

























































































































































































































































































































































































































































































































































































































































































SCHEMATIC WIRING DIAGRAM
CONTROL PANEL
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INTERCONNECTION DIAGRAM
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LCRU POWER REQUIREMENTS - WATTS
AU

MODE 1 MODE 2 MODE 3 MODE 4 MODE 5
SUBAS SEMBLY PM1/NB PM1/WB FM/ITV TV RMT PM2/NB
(STANDBY)
VHF RECEIVER 1.17 1.17 1.17 1.17 1.17
VHF TRANSMITTER 4.10 4.10 4.10 .35 4.10
S-BAND RECEIVER 1.00 1.00 1.00 1.00 1.00
PM/PM TRANSMITTER 47.8 47.8 0.29 0.29 0.29
FM/PM TRANSMITTER 0.29 0.29 53.7 0.29 53,7
UP LINK SIGNAL PROCESSOR  0.15 0.15 0.15 0.15 0.15
DOWN LINK " L 0.76 1.46 1.46 1.46 0.76
3 VOLTAGE REGULATOR 2.20 2.35 2.35 2.35 2 2
X CAMERA ASSEMBLY (STILL) - - 21.0 6.00 -
CAMERA ASSEMBLY (IN MOTION) - 21.0+2.0
TOTAL
WATTS AT NOMINAL BATTERY 57.5 58.4 87.2 13.1 63.4
VOLTAGE
POWER REQUIREMENTS USING EXTERNAL POWER
LCRU 57.5 58.4 87.2 131 63.4
DC DC CONVERTER 11.5 11.7 17.5 2.6 127

TOTAL WATTS 69.0 70.1 104.7 15.7 76 1
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LCRU HEAT DISSIPATION - WATTS - INTERNAL BATTERY
“ﬂ WORST CASE - MAXIMUM VOLTAGE SUPPLY
MODE 1 MODE 2 MODE 3 MODE 4 MODE 5
SUBASSEMBLY PM1/NB PM1/WB FM/TV TV RMT PM2/NB
(STANDBY)
VHF RECEIVER 1.17 1.17 1,17 1.17 1.17
VHF TRANSMITTER 3.45 3.45 3,45 0.35 3.45
S-BAND RECEIVER 1.00 1.00 1.00 1.0C 1.00
PM TRANSMITTER 46.6 46.6 0.29 0.29 0.29
FM/PM TRANSMITTER 0.29 0.29 52.0 0.29 52.0
UP-LINK SIGNAL PROCESSOR  0.15 0.15 0.15 0.15 0.15
DOWN-LINK " " 0.76 1.46 1.46 1.46 0.76
VOLTAGE REGULATOR 3.45 3.45 3.70 3.70 3,45
DC~-DC CONVERTER IDLER 3.00 3,00 3.00 3,00 3.00
TOTAL 59. 9 60.6 66.2 11.4 65.3
NOMINAL VOLTAGE SUPPLY

VHF RECEIVER 1.17 1.17 1.17 1.17 1.17
VHF TRANSMITTER 3.45 3.45 3.45 0.35 3.45
S BAND RECEIVER 1.00 1.00 1.00 1.00 1,00
PM TRANSMITTER 41.0 41.0 0.29 0.29 0.29
FM/PM TRANSMITTER 0.29 0.29 45.7 0.29 45.7
UP LINK SIGNAL PROCESSOR  0.15 0.15 0.15 0.15 0.15
DOWN LINK " 0.76 1.46 1.46 1.46 0.76
VOLTAGE REGULATOR 2.20 2.35 2.35 2.35 2.35
DC-DC CONVERTER IDLER 3.00 3.00 3.00 3,00 3.00
TOTAL 53.0 53.9 58.6 10.1 57 7
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LCRU MODE USAGE

Operating Modes/Functions

Nomenclature Primary | Secondary Backup TV TV Standby
(PMI/WB) | (PMI/NB) | (PM2/NB)| (FM/TV) | (TV RMT)

VHF Antenna V/D V/D V/D V/D (V/D)
VHF Triplexer V/D V/D V/D V/D (V/D)
VHF Receiver V/D V/D V/D V/D (V/D)
Up Link Proc, \Y% A% A% A% (V/D)
PRI S-Band Revr A" A%
Sec S-Band Rcvr V/D V/D D(V)
S-Band Diplexer V/D/T | V/D/T D 'T(V)
S-Band Diplexer V/D V/D
Signal Mixer V/D/T D/T(V)
Diode Atten, D D D D D
Shape Filter V/D V/D D)
Time Share Switch D D D D D
1.25 MHz VCO V/D (V/D)
1.25 MHz VCO V/D D(V)
14.5 kHz VCO D D D D D
VHF Transmitter Vv A A \Y% V)
S-Band PM/FM Xmtr V/D V/D/T D/T(V)
S-Band PM/PM Xmtr V/D V/D
Voltage Reg. P P P P P
DC/DC Converter P* pP* P* P* P*
Mode Switch P/D P/D P/D P/D P/D
Power Switch P P P P P
Monitor Switch D D D D D
Monitor Meter D D D D D
Circuit Breaker P P P P P
Temp Sensor D D D D D
Battery P* p* p* ) p*
High Gain Antenna V/D V/D.T D/T(V)
Low Gain Antenna V/D V/D

Key: V =Voice, D = Data, T = Television and P = Power
() Indicates S-Band FNM/PM Transmitter A10 Activated via Earth command

and TV camera control switch in remote position,

communications,

*Denotes alternate power sources

Not normally used for V/D
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TABLE 2 - SUMMARY TABLE OF SINGLE POINT FAILURES

CORRECTIVE ACTIONS AND RECOMMENDATIONS

SINGLE POINT FAILURE

1.

Single S-Band Receiver used in all modes -
Failure results in loss of up link communica-
tions in all modes.

+29 VDC Buss is common to redundant S- Band
Transmitters - Shorted +29 VDC Buss in one
transmitter is propogated to other transmitter
in mode selection.

Filter capacitor (C13) is common to +l0 VDC

output of voltage regulator after stcering diodes -

Failure of capacitor affects all modes. Similar
situation exists for feedthru capacitors Cl4 on
+l4 VDC line and ClI5 on +l0 VDC line.

VHF up and down link, consisting of VHF
antenna, receiver, transmitter, triplexer and

rocessors. Antenna or triplexer failure
affects all modes. Transmitter or up link
processor failure affects up link communica-
tions. Receiver or down-link processor
affects down-link communications.

S-Band Receiver Switch - used in all modes.
Failure could prevent operation ~f either S-Band
Rcceiver.

CORRECTIVE ACTION REMARKS AND
RECOMMENDATIONS

1. Employed use of redundant receiver.

2. Employed use of mode selection switch
to independently switch +29 VDC Buss
to applicable S-Band transmitter.

3. Employed separate filter capacitors on the
+10 VDC Buss of each voltage regulator prior
to the steering diodes. Feedthru capacitors
Cl4 and CI5 remain unchanged since they are
necessary for hi-frequency filtering on DC
regulator lines and have low failure history.

4. Hard-line between PLSS and LCRU to bypass
VHF receiver and transmitter portion of LCRU
link has been proposed, considered and rejected.

5. Deleted from Design.
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SINGLE POINT FAILURE

5.1

7.

Mode Selector Switch - Used in all modes:
Contact #17 (Rotor of one deck) is used to
switch 29V control lines to the PM transmitter

modulators in primary and secondary modes and

the FM/PM transmitter modulators in TV and
back up modes. Damaged or open rotor
contact would inhibit down link communications
in all of these modes.

Contact #24 (Rotor of one deck) is used to
switch +14 VDC to the primary and secondary
receivers in all modes. Damaged or open
rotor contact would inhibit up link communica-
tions in all modes.

All other contacts are for individual modes or
LCRU AGC monitoring. Failure effects

are minimal. ’

Power Switch - Used in all Modes: Switch

is of double pole, three position construction,
locked in each position. Selects prime power
source from internal battery or LRV battery
through the DC/DC Converter.

LCRU Thermal and Battery Voltage Status
Circuitry common to all modes: Temperature
sensor, time share switch 14.5 MHZ VCO

and Diode Attenuator.

These items are listed in this category because
of the critical thermal aspects of LCRU opera-
tion. Failure of any of these items will

result in the loss of ground monitoring capa-
bility and possible permanent damage to the

LCRU.

CORRECTIVE ACTION REMARKS AND

RECOMMENDATIONS

6.1

7.

See Note 6.1 below. However, TV Standby Mode
could be used in emergency conditions such as

this. Implementation would be via procedures to
be followed by Astronauts for indicated symptoms
and additional checks indicating satisfactory oper-
ation of other LCRU functions by Monitor Meter.

Probability of failure occurrence is low since low
currents are switched and switch using No. 24 wire
from switch contacts to rear soldering lugs, has
been NASA qualified for Random Vibration Level

of 0.408/HZ, 60 G shock and 20 G acceleration.
This switch uses No. 22 Stranded wire for LCRU

application.

No action recommended. Switch has been qualified
and used previous Apollo Applications.

Procedural standard, which would require immediate
ground to Astronaut notification of thermal and
battery voltage data loss and subsequent check by
Astronauts via the monitor meter is recommended.

The use of temperature and battery voltage

sensing circuitry completely isolated from the timc
share switch circuitry i{s also suggested for use
with the meter. Although this might present a
slight discrepancy between the meter reading and
the thermal data relayed to Ezrth, it would preclude
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SINGLE POINT FAILURE

9. Circuit Breaker - This item is used in
all modes. Inability of the circuit breaker

to be reset results in loss of down link
communications capability in all modes.

10. DC short on input side of either 14 VDC
regulator would drain +16 VDC battery
power and cause loss of LCRU capability
in all modes.

CORRECTIVE ACTION REMARKS AND

RECOMMENDA TIONS

10.

the total loss of thermal and battery voltage
monitoring capability for a temperature sensor
failure or switching transistor (Q7, Q8) failure
in the output of the time share switch assembly.

This failure mode has been experienced in pre-
vious Apollo usage and has been attributed to
supplier workmanship for which corrective action
has been taken. Other analyses indicated that
care in installation (Torque requirements,
application of conformal coating, etc.) will be
necessary.

Replacement of reverse polarity blocking diodes
with fuses is recommended. Similariy, S-Band
transmitter input lines could be fused and circuit
breaker eliminated.






