screws.

f. If previously removed, replace bottom cover and tighten
captive screws.

g. Close front access panel and tighten captive, knurled
screws.

h. Reinstall 0-1824/U into equipment rack.

9 40 G 39V4

NOTE: If preliminary procedure no. 1 was performed, perform
step 2.h.(1). If preliminary procedure no. 2 was
performed, perform step 2.h.(2).

(1) Reconnect and reposition 0-1824/U to operational
position.

(a) Reconnect cables to rear panel connectors J15
through J26, as tagged. Remove tags.

(b) Release rotation latches and rotate the
0-1824/U to the horizontal position.

(c) Release slide catches and slide drawer into
cabinet, and tighten captive, knurled screws
at the front panel cormers.

(d) Remove tags and turn on Main AC POWER and
Main DC POWER switches.

MAINTENANCE REQUIREMENT CARD (MRC)
1IND NAVSEACENPAC 4700/2 {9-75)
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(e) Push front panel RESET pushbutton.

(f) Retain equipment to readiness condition.

(2) Reinstall 0-1824/U.

(a) Disconnect bench power cable from bench AC
outlet and J14.

(b) Reinsert 0-1824/U into equipment cabinet until
drawer slide catches engage.

(c) Reconnect cabinet power cables to J13 and J14,
as tagged.

(d) Reconnect cables to J15 through J26 as tagged.
Remove tags.

(e) Release rotation latches and return the 0-1824/U
to the horizontal position. Release slide
catches and slide drawer into cabinet.

(f) Tighten captive knurled screws at the front
panel corners.

(8) Remove tags and turn on main AC POWER and
DC POWER switches.

(h) Push front panel RESET pushbutton.

(i) Return equipment to readiness condition.

g 40 g 39Vd

MAINTENANCE REQUIREMENT CARD (MRC)
11ND NAVSEACENPAC 4700/2 (9-75)
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SHIP SYSTEM SUBSYSTEM MRC CODE
§-2
SYSTEM . EQUIPMENT RATES M/H
0-1824/U ET3 0.2
Clock, Master
Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
0. 2
1. Measure front panel output frequencies. ELAPSED TIME
0.2
SAFETY PRECAUTIONS
1. Forces afloat comply with Navy Safety Precautions- for
Forces Afloat, OPNAVINST 5100 Series
TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
TEST EQUIPMENT
1. (0942) Oscilloscope, 200 MHz, 2 ns (SCAT 4307)
MISCELLANEOUS
1. (2687) Connector, TEE, BNC, Type UG-274A/U
2. (2174) Termination, 50Z, feedthru (SCAT 4595)
PROCEDURE g
Preliminary -
a. Connect a 50 ohm termination to a coaxial cable. o
mn
b. Connect 50 ohm termination to oscilloscope CHAN A w
input.
1. Measure Front Panel Output Frequencies.
a. Verify 1PPS output (A9J2)
(1) Set oscilloscope SYNC to INTERNAL
(2) Connect coaxial cable from oscilloscope to
0-1824/U front panel 1PPS connector.
(3) Set oscilloscope TIME/DIV to 10 usec/DIV.
LOCATION DATE
53‘ MAINTENANCE REQUIREMENT CARD (MRC)

11ND NAVSEACENPAC 4700/1 (9-75)
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(4) Waveform on the oscilloscope should be as shown in
figure 1 at one pulse per second.

+10 (9 to 11V) ﬂ
0 to 0.5v

FIGURE 1

b. Verify 1 PPM Output

(1) Disconnect coaxial cable from 0-1824/U 1PPS
output connector and connect to 0-1824/0
front panel 1PPM connector.

(2) Observe 0-1824/U TIME DISPLAY and oscilloscope
simultaneously. 1PPM pulse may appear at any
horizontal position, once per minute, on the
minute. Observe for three minutes to verify
that the pulse, similar to that shown in figure
1, repeats on the second.

(3) Disconnect coaxial cable from 1PPM connector.

c. Verify 5 MHz output
(1) Set oscilloscope TIME/DIV to 0.1 usec/DIV.

(2) Connect coaxial cable from oscilloscope to
5 MHz output connector. The oscilloscope
waveform shall appear as shown in figure 2.

——'0.2 US|<—

€ 40 Z39vd

FIGURE 2

(3) Disconnect coaxial cable from 0-1824/U 5 MHz
output connector.

d. Verify 1 MHz Output
(1) Set oscilloscope TIME/DIV to 0.5 usec/DIV.

(2) Connect coaxial cable from oscilloscope to
1 MHz output connector.

MAINTENANCE REQUIREMENT CARD (MRC)
11ND NAVSEACENPAC 470072 (9-75) ’*%
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(3) Waveform on the oscilloscope should be as shown
in figure 3.

f-|10s|¢—

FIGURE 3

(4) Disconnect coaxial cable from 0-1824/U 1 MHz
output connector.
e. Verify 100 KHz Output
(1) Set oscilloscope TIME/DIV to 5 usec/DIV.

(2) Connect coaxial cable from oscilloscope to
100 KHz output connector.

(3) Waveform on the oscilloscope should be as shown
in figure 4.

—+| 10 US e

FIGURE 4
.
>
(4) Disconnect coaxial cable from 0-1824/U I
100 KHz output connector. w
o
f. Return equipment to readiness conditionm. ;l
W MAINTENANCE REQUIREMENT CARD (MRC)
\ 1IND NAVSEACENPAC 4700/2 (9.75)
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SHIP SYSTEM SUBSYSTEM MRC CODE
s-3
SYSTEM i EQUIPMENT RATES M/H
0-1824/U ET3 0.8
Clock, Master
Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
1. Perform rear panel output checks. e._Apge'os TIME
0. 8

SAFETY PRECAUTIONS

1. Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

TEST EQUIPMENT

1. (0942) Oscilloscope, 200 MHz, 2 ns (SCAT 4307)

2. (3053) Multimeter digital, Model 8600A-01, FSCM 89536
(SCAT 4212)

MATERIALS

1. (1346) Tag, shipping, paper, string-tied (12 ea.)

2. (1144) Tag, safety (2 ea.)

TOOLS
1. (1198) Screwdriver, flat tip, 6", general purpose

MISCELLAFEOUS

1. 0-1824/U Bench power cable (see note 1)

2. 0-1824/U 1PPM test cable (see note 1)

3. 0-1824/U 5 MHz test cable (see note 1)

4. 0-1824/U Timing fault test cable (see note 1)
5. (2174) Termination, 50Z, feedthru (SCAT 4595)
6. MRC S-1

7. MRC U-1

G 40 T 3owvd

LOCATION DATE

MAINTENANCE REQUIREME
11IND NAVSEACENPAC 4700/
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PROCEDURE

NOTE 1: If your unit does not possess the bench power cable
or the three test cables, fabricate them per MRC-U-1.

NOTE 2: If the 0-1824/U is so installed that extending and
rotating the drawer is possible, use Preliminary
procedure no. 1. If extending and rotating the
drawer is not possible, use Preliminary procedure
no. 2.

Preliminary procedure no. 1:

a. Turn off and tag main AC POWER and main DC POWER
switches.

b. Loosen captive, knurled screws and slide 0-1824/U
drawer out of cabinet to limit of stops.

c. Release rotation latches and tilt drawer for access
to the rear panel connectors.

d. Tag and disconnect cables from rear panel connectors
J15 through J26.

e. Remove tags and turn on main AC POWER and main
DC POWER switches.
@wN Preliminary procedure no. 2.:

a. Turn off and tag main AC POWER and main DC POWER
switches.

b. Loosen captive, knurled screws and slide 0-1824/U
drawer out of cabinet to limit of stops.

c. Release rotation latches and tilt drawer for access
to the rear panel connectors.

G 40 7 3ovd

d. Tag and disconnect cables from rear panel connectors
J15 through J26.

e. Disconnect AC power cable from J14 and DC power
cable from J13.

f. Release rotation latches and tilt the 0-1824/U to
horizontal position and lock rotation latches.

g. Release drawer slide catches, then remove 0-1824/U
from equipment cabinets and place on work surface.

h. Connect bench power cable to rear panel connector
J14 and to 115VAC power source.

‘ MAINTENANCE REQUIREMENT CARD (MRC}
11ND NAVSEACENPAC 4700/2 (9-75)
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1. Conduct Rear Panel Output Checks.
a. Check 1PPM Outputs.

(1) Connect 1PPM test cable (2-pin connector) to J15.
(2) Connect 50-ohm termination to 1PPM test cable.

(3) Connect 50-ohm termination to oscilloscope
CHAN A input.

(4) Set oscilloscope SYNC to INTERNAL.
(5) Set oscilloscope TIME/DIV to 10 uSEC.

(6) Observe 0-1824/U TIME DISPLAY and the oscillo-
scope, simultaneously. The 1PPM pulse should
appear once per minute, on the minute. Observe
for three minutes.

(7) Disconnect 2-pin connector from Jl5.
(8) Repeat procedure for J16, J17, and J18.
(9) Disconnect 2-pin connector from J18 and proceed
to substep l.b.
b. Check Time Code Output.

(1) Connect 2-pin connector of 1PPM test cable
to J22.

(2) Connect BNC to BNC cable between oscilloscope
EXT TRIG SYNC input and 0-1824/U front panel
1PPS output.

(3) Set oscilloscope SYNC to EXTERNAL.
(4) Set oscilloscope TIME/DIV to 50 MSEC.

G 40 ¢ 39vd

(5) Observe groups of one or more pulses with a
peak-to-peak amplitude of 12 volts, occurring
at 0.5 second intervals.

(6) Disconnect test cable from J22 and from
Oscilloscope.

(7) Disconnect BNC to BNC coaxial cable from
oscilloscope EXT TRIG SYNC and 0-1824/U 1PPS.

c. Check 5 MHz outputs.

(1) Connect 5 MHz test cable (3-pin connector)
between 50 ohm termination on oscilloscope
and rear panel J19.

(2) Set oscilloscope TIME/DIV to .luSEC.

MAINTENANCE REQUIREMENT CARD (MRC)
1IND NAVSEACENPAC 4700/2 (9-75)
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(3) Observe that waveform is as shown in figure 1.

-—*10.2 usr——-

FIGURE 1

(4) Disconnect 3-pin connector from J19.
(5) Repeat steps (3) and (4) for J20 and J21.
(6) Disconnect 5 MHz test cable from J21 and from
oscilloscope.
d. Check J23 outputs.
(1) Connect timing fault test cable (5-pin connector)
to J23.

(2) Connect coaxial lead of test cable to 50 ohm
termination on oscilloscope.

(3) Ensure that oscilloscope TIME/DIV is still
set to .l uSEC.

Gwh (4) Observe that waveform is as shown in figure 1.

(5) Disconnect test cable coaxial lead from
oscilloscope.

(6) Set DVM to measure *10VDC.
(7) Connect DVM positive lead to test cable red lead.

G 40 U] 39Vvd

(8) Connect DVM common lead to test cable black lead.
(9) DVM should indicate +2.4VDC to +5.2VDC.
(10) Disconnect test cable from DVM and from J23.

e. Reinstall 0-1824/U into equipment rack.

NOTE: If preliminary procedure no. 1l was performed,
perform step 1.£.(1). If alternate preliminary
procedure was performed, perform step 1l.f.(2).

(1) Reconnect and repesition 0-1824/U to operational
position. :

(a) Turn off and tag main AC POWER and main DC
POWER switches.

(b) Reconnect equipment cabinet cables to rear
panel connectors J15 through J26. Remove
tags.

Q MAINTENANCE REQUIREMENT CARD (MRC)
11ND NAVSEACENPAC 4700/2 (9-75)
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(c) Release rotation latches and tilt 0-1824/U
to horizontal position.

(d) Release slide catches and slide 0-1824/U
drawer into cabinet; tighten captive, knurled
screws at the front panel corners.

(e) Remove tags and turn on main AC POWER and main
DC POWER switches.

(f) Return equipment to readiness condition.
(2) Reinstall 0-1824/U.

(a) Set bench AC POWER OFF.

(b) Disconnect bench power cable from bench AC
outlet and from 0-1824/U connector J14.

(c) Reinsert 0-1824/U into equipment cabinet
until drawer slide catches engage.

(d) Reconnect AC power cable to J14 and DC
power cable to J13.

(e) Reconnect cables to J15 through J26. Remove
tags.

(f) Release rotation latches and return 0-1824/U
to horizontal position.

(g) Release slide catches and slide 0-1824/U

into cabinet. >
o
(h) Tighten captive, knurled screws at fromt 1%
panel corners. o
(i) Remove tags and turn on main AC POWER and -
main DC POWER switches.
(j) Return equipment to readiness condition.
MAINTENANCE REQUIREMENT CARD (MRC) ‘W%
1IND NAVSEACENPAC 4700/2 (9-75) R,
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SHIP SYSTEM SUBSYSTEM MRC CODE
U-1
SYSTEM - EQUIPMENT AATES M/H
0-1824/U
Clock, Master
Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
1. Fabricate bench power cable ELAPSED TIME

SAFETY PRECAUTIONS

1. Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
MATERIALS

1. Cable, power, 3-wire, MIL-C-3432 type C0-03 MGF (3/14)
0500 (5 ft.).

2. Wire, electric, PVC-insulated, copper, Part No.
M5086/1-22-0 (5 ft.).

3. Wire, electric, PVC-insulated, copper, Part No.
M5086/1-22-2 (5 ft.).

4. (1435) wire, electrical, bare copper, tin-plated,
22AWG (12").

5. Cable, R.F., flexible, coax, Part No. M17/028-RG058
(15 ft.).

6. Connector plug, coaxial, R.F., BNC, Part No.
M39012/16-0101 (3).

7. (0287) clip, electrical, alligator style (2).

8. Connector, plug, electrical, general purpose, 2-pole,
3-wire, Part No. WC596/13-3.

9. Connector, plug, electrical, Part No. M53106F10SL-3S.
10. Connector, plug, electrical, Part No. MS3106F10SL-4S.
11. Connector, plug, electrical, Part No. MS3126F14-12S.

12. (1307) solder, tin alloy, SN60, 0.063".
13. Tubing, insulating, MIL-T-48807, Size 22 (12"). _

14. Connector, plug, electrical, Part No. MS81511/26EBO2P1.

% 40 T 39Vd

LOCATION DATE

g MAINTENANCE REQUIREMENT CARD (MRC)
11IND NAVSEACENPAC 4700/1 (9-75)
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TOOLS
1. (1198) screwdriver, flat tip, 6", general purpose.

2. (1309) soldering iron, pencil type, w/plug-in tips,
40W.

3. (1332) stripper, wire, hand, pivot handles, No. 8-22
wire. :

4. (0721) knife, pocket, electricians.

PROCEDURE

1. Fabricate Bench Power Cable.

a. Prepare one end of the three-wire power cable as
shown in figure 1. Tin the wire ends.

) .
s\
o\¥

FIGURE 1
b. Prepare the remaining end as shown in figure 2.

Tin the wire ends.
1
= 5
a/\r/@

FIGURE 2

c. Solder short (7/8") wire ends of power cable to
MS126F14-12S connector as shown in figure 3.

% 40 T 39ovd

d. Connect remaining ends of power cable to 3-wire
electrical connector WC596/13-3 as shown in figure 3.

FIGURE 3

MAINTENANCE REQUIREMENT CARD (MRC)
11ND NAVSEACENPAC 4700/2 (9-75)
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2. Fabricate 0-1824/U Test Cables.
a. Cut coaxial cable RGO58 into three equal (5') pieces.
b. Prepare both cable ends of all pieces as shown in
figure 4. 593 REF < )

A47
A27 l
353 3

333 | I

m FIGURE 4

c. Further prepare one of each cable piece as shown in
figure 5.

INSULATING TUBING

BARE WIRE

FIGURE 5

d. Install a BNC plug connector on each piece of cable

at the end shown in figure 4.

e. Wire the remaining end of one piece of cable to the
MS3106F10SL-4S (2-pin) connector as shown in figure 6.

4 40 € 39Vd

FIGURE 6

f. Wire the remaining end of one piece of cable to the

MS3106F10SL-3S (3-pin) connector as shown in figure 7.

FIGURE 7

MAINTENANCE REQUIREMENT CARD (MRC)
1IND NAVSEACENPAC 4700/2 (9-75)
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g. Strip each of both (red and black) pieces of 22AWG
insulated wire 1/4". Tin each end.

h. Install an alligator clip on one end of each piece
of wire. '

i. Solder the red and black wires to the MS81511/2
6EBO2P1 (5-pin) connector as shown in figure 8.

3 2 BLACK

RED
FIGURE 8

j. Wire the remaining coaxial cable to the
MS81511/26EBO2P1 connector as shown in figure 9.

FIGURE 9

°

»

o

k. After checking all connections on all cable 1™
assemblies, complete assembly of connectors. =

9

=3

MAINTENANCE REQUIREMENT CARD (MRC) i“)

1IND NAVSEACENPAC 4700/2 (9-75)
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SHIP SYSTEM SUBSYSTEM MRC CODE
LU-1

SYSTEM , EQUIPMENT RATES M/H
0-1824/U Clock, RMSN 0.3
Master Regulating

MAINTENANCE REQUIREMENT DESCRIPTION TO(')I'A; M/H

1. 1Install protective covering. ELAPSED TIME

0.3

SAFETY PRECAUTIONS

1. Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 series.

TOOLS, PARTS; MATERIALS, TEST EQUIPMENT
MATERIALS

1. (l144) Tag, safety 3. (1356) Tape, pressure-sensitive

2. (0973) Paper, wrapping adhesive, masking, paper

chemically neutral

fire-resistant TOOLS
MIL-P-43773, Grade B 1. (0721) Knife
PROCEDURE >
o
m
NOTE: Accomplish if industrial work is to be performed in —
vicinity of equipment. o
b
Preliminary .
a. Turn off equipment power switch.
b. Turn off and tag main AC POWER and main DC POWER
switches.
1. Install Protective Covering
a. Cover unit with fire-resistant wrapping paper.
Ensure all seams and openings are sealed with
tape.
LOCATION DATE
eﬁ MAINTENANCE REQUIREMENT CARD {MRC)

T1IND NAVSEACENPAC 4700/1 (9-75)
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4-26

SHIP SYSTEM SUBSYSTEM MRC CODE
LU-2
SYSTEM EQUIPMENT RATES M/H
0-1824/U Clock, RMSN 0.3
Master Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
0.3

1. Remove 0-1824/U and store connected to

AC power source. 0.3

ELAPSED TIME

SAFETY PRECAUTIONS

1. Forces afloat comply with Navy Safety Procedures for Forces
Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

MATERIALS
1. (1346) Tag, shipping, paper, string-tied (12)
2. (1144) Tag, safety (2)

TOOLS
1. (1198) Screwdriver, flat-tip, 6"
R
MISCELLANEOUS 4
m
1. MRC U-1 —
2. 0-1824/U Bench power cable. Fabricate locally using °
MRC U-1
N
PROCEDURE
NOTE: Accomplish if power is to be unavailable to equipment
for periods in excess of 30 days.
1. Remove 0-1824/U and Store Connected to AC Power Source.
a. Turn off and tag main AC POWER and main DC POWER
switches.
b. Loosen captive, knurled screws and slide 0-1824/Y
drawer out of cabinet to limit of stops.
c. Release the rotation latches and rotate drawer for
access to the rear panel connectors.
d. Tag and disconnect .cables from rear panel connectors
J15 through J26.
LOCATION DATE
MAINTENANCE REQUIREMENT CARD (MRC)
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e. Disconnect AC power cable from J14 and DC power
cable from J13.

f. Release rotating latches and rotate 0-1824/U to
horizontal position and lock rotation latches.

g. Release drawer slide catches, and remove 0-1824/U
from equipment cabinet. Transport to storage
facility.

h. Connect 0-1824/U bench power cable to rear panel
connector J14 and to 115VAC power source.

40 ¢ 39vd

4

€ ‘ MAINTENANCE REQUIREMENT CARD (MRC)
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SHIP SYSTEM SUBSYSTEM MRC CODE “9
Su-1
SYSTEM : EQUIPMENT RATES M/H
0-1824/U Clock, RMSN 0.3
Master Regulating
MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H
. 0.3
1. Remove protective covering. ELAPSED TIME
0.3

SAFETY PRECAUTIONS

1. TForces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

MATERIALS
1. Towel, wiping (2390)

TOOLS
1. Knife (0721)

PROCEDURE
°
»
NOTE: Omit requirement if equipment was not covered a
"during lay-up. : =
)
1. Remove Protective Covering n
(=

a. Remove wrapping paper and tape from unit.

b. Clean dirt and wrapping residue from exterior of
equipment using towels.

c. Remove tags and turn on main AC POWER and main
DC POWER switches.

LOCATION DATE

MAINTENANCE REQUIREMENT CARD (MRC)
11IND NAVSEACENPAC 4700/1 (9-75)
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SHIP SYSTEM SUBSYSTEM MRC CODE

SU-2

SYSTEM ) EQUIPMENT RATES

Master Regulating

MAINTENANCE REQUIREMENT DESCRIPTION

1.

0.3

Reinstall 0-1824/U. ELAPSED TIME

0.3

0-1824/U Clock, RMSN 0.3

TOTAL M/H

M/H

SAFETY PRECAUTIONS

1.

Forces afloat comply with Navy Safety Precautions for
Forces Afloat, OPNAVINST 5100 Series.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

TOOLS

1.

(1198) Screwdriver, flat-tip, 6"

PROCEDURE
NOTE: Omit requirement if equipment was not covered during

l.

lay-up.
Reinstall 0-1824/U.

a. Disconnect 0-1824/U bench power cable from AC outlet
and from 0-1824/U connector Jl4.

b. Reinsert 0-1824/U into equipment cabinet until drawer
slide catches engage.

c. Reconnect AC power cable to Jl4 and DC power cable
to J13.

d. Reconnect equipment cabinet cables to J15 through J26.
Remove tags.

e. Release rotation latches and return 0-1824/U to
horizontal position.

f. Release slide catches and slide 0-1824/U into
cabinet.

g. Tighten captive, knurled screws at front panel
corners.

h. Remove tags and turn on main AC POWER and main
DC POWER switches.

i. Return equipment to readiness condition.
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CHAPTER 5

TROUBLESHOOTING

5-1. INTRODUCTION. This chapter contains troubleshooting procedures for both the
organizational and intermediate/depot level activities. Organizational level
troubleshooting will isolate faults to a replaceable module. Intermediate/depot
level troubleshooting will isolate to a piece-part within a repairable
module/assembly and/or a discrete chassis or panel mounted component. Reference
should be made to the figures in Chapter 6 for the location of all modules and
components. The block diagrams and schematic diagrams, figures 5-9 through 5-42,
should be used as aids during testing and troubleshooting.

5-1.1 Troubleshooting Index. Table 5-1 contains an index keyed to each func-
tional area of the Master Regulating Clock (MRC). The index references the
applicable troubleshooting paragraph, table, and figure number; and the correspond-
ing functional description. The alignment and adjustment procedures for each
functional area are addressed under paragraph 6-2.

Table 5-1. Troubleshooting Index

Alignment/
Functional Troubleshooting paragraph/ Functional adjustment
area table/figure description paragraph
1 5-2/5-6, 5-6/N/A 3-2 6-2
1A5 5-3.9/5-8/5-13 3-4.1
1A6 . 5-3.10/5-9/5-14 3-4.2
1A7 5-3.11/5-10/5-15 3-4.3
1A8 5-3.12/5-12/5-16 3-4.4
1A9 5-3.13/5-13, 5-16/5-17, 5-18 3-4.5
1A10 5-3.14/5-18/5-19 3-4.6
1A14 5-3.15/5-19/5-20 3-4.7
1Al16 5-3.16/5-20/5-21 3-4.8

5-1.2 Relay and Indicator Lamp Indexes. Relays and indicator lamps used in the
MRC are listed in tables 5-2 and 5-3 respectively.

5-1.3 Protective Device Index. Protective devices used in the MRC are listed in
table 5-4.

5-1.4 Maintenance Turn-On Procedure. To turn on the MRC for maintenance testing
refer to table 5-5. If external power sources are not indicated on POWER SOURCE IN
USE indicators (27 or 28, figure 2-1) check input power source.
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Table 5-2. Relay Index
Reference Schematic Functional Energizing
designation diagram name voltage
1A7AI1K1 5-15 Loop 15 vDC
1A7A1K2 5-15 Time constant 15 vDC
1A9K1 5-17, 5-18 Time display 18 VDC
1A14K1 5-20 Battery relay 18 vDC
Table 5-3. Indicator Lamp Index
Reference Schematic Functional Energizing
designation diagram name voltage
1Ds1 5-22 SYSTEM LOCK ALARM 5 vDC
1DS2 5-20 BAT IN USE 5 VDC
1DS3 5-22 SYSTEM LOCK OPERATE 5 VDC
1Ds4 5-20 DC AVAILABLE 5 VDC
1DS5 5-20 BAT AVAILABLE 5 VDC
1DS6 5-20 DC IN USE 5 VDC
1Ds7 5-20 AC IN USE 5 vVDC
1A9CR2 5-17, 5-18 SYNC ARM 5 VDC
1A9CR1 5-17, 5-18 UT SET 5 VDC
Table 5-4. Circuit Breaker and Fuse Index
Rating
Reference Rear panel Schematic Supply
designation marking Volts Amps diagram protected
1F1 115/230 VAC 250V 2A 5-22 115/230 VAC
1F2 115/230 VAC 250V 2A 5-22 115/230 VAC
1F3 EXT DC 250V 4A 5-22 EXTEND DC
1F4 INT BAT 250V 4A 5-20 INTERNAL BATTERY
1F5 SPARE FUSES | 250V 2 N/A -
1F6 SPARE FUSES 250V 4A N/A - :
1A17F1 - 32v 20A 5-20 BATTERY POWER SUPPLY
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Table 5-5. Maintenance Turn-On Procedure

Step Observe Reference
1. Ensure rear panel POWER switch (8, figure 2-2) - -
is in OFF position.
2. Connect 115 VAC or 230 VAC to connector Jl4 - -

and/or +22 to 30 Vdc to connector J13.

3. Ensure that the front panel LOOP OPEN/OPR - -
switch (13, figure 2-1) is set to OPR position.

4. Ensure that the front panel MOD OFF/OPR switch - -
(14) is set to OPR position.

5. Ensure that the TIME CONSTANT LONG/NORM switch - -
(32) is set to NORM position.

6. Place rear panel POWER switch (8, figure 2-2) - -
to ON position.

7. Press front panel RESET pushbutton (17, - -
figure 2-1) to reset ALARM indicator
after 20 minutes warm—up time.

5-2. ORGANIZATIONAL LEVEL TROUBLESHOOTING. The organizational level
troubleshooting for the MRC is based upon the symptoms observed during a BITE
performance test using the front panel CIRCUIT CHECK switch and associated meter.
It is also based upon symptoms observed during the course of normal operation or
during the performance of output checks as indicated in the Maintenance Requirement
Cards included in Chapter 4. If a fault is observed during the performance checks,
refer to figure 5-1, Fault Logic Diagram, and perform the specified troubleshooting
checks for the fault. If a bad indication or no indication appears during the
front panel BITE checks, refer to table 5-6. If a bad indication or no indication
appears during the output checks or during normal operation, refer to table 5-6 or
paragraphs 5-2.2, 5-2.3, or 5-2.4.

NOTE

If all readings are out-of-tolerance or meter does not move, replace
1A16. If meter is still inoperative, refer problem to intermediate/depot
level personnel.

5-2.1 Interconnecting Cables. Cables used for organizational and
intermediate/depot level maintenance are not supplied with the MRC. They must be
locally fabricated. A list of the components and cables required is given in table
1-3. Refer to the Maintenance Requirement Card U-1 in Chapter 4, which provides
instructions for fabrication of all cables except the extender cables required for
module testing and fault isolation. Refer to figures 5-2 through 5-6 for
fabrication instructions for the module extender cables.
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Table 5-6. Organizational Troubleshooting
Step Instruction }Indication Yes No Remarks
1. MRC in-
operative
on AC
power (no
output,
TIME DIS-
PLAY not
lit)
a. Observe AC IN| Lamp lit Replace 1A6 Set MRC POWER
lamp switch and
main POWER
OFF. Go to
step 1.b
b. Remove and Fuse blown Replace blown | Ship MRC to
check fuses - fuse, set intermediate/
Fl and F2 POWER ON. depot facil-
Go to ity for
step l.c further
shooting
c. Observe AC AC IN USE Perform Set POWER OFF, |If ALARM is
IN USE ALARM lit, OPER- monthly check fuses lit and
and OPERATE ATE lit check, MRC- Fl, F2. 1If OPERATE is
lamps (see re- M-1 blown again, off, push
’ marks), and ship MRC to RESET
ALARM OFF intermediate/
depot facil-
ity for
further
trouble-
shooting
2. MRC in-
operative
on DC power
(no output,
TIME DIS-
PLAY not
lit)
a. Observe DC Lamp lit Replace 1A6 Set MRC and
IN USE lamp main POWER
OFF. Go to
step 2.b
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction | Indication Yes No Remarks
2. b. Remove and Fuse blown Replace Ship MRC to
(cont) check fuse blown fuse, intermediate/
F3 set POWER depot facil-
ON. Go to ity for
step 2.c further
trouble-
shooting
c. Observe DC DC IN USE Perform Set POWER OFF, |If ALARM
IN USE, lit, monthly check fuse lamp is
ALARM, and OPERATE check, F3. If lit, press
OPERATE lit MRC-M-1 blown again, RESET
lamps ship MRC to
intermediate/
depot facil-
ity for
further
trouble-
shooting
3. MRC in- MRC must
operative have been
on BAT warmed up
power. using AC
(No output, or DC
TIME, DIS- power
PLAY does source be-
not light fore per-
when TIME forming
DISPLAY is step 3.
pressed) Battery
must have
been pre-
viously
charged
for 16
Hrs,
minimum
a. Set POWER Fuse blown Replace fuse [Replace
OFF. Re- F4, set battery pack
move and POWER switch| 1Al7 with a
check fuse ON. Go to fully
F4 step 3.b charged
battery pack.
Set POWER
switch ON.
Go to
Step 3.c
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction | Indication Yes No Remarks
3. b. Observe Both, lamps Perform Set POWER
(cont) AVAILABLE- lit monthly switch OFF,
BAT and IN check, check fuse
USE-BAT MRC-M-1 F4. If blown
lamps again, ship
MRC to inter-
mediate/depot
facility for
further
trouble-
shooting
c. Observe Both lamps Perform Set POWER
AVAILABLE- | 1lit monthly switch OFF,
BAT and IN check, replace 1Al4.
USE-BAT MRC-M-1 Set POWER
lamps ' switch ON,
repeat obser-
vation. If
MRC is still
inoperative,
ship MRC to
intermediate/
depot facil-
ity for
further
trouble-
shooting
4. ALARM lamp
lit, OPER-
ATE lamp
off
a. Push front ALARM lamp MRC is Go to
panel RESET off, OPER- operational step 4.b
pushbutton ATE lamp
1lit
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Table 5-6. Organizational Troubleshooting - Continued

Step Instruction |Indication Yes No Remarks
4. b. Open right- |LOOP switch Go to Set LOOP
(cont) hand panel, is set to step 4.c switch to
verify that OPR OPR, push
LOOP switch RESET. If
is set to OPR ALARM lamp
goes out and
OPERATE
lights, MRC

is opera-
tional. If
not, go to
step 4.c

c. Verify that |MOD switch Go to step 5 | Set MOD switch
MOD switch is set to to OPR, push
is set to OPR| OPR RESET. 1If

' ALARM lamp
goes out,
and OPERATE
lights, MRC
is opera-
tional. If
not, go to

step 5
5. The following
refer to
CIRCUIT CHECK
switch posi-
tion failure
indications
a. Position '0' |+40 to +80 Go to step 5.b Go to step 6 +18 Vdc
b. Position '1' [+40 to +80 Go to step 5.c Go to step 7 System DC
c. Position '2' [+40 to +80 Go to step 5.d Go to step 6 +5 Vdc
d. Position '3' |[+40 to +80 Go to step 5.e Ship MRC to Second
intermediate/| Harmonic
depot facil- Level
ity for
further
trouble-
shooting
ﬁ?‘ ' e. Position '4' [0 to +80 Go to step 5.f Go to step 8 Battery
Charge
Status
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction |Indication Yes No Remarks
5. f. Position '5' |+40 to +80 Go to step 5.g|Ship MRC to
(cont) intermediate/
depot facil-
ity for
further
trouble-
shooting
g. Position '6' |+40 to +80 Go to step 5.i|Go to step 5.h [Oscillator
oven temp-
erature
h. Check +18 Vdc|+18 Vdc Replace 1A4 Ship MRC to
at A4P1-1 ’ intermediate/
depot facil-
ity for
further
trouble~
shooting
i. Position '7' |0 to -20 Go to step 5.j|Go to step 9 Warmup time
SEE REMARKS of 2
minutes is
required
j. Position '8' |See fromt
panel MOD
switch to
OFF and
loop switch
to OPEN.
Adjust front
panel DC
OFFSET for
midscale.
Adjust front
panel O0SCIL-
LATOR ADJUST
for peak
meter read-
ing. Set
front panel
MOD switch
to OPR and
loop switch
to OPR. Go
to step 5.k
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction | Indication Yes No Remarks
5. k. Position '9' |0 +40 Go to step 5.1|Go to para-
(cont) graph 5-2.4
steps m
through r
1. Position '10'| +40 to +80 Go to step 5.m|Go to para-
graph 5-2,2
m. Position '11'| +40 to +80 Review Go to para-
symptoms graph 5-2.4
steps d
through g
6. a. Check volt Check all
age on the voltages
following before
1A6 going to
chassis con- step 6.b.
nector pins: If all
(see voltages
remarks) low or
missing,
go to
step 7
1. pin 2 +13.5 Vdc Go to 6.a.2 Go to 6.b
2. pin 3 -18 Vvdc Go to 6.a.3 Go to 6.b
3. pin 6 +18 Vdc Go to 6.a.4 Go to 6.b
4. pin 7 +5 vdc Go to 6.a.5 Go to 6.b
5. pin 10
(8 +1 Vdc Go to 6.a.6 Go to 6.b
return)
6. pin 9 +7.6 Vdc Go to 6.a.7 Go to 6.b
7. pin 12
(11 +7.6 Vdc Go to 6.a.8 Go to 6.b
return)
8. pin 13 4.6-6.2 Vdc Go to 6.a.9 Go to 6.b
9. pin 18 +18 Vdc Go to 6.a.10 |Go to 6.b
10. pin 19 +5 Vde Go to 7 Go to 6.b
b. Set POWER
switch to
OFF, then
proceed as
follows:

1. Remove 1A6
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction |Indication Yes No Remarks
6. 2. At connector |Shorted to Remove/ Replace 1A6
(cont) pin(s) noted ground disconnect
as low, check assemblies
resistance to until short
ground is cleared. -
Replace
shorted
module
If short is
not cleared
by removal
of assem-
blies, ship
MRC to
inter-
‘mediate/
depot facil-
ity for
further
trouble-
shooting
7. If required, +34 Vdc Replace 1A6 Ship MRC to
set POWER intermediate/
switch ON. depot facil-
Check volt- ity for
age at further
1A6P1-14 trouble-
shooting
8. a. Set POWER Fuse F4 Go to step 8.b|Replace fuse
switch to checks good F4
OFF. Remove
and inspect
INT BATTERY
fuse F4
b. Reinstall a. If volt- Replace 1Al17
fuse. Using age 1is
voltmeter, 0 vdc
check volt-
age across b. If volt- Go to step 8.c|If voltage is
1A17P1-2 age is ' less than 17.0
and -4 greater Vdc, battery
than needs to be
17.0 vdc charged

5-10
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Table 5-6. Organizational Troubleshooting - Continued
Step Instruction | Indication Yes No Remarks
8. c. Reconnect a. If volt- Go to step 8.d
(cont) 1A17P1. age is
Connect +17 Vdc or
AC external higher
power
sources at b, If volt- Replace 1Al4
this time. age is
Set POWER 0 Vde
switch to ON.
Measure
voltage at
chassis sub-
assembly U4-1
d. Disconnect a. If +17.0 Replace 1A6
the AC ex- Vde or
ternal power higher
(connector
1J14) and b. If 0 Vde Ship MRC to
check volt- inter-
age at mediate/
chassis depot facil-
subassembly ity for
U4-2 further
trouble-
shooting
9. 8. Check dc a. If +2 Vdc | Acceptable
voltage at or higher reading
1A2E4
b. If less Go to step 9.b
than
+2 Vdc
b. Check dc +17 to Replace 1A2 Ship MRC to
voltage at +34 Vde intermediate/
1A2E1 depot facil-
ity for
further
trouble-
shooting

5-11
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5-2.2 Sinusoidal Output Missing. 1In the event a problem.appears in one of the
sinusoidal outputs, perform the following procedural steps:

a. Using oscilloscope, check front panel 5 MHz output. If present and in
specification (refer to Maintenance Requirement Card $-2 figure 2, in
Chapter 4), go to step b. If not present, go to step d.

b. Using oscilloscope, check front panmel 1 MHz output. If present and in
specification (refer to Maintenance Requirement Card S-2 figure 3), go to
step c. If not present, go to step e.

c. Using oscilloscope, check front panel 100 KHz output. If present and in
specification (refer to Maintenance Requirement Card S-2 figure 4), verify
symptoms by performing the performance check of the Maintenance
Requirement Card S-2 again. If not present, go to step f.

d. Remove buffer amplifier 1A8. Using oscilloscope, check 5 MHz signal at
chassis connector, coaxial pin Al. If present, replace 1A8. If not
present, reinstall 1A8 then replace 5 MHz oscillator 1A4. If 5 MHz signal
is still not present, ship MRC to intermediate/depot facility for further
troubleshooting.

e. Using oscilloscope, check 5MHz, square-wave at generator 1A10 pin E6. If
present, replace 1A10. 1If not present, go to step f.

f. Disconnect 5 MHz input to synthesizer 1A7. Using oscilloscope, check 5
MHz signal at cable end. If present and at least 1 VRMS, replace 1A7. If
not present, replace 5 MHz oscillator 1lA4.

5-2.3 Pulse Qutput Missing. In the event a problem appears in one of the pulse
outputs, perform the following procedural steps:

a. Using oscilloscope, check front panel 1 PPS output. If present and in
specification (refer to Maintenance Requirement Card S-2 figure 1), go to
step b. If not present, go to step f.

b. Using oscilloscope, check front panel 1 PPM output. If present and in
specification (refer to Maintenance Requirement Card S-2 figure 1) go to
step c. If not present, replace real time-of-day clock 1A9.

c. Using oscilloscope, check rear panel 1 PPS output at J26, 1 PPM outputs at
J15, J16, J17, and J18. 1If all outputs are present and in specification
(refer to Maintenance Requirement Card S-3), go to step d. If any of
these outputs are missing, replace 1A9.

d. Using oscilloscope, check real time-of-day output at J22. If present and
in specification (refer to Maintenance Requirement Card S-3), go to step
e. If not present, replace 1A9.

5-12
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With oscilloscope probe on J22, set front panel CLOCK OPER/TIME HOLD
switch to CLOCK OPER. Observe digital pattern on oscilloscope to see that
the real time-of-day output matches HRS., MIN., SEC. indication on front
panel LED display. If correct, verify symptoms by performing the perform-
ance check of Maintenance Requirement Card S-3. If not a match, replace
1A9. :

Disconnect cable from 1A9J1. Comnect oscilloscope probe to cable
connector, pin 1 and observe 5 MHz square wave. If present, replace 1A9.
If not present, reconnect cable and go to step g.

Disconnect 5 MHz input cable from synthesizer 1A7. Connect oscilloscope
probe to 1A9J2-1 of cable and check 5 MHz TTL squarewave. If present,
replace 1A9. 1If not present, replace 1A7.

5-2.4 Loop-Lock Failure. In the event that the alarm lamp does not reset,
perform the following procedural steps:

NOTE

Allow unit to warn up for 20 minutes, minimum, prior to starting this
procedure.

a.

b.

€.

f.

8.

h.

i.

Set front panel MOD switch to OPR and LOOP switch to OPEN.

Set CIRCUIT CHECK switch to position 3. If reading is +40 to +80, go to
step c. If reading is out-of-tolerance, go to step g.

Set CIRCUIT CHECK switch to position 9. If reading is 0 +40, go to step
d. If reading is out-of-tolerance, go to step i.

Set CIRCUIT CHECK switch to position 11. If reading is between +40 and
+80, go to step i. If reading is out-of-tolerance, go to step e.

Connect DC voltmeter to terminal 1ASE5, VCO VOLTS input with the return to
ground. Vary front panel OSCILLATOR ADJUST control while observing
voltmeter. If voltmeter reading varies as OSCILLATOR ADJUST is varied, go
to step g. If voltmeter reading remains fixed, go to step f.

Disconnect cable at 1A5J5. Using patch cable with BNC to OSM adapter,
connect frequency counter to 1A5J5 and observe frequency. If
out-of-tolerance or not present, replace 1AS5.

Set CIRCUIT CHECK switch to position 5. If reading is +40 to +80, go to
step h. 1If reading is out-of-tolerance, ship MRC to intermediate/depot
facility for further troubleshooting.

Set CIRCUIT CHECK switch to position 6. If reading is between +40 and
+80, go to step i. If reading is out-of-tolerance, check +18 VDC at
1A14P1-1. 1If present, replace 1A4. If not present, ship MRC to
intermediate/depot facility for further troubleshooting.

Connect oscilloscope to 1A7TPl. Set oscilloscope TIME/DIV to Sms,
VOLTS/DIV to 0.5.

5-13
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j. Adjust front panel OSCILLATOR ADJUST for maximum positive peak. If
waveform is distorted, adjust the gain 1A1A2R1 for 1.0 V p-p, then adjust
OSCILLATOR ADJUST. If an increase through a peak is observed, go to step
k. If a peak is not observed, go to step p.

k. Adjust gain 1Al1A2Rl1 for 1.0 V p-p.

1. Connect oscilloscope to 1A1A2TPl. If 83.3 Hz signal is between 0.8 and
1.4 V p-p, go to step m. If less than 0.8 V p-p, go to step q.

NOTE

This value of 0.8 to 1.4 V p-p is the original factory setting. However,
the MRC will operate within specifications with the peak-to-peak value of
the 83.3 Hz signal as low as 0.4 V p-p.

m. Connect oscilloscope to 1A7TPl. While observing oscilloscope, vary phase
adjustment 1A7R17. If signal phase varies, go to step n. If phase does
not vary, replace 1A7, then repeat this check. If phase still does not
vary, replace 1AS5.

n. While monitoring 1A7TPl, adjust front panel OSCILLATOR ADJUST for minimum
signal.

o. Set front panel LOOP switch to OPR. On 1AlA2, adjust the gain, 1Al1A2RI
for +2.0 V p-p. Push front panel RESET pushbutton to reset ALARM lamp.

p. During adjustment of OSCILLATOR ADJUST in step j, if an increase in
waveform amplitude was noted, replace 1A7. Repeat step j adjustment. If
an increase through a peak is still not observed, replace 1A5, then
continue this procedure from step k.

q. While monitoring 1A1A2TPl, adjust voltage adjustment 1A3Rl until the 83.3
Hz signal is between 0.8 and 1.4 V p-p. If this adjustment is effective,
continue this procedure with step m. If this adjustment is not effective,
go to step r.

NOTE

This value of 0.8 to 1.4 V p-p is the original factory setting. However,
the MRC will operate within specification with a value of as low as 0.4 V

P~pP-

r. Using voltmeter, verify that voltage at 1A3E3, voltage monitor test point,
is greater than +2.0 Vdc. If less than 2.0 Vdc, replace 1A3, then
continue this procedure from step 1.

5-2.5 Discrete Chassis and Panel Mounted Components. Should any of the

preceding troubleshooting procedures lead to the possibility of a defective
discrete component, that is a component not located within a specific module, ship
the MRC to intermediate/depot facility for further troubleshooting.

5-14
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5-3. INTERMEDIATE/DEPOT LEVEL TROUBLESHOOTING. These procedures are authorized
for accomplishment by intermediate level and higher activities (tender/shore
facility/depot). Troubleshooting at the intermediate/depot maintenance level
requires the isolation of faults to a defective piece part or component. Table 5-7
contains chassis mounted power supply component troubleshooting. If MRC failure
occurs during AC operation, refer to step 1; during DC operation, refer to step 2;
during battery operation, refer to step 3. Modules found to be defective or
inoperative at the organizational level will be repaired at this level of
maintenance. Prior to performing fault isolation checks on the modules, minimize
fault isolation and troubleshooting time by performing preliminary module
performance checks. These checks, paragraphs 5-3.1 through 5-3.8 may expedite
finding the defective component. Paragraphs 5-3.9 through 5-3.16 provide
troubleshooting for each of the modules. When the proper indication is not
achieved, refer to the applicable troubleshooting table or paragraph. Table 1-3 is
a list of standard test equipment, special tools and accessories to be used in
performing module checks as well as the fault isolation procedures. Note that a
known good MRC is used as a test fixture. When a suspected bad module is to be
tested or troubleshooting performed, remove the good module from the MRC test
fixture and connect the bad module to the test fixture. Refer to figures 5-2
through 5-6 for fabrication of the module extender cables required for testing and
fault isolating the modules. Figures 5-7 and 5-8 are 1A9 output pulse diagrams and
figures 5-9 through 5-42 are block and schematic diagrams to be used as aids during
testing and troubleshooting. Upon completion of troubleshooting and repair remove
the module from the test fixture and reinstall the known good module.

5-3.1 Module 1A5 Performance Test Procedure.

a. Remove module 1A5 from the MRC test fixture and connect UUT module 1lA5 to
test fixture, using test cable assemblies for power. Use caution not to
flex semi-rigid cable (P/O test fixture) unnecessarily.

b. Set MRC test fixture POWER ON.

c. Disconnect test cable end at J5. Connect counter to J5 and measure
frequency. It should indicate 7.368 MHz.

d. Disconnect counter from J5. Connect power meter to J5 and measure power
output. It should indicate 1.2 V peak-to-peak.

e. Disconnect counter and reconnect test cable to J5.
f. Disconnect semi-rigid cable from J4. Connect spectrum analyzer to J4.
Measure frequency and power level. The frequency should indicate 9.192

GHz at a power level =-5 dBm.

g. Disconnect spectrum analyzer and reconnect semi-rigid cable to J4.
Troubleshoot module 1A5 (refer to paragraph 5-3.9).

5-15
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Table 5-7.

Chassis Power Supply Troubleshooting

Step

Instruction

Indication

Yes

No

Remarks

5-16

High voltages
capable of
causing death
are used

in this equip-
ment. Use
extreme caution
when handling/
servicing either
the power sup-
plies or their
load components

a. Set POWER
switch OFF.
Remove and
inspect fuse
1F1 and 1F2

b. Reinstall
fuses. Set
POWER switch
ON. Check
voltage at
1Ul-Emitter

c. Check voltage
at junction
of chassis
subassembly
1C1 and 1L2

d. Measure and
record volt-
age at
junction of
chassis sub-
assembly 1L2
and 1C2

Fuses not
blown

+34 Vdc

+35 Vde to
+44 Vdc

3.5 Vde
+.5 Vde
higher
than step
l.c

Go to step 1.b

Go to step l.c

Record volt-
age and go
to 1.d

Go to step
l.e

Replace
fuse(s)

Replace 1U3

Replace 1Ul

Replace 1L2
and 1C2

Inoperative
on AC
input




Step

Table 5-7.

Instruction

Indication

Yes
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Chassis Power Supply Troubleshooting - Continued

No

Remarks

(cont)

ae.

Set POWER
switch to
OFF. Using
ohmmeter
measure
front-to-
back ratios
of chassis
subassembly
bridge
rectifier 102

Disconnect
AC power
connector
and remove
fuses 1F1
and 1F2,
Check
chassis sub-
assembly
filters 1F1
and 1F2 for
continuity
and shorts
to ground

With AC power
disconnected,
check con-
tinutiy
through all
sections of
chassis sub-
assembly
switches

184 and 183

Set POWER
switch OFF.
Remove and
inspect fuse
1F3

Ratio greater
than 6

1 x107:1

Filters
check good

Switches
check good

Fuse blown

Go to step
1.£f

Go to step
l.g

Replace
chassis
subassembly
transformer
1T1

Replace fuse

Replace 1U2

Replace
filter(s)
found
defective

Replace
switch(es)
found
defective

Go to step 2.b

Inoperative
on DC
input
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Table 5-7. Chassis Power Supply Troubleshooting - Continued
Step Instruction- Indication Yes No Remarks
2, b. Connect DC +22 to Set POWER Go to step 2.c
(cont) source only. +30 Vdc switch OFF,
Set POWER check wiring
switch ON. through
Check voltage chassis con-
at junction nector 1J3-1
of 1U3 and to 1A6P1-1
1CR2 1U3(+)
¢. Check voltage +22 to Set POWER Set POWER
at junction +30 Vdc switch OFF, OFF. Check
of capacitor check con- capacitors
1C3 and tinuity 1¢3, 1C5 for
switch 184 through DC shorts, and
section choke 1L1 for
of switch open. If
1s4. 1If these checks
184 checks are good
good, re- check chassis
place 1U3 wiring from
rear panel
1J13-D
through
switch 184
3. a. Install a Front panel Perform BITE |Set power Inoperative
fully BAT-AVAIL- test, then switch OFF. on in-
charged bat- ABLE and allow MRC Check wiring ternal
tery pack, BAT-IN USE to operate from 1A14P1- BAT power
1A17. Con- lamps light for 45 11 and =24
nect ex- minutes. through
ternal AC Set POWER chassis con-
power. Set switch OFF, nector 1J11-
POWER switch go to step 11, and -24.
ON, then 3.b If wiring
remove checks good,
external AC check
power. wiring be-
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Table 5-7. Chassis Power Supply Troubleshooting - Continued

Step Instruction |Indication Yes No Remarks
3. b. Connect AC CIRCUIT Test Replace
(cont) power to CHECK meter complete module 1Al4

rear panel indicates

connector charge cur-

1314, Set rent being

front panel drawn

CIRCUIT

CHECK switch
to position
'4', Set
POWER switch
to ON

5-3.2 Module 1A6 Performance Test Procedure.

a.

b.

Ce

Remove module 1A6 from the MRC test fixture and connect UUT module 1A6
with the 1A6 test cable assembly to MRC test fixture.

Set MRC POWER ON.

Measure the output voltages at the specified pins with the digital
voltmeter. Requirements are as follows:

-18 Vdc to -20 Vdc at Pl1-3
+17.9 Vdc to +18.6 Vdc at Pl-6
+17.9 Vdc to +18.6 Vdc at P1-18
+4.8 Vde to +5.3 Vdc at Pl-7
+4.8 Vdc to +5.3 Vdc at P1-19
+7.5 Vde to +7.7 Vdc at P1-9
+7.5 Vdc to +7.7 Vdc at Pl-12
+4.8 Vdc to +6.2 Vdc at P1-13
+13.5 Vdc #1 Vdc Clock at P1-2.

5-3.3 Module 1A7 Performance Test Procedure.

a.

b.

Ce

Remove module 1A7 from MRC test fixture and connect UUT module 1A7 to the
MRC test fixture using the 1A7 test cable assemblies.

Set MRC test fixture POWER ON.
Measure the outputs at the specified pins as follows:

5 MHz output level at P2-A2 (0.7 Vrms minimum)

5 MHz frequency at P2-A2 (5.0 MHz +1 Hz)

5 MHz TTL level at P2-A3 (3.5 V peak-to-peak)

5 MHz TTL level at P2-1 (3.5 V peak-to-peak)

83.3 Hz output level at P1-Al (20 mV peak-to-peak) variable with 1A7R5
Control signal level at P1-A2 (-14 Vde to +14 Vdc)

7.358 MHz VCO level at P1-A3 (+0.7 Vdc to +12 Vdc)
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5-3.4 Module 1A8 Performance Test Procedure,

a.

b.

Ce

Remove module 1A8 from the MRC test fixture and connect UUT module 1A8 to
the MRC test fixture using the 1A8 test cable assembly.

Set test fixture POWER ON.

Measure the output levels at the specified terminals and observe that
sinewaves are not distorted.

Output terminal A2; 1.0 Vrms to 1.5 Vrms
Output terminal A3; 1.0 Vrms to 1.5 Vrms
Output terminal A4; 1.0 Vrms to 1.5 Vrms
Output terminal AS5; 1.0 Vrms to 1.5 Vrms
Qutput terminal A6; 1.0 Vrms to 1.5 Vrms

5-3.5 Module 1A9 Performance Test Procedure.

a.

Remove module 1A9 from the MRC test fixture.
Remove top and bottom covers of UUT module 1A9.
Connect the UUT module into the MRC test fixture.
Set test fixture POWER ON.

On 1A9 assembly, observe the TIME OF DAY output at J1-5. The output shall
be +6 Vdc +1 Vdc or -6 Vdc #1 Vdec.

On 1A9 assembly, observe 1 PPM outputs into 50 ohms at the following pins:

J1-10
J1-32
J1-34
J1-35

The output at each pin shall be a low of 0 V to 0.5 V and a high of 9 V to
11 V (see figure below).

On front panel, observe 1 PPS output at J2 into 50 ohms and 1 PPM output
at J3 into 50 ohms. The output for both connectors shall be a low of 0 V
to 0.5 V and a high of 9 V to 11 V as shown below.

+10 (9 V to 11 V) l l
0OV to0.5V

5-3.6 Module 1Al10 Performance Test Procedure.

a.

b.
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Remove module 1A10 from the MRC test fixture and connect UUT module 1Al0
to the MRC test fixture using the 1Al10 test cable assembly.

Set test fixture POWER ON.
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¢. Measure the following output terminals:

Al 100 KHz at 1.0 Vrms to 1.5 Vrms
A2 100 KHz at 1.0 Vrms to 1.5 Vrms
A3 1 MHz at 1.0 Vrms to 1.5 Vrms
A4 1 MHz at 1.0 Vrms to 1.5 Vrms

5-3.7 Module 1Al4 Performance Test Procedure.

a. Remove module 1Al4 from the MRC test fixture and connect UUT module 1Al4
to the MRC test fixture using the l1Al4 test cable assembly.

b. Apply 115 Vac power at 60 Hz and +28 Vdc to the test fixture. Set test
fixture POWER ON.

c. Observe that the DC AVAILABLE, BAT AVAILABLE, and AC IN USE LED are lit on
the test fixture.

d. Remove AC power only and observe the AC IN USE LED extinguishes and that
DC IN USE LED is lit.

e. Remove dc input (+28 Vdc) and observe that BAT IN USE LED is lit and DC
available LED extinguishes.

f. Measure voltage at P1-25. It should indicate +18 (-0.1, +0.6) Vdc.

5-3.8 Module 1A16A1 Performance Test Procedure.

a. Remove meter drive amplifier 1A16Al from test fixture and install UUT
module 1Al16Al in its place, installing one screw to hold UUT in place.

b. Set test fixture POWER ON.

c. Set test fixture CIRCUIT CHECK switch successively to the positions listed
in the table 5-8; CIRCUIT CHECK meter readings should be as listed.

5-3.9 Module 1A5 Troubleshooting. Connect module 1A5 as described in paragraph
5-3.1, Performance Test Procedure, then perform the steps of table 5-9,

5-3.10 Module 1A6 Troubleshooting. Connect module 1A6 as described in paragraph
5-3.2, Performance Test Procedure, then perform the steps of table 5-10.

5-3.11 Module 1A7 Troubleshooting. Remove cover plates of module 1A7 and
connect as described in paragraph 5-3.3, Performance Test Procedure. Perform the
procedures of table 5-11.

5-3.12 Module 1A8 Troubleshooting. Remove cover plates of module 1A8 and
connect as described in paragraph 5-3.4, Performance Test Procedure. Perform the
procedures of table 5-13.

gﬁ‘ 5-3.13 Module 1A9 Troubleshooting. Connect module 1A9 as described in paragraph
\ 5-3.5, Performance Test Procedures, then perform the steps of table 5-14.
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Table 5-8. Module 1A16A1 Performance Test

Circuit check Circuit check
switch meter indication

Pos Function Range

0 1 +18 V +40 to +80

1 Supply voltage +40 to +80

2 ¥V +40 to +80

3 2nd harmonic level +40 to +80

4 Battery current (AC in use) 0 to +80

5 Cesium oven temp. - +40 to +80

6 Osc. oven temp. +40 to +80

7 Vac-ion current | 0 to -20

8 Cesium ion current Set to 0 DC-offset

adj.

9 Osc. control volts 0 +40

10 5 MHz signal level +40 to +80

11 Synthesizer lock ind. +40 to +80
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Table 5-9. Module 1A5 Troubleshooting

Step Instruction |Indication Yes No Remarks
1. Check 9.192 +
GHz:

a. Disconnect
semi-rigid
coaxial cable

from J4.

b. Connect 2-5.0 dBm, Go to step Go to step
Spectrum 9.192 GHz 2.c 2.a
Analyzer to N
J4 and

measure fre-
quency and
power level

2. Check 7.368 MHz:

a. Disconnect
test cable
end at J5

b. Connect RF Approximately| Go to step Go to step 3
voltmeter to 0.85 VRMS 2.c
J5 and
measure level

¢. Set MRC POWER
OFF. Un-
solder VCO
control volt-
age lead from
1A5A4E5.
Connect vari-
able power
supply posi-
tive output
to 1A5A4E5,
negative to
MRC chassis
ground. Set
power supply
output to O
Vdc
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Table 5-9. Module 1A5 Troubleshooting - Continued
Step Instruction | Indication Yes No ’Remarks
2. d. Connect
(cont) counter to
J5. Set MRC
POWER ON.
Measure and
note output
frequency.
Adjust power
supply to
+6.2 Vdc.
Measure and
note new
frequency
e. Subtract Frequency Go to step 3 Check 1AS5FL6
first read- shift of at and wiring
ing of step least 250 Hz from 1A5FL6
2.d from to 1AS5A4ES.
second If these check
reading good, replace
1A524
3. Check +15 Vdc +15 Vvdc Perform If low or
at 1A5A4E7 checks of missing,
1A5A4L1, check
1A5A4C2, 1A5U1,
1A5A4C3, 1A5L1,
1A5C1, 1A5C1,
1A5C2, 1A5C3,
) 1A5C3 and 1A5L3, and
. 1A5A4R1. 1A5C5
If these
check good,
replace
1A524. 1If
fault is
still pres-
ent, re-
place 1A5A4Y1
4. Check multipler
drive chain:
a. Disconnect +23 dBm Replace A5CR1 If less than
ASCRl. Using| to - +28 dBm, go
spectrum +28 dBm to step 4.b
analyzer,
measure power
at AS5A3E5
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