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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

I. Membership

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

Mr. A. D. _lardel, Chairman, Manned Spacecraft
Center, NASA

Mr. 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

2. Cognizant Board Member

Dr..M.A. Faget, Manned .Spacecraft Center, NASA, Board

Member,. w.as. assigned to monitor the Integration Analysis
Pane I.

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 p11ases of hardware inspection,

disassembly, test and analysi_ requirements, and

presentation of periodic statub 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 t Disassembly and Analysis

Inputs wel:e solicited from all Panels with respect to

hardware inspection, disassembly, lest and analysis require-

meats. A spec.ial f.orm, "Disassembly and Post-Disassembly.

Requirements," (Enclosure 18-I), was used for tile logging of

all requirements.

In keeping with the analysis activity, priorities for

the va_'ious requirements were establ±shed. Items were then

selected twice daily to be approvedby 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 18-2)

would be originated to accomplish this work. This Panel

approved all TPS's, kept era:rent TPS files, and reported on
the. status of all approved requirements by means of a "Board

Action Summary" prepared each 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 .)unction box in the lower left-

hand equipment bay."

Signi.ficant findings from hardware inspection were then

correlated with the analysis el'font to determine further

courses of activity so as to culmina.te all researcll and work

on an item and enable a determinat ion to be made. This

hardware activity was completed on March 2?, 1967. All of

tile equipment has been removed from tile spacecraft.

An examination of the electrical wiring harnesses

remaining in the spacecraft in tile most probable zone of

fire initiation was completed on March 24, 1967. The ,lost

probable zolle of [ire initiation is defined as the area on
the Command Pilot side o[ the Command Module. Looking

forward through the main hatch, this area starts at tile

Environmental Co_ltrol Unit (ECU) and progresses forward to

tile gas chromatograph comparLment, and covers th(, volume

from tilt" [toot to the top of the ECU anti to the top of the

gas _'hromnto._Faph comparlm_,nt. All wiriI,_ in the lower
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equipment 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
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 continuil-y checks to estab-

lish that suspect wiring was installed as required by

manuf ac1 uring drawings.

The only evidence of arcs, shorted and suspicious

wiring that has been found is listed below:

(i) [_ wiring completely burned through in
harnesses providing power to Environmental Control

System. instrumentat ion..

(it) Arc between a DC wire and the cover of J-Box
C15-IA52.

(iii) Shorted AC wires providing .power to the gas
chromatograph co_3nector,

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

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

(vi) Crushed DC harness in E_vironmental Control

Unit providing power for instrumentation.

(vii) Shorted DC wires providin_ power to the, biomed

recorder.

(viii) Shorted AC wires in Environmental Control Unit

providing power for suit compros._or 2.

(ix) Command Pilot _uit wiring shorted.
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(x) Arc on structure by side of switch NIl in back

of panel 8.

All removed parts and asSemblies were thoroughly
reviewed by NASA and Cont±'actor design engineers, metal-
lurgists and Panel 5 members. Based on these reviews, they
were classified either as a possible or as an improbable

ignition source. 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 tile
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 improuable ignition

SOUI'C e.

The listing of all equipment totals 299 parts and
assemblies. No.attempt ".':_s made to list or to remove from

suspic:ion as a possible .Lgnition source the spacecraft
wiring or devices integrally a part of that wiring such as
terminal boards.

The 299 parts and asse:ablies were categorized as
follows:

8_yst,em

2ommun ic at ions

Instrument atioa

Guidance and

Navigation
Stabilizat ion

and Control

Environmental

Control System
Electrical Powel

System

_l_np, lobab le
of Part_ | Ig_,ition

and | S.J_rce
Assemblies (Ce,t. B)t -

17 17
22 i2

16

14

48

32

16

3

3O

Po'ss ib'ie:

Ignition
Source

(Cat. A)

i0

45

2

Remarks

9 ECS

related

transducers

I. harness

assembly

Static In-

verter 2
Panel
C15-IA52

(LEB J-Box
Cove*')
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System

Displays and
Controls

Sequencers
Reaction
Control

System
Structure

Earth Landing

System and

Recovery Aids

Crew Equipment

Experiments

Pyrotechnics

TOTALS

Continued

Number improbabie
of Parts

and
AsSemblies

30

6

12

18

4

14

299

Ignition
Source

(Cat. B)

29

6

12

18

5
59

3

14

238

Possible

Ignition
Source

(Cat. A)

I,

2

1

61

Remarks

Switch ll,
Panel 8

Command

Pilot Cobra

Cable, Com-
mand Pilot

Torso

Harness

Octopus
Cable

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

3. Correlation
tion-Items

Validation and Determination of Investiga-
t

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, de[ined as those that (a)
could possibly contribute to the cause of ignition, or (b)

could contribute 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.

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 System
was overheated as a result of a noise suppr.ession

capacitor short dur.ing factory checkout on S/C 014 at .
North American Aviation, Downey, California. The

Command _1odule filled with smoke during this incident.

The following validation actions were taken:

(a) Action to Panel i 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 2 to determime 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

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 %he unit was made the next day. The physical
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examination disclosed that the unit was in a satisfac-

tory condition with no evidence 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
Items" 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 oi" open "Engineering Orders" (EO's) and

configuration differences provided by Panel i. 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 we_'e 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/%Vater (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 _obility 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 n sequential history of the

DC power system. The sequential history is fully
verified by data indications and S/C and Ground

D.18.9



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 Repozt

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
]YG-s-s{ble 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 f]'om electric short circuits caused by

glycol/water residue in electrical insulations.
(Reference 18-4)

ECS Oxygen System Description and Interim Data
Evaluat ion

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 18-5)
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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 perfolun 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

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

A large number of potential fife initiation and propaga-
tion theories were proposed and evaluation sheets were

established to build up the supporting factors for tlle

theory, negative factors 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 Enclosure 18-55.

Of the 47 potential initiation theories, 46 al'e 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 also

considered. Tl_ese are described below.

a. Cold flow characteristics o' Tc[i.,ii in_uia[cfi wire.

Teflon wire was selected for 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 flow characteristics wllich pel'mit tile insulation

to flow away from localized high pressure points over

long periods of time. It is possible that localized

high pressul_e points: either between wires or between a

wire and structul'e, could ultimately result in break-

down of tlle insulation. All wife bundles in tile space-

cl'aft which showed damage were carefully inspected for

signs of arcing. Only those locations delineated in

other sections of tilts l'eport showed such signs.

b. F_lilu1'e of electrical colu_ectors due to water,/

glycol spillage:

The characte1"istics of the inhibitor used in tile

coolant water,glycol fluid leaves a l'esidue that is.

electrically conductive, hygroscopic, and flammable.

Leaks of water/glycol occu1'red in tlle lower equipment

bay and Envi1'onmental Control Unit area during earlier
tests on S,'C 01o-. These leaks wel'e mopped up and

connectors and accessible wire harnesses we_'e washed

with distilled water and alcohol, and dried with

nit rogen.

After the accident, all connectors were carefully dis-

connected, photogl'aplled, and inspected for any signs of

internal bu1'ning or a-ccing. 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 were 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 chromatogi_aph 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 the 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 (see Ep.closure 18-7):

Trace 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
ten t.

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 - 2"2:20:09 GMT - Clmnge 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.

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

hav_ 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
characteristics of an antenna, and consequently can de-

tect changes in the electromagnetic field within the

spacecraft.

b. AC Bus 2 Voltage Variation

A momentary increase in AC bus 2 voltage was nottd
at approximately nine seconds before 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. The_, _ were:

(I) 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 el VHF-FM carrier

(4)
put s

Fluctuation of rotation controller null out-

(5) Gas chromatograph telemetry 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 _vhich occurred at the time

of the AC bus variation are individually discussed:

i
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(1) The C-band beacon parameters dropout occurred
for approximately 1.7 seconds. The 1.7 second drop-
out observed 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 are:

(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 ill S/C 012.

The test indicated that interruptions

of the AC power, all three phases, or phases
A and B, oz' phases B and C, for i0 millisec-
onds or more created a dropout.

(b) Momentary drop of range interrogation;

however, the range C-band station log shows
no report o£ inter'rogation dropout at this
time.

The most probable cause el" the beacon dropout
was a momentary loss of AC iqput power to the beacon,

particularly since the transponder dropout was coin-
cident with the variation el" 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 milliseconds. A dropout of this
nature has been duplicated by special tests conducted.

by Collins Radio Company with a Iransmitter under
similar conditions. These tests show that the re-
ceived video sigual 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 el' 15 to 20 milliseconds. Siqce the VHF-FM
transmitter recovered, as did the C-ban(l beacon, the
most likely cause of the dropout was a momentary inter-

ruption of the AC input power.

(3) Rotation controller null outputs showed momen-
tary transients in each of the three control axes.
The rotation controller outputs which were reading

slightly off null just prior to the voltage variation
(the controller was pinhed) are supplied by phase A
of .a,C bus 2. Special tv-_is have shown that the null
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output transients can be duplicated by a momentary

interruption of AC bus 2 pliase A input power.

(4) The gas chromatograph telemetry signal showed.

a shalp transient coincident with tile voltage varia-
tion. Tile chara_.'ter of tile transient is indicated

in Enclosure 1.1-7.

Tile AC bus 2 voltage increase appeared on all three

phases momentarily. The AC bus voltages are sampled ten
times a s_,cond I_y tilt, instrumentation system.. It is,

theveLore, impossible to determine tile actual variation
of AC bus 2 voltag,'s for 100 milliscemnds prio.r to or
after the observed vo.ltagc increase. Ill addition, special

tests indicate that thel'(, is an inher_,nt delay and strt, tch-

ing o1" the AC voltage signal conditioner output due to
rect:ification and filtering. Consequently, an AC voltage

transient occurred several milliseconds prior to tile time

indicated in tile S/C 012 data. However, the AC bus velt-

ages ave connected to an ove,'voltage and undervoltage

sensor which will trip if tile voltage on any phase ex-

ceeds 135 volts AC or drops below 90 volts AC for 32.5

+ 7.5 milliseconds. Main bus A and B vol'_a_,es,,''- are also

n]onitored by an undervoltage sensor which will trip if
tile voltage drops below 26 volts DC for 70 +_ 30 milli-

secop.ds. Any one of these conditions would cause a

master alarm. Thc mas.ter alarm did t!ot occur durillg

tile period el tile AC' bus 2 v.oltage variation.

c. High Oxygen Flow Rate

At 23:30:59 GMT the oxygen flow rate.measurement.

went to a saturated condition of [.03 pounds per hour.

Fifteen seconds later, the caution and warning sys.t¢'m

master alarm was tviggt, l'ed. The oxygt, ll (09), flow

stayed in a saturated condition until loss-of signal

(LOS). Oxygen flow rate and ass¢_ciated data are shown
in Enclosure L8-9.

There were i0 oil, or periods during tl%is test in

which all tillexplained saturated flow rate conditio,l
existed. A correlation of relevant data for these

unexplained periods is shown iu Enclosure 18-10. Tile
actual flow rates for several of the times listed were

camputed using measured surge tank pressure.

Four possible conditions can cause a high oxygtn

flow indicalton. The.qe art,:
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(I) H20 Cyclic Accumulator Activation - The cyclic
accumulator is actuated e.very i0 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 i0
seconds in which the solenoid is open, the Op_flow
transducer will saturate and energize circuitry which

could trigger the Caution and Warning System high-O 2

flow indication; the system is, however, equipped

with a 15 second time delay to prevent the i0 second

high flow condition from t1"iggering the system.

(2) Suit Leakage - Crew suits are not designed for

the very low delta pressures that were present dur-

ing this test. The ,join_ seals, etc., are r, ot ade-

quately effective at low differential pressures and
therefore crew movements can induce suit leakages

whicl_ result in high-O 2 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 5 seconds. For tllis

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).

During the last high-O 2 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

18-10, the voice tapes indicate the crew was trouble-

shooting the communications problems. Dul'ing the last

three lligh-O 2 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 9_3:24:06 GMT.

Five seconds prior.to start of high-O 2 flow the bio-

mad 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-

02 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 23:30:59

to LOS, where the middle gimbal torque motor input shows

response to motion at 23:30:24 GMT. At this time the

02 flow starts a gradual rise. At 9-3:30:39 GMT the
gimbal torque motor inputs reflect a distinct vehicle

motion. The biomed data from the Senior Pilot, shown

in Ellclosure 1,q-14: show the start of motion which is
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also reflected in tile continued increase of 0 2

flow. At 23:30:59 GMT tile 02 flow rate reached

saturation with motion still-being indicated on

tlle inner gimbal.

d. Live Microphone Condition

Voice t:_pe analysis and instFumentation data records

show that a live microphone constant-keying condition ex-

isted from the Command Pilot position during a consider-

able portio.n o[ the final test period..

The live microphone condition was evidenced in a

real time during the test at 22:25:53 G_IT, when the

crew selected the VHF/AM T/B mode. Data analysis using

the Merritt Island Launch Area Open-Loop Communication

(MOLe) tape (S-band and VHF/AM voice) slmwcd that the
first indication or" the live microphone was at 22:18:49

G.MT.

However, a review of the Mission Control Center-KSC

(MCC-K) tape showed that the MOLC tape recorder was

stopped between 20:37:19 and 22:18.:49 GMT. Further
analysis of the MOLC tape established no evidence of the
live microphone condition prior to 20:57:19 GMT. It is

concluded therefore that tlle live microphone condition

began between 20:57:19 and 22.1R:49 GMT.

The crew became aware of the live microphone condi-

tion at 22:26:48 GMT, anck started a series of trouble-

shooting exercises. These exercises, plus voice tape

analyses and data records, indicated that the live

micl-ophone'conditi°n existed in the Command Pilot com-

munication system. , The known exe_'cises were:

(I). Tile Coxmnand Pilot switched from tile "normal"
,,, , .o,, collnector of his cobra

COnllector to tl_e _ m_ _ _._ ncy"

cable.

(2) Tile Command Pilot and Senior Pilot interchanged

cobra cables.

(3) Tlle Command Pilot and Senior Pilot placed their

cables back in the original configuration.

(4) The Comma_Id Pilot replaced his cobra cable with

a flight spal'e.

(5) Various audio control panel modes weve tri.ed.
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Tile live mici'ophone condition continued to exist

after the abo_e exercises and was in evidence through

tile crew report of fire.

e. Crew Movement

Crew activity was evident for about the last 30-

second period just before the (:rew report of fire. Tile
data that indicp.tes movement is shown ill Enclosure 13-14

where several parameters support tile indications. Tile

crew.was not required to perform any operation or rune-

tion during tllis time. The Enclosure shows changes in

tlle torquing x,_ltage to the gimbal torque motors indi-

c,%ting significant spacecraft motion.

Activity of tile Senior Pilot was interpreted from

respiration rate, heart rate and phonocardiogram data.

Tile Senior Pilot was essen.tially at a resting baseline

until 23:30:21 GMT, when slight increases in pulse and

respiratory rate was noted. At -03:30:,30 GMT, there was

a 4.5 second burst of noise on the t,lectrocardiogram

trace indicating some muscle activity. A similar burst

occurs at, 23:30:39 GMT accompanied by maximunl noise on

the phonocardi_ram. The dat:l are consistent with in-

creased activity, but are not indicative of all alarm

response. By 23:30:4.5 GMT all biomed parameters have

begun to revert toward baseline levels.

The Command .Pilot's live microphone condition on

tlle S-band voice loop indicated considerable amounts

of brushing al:d tappiug-type noises during the 30

second time period prior to tlle crew report of fire.

Noises oll the S-band voice loop prior to this time

were uot or this lllagniludt' or dellsity.

Additional indication or' er_-w activity was the on-

set, of increasing oxygen flow to tile suit circuits dur-,

ing this. relative time span.

f. Cabin Pressure Rise

A determination of the pressure the cabin attained

and tile a,pproximate time of ,_tructural rupture is in-

eluded ill this section. The analysis is based on obser-

vations fl'om previous tests and certain kllown facts of

tile hardwar_ dt'sigll.

Tile installation of tilt, optics system and INERTIAl,

MEASURE,_IENT unit on flu" naviRati.on, base is shown in
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Enclosure 15-15. The navigation base is shock mounted
on the Colmltand Module structul'e. Tile optics System
penetu.ntion through the pressure vessel iS a set of bel-
lows which fcu'ms the crew compartment seal. Navigation

base displacement is most significant in tile spacecraft

pitch axis. Tile inertial reference and spacecraft axes

are not coineideht, therefore, gimbal angles must be

transformed to co,fleet navigation base motion (refer

to Enclosure IS-!6).

A finer det _il of the navigation base is shown in

Enclosure 1.3-15. 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

tile base about that pivot. A pressure differential

across the opti,.'s and.bellows assembly results in a

force whi(:h will tend to rotate tile upper end of tile

navigation base outboard. Any re.rational motien or

angu],%r displacement of the navigation base will be

reflected il, _ht, Inertial Measurement Unit (I_[U) gimbal

torque motor currents and gimbal angles.. Deflection

of tile navigatlon base has beeu col'related with dif-

ferential pressul'e across the optics and bellows

assembly th['ough data acquiFcd during tile altitude

chamber test of S/C O12. The results are shown in

Enclosure i:.:-]8. With the cabin pressurized to 5.5

psig, tlle upper navig;_tion base was deflected outboard.

An approximate linear movement of the navigation base

was noted as a /'unction of decneasing cabin pressure.

V.ariations of temperature on. tile Command _Iodule RCS

"A" engine, CR 456.1T, and on the Af.t Heat Siliold thermo-

couple, CA 5193T, are displayed in Enclosure-I[_-19 du1_'-

ing the time of.the accident.. Cabin pressure and the
thr.ee gimbal angles are also included for correlation.

The variation of cabin pressure is shown fl'om telemetry

data which reached saturation at 21.3 psia. For con,-

parison, a s_,cond curve is shown which was developed

fl'om l'esults of a digital simulation performed at AC

Electronics, Milwaukee, Wisconsin, which determined tile

cabin prt,ssure required to attain the gimbal angles
observed during" the accident.

The gimbal angles in Enclosure 1',t-19 change with

the cabin pressure and reach an apparent maximum at

2l:31:20 G_IT. then reverse direction, indicating a

decrease in cabin pressure. Because of the low sample

I'ale ol these measul'ements, the actual peak deflectiou

and tirol, el gimbal a,lgIe reversal is unknown. Tile RCS
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thruster chamber temperature CR 4561T displays a sharp

rise in temperature starting at 23:31:19.86 GMT. Assum-

ing the st_arp rise in temperature is the result of hot
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-
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 I0. 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 tile

rupture, the cabin pressure would decrease allowing
the navigation base to move toward its initial posi-

tion. ReSults of a digital simulation indicate the

cabin pressure reached at least 29 psia.

g. Suit Flow Dropout

At 23:31:09.62 GMT the suit flow rate of the Senior

Pilot was at the upper limit of the transducer (satu-
rated) of 25.27 lb/hr. The flow rate per man was actually

higher and was approximately 64 lb/hr per man. One-tenth
of a second later, at 23:31:09.72 tile flow rate l]ad

dropped to the lower limit of the transducer (6.15 lb/hr)
and stayed there until 23:.31:11.82 GMT. It tllen returned
to the upper limit at 23:31:11.92 GMT. The other two
suit flow rates remained .%t the upper limit during this

period (see Figure 18-18).

There are three possibilities that could explain

the suit flow dl:op-off. These are:

(I) A momentary sllort ill the suit flow transducer
wires would explain tlle suit flow transducer going
to tlle lower limit and returning to saturated flow

again. However, the suit delta pressure" and com-

pressor delta pressure show a marked change coxnci-
dent with the drop ill suit flow, indicating that the

suit flow in fact changed.

(2) If the suit outlet hose was disconnected, the
suit outlet llaS a check valve in the suit whicll

stops the flow to the suit giving all indication of
no flow. Tile suit delta pressure and suit compres-

sol' delta pressure sl,ould increase and, ill fact,

did as shown in Enclosure 18-20. The decrease in

these parameters witllin about 2 seconds after tile

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 uot reliably be determined with

the information available.

D-18-22



7. Data Analysis and Correlation

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 prQvide 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 prQduced.an output.

The last output is considered to have a special

meaning with respect to the.accident, because the. trace

was quiet for so long a 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 test 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 f_om a North American

Avia£ion, 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:

(I) 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.

D-18.23



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:

(i) Momentary short or interruption of DC bus B
input power to inverter 2

(2) Momentary short on one or more.phases.of
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 a_ 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
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Short circuits of 0.25 ohm resistance were applied

across the bus for periods of 5 to 25 milliseconds.

Measurements of voltage at the umbilical interface,

voltage and current at the power supply were 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 I to 1.5 milliseconds. The voltage

remained constant until the short cleared at which time

it overshot steady state conditions by about i0 volts

recovering to steady state by I 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 I 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 he-

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 shozt (2 to 25 milliseconds) of DC bus B affecting

the input voltage to inverter 2.

c. HighOxygen 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 apparent crew

activity. An analysis of S-band 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.

P

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

thnee astronaut positions which would cause a ground to

be transferred among all positions in YHF/AM T/R mode.

See Enclosure 18-24 for logic detail.

An analysis of this problem has isolated the £auSe
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:

(I) 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-

ication 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 iz,dicated during the last minute

preceding the crew repo_ 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 shown in 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 GMTto LOS.

(I) 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 rm_

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 r_: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

P
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from tim S/C were being turned around by tile
CAST system and were retransmitted to the S/C

on VHF.

(4) Analysis of Voice Tapes During the Period of

Fire

Tile tape transcripts of, the voice tapes from
the C%1 during the tiae period of tile fire (referred
to as tile first and second transmission, on Enclosure
18-6), have been extensively analyzed. This analysis
included a review of all transmissions prior to the
fire tllat were made by tile crew during tile test in
an attempt to aid ill tile determination of,who made
these last two transmissions and what was said,.
This analysis was made by NASA personnel familiar
with the .communication systems, the crew and their
voice characteristics, tile sequence of events before,
during and after tlw fire as determined during tile
accident investigation. Experts at ttle Bell Tele-

phone Laboratories performed extensive analysis of
tile tape record. Tile Board also reviewed these trans-
missions. Review by otller experts is currently in

progress. Any new findings from these additional
reviews will be included in Appendix G of the Final

lie p o r t.

Except for it portion of the first tl.ailsmissioll,

wllich iS quite clear, it is impossible to define

exactly what was said by tile cvew. Two pOilltS lllado

by the. Bell 'l'elep]_one I,aboratory expel'Is, however,
should be noted:

(a) The.present state.-of-the-art of analyses
of voice records is such thai little, if any-

thing, Call be determined ;Is to wh_t was said
if tile recording is ilot sufficiently clear to

be intelligible by listening atone. AnalySes

ui_der these circumstallces call provide sonle
cities to dctern, ine which crew member initiated

tile tl.allsnliSSioll. TheSe clues c,.alll, ol however

establish definite identity.

(b) When the recording of the transmission is
not clear, there will be nearly as many inter-

pretations of wl_at was said as there are qual-
ified listeners. Many interpretations of wllat

was said llave been made. A summary of these

intel, pl, etatiolls iS made in Ill(' following pars-

graphs.
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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
is not clear. Most listeners believe this

initial remark was one of the following:

"Hey"

"Fire"

"Break"

Most listeners believe, and laboratory
analysis supports this belief, that this trans-
mission was made by the Command Pilot. This

remark is followed by a short period of noise
(bumping sounds, etc.).

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 're"

"We 're"

The remainder of this transmission is

quite clear and is: " .... Got a fire in the

cock_it", followed by a clipped word sounding

like "vheh", which ended at 23:31:10 GMT. Many
listeners believed this transmission t_ 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 result_ 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
is 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.

D-18-30



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 o_" [ranslaissions. The general content

is what ;_ppears to be three Separate phrases
and it has t:een interpreted several ways t;y many
listeners. The following is a list of some of
the interpretations that have been made:

I. "They'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."

3. "I'm reporting a bad fire .... I'm getting
out .... Oh, nab."

Many listeners believe this transmission

was made 0y 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 between.

b. The transmissions provide evidence only
of the tlme the crew first transmitted a

report of the existence of the lira and do

not provide any direct information as to
the cause of the £ire.

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 l)y r, ell Telephone Laboratories.
The second, Roterence 18-',-_, is a report prepared by
NASA MSC.

g. Related Tests and Analys.es

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

A brief summary ot significanl special tc.-t results
is attached as I:nclo.c_ire 18-56.
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(I) Onboard Records Analysis

Items of onboard procedures, io_ hooks,

switch lists, etc. found in _ C 012 after the

accident were delivered to tile Fode_'al llul'eau of

Illvestigatioll for l'oconstruction and spectrographic

examination. All of the itema have been positively

identified. Written remarks were either changes
to tile OCP switchillK lists or crew colllnlollts ill the

crow log. I,ooks,. Nollt _. of the COllllllollIs ;ll'O signi.fi-
cant wilt" rospccI to the accident and no otilcr

illfOl-ll!attoll was foulld pol.tillollt to tile cause of
t lm f i re.

(2) Status of inverter 2 Invcstiaa_ion

Inverter 2 tl'arl No. ME-195-.0001-0004, serial

No. 8_) was l'otktl'Ilt'd to I_'('stillghOLlSt_ laciliLy ill

Lima, Ohio, for investigation l'@[atill_ I0 Ihc b C
012 accident.

Tile ru'._ults of Ill,' initial el.ectr:ical tests

Collductcd oil th(" illvertcr disclosed Ih.at a pail"
of ll';lllsislol.S ill tilt _ booster sI;l_o was ._hort._,d
alld a ftlso was opoil. The ofher lo_lu [l';lllsistt)l'S

ill Lll.C illVel'tor's booster stag'(} _vcl-t-,. l'Ol_loved alld

chocked out satisfactorily.. "l'lle good transist.ors
alld llt'W l'op[ac¢lllOIltS w_-,l'C l'OillsIa[[od, The ill.Vt}l't.cr

was a_ain electrically chocked, and operated satis-

fac.tol'ily. I{op[ac.c)lllcrlt ot_ the fklsc was Ilot requil'od
for tllis chock.

It is concluded that the inverter was noi the

SOUI'Ct TM of t he fil'.u' alld thal. I lit, tl'allsi,_l,or._ t'ailuro

was, duc Io I.hot'inal ._IFo,-_st's illduc¢,d by high tcmpcra--

tklros (,xtt, l"ll;lI Io lh¢' LIIVt'I'I¢'I', "l'h_., I'LI_t_ was pl't)bably
danKigt,d dul'ill[_ lilt, t_l'fol't, to l'(,lllOVt, the foam tit l)l'dol"

Io gall1 ;I¢'CI'SS IO t. ht" illtOl'llal te_t poilliS. It is
also concludt, d thai- IDO illvorlt, l" could not have caused

tile AC bus ?. tl';lllsit, nt at 23::|0:54:86 GMT for had tll(_

trallsi._i'ors failed at t.ha[ lime Iht, illVOl'tcr would

havc dl'oppl,d out ;llld sIaycd OtlI .

(3) _Status t,l I-;C8 Part_ and Assemhlie_ l:lvestigation.

3'lit" Scret, llill_ Colnll|lttt't, Report listed 5,1 Environ-

lllOIlla[ font rol S) .,4It, Ill part _ and as_t, mbi it,_ as possible
iKllit, it_n _OUl't'os. I,'tll'lht,r intosttgal ivc _/t)l'k 1111.,4

plac,,tl 52 ,_t lh,,_e tlllO the il:lprohahlt, i._nitton SOLII'Ct,
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category. The two remaining suspect_ems 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 sensorpower 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._t 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 deter:nine which will remain as

likely posSibilities.

The family of posSible 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 prior to any awareness of

fire by the crew.

Spontaneous combustion has been considered

extensive series of test involving all know 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.4OO_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 l:eactive can produce sufficient

heat to start a fil'e. There are two sources of highly reactive

chemicals in the spacecra[t. These are the batteries and 'he

lithium hydroxide for the Environmental Control System.

Analysis of data and post-fire examination of these oI_jects

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 O14 indicate that insufficient energy is

generated for ignition to occul'. (refer to Panel 8 Report).
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The probable causc of ignition follows:

a •
DC Wiring for Environmental Control System
Ins t{'umentation"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 before 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 under the
plumping contained DC bus B power wires only.. The total
complement and identification of all wires in each of
these two harnesses is shown in Enclosure _8--2G.

The third harnes_ that was burned through provlded

DC bus A and DC bus B power for an instrumentation
sensor power supply. The po_ver supply then provided

power to five signal ampli_'iers. 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"

(I) Twenty-three wires total
(2) All wires were 24 gauge
(3) Wires were identified a_.

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

28 vol.t DC return (I wire)
5.4 volt DC. power supply output (5 wires)
18 volt DC _. power supply output (5 wires)
-0.5 volt DC, power supply output (5 wires)
common returns, power 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 one of the harness when the
door is opened and closed. It is inferred that the
installation in S C 012 was similar to that in S/C 014.
Enclosure lg-2,'_ bhows the remain._ 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 or the harnesses, the evidence is gone. In
this same enclosure, 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 Outlet 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 Cu 2 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 powen

circuits in this harness. Each circuit was protected by
a 1/4 amp fuse. Both fuses were found in a blown

condi:tion 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 5 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 alloyi9g
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 v'ires, 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.

a. Arc Between a DC Wire and the Cover of J-Box C15-IA52

An arced paint 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 co_er showing the arced point on the cover
and the wire is illustrated in Enclosure 18-30o

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 IS-.31 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 _hich arced against the
cover at the time of the accident is a different wire in

the same bundle. The wi:_e 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 ]8-30°

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 tl_e harness that contained the

arced wire.
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Supporting factors for tl_is ignition cause possi-

bility include tile definite evidence of an arc, previous

watec/glycol spillage in tile general area three months

before, tlle flammability of tile adhesive for the nylon

grommet edging, and the proximity of debris trap netting.

Negative factors include tile preventative washing

and drying of the wire bundles in tile area after tile

water/glycol spillage and tile lack of any telemetry

transient indication on that function prior to the crew

report of fire. A measurement sampled 200 times per

second, which would show a d1:op below approximately i0

volts, shows no change until shortly after, the pressure

shell rupture, at which time some evidence of a short ls

indicated.

Preliminary tests h.%ve 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. These 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 simulate.d cover

plate with adjacent flammable materials configured as in
S/C 012 with tile same oxygen/pressure environment. When

tile adhesive/nylon grommet edging was ignited with a

nichrome wire at the arced.point, there was a fire prop-

agation along tile adhesive/nylon gro,nmet edging spreading
above to the Velcro on the flight qual recorder and to.

tile left to tile debris netting ill tile lower left-hand

equipment: bay co1'ner.

A test was conducted on a duplicate cover plate at

KSC to determine if an electrical arc would ignite tile
adhesive/nylon grommel edging,: in tile oxygen/pressure

enviromnent as existed in S/C 012 at ille time of tile

accident. During this test, ignilion from an arc did

occur, tlle fire progressed faster along the adhesive tllan

along the nylon edging, and a section of debris netting

on the opposite end of the nylon edging ignited in approx-
imately 9 seconds.

In all tests of flammability of adhesive/nylon

grommet edging combinations conducted to date, there

was a complete burning of the nylon grom,net edging

material to tile point whel'e it was indistinguishable

after tile 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 edging; 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 tile left edge was exposed to much higher
temperatures than the right edge. The cover was fabricated

from 2024-T6 aluminmu alloy. Tlle extreme left edge was
in a T3 aged condition, while tile right edge was in the

original T6 condition. The left edge was, therefore, sub-
jected to a tempei'ature in the range of 800 to 885 degrees
Fahrenheit. A physical examination also disclosed that

the fire progressed from tlle left side to the right side
oz' the panel cover.

The Velcro on the "flight-qual" recorder 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 tile 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 dete1'mined that this panel was of a lighter guage,
and that the Velcro was applied with a different adhesi.ve.
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 f1"om S/C 012 hardware. A test conducted on

March 28, 1967, disclosed that tlle nylon edging/adhesive
combination was ignited when an at'c was produced approx-
imately 1-1/2 inches away.

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

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 carried to the connector

through a twisted pail" 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 eitLer
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 _hat 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.

c. Shorted DC Wires to Scientific Equipment Bay 2

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 exposed 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 thnee 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

Tile cabin air fan 1 circuil breakers for phases

A and C were found to be open after the fire, and

electrical tests of the fan circuitry in the spacecraft

indicated shorled phases. Cabin air fall 2 was ill a

satisfactory colldition. Cabin air fall 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. Tile circuit bl'eakex" for AC bus 1 phase A was

found with a very lighi.-sooled condition, and the AC
bus i phase C cil'ctlit breaker was t'Otllld with a sooted
condit ion.

Enclosure 18.-40 shows tile location o1: the cahin.

l'ans. They are located oil the Command Pilot side. of tile
Command Modulo. It is not known whether the short ci_'cuit

occurred before or after" initiation of the fire. IIowever,

because there is a lack of firo propagation mai erial,

it is int'errod thai the shorting occurred ms a restilt of

the fife. A physical inspection of the fan and Ihe fan
al'ea for fire damage does not indicate this to be a fire

initiation area. Enclosure 18-.tl shows tilt, Collditiolls

of tht" t':tns for towing the accident.

An inspection of the fans after t'emoval from the S/C

sllOWS that both l'otors were frozen as a restllt of lllelting

of epoxy on the starers. No shorted condition has been
found ill fan 1. The ¢'lectrical harness was cxaniined and

insulation was found btn'ned off in one area. Tilt, electrical

harness is being checked to verify that tile damage was
an el'feet and not a cause of the fire.

L % • Crushed I)C Instrument at ion llarnoss in EnvironlueiiI al
_on t r ol-Un i t

A wife hariless for the Compresso,- l)ifferontial_

Pl'essure and Glycol hcctlnlulatof Quantii:y insti'uaentatton
transducers has boon l'Otlltd ill a cruslled condition. This

is an Env[i'oniilental Contl'ol Unit haFness that was crttshod

between a iithiulu hydi'oxide canister and tile cyclic
act;uniul.:ttof control dul'illg the as.--itunbly process, The

hal'llt'Ss COlltaillt'd It'll 2,1 latli(c wii'os_ ;llld l'Olllaillod llolh
DC bus A aud DC bus II power.

The circttil bi'eakc'rs [of those cil't:Ui.ls wel'o [otlnd

closed loltowi.ug the accidt, nt, The sl.eevint4 ix intact

and dot, s not i.ndi.cale _lily i'tlptUl'O.,_, For Iht,.,4e l'l,a_olis

lhe hai'ness i_ ilot t'on_idt, rt,d all initiating .-_oui'_'o ill _
till, firl,.
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f. Shorted DC Wires Providing Power to tile Biomed

Recorder

Short circuits ha+re been found on the octopus cable
near connector J185+ This connector is located directly
above the gas chromatograph compartments, and is illustrated
in Enctosure 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. Tile
circuit breaker was l'ound tc be open following the acci-

dent, with a heavily sooted condition. The MDAS recorder

provided satisfactory data until after pressure shell rup-
ture, therefore, tl_e circuit breakez: opened after this
time. The octopus cable was not in a flight configuration

as tile connectors were not potted.

Enclosures 18-43 shows a closeup of the connector,

and Enclosure 18-44 illustrates the shorted condition

of the DC wires.

Enclosure 18-45 illustrates tile layout of the power

wiring to the J185 connector° Ti_is wiring runs down a
channet alongside the right edge of the chromatograph
compar+t,nent, 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
witll tile covet" of J-Box C15-1A52. This power wiring to
the J185 connector is also ad.jacent to the gas chromato-

graph harness at _11 locations i'rom the+arced point to
tne channel entry point. This harness and the gas chromato-

graph harness were tied together but were not tied down
in a flight condition: they were laid up against the gas
chromatograph compartment. Both harnesses were found on
tile f!oor after the accident+

In addition to the shorted condition on the octopus
cable between the J185 connector and ._U3AS recorder, the

DC wires are also shorted at a point near the left end

of tile gas chromatograph compartmet'.t floor. The shorted
condition at this location does have a bubbled copper

appearance, similar to that noted on the gas chromato-

graph AC wires.
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Prelimina1"y examination of both sets of harnesses

have been made in tlle Metallurgical Laboratory at KSC.

Tile shorting on the octopus cable was found to be super-

ficial and the result of fil'e damage. Tile DC power

harness to tile J185 connector, because of the similar

appearance to the gas chromatograph wires, was also
the l'esult of fire damage; it is concluded that the

harness was subjected to both a short and to external
heating from the fire°

g. Shorted AC Wires Providing Power for Suit Compressor 2

Wiring in the four conductor wire harness to suit com-

pressor 2 appeared shorted, with suspected evidence of.

arc ing.

AC power to each of two suit compressors is provided

by 24 gauge wil'es. Each phase for each suit compressor

is protected by a 2 amp circuit breaker. The harness for

each compressor can provide either AC bus 1 or AC bus 2

power, ._ependeni on the switch position selected by tile
Pilot.

The switch position following the accident sllows

that the suit compressor switch was in the compressor I,

AC bus I position. The circuit breakers for phases A

and B for conlpFessor 1 were .fOUlld open with heavy soot on

the breaker stems. Telemetry data indicates that a

compressor was operating until loss of data; therefore the

circuit break¢,l-s opened aftel" this .time.

Enclosure. 18-,t6 illustrates the location of tlw

wiring aud suil. compressors in the Environmen.tal Control
Unit on Spact, cl"al't 012 after the accident.

Suit compressor 2 was uot to be operated during the

test. A re-examination of the harness disclosed tlmt

the connectors for compressors 1 and 2 were reversed

from the expected interconnect. With the connectors

being reversed, compressor 2 wotlld t.!1Oll have power mild
the wires could short, and the compressor 1 circuit

breakers would open when the shorting would occur.

Enclosul'c 1,_-,t7 illustrates the harness for compressors

1 and 2. The connector for compressor 1 was disconnected,
and tile wires were cut at the connector for compressor 2.
NoI,' lilt, nlt'Ial band wilh the nnmbel" "2" for lhe wil'es

pl'ovtding pOWel- for coml'.l.(,ssof l.

A closer cxaminatiou of the wires disclosed that

the shorted al_llearance was lhe resnlt of fire dnmag.e.
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h. Colmnand Pilot Suit Wiring Shorted

Short circuit damage has been found in tile Command

Pilot's suit wiring. No shorts were noted either in

the Senior Pilot or Pilot suit wiring.

Foul" shorted wires were found in tile communications

wiring between the suit connector and thehelmet communi-

cations connector. The wire insulation was discovered

to be brittle, discolored and cracked. The wires were

identified as microphone signal, microphone signal

return, earphone signal and earphone return. Enclosures

IS-48 and 18-.19 illustrate the shorted condition of tile
wires.

An intermittent condition was also noted in Lhe

16.8 volt DC biomed power wire ill the torso harness

between the suit connector and the biomed connector.

This condition is cons.idered to be not relevant to the

cause of tlle accident, in that no biomed power was being
supplied to the Command Pilot's suit.

Tile vendor,,_ of tilt, torso harness materials llavc
provided the following information:

(I) The nylon sock around tile ribbon cable melts

at 480 degrees Fahrenheit.

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

(3) The Milene insulation around the. wires cracks

at .130 degrees Fahrenheit and. melts at '180 degrees
Fahrenheit.

From tile above information, it is probable that

the exterior of the ribbon cubic around the at'ca of the

damaged wiring was subjected to localized alld super-
ficial heat. This _x_uld cause damage to the internal

wiring insulation without damaging the siiiconc ribbon.

i •

Arc on Structut'e by Side of Switch SII in B0ck
of Panel 8

On removal of panel 8 from S/C 012 it was observed

that there was an area of damaged conl'ornlal coating on
wire terminal 2 of switch Si1. Continuity checks showed

that a potential short existed from the wiring lhrottgh
the damaged conformal coating to the substructure behind

thc panel. SUl)plt'men(al examinatio,l of the substructure
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,,as made to determine tile extent of any arcing from
panel 8 switch Sll 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. Tile lack o_ 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 Enclosures l8-50 and 18-51.
Switch Sll 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 wasinthe "OFF"

position before and after the fire. Continuity checks
have been performed to confirm that tile 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 ot" 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 sllort circuit current was confined under
the con formal coating.

From tlle above it is concluded that, while an arc
or short circuit current may have occurred in the contact

area of $11 wire terminal and bracket V16-335126-85,

this circuit was not energized during this test, and
this condition must have resulted from a prior test.

Further the evidence indicates that the potential current
level tllrough any such fault would have been so low

that it would not have caused any significant disturbance
on tllc power bus.
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I0. Technical Sum-mary

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 _ 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 system.

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 tothe 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 a_d special tests conducted after the accident point to

the conclusion that the AC bus 2 problem was caused by a

momentary 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 malfunc-

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 dropout, 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-
ment being supplied from this power source.

The most likely phenomena that would produce such a
moz,_eutary short is an inadvertant electric arc either within

electrical equipment or between a power conductor and the

Co_._mand Module structure. Such an arc is nominally the re-
sult of electrical insulation failuze.

No data recorded during the imterval of the electrical

abnormality snows 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 to a level below 19 volts f.or

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 have 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 c_r source of ignition .that caused the accident.

The one suspect is wiring providing instrumentation

power for some Environmental 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 oc'c.ur 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 Jn 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 (ause a drop in DC bus B voltage to a level

low enough to cau._,: an interrupt_ on 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 ignitedj
the netting would burn along the floor toward a vertical
flammable material. The vertical material on the left was

til_, 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 from 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 _ould
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 inc!les away from
the polyurethane foam on the evaporator. Because of this, it
is inferred that the vertical netting in the corner would De
the first instance of vertical burning. Vertical burning
would occur at about 23:31:03 GMT. Allowing one second for

the £]ames to rcoch the couch level, the first voice trans-
mission of trouble from the Lommand Pilot at 23:31:04.7 GMT

occurs at the proper time. Unfortuna.tely, there is no physi-
cal evidence to support a conclusive, delermination. Thi.s

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 been completely burned

away.

D. FINDINGS AND DETERMINATIONS

I. Findings:

Several arcing indications were observed in the Command

Module -Y +Z sector and a voltage transient was noted in all

throe phases of AC bus 2. This transient was most closely

simulated by a power interruption or short circuit on DC bits
B.

Physica] evidence and _'itness statements indicated the

progress of the fire to bc 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 +Z
Spacecraft axis.

Tile 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:

All Spacecraft records have been reviewed by the various

Panels and the results were screened by Panel 18.

Determination:

No evidence has been foundto correlate previously
known discrepancies, 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).

De termina tion :

Existing Spacecraft instrumentation was insufficient

by itself to provide data which would identify the source of
ignition.
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E° SUPPORTING DATA

List of Enclosures

Enclosure

IS.-I

18 -2

18 -3

18 -4

18-..5

18-G

18 -7

18 -8

18 -9

18-10

18..II

18 -.12

18-13

IS-14

18 -15

18-IC

18-17

18 -18

Descri pt ion

S_%mple of Disassembly and Post-Disassembly

Requirements Form

Sample of Test Preparation Sheet

Sample of Board Action Summary Page

Listing of Open Circuit Breakers

VI_/AN and S-Band Voice Recordings

Transcript of Voice Channel for Last 27 Sec-

onds

Gas Chromatograph Trace

AC Bus 2 Data and Associated Changes

Oxygen Elow Rate and Associated Data

OxyGen Flow Rate Correlation

Not used

ECS Data Correlation

Surge Tank Pressure Profile

_Totion Indications

Navigation Base Installation

Spacecraft and I_IU Stable Member Axes

Navigation Base Installation Detail

Navigation Base Pitch Angle Change Versus

Ca1>_n Pressure
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Enclosure

18-19

18 -20

18-21

18 -22

18-23

18-24

18 -25

18-26

18-27

18-28

18 -29

18-30

18-31

18 -32

18-33

18-34

18-35

Description.

Selected Temperature, Pressure, and Inertial
System Measurements Versus Time

Suit 02 Flow Rates.
b

Gas Chromatograph Troace Comparison

Electrical Power System

AC Bus 2 Special Tests

Audio. Key Lines

Environmental Control System Instrumentation
Harnesses Before Accident

Environmental Control System. Instrumentation

Harness Wiring Identification

Spacecraft 014 Environmental Control System
Instrumentation Harnesses.

Environmental Control System Instrumentation
Harnesses After Accident

Cover of J-Box C15-IA52

Arced Point on Wire and Cover of J-Box

C15-IA52

Arc Point on Cover of J-Box C15-IA52

Arc Point on Wire Related to Cover of J-Box
C15-IA52

Undisturbed Location of Gas Chromatograph
Connect ol-

Area Under Gas Chromatograph Connector

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

O--O "

18 -37

18..3S

18-39

18 -40

18-41

18 -42

18 -43

18 -44

18-45

18-46

18 -47

18..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 Wines Above Entry Batteries

Detail of Shorted Wires Above Batteries

Locntiou of Cabin Fans

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

Locntion of Octopus Cable J185 Connector

Detail of J185 Connector

Shorting on Octopus Cable

Power Harness to J185 Connector

Suit Compressor Wiring After Accident

Not Used

Command Pilot's Suit Wiring

Detail of Command Pilot's Communication

Harness

location of Switch SII on Panel 8

Short to Structure by Tel'minal of Switch SII

Complete "Status of Investigation Items"

dated April i, 1967

"Integration Analysis Summary" for each

investigation item as available on April i, 1967

"Review of Spacecraft Power Status", dated

February 6, 1967, prepared by Panel 18
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Enclosure

18-54b

18-55

18 -56

18 -57

Description

"Supplement to Review of Spacecraft Power

Status", dated February 23, 1967, prepared

byPanel 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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LIST OF OPEN CIRCUII" [;IU':AKER_

PANEL 22 RIGHT-IIAND CIRCUIT BREAKER PANEL

No.

CBI8

CBI5

CBI.17

CBIIH

CB77

CBII6

CB,15

CB94

CB76

CB7,1

CB33

CB32

CB92

CBgl

CB43

CB3,t

CBII

CBIO

Identification

_la_tet" Event Scq. Controllt_r Arm B

DC.SotlSOr Signal Ma.£n A

Sclcnt ifie l_quipmt.nt Bay 1 (,|185)

Scientilic Equipment Bay 2 (above

b:xt t cz+i es)

Battet'y ('It:If'gel' Batt P,

Gas Chronmtograph ACl

Telecommunications Group 5

ECS H20 Accumulator Xlain A

Cabin Axr Fan l ACI Phase A

Cabitl Air Fatx l ACI Phaso ("

ECS Su i t Colllpl'es._t_l, ACI Phase A

ECS Suit Ctlmpl'essof ACI Pha_e B

ECS Waste aud Potable tl,,O .Xlaln A

ECS Waste and Pot:(hie H20 _lain B

ECS Tl';tllsducer pl'esstll'O gl'oup 2 Main k

ECS Transducer pres.,_urc gl-Otlp "2 Main B

EC8 Tempt, rature _,l;lin A

ECS Tt'lllpOl'a(tlt't, \]a [I1 |1

Rat i tag Condi t ion

5 Amp }iS

5. Amp HS

20 Amp tl8

20 Amp ItS

10 Amp BS

2 Amp I18

7.5 Amp HS

5 A,np NS

2 Amp VLS

2 Amp S

2 Amp }IS

2 Amp HS

5 Amp RS

,5 Amp S

5 Amp B

5 Amp VLS

5 Atnp ._lS

5 Amp LS

ENCLOSURE 18-4
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I III I I

PANEl, 21 RIGIIT-IIAND SIDE CONSOLE BUS SWITCIIlNG PANEL

CB8 Setmor UnJ.! _(" Bus 2 5 Amp

PANEL 25 LEFT-ItAND CIRCUIT BREAKER PANEL

CB33

CB39

CB3[

C B 26

CBI6

CBI5

CB52

CB53

SCS B and D Roll Main B

• BCS Pitcl_ ,Main B

SCS Yaw .Main B

Gimbal Motor Control i Pitch Battery. A

Gimbal Motor Control l Yaw B;tttery A

RCS Propellant Isolate Main A

RCS Propellant Isolate ._lain B

EDS 1 Battery A

ED_ 3 Battery B

20 Amp

20 Amp

20 Amp

15 Amp

15 Amp

L5 Amp

15 Amp

5 Amp

5 Amp

PANEL 203

CB3 Inverter Power No. 2 .Xtain B 70 Amp

PANEL 150

CBI't Pyro A Seq. A

CB17 Pyro B Seq. B

CB20 Battery Charger Battery C

20 Amp

20 Amp

5 Amp

PANEL 20.1 INSTRUMENTATION POWER CONTROL

CB3 Essential Instrumentat ion 7 Atnp

NS

VLS

NS

MS •

liS

llS

LS

.MS

MS

MS

NS

N8

S

NS

l 11 _lll al .......

ENCLOSURE 18-4
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"?

cond i t [oh ":.)dr' :

,n - BLI}-iNED

S - SOcY_"y

NS - N,_ SOP'P

MS - MEiUUM SOOT

llS - HEAVY ShOT

LS - LIGHT SOOT

BS '- BURNED SOOT

VLS- VERY LIGHT SOCT

ENCLOSURE 18.4
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