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A, TASK ASSIGNMENT

The Apollo 204 Review Board established the Integration
Analysis Panel, 18. The task assigned for accomplishment
by Panel 18 was prescribed as_follows:

This task involves the review of inputs from all
task groups, the correlation of all pertinent
information, feedback for further study, and the
final technical integration of the evidence.

B. PANEL ORGANIZATION

1. Membership

The assigned task was accomplished by the following
members of the Integration Analysis Panel:

Mr. A. D. Mardel, Chairman, Manned Spacecraft
Center, NASA
R. W. Pyle, North American Aviation, Kennedy
Space Center
Mr. C. B. Mars, Kennedy Space Center, NASA
Mr, D. S. Levine, North American Aviation, Downey,
California

Mr.,

2. Cognizant Board Member

Dr..M. A. Faget, Manned Spacecraft Center, NASA, Board
Member,. was. assigned to monitor the Integration Analysis
Panel.

)

3. Panel Consolidation

Panel 16 and 3 served as separate Panels from January
31, 1967, through February 23, 1967. These Panels were
dissolved on February 23, 1967, and merged with Panel 18.

C. PROCEEDINGS

1. General
In response to the direction of the Board, the Panel

discharged its responsibilities to the Board by planning
and executing the following major activities:
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a. Coordination of all phases of hardware inspection,
disassembly, test and analysis requirements, and
presentation of periodic status and summary of results
to the Board.

b. Correlation, validation, and determination of each
significant finding, and presentation of periodic status
and summary of results to the Board,

2, Hardware Inspection, Disassembly and Analysis

Inputs were solicited. from all Pancls with respect to
hardware inspection, disassembly, test and analysis require-
ments. A special form, "Disassembly and Post-Disassembly.
Requirements," (Enclosure 18-1), was uscd for the logging of
all requirements,

In keeping with the analysis activity, priorities for
the various requirements were established, Items werc then
selected twice daily to be approved. by the Board for
proceeding with that activity of work, Board approval
information was fed by the Panel back to the systems engin-
eers so that a "Test Preparation Sheet," TPS, (Enclosure 15-2)
would be originated to accomplish this work. This Panel
approved all TPS's, kept current TPS files, and reported on
the status of all approved requirements by means of a "Board
Action Summary" prepaired cach Wednesday. A sample page of
the latest '"Board Action Summary' is attached as Enclosure
18-3. All three enclosures relate to the same item:
"Removal of a cover over the junction box in the lower lett-
hand cquipment bay."

Significant findings from hardware inspection were then
correlated with the analysis cttort to determine further
courses of activity so as to culminate all research and work
on an item and enable a detevmination to be made, This
hardware activity was completed on March 27, 1967. All of
the equipment has been removed from the spacecraft,

An examination of the electrical wiring harnesses
remaining in the spacecraft in the most probable zone of
fire initiation was completed on March 24, 1967. The most
probable zone ot fire initiation is defined as the area on
the Command Pilot side of the Command Module, Looking
forward through the main hatch, this area starts at the
Environmental Coatrol Unit (ECU) and progresses tforward to
the gas chromatograph compartment, and covers the volume
from the tloor to the top of the FCU and to the tep of the
gas chromatograph compartment., All wiring in the lower
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cquipment bay was also examined. The ECU wiring has been
examined while the unit was in the spacecraft and after
removal from the spacecraft.

Electrical Power System wiring inspection and analysis
is still continuing. Work items that are active are as
3 follows:

a. Determination of the cause for each circuit breaker
and fuse that was found open or blown after the accident.
All open circuit breakers have been identified. The
identity of all blown fuses has not yet been established.
All circuit breakers that were to be closed but were

found open after the accident are listed in Enclosure. 18-4,

b. Conduct of additional continuity checks to estab-
lish that suspect wiring was installed as required by
manufacturing drawings,

The only evidence of arcs, shorted and suspicious
wiring that has been found is listed below:

(i) DC wiring completely burned through in
harnesses providing power to Environmental Control
System. instrumentation.

(ii) Arc between a DC wire and the cover of J-Box
C15-1A52,
(iii) Shorted AC wires providing power to the gas

chromatograph connector.

(iv) Shorted DC wires. providing power to scientific
equi pment bay .2,

(v) Two shorted AC phases in cabin air fan 1 wiring.

(vi) Crushed DC harness in Environmental Control
Unit providing power for instrumentation,

(vii) Shorted DC wires providing power to the biomed
recorder,

(viii) Shorted AC wires in Environmental Contrnl Unit
providing power for suit compressor 2,

(ix) Command Pilot suit wiring shorted.




(x)
of panel

8.

Arc on structurve by side of switch S11 in back

All removed parts and assemblies were thoroughly
reviewed by NASA and Contractor design engineers, metal-

lurgists and Panel 5 members.

Based on these reviews,

they

were classified either as a possible or as an improbable

A written justification was required for
each item, and each item was approved by three design
engineers representing NASA KSC, NASA MSC, and NAA, by the

ignition source,

three members of the Screening Committee,

by the Head of the

KSC Materials Analysis Branch, and by a member of Panel 5.
before it could be classified as an improoable ignition

source,

The listing of all equipment totals 299 parts and

assemblies.

No . attempt ":as made to list or to remove from

suspicion as a possible ignition source the spacecraft
wiring or devices integially a part of that wiring such as
terminal boards.

The 299 parts and asseablies were categorized as
follows:

Number Imp.,obable Possible
of Part:s Ignition Ignition
and Source Source
System Assemblies| (Cnt . B) (Cat. A) |[Remarks
Communications 17 17
Instrumentationl 22 i2 10 9 ECS
related
transducers
1 harness
assembly
Guidance and
Navigation 16 16
Stabilization
and Control 14 14
Environmental
Control Systen 48 3 45
Electrical Powed
System 32 30 2 Static In-
verter 2
Panel
C15-1A352
(LEB J-Box

Cover)




Continued

—- Number | improbable | Possible
of Parts Ignition Ignition
and Source - Source
System Assemblies| (Cat. B) (Cat. A) | Remarks
Displays and
Controls 30 29 1 Switch 11,
Panel 8
Sequencers 6 6
Reaction
Control
System 12 . 12
Structure 18 18
Earth Landing
System and
Recovery Aids 5. . 3
Crew Equipment 61 59 2 Command
Pilot Cobra
Cable, Com-
mand Pilot
Torso
Harness
Experiments 4 3 1 Octopus
Cable
Pyrotechnics 14 14
TOTALS 299 238 61

The details of the Screening Committee review are contained
in the "Screening Committee Final Report," dated March 24,
1967 (Reterence 18-~1), Analyses of the remaining Category
A items are contained in other sections of this report,
Special laboratory investigations of sSpacecraft wiring, the
ECS and Static Inverter 2 are reported. in this document.

3. Correlation, Validation and Determination of Investiga-
tion Items

Inputs were received periodically from daily Panel
meetings, daily Panel reports, special Panel reports, hard-
ware inspection and disassembly, brainstorming sessions,
technical discussions, etc,

The more significant inputs, defined as those that (a)
could possibly contribute to the cause of ignition, or (b)
could ceontribute to the propagation of the fire, were
listed as investigation items, Each investigation item was
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} correlated with other items, studied to establish validity
. and meaning, and finally a determination was made as to
whether the item did not cause the accident or whether it . ,
may have contributed to the accident, 4

To better illustrate the mechanics, the process for one
investigation item will be summarized:

Investigation Item 42 - Elapsed Time Indicator
burned on Spacecraft (S/C) 014. This unit was associa-
ted with the Caution and Warning System, Data were
received from Panel 6 that an Elapsed Time Indicator
(a non-flight item) for the-Caution and Warning Systenm
was. overheated as a result of a noise suppression
capacitor short dur.ing factory checkout on S/C 014 at .
North American Aviation, Downey, California.. The N
Command Module filled with smoke during this incident.

The following validation actions were taken:

(a) Action to Panel 1 to determine the exact
configuration of the Elapsed Time Indicator

) installed on S/C 012 and compared to the S/C
014 installation, and knowledge on whether this
unit was installed during the accident.

(b) Action to Panel 9 to determine the level of

- qualification with respect to oxygen and
pressure environments. Because this unit was
to be removed before flight, it was believed.
that the unit would not have been qualified,
but this still had to be confirmed.

(c) Action to Panel.3 to review all.data from
s/C 014 during the time that the incident
occurred to determine if there were any elec-
trical transients or if any circuit breakers

opened, for correlation with indications
during the accident.

- Closure of these actions disclosed that no changes .
were made to the unit following the incident on S/C 014,
that the unit installed on S/C 012 during the accident ¥
was of the identical configuration, and that the unit B
was not qualified for the environment during the time
of the accident. A Board action was then requested to
examine the installation on S/C 012 (Board Action No.,
0035). A TPS was written (TPS 053) and an examination
of the unit was made the next day. The physical




examination disclosed that the unit was in a satisfac-
tory condition with no evideunce of burning or damage.
The item was then closed in the category of "did not
cause the accident."

A "Status of Investigation Items' was prepared for the
Board each Wednesday. The latest "Status of Investigation
Itens'" is attached as Enclosure 18-52. Whenever an item
was closed, an "Integration Analysis Summary" was prepared
and presented to the Board (all are attached as Enclosure
18-53) .,

Output data from selected.Panel activities were reviewed
in detail. Examples of these.outputs were discrepancy
reports and open difficulties provided by Panel 6, and
incomplete work or open "Engineering Orders' (EO's) and o
configuration differences provided by Panel 1. These out-
puts were reviewed by NASA and Contractor system.engineers
to determine which could be related to the cause of the
accident. Those that could have some bearing on the cause
of the accident were entered as investigation items.

4, Special Reports to the Board

Formal and informal reports were prepared and presented
to the Review Board. The more significant of these
included:

Review of Spacecraft Power Status

Supplement to Review of Spacecraft Power Status

Structural Assessment Report

Explanation and Discussion of ECS Water/Glycol
Circuit Prior to and After the Fire Report

Spillage of Ethylene Glycol/Water (RS89-a) as a
Possible.Cause of Fire in S/C 012

ECS Oxygen System Description and Interim Data :
Evaluation ]

Communications Analysis Report

Mock-up 2 Mobility Evaluation Test Results

These reports are briefly summarized below,

Review of Spacecraft Power Status

This is a summary of internal and external power
descriptions and configurations applicable to

S/C 012. It contains a sequential history of the
DC power system, The sequential history is fully
verified by data indications and S/C and Ground
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Support Equipment (GSE) switch and control
positions, This report was used to establish the
DC power system configuration at the time of the
accident, and to show that it was proper.
(Enclosure 18-54a)

Supplement to Review of Spacecraft Power Status

This is a summary of minor internal and external
power supplies applicable to S/C 012 in addition to
the main DC supplies. (Enclosure 18-54b)

Structural Assessment Report

This is the first summary of the visual inspection
of the interior of the S/C to determine the extent.
of damage to the structure, plastic control knobs
and glass dials. (Reference 18-2),

Explanation and Discussion of ECS Water/Glycol
Circuit Prior to and After the Fire Report

This is a summary of the internal and external
water/glycol system configuration throughout the
test. It also contains a sequential history of
significant system parameters. (Reference 18-3)

Spillage of Ethylene Glycol/Water (RS89-a) as a
Possible Cause of Fire in S/C 012

This report presents laboratory results on the
properties of water/glycol and its inhibitor.
agents, It points out that the residue remaining
from.any spillage or leakage is hygroscopic and
corrosive, It postulates a theory that fire can
be produced from electric short circuits caused by
glycol,/water residue in electrical insulations,
(Reference 18-4)

ECS Oxygen System Description and Interim Data
Evaluation

This is a summary of the internal and external
oxygen system configuration throughout the test.
It also contains a sequential history of signifi-
cant system parameters. (Reference 18-3)
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Communications Analysis Report

‘ This report covers the configuration of the complete
- voice communications system - the Spacecraft, Space-
| craft/Ground Interfaces and Ground Systems., It

\ includes detail transmission information during the
- last ten minutes of the test, (Reference 18-6)

Mock-up 2 Mobility Evaluation Test Results

This report presents the results of a crew mobility
test conducted at KSC. This test was conducted to
determine the capability of a crew to see certain
areas of the spacecraft and to perform certain
actions with respect to time. (Reference 18-7)

5. Brainstorming Meetings

When the initial review of data and hardware failed to
disclose an obvious source of the fire, a series of brain-
storming meetings was held with participation by test
engineers, design engineers, astronauts, etc., The purpose

N of these meetings was to initiate and critique possible fire
initiation and propagation theories.

A large number of potential fire initiation and propaga-
tion theories were proposed and evaluation sheets were:
established to build up the supporting factors for the
theory, negative Ifactors to refute it, and to delineate
additional physical examinations or tests required to
support or to eliminate the theory. A .total of 47 potential
initiation theories have been proposed and evaluated. All
of these are attached as Enclosurc 18-55,

Of the 47 potential initiation theories, 46 are closed
as not considered likely ignition sources, and one is closed
as a probable potential ignition source,.

The one probable ignition source is the DC wiring
completely burned through in harnesses providing power to
Environmental Control System instrumentation, Two potential
initiation theories of a more general nature were alsc
considered. These are described below,

a, Cold flow characteristics of Tuliuvii insuiuaicd wire.

Teflon wire was selected [or the spacecraft because
of excellent resistance to high temperature, good
dielectric properties, lightweight characteristics, etc,
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It has, however, in.common with other plastic materials,
cold fiow characteristics which permit the insulation
to flow away from localized high pressure points over
long periods of time. It is possible that localized
high pressure points, either between wires or between a
wire and structure, could ultimately result in break-
down of the insulation. All wire bundles in the space-
craft which showed damage were carefully inspected for
signs of arcing. Only thosc locations delineated in
other sections of this report showed such signs.

b. Failure of electrical connectors due to water,/
glycol spillage:

The characteristics of the inhibitor used in the
coolant water ‘glycol fluid leaves a residue that is.
electrically conductive, hygroscopic, and {lammable.
Leaks of water/glycol occurred in the lower equipment
bay and Environmental Control Unit area during earlier
tests on S,C 012, These leaks were mopped up and
connectors and accessible wire harnesses were washed
with distilled water and alcohol, and dried with
nitrogen,

After the accident, all connectors were carefully dis-
connected, photographed. and inspected for any signs of
internal burning or arcing. No evidence of internal arcing
or burning was found which indicated a fire source. A few
isolated cases of pin arcing were found, but these appeared
unrelated to the fire since all surfaces in the vicinity
were clean and without any indication of a combustion path.
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6. Data Indications

The purpose of this section is to summarize briefly:
the recorded data indications that werc unusual and unex-
pected prior to the crew report of fire, and significant

) data indications.following the crew report of fire.

a. Gas Chormatograph Telemetry Indication

Gas chromatograph channel output variation occurred
at 23:30:50 GMT. The gas chromatograph was not instal-
led for this test and the connector that carries the.
telemetry data signals and the required AC power was
placed on the gas chromatograph shelf prior to the
test. Power to the AC line in thc connector was turned
on during the test, as required by the test procedure.

A careful examination of records showed activity on
this channel seven times prior to 23:30:50 GMT,

Following is a summary of the seven periods of activ-
ity (sce Enclosure 18-7):

Tracc A

22:04:45 GMT - Gas Chromatograph (GC) trace
changed in exact correlation with a rise in
the VHF/FM RF output when transmitter was
turned on. GC output change was 2 to 3 per
cent.

Trace B - 22:06:54 GMT - This trace correlates with
middle gimbal angle stabilization loop,
responding to fine align mode.

Trace C - 22:19:23 GMT - This change in the gas
chromatograph trace correlates to the
Guidance and Navigation System (G&N)
going to coarse alignment.

Trace D - 22:20:09 GMT - Change correlates with G&N
going to fine align., The large current drawn
by this change in the G&N mode also caused
transients on DC bus A and DC bus B.

Trace E - 22:34:46 GMT - Pilot turned updata link to
UHF.
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Trace F - 22:53:13 GMT - Environmental Control Sys-
tem monitor reported high oxygen flow. He }
asked crew if the face plates were opened. ?
Crew said "No." Much noise in background
of Spacecraft. i

Trace G - 22:55:40 GMT - Command Pilot changed cobra |
cable and was in process of communication
check at this time. Location of Pilot was
not known. Pilot did get cobra cable and may
have still.been in the lower equipment bay.

Trace H - 23:30:50 GMT - Variation just prior to the
accident.

The telemetry data line in the connector has the i
characteristics of an antenna, and consequently can de-
tect changes in the electromagnetic field within the
spacecraft.

o reney

b. AC Bus 2 Voltage Variation

A momentary increase in AC bus 2 voltage was noted
at approximately nine seconds bcfore the crew report of
fire, and at the same time the recorded parameters moni-
toring the equipment powered from AC bus 2 showed abnor-
mal indications. Enclosure 18-3 shows the parameters
and changes, .with the times of sampling by the telemetry
system. Thesc were:

(1) Rise in AC bus 2 voltage phases A, B and C

(2) 1.7 second dropout of C-band decoder and
transmitter outputs

(3) Momentary dropout of VHF-FM carrier

(4) Fluctuation of rotation controller null out-
puts

(5) Gas chromatograph tclemetry signal transient
Other equipment connected to AC bus 2 at this time
had no telemetry monitoring capability that would detect

effects of voltage variation,

The associated changes which occurred at the time
of the AC bus variation arc individually discussed:
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(1) The C-band beacon parameters dropout occurred
for approximately 1.7 seconds. The 1.7 second drop-
out obsecrved is the minimum recovery time of the pro-

- tective circuit internal. to the beacon to prevent
magnetron damage. Possible causes of the C-band
- beacon. dropout arc:

(a) Interruption of AC bus 2 power would
cause the C-band beacon. dropout as verified
by special tests on a C-band beacon similar
to the one used in S/C 012,

The test indicated that interruptions
of the AC power, all threc phases, or phases
A and B, or phases B and C, for 10 millisce-
onds or more created a dropout.

(b) Momentary drop of range interrogation;
however, the range C-band station log shows
no report of interrogation drepout at this
time.

The most probable causce of the beacon dropout
was a momentary loss of AC input power to the beacon,
particularly since the transponder dropout was coin-
cident with the variation of the AC bus and the beacon
performed normally after the recovery from the drop-
out until loss of the data.

(2) VHF-FM transmitter signal dropout occurred for.
approximately 30 milliscconds. A dropout of this
naturc has been duplicated by special tests conducted.
by Collins Radio Company with a {ransmitter under
similar conditions. These tests show that the re-
ceived video signal during the noted time can be
matched very closely.by a momentary dropout on the .
AC supply (all three phases) to less than 50 volts,
or a dropout of DC supply to less than 6.5 volts for
a period of 15 to 20 milliscconds. Since the VHF-FM
transmitter recovered, as did the C-band beacon, thc
most likely cause of the dropoul was a momentary intor-
ruption of the AC input power.

(3) Rotation controller null outputs showed momen-
tary transients in cach of the three control axes.
The rotation controller outputs which were reading
slightly off null just prior to the voltage variation
(the controller was pinucd) are supplicd by phase A
of AC bus 2. Special tests have shown that the null




output transients can be duplicated by a momentary
interruption of AC bus 2 phase A inputl power.

(4) The gas chromatograph telemetry signal showed

a sharp transient coincident with the voltage varia-
tion. The character of the transient is indicated
in Enclosure 1J-7.

| The AC bus 2 voltage increase appeared on all three

| phases momentarily. The AC bus voltages arce sampled ten,

‘ times a sccond by the instrumentation system. . It is,
therefore, lmpOs»tho to determine the actual variation

| of AC bus 2 voltages for 100 milliscconds prior to or

| atter the obscrved voltage increase. In addition, special
tests indicate that there is an inherent delay and stretceh-
ing of the AC voltage signal conditioner. output duce to
roctification and tiltering. Consequently, an AC voltage
transient occurred several milliscconds. prior to the time
indicated in the S/C 012 data. However, the AC bus velt-
ages are connected to an overvoltage and undervoltage '
sensor which will trip if the voltage on any phasce ¢Xx- L
coeds 135 volts AC or drops below 90 volts AC for 32.5
+ 7.5 milliscconds. Main bus A and B voltages arce also
monitored by an undervoltage sensor which will trip if
the voltage drops below 26 volts DC for 70 -+ 30 milli-
scconds. Any one of these conditions would cause a
mastoyr alarm. The master alarm did not occur during
the period ot the AC bus 2 voltage variation.
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¢. High Oxygen Flow Rate

At 23:30:59 GMT the oxygen flow rate-measurcement.
went. to- a saturated condition of 1.03 pounds per hour. !
Fifteen scconds later the caution and warning systoem g
master alarm was triggered.  The oxygen (05). flow
- stayed in a saturated condition until loss “of signal
(LOS). Oxygen flow rate and associated data are shown ]
in Enclosure 18-9. )

There were 10 other periods during this test in :
which an uncexplained saturated flow rate condition
oxisted. A correlation of relevant data for thesc

= unexplained periods is shown in Enclosure 18-10. The .
actual flow rates for several of the times listed were
computed using measured surge tank pressurc.

Four possible conditions can cause a high oxygen
flow indication. These are:
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(1) Ho,0 Cyclic Accumulator Activation - The cyclic
accumulator is actuated every 10 minutes for a ten
second duration by the Spacecraft Central Timing
Equipment (CTE). The diaphragm pump is actuated
when the CTE triggers the circuit. During the 10 :
- seconds in which .the solenoid is open, the Oy flow ;-
transducer will saturate and energize circui%ry which 2
\ could trigger the Caution and Warning System high-Og
‘ flow indication; the system is, however, equipped
with a 15 second time delay to prevent the 10 second
high flow condition from triggering the system.

(2) Suit Leakage - Crew suits are not designed for
the very low delta pressures that were present dur-
ing this test. The joint seals, etc., arc not ade-
quately ecffective at low differential pressures and
therefore crew movements can induce suit leakages
which result in high-0Og flow rates.

(3) Open Helmet Visor - Enclosure 18-12 shows that
with an open helmet visor (23:19:13 GMT), Surge Tank
Pressure responds within about 3 seconds. For this
condition the surge tank pressure decayed from 739
to 480.6 psig (see Enclosure 13~13 which shows the
history of surge tank pressure for the entire test).
puring the last high-O flow condition the surge tank
does not start decreasing for 12 seconds..

(4) Crew.Movement - During five of the ten unex-
plained high oXygen flow rates, listed in Enclosure
13-10, the voice tapes indicate the crew was trouble-
shooting the communications problems. During the last
three high- flow rates the Guidance and Navigation
System gimbal angle movements have been correlated

with crew motion and .biomed data. Of particular in-
terest is the time period of 23:24:03 to 23:24:06 GMT.
Five seconds prior.to start of high-0 flow the bio-
med data indicates a deep breath and possible talking
by the Senior Pilot. Biomed data are available from
the Senior Pilot only. The slope at the start of high-
O, flow correlates with the characteristics of. the

data when the Command Pilot opened his face plate at
23:19:13 GMT. Another significant period is at 23:30:39
to LOS, where the middle gimbal torque motor input shows
responsec to motion at 23:30:24 GMT, At this time the
09 flow starts a gradual rise. At 23:30:39 GMT the
gimbal torque motor inputs reflect a distinct vehicle
motion. The biomed data from the Senior Pilot, shown
in Enclosure 13-14, show the start of motion which is
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show that a live microphone constant-keying condition eX-
isted tfrom the Command Pilot position during a consider-

also reflected in the continued increase of Op
flow. At 23:30:59 GMT the Oq flow rate reached
saturation with motion still being indicated on
the inner gimbal.

Live Microphone Condition

Voice tape analysis and instrumentation data rccords

e o

able portion of the final test period. .

The 1live microphonce condition was evidenced in a

real time during the tost at 22:25:53 GMT, when the

cerow selected the VHF/AM T/R mode. Data analysis using

the Merritt Island Launch Areca Open-Loop Communication

(MOLC) tape (S-band and VHF/AM voice) showed that the 1
first indication ot the 1ive microphone was at 22:18:49 ‘
GMT.

Howcvel, Q review of the Mission Control Center-KSC

(MCC-K) tapce showed that the MOLC tape recorder was
stopped between 20:537:19 and 22:13:49 GMT. Further
analysis of the MOLC tape cstablished no evidence of the
iive microphone coundition prior to 20:57:19 GMT. It 1is
concluded theretore {that the live microphone condition
began between 20:57:19 and 22.13:49 GMT.

The crew became aware of the live microphone condi-

Lion at 22:26:48 GMT, and. started a scries of trouble-
shooting cxercises. These exercises, plus voice tape
analyses and. data records, indicated that the live
microphono’condition existed in the Command Pilot com-
munication system. The known excrcises werc:

(1) The Command Pilot switched from the “"normal"
connector to the temergoeney” connector of his cobra
cable.

(2) The Command Pilot and Scnior Pilot interchanged
cobra cables,

(3) The Command Pilot and Senior Pilot placed their
cables back in the original configuration,

(4) The Command Pilot replaced his cobra cable with
a flight sparec.

(5) Various audio contrel pancl modes were tried.

D 1818




F

The live miciophone condition continued to exist
after the above cxerciscs and was in cevidence through
the cvew report of ftire.

e. Crew Movement

Crew activity was cvident for about the last 30-
sccond peried just before the creow report of fire. The
data that indicates movement is shown iu Enclosure 13-14
wvhere several pavameters support the indications. The
crew.was not required to perform any operation or func-
tion during this time. The Enclosurce shows changes in
the torquing voltage to the gimbal torgue motors indi-
cating significant spacecratt motion.

Activity of the Senior Pilot was interpreted from
respiration rate, heart vate and phonocardiogram data.
The Senior Pilot was osseontially at a resting baseline
until 23:30:21 GNT, when slight increases in pulsc and
respiratory rate was noted. At 23:30:30 GMT, therc was
a 4.5 sccond burst of noisc on the clectrocardiogram
trace indicating some muscle activity. A similar burst
occurs at 23:30:39 GMT accompanied by maximum noise on
the phonocardiogram. The data are consistent with in-
creased activity, but ave not indicative of an alarm
response. By 23:30:45 GMT all biomed parameters have
begun to revert toward baseline levels.

The Command .Pilot's live microphone condition on
the S-band veice loop indicated considerable amounts
ot brushing and tapping-type noises during the 30
second time period prior to the crew report of fire.
Noises ot the S-band voice loop prior to this time
wore not ot this magni tude ovr density.

Additional indication ot crew activity was the on-
sct. of iuncreasing oxygen flow to the suit circuits dur-
ing this relative time span.

{. Cabin Pressurc Rise

A determination of the pressure ne cabin attained
and the approximate time of structural rupturc is in-
cluded in this section, The analysis is based on obscr-
vations trom previous tests and cortain known facts of
the hardware design.,

The installation of the optics system and 1INERTIAL
MEASUREMENT unit on the navigation. basce is shown in

D-18-19




Enclosure 16-15. The navigation base is shock mounted
on the Command Module structure, The optics system
penetration through the pressure vessel is a set of bel-
lows which forms thoe crew compartment seal. Navigation
base displacement is most significant iu the spacccraft
pitch axis. The inertial reference and spacecraft axes
are not coincident, therefore, gimbal angles must be
transtformed to reflect navigation base motion (refer

to Enclosure 13-16).

A fincer detyil of the navigation base is shown in
Enclosure 13-1:. The single lower shock mount acts as
a pivot point. The optics bellows mounted at the.upper
extreme end of the navigation base allows motion of
the base about that pivot. A pressure differential
across the opties and .bellows assembly results in a
force which wiil tend to rotate the upper end of the
navigation base outboard. Any rotational moticn or
angular displacement of the navigation base will be
reflected in the Inertial Measurcment Unit (IMU) gimbal
torque motor currents and gimbal angles.. Deflection
of the navigaticen base has been correlated with dif-
ferential pressure across the optics and bellows
assembly thiough data acquired during the altitude
chamber test of S/C 012, The results are shown in

Enclosure 12-18. With the cabin pressurized to 5.5
psig, the upper navigation base was deflected outboard.
An approximate lincar movement of the navigation base
was noted as a function of decreasing cabin pressure.

Variations of temperature on. the Command Module RCS
A" engine, CR 45361T., and on the Aft Heat Shield thermo-
couple, CA 5493T, arc displaved in Enclosure -13-19 dur-
ing the time of.the accident. . Cabin pressurc and the
three gimbal angles are also included for correlation.
The variation of cabin pressure is shown from telemetry
data which reached saturation at 21.3 psia. For com-
parison a sccond curve is shown which was developed
from results of a digital simulation performed at AC
Elcctronics, Milwaukee, Wisconsin, which determined the
cabin pressure required to attain the gimbal angles
obscrved during the accident.

The gimbal angles in Enclosure 13-19 change with
the cabin pressurc and reach an apparent maximum at
21:31:20 GMT., then reverse direction, indicating a
decrease in cabin pressure. Because of the low sample
rate ot these measurements, the actual peak deoflection
and time ot gimbal angle reversal is unknown. The RCS




thruster chamber temperature CR 4561T displays a sharp

rise in temperature starting at 23:31:19,.86 GMT, Assum- -
ing the sharp rise in temperature 1is the result of hot 1
gas impingement, a rupture in the pressure vessel must

have occurred prior to start of temperature rise because

of the insulation surrounding the RCS thruster trans- » 3
ducer and the response.time.of the transducer. There- ‘
fore, the rupture must have occurred between 23:31:18 .
and 23:31:19.86 GMT. The time of rupture was estimated '

at 23:31:19.4 GMT by Panel 10. The time of 23:31:18 GMT

was the last gimbal angle data point prior to the sharp

temperature rise at 23:31:19.86 GMT. Following the J
rupture, the cabin pressure would decrease allowing i
the navigation base to move toward its initial posi- ?
tion. Results of a digital simulation indicate the
cabin pressure reached at least 29 psia. i

g. Suit Flow Dropout

At 23:31:09.62 GMT the suit flow rate of the Seniorx
Pilot was at the upper 1imit of the transducer (satu-
rated) of 25.27 1b/hr. The flow ratc per man was actually
higher and was approximately 64 1lb/hr per man. One-tenth
of a second later, at 23:31:09.72 the flow rate had
dropped to the lower 1imit of the transducer (6.15 1b/hr)
and stayed there antil 23:31:11.82 GMT. It then returned
to the upper limit at 23:31:11,92 GMT. The other two
suit flow rates remained at the upper limit during this
period (see Figure 18-18).

There are three possibilities that could explain
the suit flow drop-off. These are:

(1) A momentary short in the suit flow transducer
wires would eéxplain the suit flow transducer going
to the lower limit and returning to saturated flow
again., However, the suit delta. pressure  and com-
pressor delta pressurc show a marked change coinci-
dent with the drop in suit flow, indicating that the
suit flow in fact changed.

(2) It the suit outlet hose was disconnected, the
suit outlet has a check valve in the suit which

stops the flow to the suit giving an indication of

no flow. The suit delta pressurec and suit compres-
sor delta pressure should increase and, in fact,

did as shown in Enclosure 18-20. The decrease in
these parameters within about 2 seconds after the
increase can only be interpreted as suit burn-through
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and/or subsequent reconnection of the outlet hose.
Disconnection and reconnection of the outlet hose
within a 2 second time period is highly unlikely.
If this argument is to hold, the suit must have
burned through to re-establish flow and sometime
later the outlet hose was reconnected to the suit.
The outlet hose was found connected after the acci-
dent, which tends to weaken the argument in light
of possibility (3) which follows.

(3) The suit inlet hose was found disconnected
from the Senior Pilot's suit. An explanation of
this could be that the Senior Pilot .disconnected
his suit inlet for emergency egress.

h. Water/Glycol System Integrity

Pressure and temperature measurements in the water/
glycol system were examined to determine if any line
rupture or leak might have occurred prior to or during
the early phase of the fire,

No indications of a leak were found. It should be
recognized that very slight leakages (less than about
0.5 cubic inches) could not reiiably be determined with
the information available.
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7. Data Analysis and Correlation

R The purpose of this section is to treat each data indica-
tion prior to the crew report of fire in combination with
engineering tests and analyses, and correlate with other avail-
able information to pravide an integrated technical evaluation.

a. Gas Chromatograph Data Interpretation

In the preceding section it was reported that the
gas chromatograph measurement output varied seven times
in the 22:00 to 23:00 GMT time period. It then remained
totally quiescent for approximately 35 minutes, and at
23:30:50 GMT approximately 14 seconds prior to the crew
report of fire. it again produced .an ocutput.

The last output is considered to have a special
meaning with respect to the -accident, because the  trace
was quiet for so long 2 period, and because an output
occurred within seconds of the fire.

Tests were conducted at MSC and at the Contractor's
facility to determine what physical phenomena can cause
an output to be produced from a powered and open gas
chromatograph electrical connector. Enclosure 18-21
shows the variations from two of these tests compared
with the output from S/C 012. Trace A shows the output
from a S/C 008 cest at MSC, during the period of time
when a plastic bag was being removed from the connector,
where the wiring and connector were touched with bare
hands. Trace C shows the output from a North American
Aviation., Downey, California. test during.the period
of time when the wiring and the connector were subjected
to an external flame. The composite data from all
special test indicate that an output from the connector
can be produced by the following:

(1) Physical movement or disturbance of the wiring
and/or the connector

(2) Application of external heat to the wiring
and/or the connector

(3) Changes in the electro-magnetic field, affect-
ing the antenna characteristics of the wiring and/or
connector

Tests are being conducted in which a wire will be
sparked with a gas chromatograph connector nearby to
determine if any output can be produced.
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b, AC Bus 2 Transient

The AC bus 2 over-voltage condition observed at
approximately nine seconds before the crew report of
fire is a characteristic inverter response attributable
to one of the following conditions:

(1) Momentary short or interruption of DC bus B .
input power to inverter 2 ‘

(2) Momentary short on one or more.phases .of Y
inverter 2 output !

(3) Removal of a major portion of the load from
inverter 2

Enclosure 18-22 shows the basic AC and DC power
distribution system configuration at the time of voltage
variation. Power was in a standard configuration at
the time.

| Special tests have been conducted on S/C 008 at MSC
and at the Contractor facilities to reproduce the teleme-~
try voltage characteristic and the associated changes in
C-band beacon, VHF-FM transmitter and rotation controller
outputs. These tests show that the time relationship
between the over-voltage indication and associated changes
can only be duplicated by a momentary short or interrup-
tion of DC bus B input power to inverter 2. The results
for all three conditions are shown in Enclosure 18--23.
In this figure test AC bus 2 voltages versus time have
been plotted with zero time as the time of VHF-FM trans-
mitter and C-band beacon changes. The time that AC bus
2 voltages were sampled on S/C 012 is also indicated for
each test condition. The data for the output of the AC
bus 2 voltage signal conditioner was available only for
the inverter DC input shorting test, but the plot of the
bus voltages for the other conditions shows that the
over-voltage occurs earlier and for a shorter time dura-

tion.

Voltage regulation tests were run on the ground
power supply at Launch Complex 34, These tests were
run under similar load conditions (30 amps) to that
existing on DC bus B in S/C 012 at the time of the
accident




Short circuits of 0.25 ohm resistance were applied
across the bus for periocds of 5 to 25 milliseconds,
Measurements of voltage at the umbilical interface,
voltage and current at the power supply wvere made using
a CEC recorder with response characteristics good to
5000 cps. In addition, the ACE equipment was set up
to monitor power supply voltage and current in a similar -
manner to that used for OCP FO-K-0021-1,

These tests indicated that a short circuit in the
range of 5 to 25 milliseconds drawing approximately 75
amps caused an immediate drop in bus voltage of 13 to 15
volts, recovering to about. 3.6 volts below steady state
conditions after 1 to 1.5 milliseconds., The voltage
remained constant until the short. cleared at which time
it. overshot steady state conditions by about 10 volts
recovering to steady state by 1 to 1.5 milliseconds.

The ACE indications of voltage and current were
sporadic, depending on the time of the short relative
to the ACE. sample time (sample rate 1 per second).
Several current measurements were obtained for the 20
and 25 milliseconds duration shorts. These current indi-
cations were quite low, from 1 to 6 amps, apparently be-
cause of the transient response characteristics of the
current measurement system,

It is concluded that the probable cause of the AC
bus 2 transient and associated indications was a momen-
tary short (2 to 25 milliseconds) of DC bus B affecting
the input voltage to inverter 2,

c. High Oxygen Flow Rate

Telemetered data indicate that the high oxygen flow
rate conditions for the last 30 seconds before the crew
report of fire can be attributed to the apparent high
level of prime crew suit leakage at low suit-to-cabin
differential pressure, magnified by appareni crew
activity. An analysis of S-pand audio data also indi-
cates that a face plate may have been open, An analysis
was also conducted to determine if the high flow could
be indicative of a sensor and/or associated wiring
difficulty.

It was considered improbable that any short circuit

between the signal lead and a 28 volt DC supply lead
could occur,
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Single failures could exist within the bridge cir-
cuitry controlling the flow sensor which would indicate
high flow rates on both the PCM output and the signal’
to a high flow alarm relay, A preliminary examination
disclosed shorts to ground in the flow sensor; shorts
to ground will produce a zero or no flow output indica-
tion. It should also be noted that the location of the
oxygen flow sensor was a high fire damage area, and that
the sensor would be expected to be damaged by the fire,

Based on the above, it is concluded that the high
oxygen flow data indication was valid, and that there
was. no malfunction of the sensor prior to the crew report
of fire,

d. Command Pilot Live Microphone

The live microphone connotation means that the
microphone amplifier in the audio center has received
a ground, allowing 28 volts DC to energize the amplifier
electronics, and the diode gates in the audio center on
the S-band audio output have been grounded, allowing
audio signals to modulate the S-band transmitter, These
two conditions are normally effected by a crewman pres-
sing his Push-to-Talk (PTT) button on the cobra cable,
or in the Command Pilot's case, by pressing his trans-
lation controller PTT or his cobra cable. PTT button.
The PTT. button, in addition to the above function, pro-
vides a ground for the VHF/AM Transmitter keying relay
through the audio control panel VHF/AM T/R select switch,
These VHF/AM T/R switches are connected together for all
three astronaut positions which would .cause a ground to
be transferred among all positions in VHF/AM T/R mode,
See Enclosure 18-24 for logic detail,

An analysis of this problem has isolated the cause
to the PTT or keying line that runs between the cobra cable,
translation controller, Commana Pilot audio control panel,
and the audio center (circuitry shown in Enclosure 18-24).
The following has been determined:

(1) The separate components have been checked for
resistance to ground. All lines measured open which’
is correct,

(2) The S/C wiring was checked and a 3000 ohm resist-
ance was measured to ground., This 3000 ohm resistance
could account for the keyed microphone. However, this
resistance could be a result of the fire damage to
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wire bundles. Later, when an attempt was made
to locate the cause of the 3000 ohm resistance,
a recheck did not produce the same results. .The
circuit now measures open, which is normal,

(3) The translation controller PTT button was
pushed and released ten times, On the fifth try
the button stuck down, If the button had stuck
during the S/C 012 test the microphone would re-
main keyed.

The audio center has successfully completed qualif-
jcation testing with this line grounded .for twenty-
eight days.

A review of switch positions in the Command Pilot
audio control panel indicates that all switches were in
the positions expected. When in this configuration,
current drawn by the keying line is limited to 20 milli-
amps at 28 volts, Tests run with a cobra cable show
that no sparks were generated with 28 volts and 150
milliamps.

Based on all of the above, it is concluded that the
live microphone condition was probably not a source of
ignition.

e, Crew Movement

Crew movement was irdicated during the last minute:
preceding the crew reporc¢ of fire, most prominently by
the torquing voltage to the gimbal .torque motors. An
attempt was made to determine what type of activity by
the crew could produce these torquing signals by review-
ing all available data from previous tests with the proper
guidance mode selected, There was no consistency in the
effects of crew activity such that repeatability could
be shown for presumably similar activities. This may be
expected since the combination of crew actions for a
particular operation may never be the same, Similarly,
the vigor with which an action is performed can vary.
Even though the crew activity cannot be defined, the
fact remains, crew motion can be detected.

f. Analysis of Tape Recorded Transmissions

The voice transmissions shownin Enclosure 18-5 were
analyzed with the use of MOLC RF voice recorder tapes,
oscillographs of the MOLC tapes and PCM data, This
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enclosure shows the VHF/AM and S-band voice tracks
oscillograph readout from 23:29:42,5 GMT to LOS,

(1) 23:29:42,5 to 23:30:14 GMT

(a) The Command Pilot was transmitting on
S-band, The Senior Pilot made a voice trans-
mission on S-band and VHF/AM. There was no
voice transmission by the Pilot,

(b) The ground personnel were transmitting

to the S/C on S-band. The voice of the Command
Pilot was being turned around by the CAST
(Astro Communicator Console) system and re-
transmitted to the S/C on VHF,

(c) The live. microphone noises were not
evident, probably because of the higher noise
level caused by the uplink S-band being patched
to the MOLC RF re:order,

(2) 23:30:14 to 23:31:00 GMT

(a) There were no voice transmissions from
the S/C,.

(b) The ground personnel were not transmitting
to the S/C on VHF,

(c) There was no change in the live microphone
condition,” Considerable amounts of noise similar
to those obtained when a microphone is brushed

or tapped, including breathing sounds, were
evident, Some of the louder noises appear to
have had sufficient amplitude to trigger the
uplink VHF/AM via CAST,

(d) There is evidence of an open visor,

(3) 23:31:00 GMT to LOS
(a) There were two series of voice transmissions
on S-band, The times for these two transmissions
are detailed in Enclosure 18-5, No voice commun-
ications on VHF were made from the S/C during
this time period,

(b) The ground personnel were not transmitting
to the S/C on VHF, The voice transmissions
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The analysis of the first voice transmitted
is as follows: :

This transmission began at 23:31:04.7 GMT %

with an exclamatory remark, This transmission. 3
is not clear, Most listeners believe this :
initial remark was one of the following: :
!

NHeyl' ‘

¢

NFire" ?

3

"Break" §

t

Most listeners believe, and laboratory
analysis supports this belief, that this trans-

The second portion of this first trans-
mission begins at 23:31:06.2 GMT with an un-
clear word., Most listeners believe the first
to be one of the following:

I'I 1t ve"
"We're"”

The remainder of this transmission is
quite clear and is: "....Got a fire in the
cockpit', followed by a.clipped word sounding
like 'vheh", which ended at 23:31:10 GMT, Many
listeners believed this transmission to have
been made by the Pilot, Some believe it could
have been made by the Command Pilot or the
Senior Pilot, However, laboratory analyses
indicate the greatest probability that it was
made by the Pilot, but the results of the
analyses do not negate the possibility that
one of the other crew members could have made
the transmission,

The analysis of the Second voice transmission
i1s as follows:

Following a 6.8 second period of no
transmission, the second transmission began at
23:31:16,8 GMT and ended at 23:31:21.8 GMT,
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The entire second transmission is somewhat

garbled., This second transmission, therefore,

is subject to wide variation of interpretation

as to content and as to who was making the trans-

mission ot transumissions, The general content

is wnat appears to he three separate phrases

and it has heen interpreted several ways Ly many

listeners, The following is a list of some of 3
the interpretations that have been made: 3

1. "Trey're fighting a. bad fire - Let's get
out,,...Open'er up."

2, '"We've got a bad fire - Let's get out
We're burning up."

¢ s 00

3. "1U'm reporting a bad fire,,,.I'm getting
ovt,,..0Oh, aah,”

Many listeners believe this transmission
was made by the Pilot, It should be noted that:

a, The total time duration of these two
transmissions was brief, lasting 17.1 seconds;
the first lasted 5,3 seconds and the second
lasted 5.0 seconds, with a 6,8 second period
of no transmission bketween, .

b, The transmissions provide evidence only
of the time the crew first transmitted a
report of the existence of the fire and do
not. provide any direct information as to
the cause of the fire,

Two analyses of tape recorded transmissions were
completed. The detailed findings are contained in
references to this document, The first, Reference 18-8,
is a report prepared by Nell Teleplione Laboratories,
The second, Reterence 18-4, is a report prepared by "
NASA MSC,

g. Related Tests and Analyses

The purpose of this section is to cover special
tests. analyses, additional data ard other information
that is essential to complete the investigation of the
accident,

A brief summary of significant special test results
is attached as Inclosure 18-36,
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(1) Onboard Records Analysis ;

Items of onboard procedures, log books,
switch lists, cte, found in & ¢ 012 after the
accident were delivered to the Federal Bureau of
Investigation for reconstruction and spectrographic
examination, All of the items have been positively
identified, Written remarks were either changes
to the OCP switching lists or crew comments in the
crewv log books, None of the comments are signifi-
cant with respect to the accident and no otiner
information was found pertinent to the cause of
the tire,

(2)  Status of Iaverter 2 Investigation

Inverter 2 (Part No. \E 4953--0001-0004, serial
No, 88) was recturncd to Westinghouse tacility in
Lima, Ohio, for investigation relating to the & C
012 acceident,

The results of the initial electrical tests
conducted on the inverter disclosed that a pair
of transistors in the booster stage was shorted
and a tuse was open, The other four transistors
in the inverter's booster stage were removed and
checked out satistactorily., The pgood transistors
and new replacements were reiunstalled,  The invertoer
was again electrically checked and operated satis-
factorily, Replacement of the fuse was not required
for this check,

It is concluded that the inverter was not the
source of the firve and that the transistors tailure
was. due to thermal stresses induced by high tempera-
tures extevnal to the wnverter,  The fuse was probably
damaged during the efrort to remove the toam in order
to gain acceess to the internal test points., 1 is
also concluded that the inverter could not have caused
the AC bus 2 transient at 23:30:54:86 GMT tor had the
transistors tailed at that time the inverter would
have dropped out and stayed out,

(3)  Status ot ECS Parts and Assomblies lLuvestigation.

The Screening Committoee Report listed 54 Environ-
mental Control System parts and assemblics as possible
1gnition sources,  Further imvestigative work has
placed 52 of these into the improbable ignition source
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category. The two remaining suspect items are still
being analyzed and are identified as follows:

Electrical Cable Assembly P/N 836599-1-1
Electrical Cable Assembly P/N 836602-1~1

The two cables assemblies are connected in
series, Both carry DC power to an instrumentation
temperature sensor power supply. The power supply
then provides power to five signal amplifiers.

Both DC bus A and DC bus B power wires were
contained in these cables and both were protected .
by 5 amp circuit breakers. The circuit breakers
were found open after the accident. Anomalies
were not observed on the data from the five measure-
ments. A short in one. of the above cables would
not show an anomaly. on the data since the redundant.
power would continue to supply power necessary to
maintain the integrity of the measurements.

Post-fire tests did establish a grounded condi-
tion in both harnesses and visual inspection revealed
t. .1t a considerable amount of one of the cables was
completely consumed by fire. These harnesses.are
covered in more detail in section 8-A of this report,
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8. Technical Discussion of Possible Ignition Sources

The specific cause or the trigger that initiated the fire
in S C 012 has not been determined. A number of potential
causes have been identified and actions have been implemented
to validate each one. so as to deteriine which will remain as
likely possibilities.

The family of possihle sources of ignition that apply to
the Command Module includes:

(a) Spacecraft electrical power

(b) . Overheating of mechanical equipment
(c) Electrostatic spark discharges

(d) Spontaneous combustion

The most likely cause of ignition is in the Spacecraft
Electrical Power System. This may provide an ignition source
from electric arcs that can be produced.by making or breaking
electric circuits. or by physical failure of a current-
carrying wire. This most likely supposition is supported by
the fact that the AC bus 2 power system exhibited a transient
ten seconds prior to the crew report of fire. indicating an
electrical power abnormality just pr1or to any awareness of
fire by the crew.

Spontaneous combustion has been considered
extensive series of test involving all knhow combustible materials
in the spacecraft in combination with all known contaminants
has been completed. The spontaneous ignition temperatures of
these materials were all found to be in excess of the maximum
test temperature of .400°F.. All areas in the S.C should. be
well below this temperature unless there is a.malfunction or.
electrical short. Therefore, the possibility of spontaneous
combustion is ruled out.

Chemicals that are highly reactive can produce sufficient
heat to start a fire. There are two sources of highly reactive
chemicals in the spacecraft. These are the batteries and the
lithium hydroxide for the Environmental Control System.
Analysis of data and post-fire examination of these ohjects
indicates that they were probably not involved in the start
of the fire.

Electrostatic discharge from one of the suits to adjacent
material. initiating a fire in Velcro pile or other easily
combustible material. has been considered a source. Tests
conducted in S C 014 indicate that insulficient energy is
gencrated tor ignition to occur. (refer to Panel 8 Report).
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The probable causc of ignition foellows:

a. DC Wiringﬁﬁor Environmental Control System
Instrumentation Burned Through

Three separate harnesses providing DC power for
Environmental Control System instrumentation have been
found burned through. Two of these harnesses are shown
in Enclosure 18-25 as they appeared hefore the accident.
The harness lying over the Waste Management System bare
stainless steel line contained both DC bus A and DC bus
B power wires. The harness lying on the floor undey the
plumbing contained DC bus B power wires only.. The total .
complement and identification of all wires in each of i
these two harnesses 1s shown in Enclosure i8-25. ‘

R e o e
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The third harness that was burned through provided
DC bus A and DC bus B power for an instrumentation
sensor power supply. The power supply then provided
power to five signal amplifiers. The harness that mates
with this harness at an electrical panel near. the ECU
also is suspect at this time. The total complement and
identification of all wires in each of these two harnesses
(both similar because connected in series) is described
below:

(1) Twenty-three wires total
(2) All wires were 24 gauge
(3) Wires were identified as:.

28 volt DC bus A and bus B power leads (2 wires)
28 volt DC return (1 wire)

5.4 volt DC. power supply output (5 wires)

18 volt DC. power supply output (3 wires)

-0.5 volt DC, power supply output (5 wires.)
common returns, powel supply output (5 wires)

Enclosure 18-27 illustrates the nature of the
installation of two of the harnesses on S/C 014. The
lower edge of the aluminum access door to the lithium
hydroxide holders contacts onc of the harness when the
door is opened and closed. It is inferred that the
installation in S8 C 012 was similar to that in S/C 014.
Enclosure 18-28 shows the remains of these two harnesses
after the accident., Sections six to twelve inches in
length of each harness are missing. If a short occurred
in either ol the harnesses, the evidence is gone. In
this same cnclosure, the third harness that was burned
through is shown., This third harness is located within
a one inch radius of the center of the photograph,
connected to the lower electrical connector on the panel
shown at the left,
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Splices were made at KSC in the wires of the harness
lying over the steel line in the DC bus B power and return
wires on September 12, 1966. These splices were made in
the wires about four inches away from the point at which
the harness ran over the line. The splices are still
contained in the harnesses. They have been examined, and
all are in a satisfactory condition.

Debris netting lay over the harnesses traversing the
complete left side of the Command Module at the floor.
If a short did occur in these harnesses, ignition and fire
propagation could take place.

The harness lying over the line contained instru-
mentation power for two measurements,. Oxygen Flow Rate
and Oxygen Regulator Qutlet Pressure. DC bus A and bus
B 28 volt power was provided to each instrumentation
sensor. Twenty-two gauge wires were used throughout
this harness. Two 5 amp circuit breakers were provided
for these circuits. Bus B power for both sensors was
protected by one breaker, and bus A power by the second
breaker. Both circuit breakers were found in an open
condition after the accident. Both measurements provided
proper output signals until the loss of all data, some
17 seconds after the crew report of fire.

The harness lying under the plumbing contained
instrumentation power for the Cug Absorber Outlet Tempera-
ture. It also carried power to a discontinued measurement.
DC bus B 28 volt power was provided for both measurement
circuits. Twenty gauge wire-was used for all power
circuits in this harness. Each circuit was protected by
a 1/4 amp fuse. Both fuses were found in a blown
condition following the accident. Since the one active
measurement circuit provided proper output signals until
the loss of all data. some 17 seconds after the crew report
of fire, it is concluded that the fuse for this circuit
did not blow until after this time. Because no data
exists from the discontinued measurement, it cannot be
concluded when this fuse blew,

The third and fourth harnesses at the electrical
panel contained power for five temperature measurements.
Two 3 amp circuit breakers were provided for these circuits;
bus B power was protected by one breaker, and bus A power
by the second breaker. Both circuit breakers were found
in an open condition after the accident. All five
measurements provided proper output signals until the
loss of all data some 17 seconds after the crew report of
fire.
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A momentary shorting condition could have occurred
in any of the power wires in any of these harnesses with-
out being seen in the telemetered data and without
affecting the measurement circuits.

Indications of copper have been found on the bottom
of the lithium hydroxide access door. Indications of
copper and pit marks have also been found on the stain-
less steel line over which one of the harnesses lay. The
stainless steel line has been examined in the Metallurgical
Laboratory at KSC and it has been determined that. there
are no pit marks indicative of arcing. Two modes of copper
deposits were evident. One was apparently caused by molten
copper dropping onto a heated line resulting in alloying
and diffusion between the copper and stainless steel
elements., The other was due to dropping of molten copper
onto a relatively cool stainless steel line indicated by
molecular diffusion at the bead-tube interface.

It has been determined that the harness containing
DC bus B power wires protected by fuses was probably not
the fire initiator. as current flow is very limited prior
to the fuses blowing. The other three harnesses, each
containing both DC bus A and DC bus B power vires, remain
as probable causes of ignition.
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9. Technical Discussion of Other Suspicious Wiring

A physical examination of wiring and equipment for
arcs, shorted and suspicious wiring has disclosed ten specific
items, as mentioned in section C-2 of this report. The
first was covered in the preceding section as the probable
cause of ignition. The remaining nine are not considered
probable ignition sources, and each one is discussed in this
section.

2. Arc Between a DC Wire and the Cover of J-Box C15-1A52

An arced point was discovered between a wire in a
bundle and a metal cover at the lower left corner of the
lower equipment bay just to the left inverter 3. The
installed cover is illustrated in Enclosure 18-29. The
back side of the cover showing the arced point on the cover
and the wire is illustrated in Enclosure 18-30.

| It was determined that the arc occurred between.a

| wire in the Reaction Control System/Stabilization Control
System (RCS/SCS) and the cover protecting the C15-1A52
J-Box. The wiring was traced to a circuit from DC bus

| A, a 16 gauge wire, protected by a 20 amp circuit breaker,

The wire supplied 28 volt DC power to the RCS plus-yaw

engine solenoids. The circuit breaker was not opened by

the short circuit.

Enclosures 18-21 and 18-32 illustrate the arced
point on the cover and the wire magnified many times.

An arc was produced in this bundle when a technician
was removing J-Box C15-1A52 on January 17, 1967, and the
wire was repaired. The wire wvhich arced against the
cover at the time of the 22cident is a different wire in
the same bundle. The wire harness installation had
obscured access to two cover plate mounting bracket screws.
This was corrected on January 19, 1967, by separating the
harness into two bundles for a short distance. With this
slight relocation, one of the bundles was adjacent to a
portion of the cover not protected by a nylon grommet
edging. This is also illustrated by Enclosure 18-30,

An additional interesting point for this cause
possibility is that the gas chromatograph wiring harness
and the bus B 28 volt DC power harness for the biomed
recorder, which might be associated with pre-accident data
variations, are attached to the harness that contained the
arced wire,
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Supporting factors for this ignition cause possi-
bility include the definite evidence of an arc, previous
water/glycol spillage in the general areca three months
before, the flammability of the adhesive for the nylon
grommet edging, and the proximity of debris trap netting.

Negative factors include the preventative washing
and drying of the wire bundles in the area after the
water/glycol spillage and the lack of any telemetry
transient indication on that function prior to the crew
report of fire. A measurcment sampled 200 times per
second, which would show a drop below approximately 10
volts, shows no change until shortly after.the pressurc
shell rupture, at which time some evidence of a short is
indicated.

Preliminary tests have been conducted on the
flammability characteristics of water/glycol and the water/
glycol inhibitor at Kennedy Space Center (KSC), Manned
Spacecraft Center (MSC), and Raychem Corporation, Redwood
City, California. Thesc tests support the possibility of
a fire propagation path along wiring that has been exposed
to water/glycol spillage or leakage.

A test was conducted at MSC on a simulated cover
plate with adjacent flammable materials configured as in
S/C 012 with the same oxygen/pressure environment. When
the adhesive/nylon grommet edging was ignited with a
nichrome wire at the arced.point, there was a fire prop-
agation along the adhesive/nylon grommet cdging spreading
above to the Velcro on the flight qual recorder and to.
the left to the debris netting in the lower left-hand
equipment, bay corner,

A test was conducted on a duplicate cover plate at
KSC to determine if an electrical arc would ignite the
adhesive/nylon grommet odging in the oxygen/pressurc
cnvironment as existed in S/C 012 at the time of the
accident, During this test, ignition from an arc did
occur, the fire progressed faster along the adhesive than
along the nylon ecdging, and a section of debris netting
on the opposite end of the nylon edging ignited in approx-
imately 9 scconds,

In all tests of flammability ot adhesive/nylon
grommet ecdging combinations ccuducted to date, there
was a complete burning of the nylon grommet codging
material to the point where it was indistinguishable
after the fire, A review of Enclosure 18-30 shows clearly
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that all of the nylon material in S/C 012 did not burn,
but that a decomposition took place. A test applying
external flame to the front face of the panel more closely
duplicates the melting characteristic of the nylon edging
as illustrated in the same photograph. This test in-
dicates that if this arc was the ignition source, then

the fire propagation path would not be along the adhesive/
nylon grommet cdging; the fire propagation path would

thus be inferred to be along wiring that had previously
been exposed to water/glycol.

A hardness analysis conducted on the aluminum cover
disclosed that the .left edge was exposed to much higher
temperatures than the right edge. The cover was fabricated
from 2024-T6 aluminum alloy. The extreme left edge was
in a T3 aged condition, while the right edge was in the
original T6 condition., The left ecdge was, therefore, sub-
Jjected to a temperature in the range of 800 to 885 degrees
Fahrenheit. A physical examination also disclosed that
the fire progressed from the left side to the right side
o1 the panel cover.

The Velcro on the "flight-qual" reccorder panel does
not appear to have sufficient fire damage to indicate
that the fire was initiated at this point. A hardness
and conductivity analysis was performed on this panel.
The analysis disclosed that all areas of the panel were
exposed to the same level of external heating.

A simulated flight-qual recorder panel used during
a special fire propagation test conducted at MSC was
sent to KSC for comparison with the S/C .012 panel. It
was determined that this panel was of a lighter guage,
and that the Velcro was applied with a different adhesive.
The MSC results are therefore considered inconclusive.

Special tests were conducted at KSC in an oxygen/
pressure environment to determine the current required
to produce a similar arc on a wire and cover as that
evident from S/C 012 hardware. A test conducted on
March 28, 1967, discloscd that the nylon edging/adhesive
combination was ignited when an arc was produced approx-
imately 1-1/2 inches away.

It is highly probable that the nylon edging/adhesive
combination would be totally burnced away if this arc
was the initiator of the fire.




b, Shorted Gas Chromatograph AC Wiring

The gas chromatograph was not installed on S/C 012
at the time of the accident., The gas chromatograph
connector was placed on the shelf of the gas chromatograph
(GC) compartment. The connector was not bagged, and
AC bus 1 phase A power was applied to the connector
through a closed circuit breaker. Twenty-two gauge wire
was used, protected by a 2 amp circuit breaker. The
circuit breaker for the GC was found to be open following
the accident, with a heavily sooted condition. It cannot
be determined when the circuit breaker opened. The
harness was not tied down in a flight configuration
because the GC was not installed.

Two physical peculiarities were noted concerning the
GC wiring and the connector. After the accident, the
harness and connector were found on the floor., This is
illustrated by Enclosure 18-33., It should be noted that
the GC connector lay on a big harness. Enclosure 18-35
shows two spot ties that were unblackened as a.result of
being protected by the GC connector. Enclosure 18-35
shows the side of the connector that lay against the big
harness and protected the two spot ties. This side
appears burned and the potting at the back of the connector
is melted. The GC connector was stuck to the big harness
and had to be pried loose with a tool. It is concluded
that the connector was burning in a different location,
but fell or otherwise moved to its final location prior
to the time the fire swept across that portion of the
floor. It.can also be concluded that the  connector either
protruded beyond the GC compartment shelf and was burned
in that location, or that it.was burned while it lay
inside the gas chromatograph compartment before it fell
to the tloor.

Secondly. the two GC AC wires exhibited peculiar
melting characteristics. The output signal leads from
the connector were fed through a fiberglass sleeve., One
hundred fifteen volt AC power was carvied to the connector
through a twisted pair of Teflon-insulated conductors,
These power conducting wires were run along the signal
leads and were occassionally tied together. The power
wires show a number of copper balls attached to their
surfaces. This condition is illustrated in Enclosures
18-36 and 18-37.

All attempts to simulate this condition by eitier
short circuits or by application of external heat have
not resulted in a similar appearance of the AC wires.,

It is concluded that the beading was caused by localized
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external heating, with Teflon insulation degradation
followed by shorting of the wires, causing molten copper
to flow through defects in the wire nickel plating. It
has been estimated that the external heat to produce
this condition was in the order of 2500°F for less than
one second. It is inferred that this condition resulted
as the harness fell through the flame to the floor.

X-rays and continuity tests of the connector pins
and input wiring showed no evidence of arcs or short
circuits. For this reason, this is not a suspect fire
initiator.

Cc. Shorted DC Wires to Scientific Equipment Bay Z

Wires providing DC bus B power to scientific equip-
ment were found to be shorted. These are 22 gauge wires
protected by a 20 amp circuit breaker, The circuit
breaker was found to be open following the accident and
to be in a heavily sooted condition. The scientific
equipment was not installed, therefore, no information
is available as to when the circuit breaker was opened.

The wires that are shorted are located at the edge
of a compartment shelf directly over the entry batteries.
The location of the wires is illustrated in Enclosure
18-38.,

The pattern of battery swelling and the scorching
of the batteries indicates that they were expcsed to a
source of considerable heat centered at the face of
Battery B, and that very high heat flow occurred in front
of and in .the spaces between the three batteries.

Tape was applied to protect the battery terminals
during this test. The spots of scorched residue on the
batteries was determined to be similar in all respects
to the tape. The burning of this tape could have burned
the wiring insulation off, and thereby caused the shorted
condition,

Enclosure 18-39 illustrates the shorted wires
projecting beyond the shelf. It is concluded that these
wires shorted as a result of the fire from the floor
(the same heat source that affected the batteries). Tests
in the Metallurgical Laboratory at KSC have substantiated
that the shorting was the result of external heat,
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d. Cabin Air Fan 1 AC Wiring Shorted

The cabin air fan 1 circuit breakers for phases
A and C were found to be open after the fire, and
clectrical tests of the fan circuitry in the spacecraft
indicated shorted phases., Cabin air fan 2 was in a
satisfactory condition., Cabin air fan 1 is powered by
AC bus 1 and fan 2 by AC bus 2, Twenty-two gauge wires
are used and each phase is protected by a 2 amp circuit
breaker.  The circuit breaker for AC bus 1 phase A was
found with a very light-sooted condition, and the AC
bus 1 phasce C circuit breaker was tound with a sooted
condition,

Eunclosure 18-40 shows the location of the c¢abin.
fans, They are located on the Command Pilot side-of the
Command Module, It is not known whether the short circuit
occurred before or after initiation of the fire. However,
because there is a lack of fire propagation material,
it is interred that the shorting occurred as a result of
the fire, A physical inspection of the fan and the fan
arca for firve damage does not indicate this to be a fire
initiation arcea. Enclosure 18-41 shows the conditioans
of the fans following the accident.

An inspection of the fans after removal from the S/C
shows that both rotors were frozen as a result of melting
of e¢poxy on the stators., No shorted condition has becn
found in fan 1. The electrical harness was. examined and
insulation was found burned off in one arca, The clectirical
harness is boing checked to verify that the damage was
an effect and not a cause of the firve,

O, Crushed DC Instrumentation Harness in Envivonmental
Control Unz2t

A wire harness for the Compressor Differential
Prossure and Glycol Accumulator Quantity instrumentation
transducers has been found in a crushed condition. This
is an Favironmental Control Unit harness that was crushed
between a Lithium hydroxide canister and the cyelic
accunmulator control during the assembly process.  The
harness contained ten 24 gauge wires, and contained both
DC bus A and DC bus B power,

The civeuit breakers tor thesoe circuits were tound
closed following the accident., The sleeving is intact
and does not indicate any vuptures. For these reasons
the harness is not considered an initiating sourvce ot
the fire,
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1. Shorted DC Wires Providing Power to the Biomed
Recorder i

Short circuits. have been found on the octopus cable
near connector J185., This connector is located directly
above the gas chromatograph compartments, and is illustrated
in Enclosurc 18-42, This wiring has been identified as
28 volts DC bus B power for the biomed Medical Data Ac-
quisition System (MDAS) recorder. Twenty-two gauge wires
were used, protected by a 20 amp circuit breaker. The
civcuit breaker was found tc be open following the acci-
dent, with a heavily sooted condition, The MDAS rccorder
provided satisfactory data until after pressurc shell rup-
ture, thercefore, the circuit breaker opened atfter this
time. The octopus cable was not in a flight configuration
as the connectors were not potted.

Enclosures 18-43 shows a closcup of the connector,
and Enclosurc 18-44 illustrates the shorted condition
of the DC wires,

Enclosurce 18-45 illustrates the layout of the power
wiring to the J185 connector. This wiring runs down a
channel alongside the right edge of the chromatograph
compartment, then along the edge of the floor of the
chromatograph compartment, then down to the floor along
the left edge of inverter 3. At the floor, it is tied
to the same harness that shows the presence of an arc
with the cover of J-Box C15-1A52. This power wiring to
the J185 connector is also adjacent. to the gas chromato-
graph harness at all locations from the.arced point to
tne channel entry point. This harness and the gas chromato-
graph harness were tied together but werc not tied down
in a flight condition; they were laid up against the gas
chromatograph compartment. Both harnesses were found on
the floor after the accident.

jn addition to the shorted condition on the octopus
cable between the J185 connector and MDAS recorder, the
DC wires arc also shorted at a point ncar the left end
of the gas chromatograph compartment floor, The shorted
condition at this location does have 2 bubbled copper
appearance, similur to that noted on the gas chromato-
graph AC wirves,
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Preliminary examination of both sets of harnesses
have been made in the Metallurgical Laboratory at KSC.
The shorting on the octopus cable was found to be super-
ficial and the result of fire damage. The DC power
harness to the J185 connector, because of the similar
appearance to the gas chromatograph wires, was also
the result of fire damage; it is concluded that the
harness was subjected to both a short and to external
heating from the fire.

o, Shorted AC Wires Providing Power for Suit Compressor 2

Wiring in the four conductor wire harness to suit con-
pressor 2 appeared shorted, with suspected evidence of
arcing.,

AC power to cach of two suit compressors is provided
by 24 gauge wires. Each phasce for cach suit compressor
is protected by a 2 amp circuit breaker. The harness for
cach compressor can provide cither AC bus 1 or AC bus 2
power, dependent on the switceh position selected by the
Pilot,

The switch position following the accident shows
that the suit compressor switch was in the compressor 1
AC bus 1 position. The zircuit breakers for phases A
and B for compressor 1 were -found open with heavy soot on
the breaker stems. Telemetry data indicates that a
compressor. wvas operating until loss of data; thercfore the
circuit breakers opened after this time.

Enclosurce 18-46 illustrates the location of the
wiring and suit compressors in the Environmental Control
Unit on Spacecraft 012 after the accident.

Suit compressor 2 was not to be operated during the
test., A re-examination of the haruess disclosed that
the connectors tor compressors 1 and 2 were reversced
from the expected interconnect. With the connectors
being reversed, compressor 2 would then have power and
the wires could short, and the compressor 1 circuit
breakers would open when the shorting would occur.
Enclosure 18-47 illustrates the harness for compressors
1 and 2, The connector for compressor 1 was disconnected,
and the wires were cut at the connector for compressor 2,
Note the metal band with the number V2" for the wires
providing power for comprossor 1,

A c¢loser oxamination of the wires disclosed that
the shorted appearance was the result of fire damage.
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h. Command Pilot Suit Wiring Shorted

Short circuit damage has been found in the Command
Pilot's suit wiring. No shorts were noted eithex in
the Scnior Pilot or Pilot suit wiring.

Four shorted wires were found in the communications
wiring between the suit connector and the helmet communi-
cations connector. The wire insulation was discovered
to be brittle, discolored and cracked. The wires were
identified as microphone signal, microphone signal
return, carphone signal and carphone return, Enclosures
18-48 and 18-149 illustrate the shorted condition. of the:
wires,

An intermittent condition was also noted in ithe
16.8 volt DC biomed power wire in the torso harness
between the suit connector and the biomed connector.
This condition. is considered to be not relevant to the
cause of the accident,. in that no biomed power was being
supplied to the Command Pilot's suit.

The vendors of the torso harness materials have
provided the following information:

(1) The nylon sock around the ribbon cable melts
at 480 degrees Fahrenheit.

(2) The silicone, of which the ribbon is made,
melts at 600 degrees Fahrenheit . .

(3) The Milene insulation around the wires cracks
at 430 degrees Fahrenheit and melts at 480 degreces
Fahrenheit.,

From the above information, it is probable that
the exterior of the ribbon cable around the arca of the
damaged wiring was subjected to localized and super-
ficial heat. This would causc damage to the internal
wiring insulation without damaging the silicone ribbon.

i. Arc on Structure by Side of Switch S11 in Back
ol Pancl 8

On removal of pancl 8 from S/C 012 it was obscrved
that there was an area ot damaged conformal coating on
wire terminal 2 of switch S11. Continuity checks showed
that a potential short existed from the wiring through
the damaged conformal coating to the substructure behind
the panet.,  Supplemental examination of the substructure
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a8 made to determine the extent of any arcing from
panel 8 switch S11 to the substructure. Minute arc

pits were found in the substructure which indicate

that low power arcing did occur, and could more properly.
be described as sparking. The lack of silicone dioxide
deposits indicates that the temperature generated by

the arcing was not high enough to cause significant
deterioration of the silicone rubber conformal coating
material.

The panel and switch location and substructure
appearance is illustrated in Enclosures18-50 and 18-51.
Switch S11 serves as an enable function for Service
Module Quads A and C'Roll. The wire terminal in the
area of damaged conformal coating carried DC bus B
power. An analysis of circuit conditions disclosed.
that this circuit was not powered before or during the
fire. It was determined that the switch was. in.the "OFF"
position before and after the fire. Continuity checks
have been performed to confirm that the switch was
wired properly. Refer to Enclosure 18-41 for a schematic
description of switch wiring.

Examination of the wire terminal and pit on the
bracket are inconclusive as to existence of an arc and
indicate that the observed damage most likely occurred
from a mechanical abrasion while the panel was being
installed. From the appearance of the area surrounding
the pit on the bracket, and.the contact area on the wire
terminal, it is deduced that any possible sparking
generated by the short circuit current was confined under
the confoimal coating.

From the above it is concluded that, while an arc
or short circuit current may have occurred in the contact
area of S11 wire terminal and bracket V16-335126-85,
this circuit was not encrgized during this test, and
this condition must have resulted from a prior test,
Further the evidence indicates that the potential current
level through any such fault would have been so low
that it would not have caused any significant disturbance
on thc power bus.
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10, Technical Summary

For the last few minutes of the test all recorded test
data indicated that all systems were operating satisfactorily
with no indication of any malfunctions, with one expection -
the communication system, Communications were poor between
the ground and the Spacecraft and a live microphone condition
was present in the Command Pilot voice loop.

The cause of the live microphone has been atributed to
picking up a ground somewhere in the Command Pilot Push-to-
Talk circuit in the Spacecraft. The specific source of the
ground has not been established., This malfunction, electrical
in nature, is not considered to be a fire initiation source.

The overall inputs and outputs of Spacecraft systems
were measured and recorded. There is no reason to believe
that possible malfunction or abnormality would have been
indicated had more detailed measurements been obtained from
each systen,

For approximately the last thirty seconds prior to the
crew report of fire many measurements reflect crew motion in
the Spacecraft, There is no way in which crew activity can
be derived from these measurements.

An electrical power system abnormality was indicated at
approximately ten seconds prior to the crew report of fire,
This. electrical abnormality occurred in the AC bus 2 power
portion of the. system, All AC bus 2 voltage measurements
were affected., The data from equipment powered by AC bus 2
shows that they were also affected. The composite of these
data and special tests conducted after the accident point to
the conclusion that the AC bus 2 problem was caused by a
monmentary loss of inverter 2 output.

The momentary loss of inverter 2 output should not be
implied to constitute an inverter failure., The inverter was
returned to the supplier for teardown and analysis to posi-
tively establish whether it could or could not have maifunc-
tioned in a manner reflected by the data., This has been
completed and it has been concluded that the inverter did :
not cause the AC bus 2 dropou*, and that it was not the cause
of the fire,

It is believed that the momentary loss of output to
inverter 2 was caused by an interruption in the DC power
being supplied to inverter 2, This DC power was being
supplied from DC main bus B, The most likely cause of an
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interruption in DC bus B power is a momentary short in a
conductor carrying this power or by a malfunction of equip-
mert being supplied from this power source.

The most likely phenomena that would produce such a
monentary short is an inadvertant electric arc either within
electrical equipment or between a power conductor and the
Command Module structure. Such an arc is nominally the re-
*1dt of electrical insulation failure. .

No data recorded during the interval of the electrical
abnormality shows any variance that.could be interpreted as
a momentary short in DC bus. B power, or DC bus A power. Tests
show that a drop in DC voltage fo a level below 19 volts for
as short a time as two milliseconds is sufficient to affect
the inverter and the AC bus. Because all telemetry date is
sampled at discrete intervals, a short of two milliseconds
duration probably would not appear in the data.

All equipment and wiring has been examined for any and
all evidence of arcs, shorts and suspicious appearance, to
help explain the electrical abnormality. All items of equip-
ment, except for specific wiring, have been placed into an
improbable ignition source category.

Ten cases of arced, shorted and/or suspicious looking
wiring heve been identified, Tests and analyses are being
conducted on a number of these at.this time. From this
listing, however, only one is considered suspect as being the
cause of the electrical abnormality. It can also be the
trigger or source of jgnition that caused the accident.

The one suspect is wiring providing instrumentation
power for some Environmentzl Control System instrumentation.
This wiring contains both DC bus A and DC bus B power, and
is located on the Command Pilot side of the Command Module
in the vicinity of the Environmental Control Unit and the
Lithium Hydroxide Units.

A momentary short could occur in any of four DC bus B
or four DC bus A power wires in this wiring. A short would
not affect the equipment being powered by these wires, and
would not be reflected in any of seven measurement outputs
of transducers being provided power because of redundant
power with diode isolation for each equipment.

Tests have shown that a short in any of the four DC
bus B wires could cause a drop in DC bus B voltage to a level
low enough to cause an interruption to inverter 2, A test
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has been conducted at Launch Complex 34, with an inverter,
to simulate this shorting.

Debris netting traversing the floor on the left side of
the C/M was within inches of the wire harnesses., If ignited,
the netting would burn along the floor toward a vertical
flammable material. The vertical material on the left was
tiie polyurethane foam on the Environmental Control Unit evap-
orator, approximately 7 inches away from the wires. The
vertical material on the right, was the debris netting in
the corner of the S/C by the water panel, approximately 13
inches away frdom the wires. The average burning rate of
debris netting in a 14.5 psi oxygen environment in a hori-
zontal direction has been determined to be 2 inches per second.

Assuming that this burning rate is valid, it can be
postulated that the polyurethane foam on the evaporator would
ignite at about 4 seconds and the vertical debris netting in
the corner at about 8 seconds after the initial netting
ignition. The front cover of the ECU was not installed and
the netting on the floor was a couple of inches away from
the polyurethane foam on the evaporator. Because of this, it
is inferred that the vertical netting in the cornrner would be
the first instance of vertical burning. Vertical burning
would occur at about 23:31:03 GMT. Allowing one second for
the Iflames to rench the couch level, the first voice trans-
mission of trouble from the Command Pilot at 23:31:04.7 GMT
occurs at the proper time. Unfortunately, there is no physi-
cal evidence to support a conclusive. determination. This
wiring was located in the area where burning was at the highest
intensity. Sections of these wires, six to twelve inches
long, in the suspect location have becn completely burned
away.

D. FINDINGS AND DETERMINATIONS

1. Findings:

Several arcing indications were observed in the Command
Module -Y +Z sector and a voltage transient was noted in all
three phases of AC bus 2. This transient was most closely
simulated by a power interr.ption or short circuit on DC bus
B.

Physical evidence and witness statements indicated the
progress of the firc to be from the left side of the Space-
craft,
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Simulations and tests indicate that combustion initiation
due to electrostatic discharge or chemical action is not
probable.

No physical evidence of pre-fire overheating of mechani-
cal components or heating devices was found.

Determinations:

No single ignition source could be conclusively identi-
fied,

The most probable initiator is considered to be electri-

cal arcing .or shorting in the sector between the -Y and +2
Spacecraft axis.

The location best fitting the total available information
is that where ECS instrumentation power wiring runs into the
area between the ECU and the oxygen panel.

2. Finding:

A1l Spacecraft records have been reviewed by the various
Panels and the results were screened by Panel 18,

Determination:

No evidence has been found.to correlate previously
known discrepiancies, malfunctions, qualification failures or
open work items with the source of ignition,

3. Finding:
At the time of the observed fire, data including
telemetry and voice communications indicate no malfunctioning

Spacecraft systems (other than the live microphone).

Determination:

Existing Spacecraft instrumentation was insufficient
by itself to provide data which would identify the source of
ignition,
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E. SUPPORTING DATA

I.ist of Enclosures

Enclosure Description

18--1 Sample of Disassembly and Post--Disassembly
Requirements Form

18~2 Sample of Test Preparation Sheet

18~-3 Sample of Board Action Summary Page

18-4 Listing of Open Circuit Breakers

18-.5 VHF/AM and S-Band Voice Recordings

18-6 Transcript of Voice Channel for Last 27 Sec~-
onds

18-7 Gas Chromatograph Trace

18-8 AC Bus 2 Data and Associated Changes

18-9 Oxygen Flow Rate and Associated Data

18-10 Oxygen Flow Rate Correlation

18..11 Not used

18-12 ECS Data Correlation

18-13 Surge Tank Pressure Profile

15-11 Motion Indications

18-15 Navigation Base Installation

13-1¢€ Spacecraft and IMU Stable Member Axes

18-17 Navigation Base Installation Detail

18-18 Navigation Base Pitch Angle Change Versus

Cabin Pressure

D-18-52




Enclosure

18-19

18-20
18-21
18-22
18-23
13-24
18-25

18-26

18-27

18-28

18-29
18-30

18-~-31
18-32

18-33

18-34

12-35

Description

Selected Temperature, Pressure, and Inertial
System Measurements Versus Time

Suit 0o Flow Rates .

Gas Chromatograph Trace Comparison
Electrical Power System

AC Bus 2 Sﬁecial Tests

Audio. Key Lines

Environmental Control System Instrumentation
Harnesses Before Accident

Environmental Control System Instrumentation
Harness Wiring Identification

Spacecraft 0l4 Environmental Control System
Instrumentation Harnesses.

Environmental Control System Instrumentation
Harnesses After Accident

Cover of J=Box Cl5-1A52

Arced Point on Wire and Cover of J=Box
Cl5-1A52

Arc Point on Cover of J-Box C15-1A52

Arc Point on Wire Related to Cover of J-Box
Cl5-1A52

Undisturbed Location of Gas Chromatograph
Connector

Area Under Gas Chromatograph Connector

Side of Gas Chromatograph Connector Which
Protected Spot Ties on Harness on Floor
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Enclosure

18-36

18-37

18-.38
18-39
18-40
18--41

18--42
18-43
18-44
18-45
18-46
18-47
15..48

18-49

18-50
18- 51

18-52

18-53

18~54a

Description

Copper Droplets.on Gas Chromatograph Wires

Copper Flow and Nickel Pipe Effect on Gas
Chromatograph AC Wires

Shorted DC Wires Above Entry Batteries
Detail of Shorted Wires Above Batteries
Locatioi: of Cabin Fans

Main Display Console Panel Number 8 Switch.
S-11 Wiring

Location of Octopus Cable J185 Connector
Detail of J185 Connector

Shorting on Octopus Cable

Power Harness to J185 Comnnector

Suit Compressor Wiring After Accident
Not Used

Command Pilot's Suit Wiring

Detail of Command Pilot's Communication
Harness

location of Switch S11 on Panel 8
Short to Structure by Terminal of Switch S11

Complete "Status of Investigation Items"
dated April 1, 1967

"Integration Analysis Summary’ for each
jnvestigation item as available on April 1, 1967

"Review of Spacecraft Power Status', dated
February 6, 1967, prepared by Panel 18
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Enclosure

18-54b

18-85

18-5€

18-57

Description

"Supplement to Review of Spacecraft Power
Status'", dated February 23, 1967, prepared
by Panel 1,

Complete set of "Potential Initiation Theories
Evaluation Sheets", dated March 28, 1967,

Brief Summary of Significant Special Test
Results

List of References
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L1ST OF OPEN CIRCUIT BREAKERS
PANEL 22 RIGHT-HAND CIRCUIT BREAKER PANEL
_No. Identification Rating Condition
cBl18 Master Event Seq. Controller Arm B 5 Amp HS ,;
CB15 DC.Sensor Signal Main A 5 Amp HS
CB1.17 Scientific Equipment Bay 1 (J183) 20 Amp HS
CB118 Scientitic Equipment Bay 2 (above 20 Amp HS
batteries)
J CB77 Battery Charger Batt B 10 Amp BS
CB116 Gas Chromatograph ACl 2 Amp HS i
CB45 Telecommunications Group 5 7.5 Amp HS
CB94 ECS Hzo Accumulatoer Main A S Amp NS
CB76 Cabin Axr Fan 1 ACl Phase A 2 Anp VLS
CB741 Cabin Air Fan 1 ACl Phasce C 2 Amp S
CB33 ECS Suit Compressor ACl Phase A 2 Amp HS "
CB32 ECS Suit Compressor ACl Phasc B 2 Amp HS
cBy2 ECS Waste and Potable Hy0 Main A S Amp HS
CBS1 ECS Waste and Potable H20 Main B S Awmp S
CB43 ECS Transducer pressure group 2 Main A S Amp B
CRBX4 ECS Transducer pressure group 2 Main B 3 Amp VLS
’ Bl ECS Temperature \Main A 5 Amp uS -
CB10O ECS Temperature Mlain R S Amp LS

ENCLOSURE 184
D-18-60
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\ PANEL 21 RIGHT-HAND SIDE CONSOLE BUS SWITCHING PANEL
N B8 Sensor Unit AC Bus 2 5 Amp NS
L PANEL 25 LEFT-HAND CIRCUIT BREAKER PANEL
CB33 SCS B and D Roll Main B 20 Amp VLS
CB39 . SCS Pitch Main B 20 Amp NS
c831 SCS Yaw Main B 20 Amp . MS
CR26 Gimbal Motor Contrel 1 Pitch Battery A 13 Amp HS
Gimbal Motor Control 1 Yaw Battery A 13 Amp HS
CB1l6 RCS Propellant Isolate Main A 1S5 Amp LS
CB15 RCS Propellant lsolate Main B 15 Amp \MS
3

CBS2 EDS 1 Battevy A 5 Amp MS
CcBSH3 EDS 3 Rattery B 5 Amp NS

PANFL 203

cB3 1nverter Power No, 2 Main B 70 Amp NS

PANEL 150

CBl4 Pyro A Seq. A 20 Amp NS
CB17 Pyro B Scq. B 20 Amp N
cB20 Battery Charger Battery C 5 Amp NS

PANEL_ 204 INSTRUMENTATION POWER CONTROL

B3 Essential Ianstrumentation 7 Amp

ENCLOSURE 18-4
D-18-61
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\ cCondition Cudes

B - BURNWD

3 -~ s00Ty

N8 - N jeor

MS - MEDIUM SOOT
HS - HEAVY S0oOT
LS - LIGHT seoT X
BS - BURNED SO0O0T

VI.8- VERY LIGHT SCoT

ENCLOSURE 184
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GAS CHROMATOGRAPH TRACE
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UPPER SHOCK MOUNT
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NAVIGATION BASE INSTALLATION DETAIL
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GAS CHROMATOGRAPH TRACE COMPARISON
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