
















































































































































































































































































































































































5.0 ANOMALY SUMMARY

The significant anomaiies from the Apollo 13 mission are
discussed in brief below. Additional details may be found in the
applicable evaluation sections of this report.

5.1 Loss of Cryogenic Oxygen Tank No. 2 Pressure

At 55:54:53 the oxygen pressure in tank No. 2 abruptly dropped to
zero. The pressure loss was accompanied by a loud bang, a computer re-
start, a main bus B undervoltage alarm, barber-pole indications from -
five SM-RCS isolation valves, shock closure of the oxygen reactant
valves of fuel cells Nos. 1 and 3, a sharp drop in oxygen tank No. 1
pressure, and data dropout.

Fuel cells Nos. 1 and 3 ceased to supply power when the oxygen trapped
in the lines between the reactant valves and the fuel cells was
consumed. (After approximately 2.5 minutes). It was later discovered
that the skin panel of bay 4 of the service module had been blown
—away and had struck the high-gain antenna and caused slight damage to
one of the dishes.

Postflight investlgatlon showed that an electrical short-circuit
in the fan-motor wiring in oxygen tank No. 2 had started a fire which
resulted in failure of the vacuum dome of the tank and sudden loss of
the oxygen in the tank. The supply lines of oxygen tank No. 1 were
affected to the extent that the oxygen in that tank became depleted
in 2 hours and 20 minutes. The pressure wave generated by the failure
blew the skin panel away from panel 4. The departing panel struck the
high-gain antenna and caused data breakup for approximately 2 seconds.
The results of the investigation are discussed in full detail in
separate reports.

The cryogenic oxygen storage subsystem will be redesigned’ and
the modifications will be incorporated in Apollo 14 and subsequent
spacecraft. The anomaly is closed.

5,2 Postlanding Ventilation Valve Malfunction

It was found during postrecovery operations that the postlanding
ventilation inlet valve was closed and the exhaust valve was open.
The mechanical locking handle was Jjammed between the closed and extended
positions.

The postlanding ventilation valve is locked in position during
flight to prevent accidental opening. The locking handle has a travel
of 0.75 inch and must be extended a minimum of 0.5 inch to ensure
disengagement of both locking pins. If it is not fully extended and if
either of the locking pins is not completely withdrawn, subsequent
actyation of the valve solenoids will cause the engaged pin and the
handle to jam.
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Postflight investigation showed that the inlet valve pin was
partly engaged. The locking mechanism and the valves were tested and
found to operate correctly and without difficulty when the locking
handle was fully extended. A complete dimensional check of the
rigging mechanism was made and the assembly was found to be within
specification limits. The anomaly is closed.

5.3 Shaft Fluctuations in Zero Optics Mode

Beginning at approximately 40 hours, fluctuations of up to 0.3 degree
were observed in the computer readout of the optics shaft angle. The
system had been powered up throughout the flight and had been in the
zero optics mode since the star horizon navigation sightings at 31
hours. Crew observation of the manual readout subsequently confirmed
that the fluctuation was actually caused by motion of the shaft.

The circumstances and time of occurrence were almost identical with a
similar situation during the Apollo 12 mission.

An investigation conducted after the Apollo 12 mission did not
identify a definite source of the problem, since extreme corrosion
from sea water prevented examination of the mechanical drive system,
and restricted testing to the power and servo assembly, which contains
the ma jor electronic components.

The recurrence of the problem under almost identical circumstances .
on Apollo 13 indicates that the cause is more likely generic than
random and that it is time and/or vacuum dependent. The susceptibility
of the shaft rather than the trunnion axis also tends to absolve com-
ponents common to both axes, such as the electronics and the motor
drive amplifier. The shaft loop has been shown to be more sensitive
than the trunnion to harmonics of the 800-hertz reference voltage
introduced into the forward loop; however, because the level of the
required null offset voltage is well above that available by induction,
this mechanism is considered unlikely.

The most likely candidate is the half-speed resolver, which is
used only in the shaft axis and only to provide an unambiguous zero
reference. The reference voltage is applied to the rotor through
slip rings. The cosine winding is not used and is normally shorted out.
However, if there is any resistance in the common ground path through
the slip ring, then a portion of the reference voltage will appear
across the cosine winding and the apparent output null will be offset

from zero degrees. Tests indicate that a resistance of 50 ohms will
cause an offset of 0.5 degree.

Some evidence of susceptibility to vacuum was exhibited in this
class of resolver when variations of approximately 5 ohms were observed
in slip-ring resistance during thermal-vacuum testing. However, the tests
were run with the units rotating at 1 rpm, and the momentary
changes in resistance disappeared with the wiping action.
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The slip-ring resistance mechanism meets all the bounds and
constraints on the problem. It is unique to the shaft axis, since none
of the other resolvers in the system use slip rings. This resolver is
in the optics head, which is vented to a vacuum. The rotation of the
optics head in a normal operation would wipe the slip rings clean and
explain the delay in the fluctuations for some hours after selecting
zero optics. No corrective action is required because accurate zeroing
is unaffected and there is no affect in operational modes. The anomaly
is closed.

5.4 High-Gain Antenna Acquisition Problem

Difficulty was experienced in achieving lockup on high-gain antenna
narrow beam for the television transmission scheduled at approximately
55 hours. The high-gain antenna was selected at 54:59:50 but lockup
was not achieved until 55:13:45, and not until the spacecraft had been
maneuvered to a new attitude. Lockup was attempted in all three modes
(manual, auto track, and auto-reacquisition), all three beamwidths
(wide, medium, and narrow), and with both primary and secondary servo
electronics. -

The anomaly is still under investigation, but results to-date lead
to the conclusion that a quality-type defect in manufacture or assembly
caused a shift in scan-limit setting in the servo electronics. The
anomaly is discussed in detail in Section 4.9-3. The anomaly is open.

5.5 TEntry Monitor System 0.05g Light Malfunction

The entry monitor system 0.05g light did not illuminate within 3
seconds after 0.05g was sensed by the guidance system. The entry
monitor system is designed to start automatically when 0.05g is sensed
by the entry monitor system accelerometer. When this event occurs, the
0.05g light should illuminate, the scroll should begin to drive, and
the range-to-go counter should begin to count down. The crew reported
the failure of the light but did not know whether or not the scroll or
the counter responded before manual backup was activated.

The anomaly could not be duplicated during postflight testing.
The results of the tests are discussed in Section 4.2. The anomaly
is closed.

5.6 Forward Heatshield Thruster Subsystem Gas Leak

The V36-596130 breech-plenum assembly of the forward heatshield
thruster subsystem was removed during postrecovery operations for
refurbishment and reuse. It was then noted that hot gas had escaped -
at the breech-to-plenum interface, eroding the assembly and burning a
hole through the gusset side plate. The adjacent fiberglass housing
was locally burned but not penetrated.
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The assembly was disassembled, cleaned, and .reassembled, and
subjected to pneumatic pressure tests. A similar assembly from the
Apollo 12 command module was subjected to hydraulic pressure tests.
Both series of tests were satisfactory and no leakage occurred. The
assembly procedures for the assemblies to be used in SC-110 and sub-
sequent vehicles have been clarified and tightened to avoid
reoccurrence. As a further precautionary measure, fiberglass blast
shields will be added to the gussets, docking tunnel, and thruster
cylinders. The anomaly is closed.

5.7 Potable Water Quantity Reading Fluctuations

The potable water quantity measurement fluctuated briefly on two
occasions during the mission., At 22:41:00, the reading decreased from
98 percent to 79 percent for about 5 minutes and then returned to a
normal reading of approximately 102 percent. Another fluctuation was
noted at 37:38:00, at which time the reading decreased from its
upper limit to 83.5 percent, and then returned to the upper limit over
a period of 7 seconds.

Preflight fluctuations of from 2 to 6 percent near the full
level were observed once during the countdown demonstration test. Data
review indicated a fluctuation of about 4 percent at the half-full
level during the flight readiness test.

Potable water transducers have operated erratically on previous
missions. Apollo 8 postflight testing traced the failure during that
mission to moisture contamination within the transducer. Apollo 12
postflight testing revealed a minute quantity of undetermined contamina-
tion on the surface of the resistance wafer. Tests using aluminum
hydroxide as a contaminant reproduced the anomalous transducer operation.

Postflight calibration of the Apollo 13 transducer provided
readings well within tolerance envelopes. Initial examination after
dissassembly disclosed no visible contamination. The investigation
is continuing. The anomaly is open.

5.8 Suit Pressure Transducer Malfunction

During launch, the suit pressure transducer reading followed cabin
pressure until 00:02:45, when it suddenly dropped from 6.7 to 5.7 psia.
The difference between the two measurements decreased to only 0.2 psi
by 01:30:00, when the cabin reached its nominal regulated pressure
of 5.0 psia. TFor the shirtsleeve mode, the suit and cabin pressure
readings should be nearly equal. The suit pressure measurement responded
sluggishly during the normal changes in cabin pressure associated with
the initial lunar module pressurization, and indicated as much as one
psi low. The measurement remained in the 4.1 to 4. 3 psia range
until deactivation at 58:39: 00

The measurement indicated correctly during the brief instrumen-
tation power-up periods at 102 and 123 hours. However, the suit
indication was approximately 0.3 psi lower than cabin pressure Jjust
prior to entry and, prior to landing, had increased to only 7.7 psia
although the cabin pressure reading was 13.9 psia.
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The Apollo 12 suit transducer showed similar erratic operation.
Postflight testing determined the cause to be intermal contamination
from particles which either remained in the transducer from improper
cleaning after electroless nickel-plating or were self-generated.

The Apollo 13 transducer was disassembled by the vendor and
electroless nickelplate flakes were found in the gap. Particles of -
silicone lubricant were found in the sensing port.  The investigation
is continuing. The anomaly is open.
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6.0 POSTFLIGHT TEST PROGRAM

The Apollo 13 command module was offloaded from the USS Iwo Jima
on April 24, 1970, at Pearl Harbor, Hawaii, and spacecraft deactivation
was accomplished at Hickam AFB, Inspection verified that all normally
activated command module ordnance devices had fired: the remainder
were safed by removal of the initiators. Residual RCS propellants were
expelled into ground support equipment. Deactivation was completed
on April 26, 1970, and the command module was transferred to NR,
Downey, arriving there on April 28, 1970.

The conduct of the overall test effort was defined by ATR
522700, Block II Postflight Baseline tests, SC-109. That document
established the general requirements for inspection, visual survey,
ordnance removal, battery removal, water sampling, water-glycol
sampling, and heatshield removal., Specific tests to support evaluation
of flight anomalies and discrepancies were conducted in accordance with
NASA-approved Apollo Spacecraft Hardware Utilization Requests
(ASHUR's). Some of the tests were performed at Downey; the remainder
were performed at MSC. The results of the tests performed at Downey
were documented by individual engineering summary reports (ESR's),
which serve as the bases for resolution of the discrepancies and
anoralies discussed in Sections 4.0 and 5.0.

Summaries of Apollo 13 ASHUR's and ESR's are: contained in
Figures 6-1 and 6-2 respectively.
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~ ASHUR

Number Title Subject £§§%er
109000 Stowage Item Disposition None
109001 Caution and Warning Tone Booster Reuse None
109002 Hand Controller Handles None
109003 External Thermal Protective Covering (H-Film) None
109004 Aft Heatshield Plugs None
109005R1 | Cancel Removal of Radioluminescent Discs at MSC None
109007R1 | ECS 900 psi System, Contaminates/Damage Pending
109008R1 | ECS 900 psi System Gas Sampling and Analysis SD70-212-04
109009R1 |Lunar Topographic Camera System to Hycon None
109010 Remove Live Ordnance None
109011 Remove Aft Heatshield None
109012R1 |Remove 35 Radioluminescent Discs None
109013R1 |EPS/SCS Transient Simulation Test None
109014 Hatch Window Removal None
109015R1 |G&N Opties Anomaly Pending
109016 Post landing Vent Valve Anomaly SD70-212-03
109017 Return Recovered Parachute and Equipment to MSC None
109018R1 |EMSA -~ Investigate 0.05g Anomaly SD70-212-10
109019 Remove Stowed Items ‘ None
109020 R1|Determine Cause of Suit Pressure Transducer Failure SD70-212-09
109021 R1l|Determine Cause of Potable Water Transducer Failure SD70-212-08
109022 Evaluation of Medical Accessories Kit None
109023 Remove Crew Couch Stabilizer Brace None
109024R1 | G&N 212 Assemblies -~ Reuse Determination None
Disposition two DSKY's and Signal Conditioner
109025 Assenbly »None
109026 Review Inflight Coverall Garments None
109027 Disposition Displays and Controls Assemblies None
109028 Verify Integrity System 1 RCS Prop. Isolation Valve SD70-212-11
109030 Ship Monocular Assembly 10 x 40 to MSC None
109031 Food Containers Plus Contents None
109032 Disposition of Uprighting System None
109033 Disposition of Postlanding Equipment None
109034 Refurbish Emergency Oxygen Mask Assembly None
109035 Test and Analyze Pressure CGarment Assemblies None
109036 Window Shade Light Leak Test at MSC None
109037R1 | Crew Couch Armalong and GNIC Panel 122 Noun List None
109038 Disposition Hasselblad Electric Cameras None
109039 Investigate Two-Speed Interval Timer Anomalies None
109040 Disposition and Test 16 mm Data Acquisition Cameras None

|

Figure 6-1 (Sheet 1) Summary of Apollo 13 ASHUR's
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ASHUR ESR
Number Title Subject Number
109041 | Disposition 16 nm Data Acquisition Camera None
109042 Disposition 16 mm Data Acquisition Camera None
109043 Window Shade Fit and Light Leak Test at NR None
109044 Investigate Medical Accessories Kit Anomaly None
109047R2 | Examination of Breech-Plenum Assy. Pending
109048 Survey Heatshield Windows for Meteoroid Impact None
109049 Release Scissors to Astronaut for Evaluation N
one
and Use
109500 Dry Main Parachute - Inspect Perding

Figure 6-1 (Sheet 2) Summery of Apollo 13 ASHUR's
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ESR Number

Description

Test Requirement

SD70-212-01
SD70-212-02
SD70-212-03
SD70-212-04
SD70-212-05
SD70-212-06
SD70-212-07
SD70-212-08
SD70-212-09
5D70-212-10

SD70-212-11

Inverter/Lunar Mapping Camera Evaluation
Fuel Cell Power Evaluation Test
Postlanding Vent Valve Investigation
ECS 900 psi Op System Gas Sampling

ECS Water-Glycol Sample Analysis

ECS Potable Water Quantity

ECS Waste Water Quantity

ECS Potable Water Quantity Transducer
Suit Inlet-Pressure Transducer

EMS Postflight Analysis

CM-RCS System 1 Isolation Valve

ASHUR 020040
MCR 12598

ASHUR 109016

"ASHUR 109008

ATR 522702
ATR 522703
ATR 522704
ASHUR 109021-311,
ASHUR 109020-R1
ASHUR 109018-R1

ASHUR 109028

Figure 6-2 Summary of Apollo 13 ESR's
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