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APOLLO SPACECRAfT 

Th(' sp..c('cr .. fl (SIC) cons iSIs of .. I .. unch (,sc"pe sysl('m (L[S) ..ss('m
bly. comm .. nd modul(' (C / M), !;(,,,'ic(' modul(' (S / M). and Ih(' sp..c('cr.. fl l 
lun .. r modul(' .. d .. pl('r (SLA). Th(' LES ..ss('mbly Jlfovid('s It\(' lM ..ns for 
r .. pidly s('p.. r"ling Ih(' C/~I from Ih(' S/ M during pad or suborbilal aborls. 
Th(' C/~I forms Ih(' spac('o.. fl connol c('nl('r, conl .. ins n('c('ss .. ry aulo
m .. lic .. nd manu.. 1 ('quipm('nl 10 control and monilor Ih(' sp..c('cr.. f1 
SVSI('ms, ..nd conlains Ih(' r('quir('d ('quipm('nr for saf('ly .. nd comforl of 
Ih(' 0(' .... . Th(' S/~I is a cylindrical srruClur(' local('d b('lw('('n Ih(' C / M 
..nd rh(' SLA. II conlains Ih(' propulsion sysl('ms for "lIilud(' and veloc
ily chang(' man('u\·('rs. ~Iosl of Ih(' consumabl('s us('d in Ih(' mission .. r(' 
slor('d in Ih(' S/ 'd. Th(' SLA is a nuncal('d con(' which conn('cls Ih(' 
S/~I 10 Ih(' launch Hhicl('. II also pro\' id('s Ih(' sp.. n wh('r('in Ih(' lunar 
modul(' (LI M) is carri('d on lunar missions. 

TEST IN PROGRESS AT TIME OF ACCIDENT 
Spac('crafr 012 ...·.. s und('r!loin~ a " Plugs OUI Inl('gralffl T('sl" .. I Ih(' 
lim(' of Ih(' ..ccid('nr on Janu.. ry 27, 1967. Oper"lional Ch('ckoul Proc('
dur(', drsign"lrd OCP . ·O-K-0021-1 ..pplird 10 this Irsl. Wilhin Ihis 
rrporl Ihis procrdurr is ofl('n rrfrrrrd 10 as OC P-0021. 

TESTS AND ANALYSES 

Rrsulls of Irsls and analysrs nol compl('lr al Ih(' lilM of public"lion 
of Ihis rrporl .... ill br conl .. inrd in Appendix G. Add('nd....nd Corrig('nd... 

CONVERSION Of TIME 
Throughoul Ihi·s r('porl, lim(' is sl"l('d in Gr('('nwich Me.. n TiJll(' (GMT). 
To conv('u GMT 10 ["sl('rn SI .. nd .. rd TilM ([ST), subtr"CI 17 hours. 
For nampl('. 2~:~JJ GMT conv('u('d is 6:~1 p.m. [ST. 

For saJe by the Superintendent of Documents, U.S. Government Printing Office 
Washington, D.C. 20402 



REPORT OF PANEL 18 


INTEGRATION ANALYSIS PANEL 


APPENDIX D-18 


TO 


FINAL REPORT OF 


A POL L 0 204 REV lEW BOA R D 

D-18-1 



This page left blank intentionally. 

D-18-2 



A. TASK ASSIGNMENT 

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

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

B. PANEL ORGANIZATION 
• 

1. Membership 

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

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

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, was assigned to monitor the Integration Analysis 
Pane 1. 

3. Panel Consolidation 

Panel 16 and 3 served as separate Panels from January
f 31, 1967, through February 23, 1967. These Panels were 

dissolved on February 23, 1967, and merged with Panel 18. 

Co PROCEEDINGS 

1. General 

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

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

2. Hardware Inspection, Disassembly and Analysis 

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

In keeping with the analysis activity, priorities for 
the various requirements were established. Items were then 
selected twice daily to be approved by the Board for 
proceeding with that activity of work. Board approval 
information was fed by the Panel back to the systems engin
eers so that a "Test Preparation Sheet," TPS, (Enclosure 18-2) 
would be originated to accomplish this work. This Panel 
approved all TPS's, kept current TPS files, and reported on 
the status of all approved requirements by means of a "Board 
Action Summary" 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 junction box in the lower left
hand equipment bay." 

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

An examination of the electrical wiring harnesses 
remaining in the spacecraft in the most probable zone of 
fire initiation was completed on March 24, 1967. The most 
probable zone of fire initiation is defined as the area on 
the Command Pilot side of the Command Module. Looking 
forward through the main hatch, this area starts at the 
Environmental Control Unit (ECU) and progresses forward to 
the gas chromatograph compartment, and covers the volume 
from the floor to the top of the ECU and to the top of the 
gas chromatograph compartment. All wiring in the lower 

• 

t 

, 
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equipment bay was also examined. The ECU wiring has been 
examined while the unit was in the spacecraft aud 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 
fbund open after the accident are listed in Enclosure 18-4 . 

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

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

(i) 	 DC wir ing complete ly burned through in 
harnesses providing power to Environmental Control 
System instrumentation. 

(ii) 	 Arc between a DC wire and the cover of J-Box 
C15-LI\52. 

(iii) 	 Shorted AC wires providing powe~ to the gas 
chromatograph connector. ' 

(iv) 	 Shorted DC wires providing power to scientific 
eq11i pment bay 2. 

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

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

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

(viii) 	 Shorted AC wires in Environmental Control Unit 
providing power for suit compressor 2. 

(ix) Command Pilot suit wiring shorted. 
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(x) Arc on structure by side of switch Sll in back 
of panel 8. 

All removed parts and assemblies were thoroughly 
reviewed by NASA and Contractor design engineers, metal
lurgists and Panel 5 members. Based on these reviews, they 
were classified either as a possible or as an improbable 
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 the 
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 improbable ignition 

" source. 

The listing of all equipment totals 299 parts and 
assemblies. No attempt was made to list or to remove from 
suspicion as a possible ignition source the spacecraft 
wiring or devices integrally a part of that wiring such as 
terminal boards. 

The 299 parts and assemblies were categorized as 
follows: 

Number Improbable Possible 
of Parts Ignition Ignition 

and Source Source 
System Assemblies (Cat. A)(Cat. B) Remarks 

Communications 
Instrumentation 

Guidance and 
Navigation 

Stabilization 
and Control 

Environmental 
Control System 

Electr ica1 Powel 
System 

17 
22 

16 

14 

48 

32 

17 
12 

16 

14 

3 

30 

10 

45 

2 

9 ECS 
related 
transducers 
1 harness 
assembly • 

., 

Static In
verter 2 
Panel 
C15-lA52 
(LEB J-Box 
Cover) 
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Continued 
- Number Improbable Possible 

of Parts Ignition Ignition 
and Source Source 

System Assemblies (Cat. B) (Cat. A) Remarks 

Displays and 
Controls 30 29 1 Swi tch 11, 

Panel 8 
Sequencers 6 6 
Reaction 
Control 
System 12 12 

Structure 18 ,18 
Earth Landing 

System and 
Recovery Aids 5 5 

Crew Equipment 61 59 2 Command 
Pilot Cobra 
Cable, Com
mand Pilot 
Torso 
Harness 

Experiments 4 3 1 Octopus 
Cable 

Pyrotechnics 14 14 

TOTALS 299 238 61 

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

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

Inputs were received periodically from daily Panel 
~eetings, daily Panel reports, special Panel reports, hard
ware inspection and disassembly, briinstorming sessions, 
technical discussions, etc. 

The more significant inputs, defined 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 (SIC) 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 re$ult of a noise suppression 

capacitor short during factory checkout on SIC 014 at 

North American AViation, Downey, California. The 

Command Module filled with smoke during this incident. 


The following validation actions were taken: 

(a) Action to Panel 1 to determine the exact 
configuration of the Elapsed Time Indicator 
installed on siC 012 and compared to the SIC 
014 installation, and knowledge on whether this 
unit was installed during the accident. 

(b) Action to Panel 2 to determine the level of 
qualification with respect to oxygen and 
pressure environments. Because this unit was 
to be removed before flight, it was believed 
that the unit would not have been qualified, 
but this still had to be confirmed. 

(c) Action to Panel 3 to review all data from 
SIC 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 SIC 014, 
that the unit installed on SIC 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 SIC 012 (Board Action No. 
0035). A TPS was written (TPS 053) and an examination 
of the 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 cate60ry 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 "I ntegr at ion Ana lysis Summary" was prepared 
and presented to the Board (all are attached as Enclosure 
18-53) . 

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

4. Special Reports to the Board 

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

Review of Spacecraft Power Status 
Supplement to Review of Spacecraft Power Status 
Structural Assessment Report 
Explanation and Discussion of ECS Water/Glycol 

Circuit Prior to and After the Fire Report 
Spillage of Ethylene Glycol/Water (RS89-a) as a 

Possible Cause of Fire in SIC 012 
ECS Oxygen System Description and Interim Data 

Evaluation 
Communications Analysis Report 
Mock-up 2 Mobility Evaluation Test Results• 

These reports are briefly summarized below. 

Review of Spacecraft Power Status 

This is a summary of internal and external power 
descriptions and configurations applicable to 
SIC 012. It contains a sequential history of the 
DC power system. The sequential history is fully 
verified by data indications and SIC and Ground 
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Support Equipment (GSE) switch and control 
positions. This report was used to establish the 
DC power system configuration at the time of the 
accident, and to show that it was proper. 
(Enclosure l8-54a) 

Supplement to Review of Spacecraft Power Status 

This is a summary of minor internal and external 
power supplies applicable to SIC 012 in addition to 
the main DC supplies. (Enclosure l8-54b) 

Structural Assessment Report 

This is the first sun~ary of the visual inspection 
of the interior of the SIC to determine the extent 
of damage to the structure, plastic control knobs 
and glass dials. (Reference 18-2). 

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

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

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

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

•ECS Oxygen System Description and Interim Data 
Evaluation 

This is a summary of the internal and external 
oxygen system configuration throughout the test. 
It also contains a sequential history of signifi
cant system parameters. (Reference 18-5) 
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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 perform certain 
actions with respect to time. (Reference 18-7) 

5. Brainstorming Meetings 

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

A large number of potential fire initiation and propaga
tion theories were proposed and evaluation sheets were 
established to build up the supporting factors for the 
theory, negative 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 are closed 
as not considered likely ignition sources, and one is closed• as a probable potential ignition source. 

The one probable ignition source is the DC wiring
• 	 completely burned through in harnesses providing power to 

Environmental Control System instrumentation. Two potential 
initiation theories of a more general nature were also 
considered. These are described below. 

a. Cold flow characteristics of Teflon insulated 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 which permit the insulation 
to flow away from localized high pressure points over 
long periods of time. It is possible that localized 
high pressure points, either between wires or between a 
wire and structur~, could ultimately result in break
down of the insulation. All wire bundles in the space
craft which showed damage were carefully inspected for 
signs of arcing. Only those locations delineated in 
other sections of this report showed such signs. 

b. Failure of electrical 
glycol spillage: 

connectors due to water / 

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

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

• 

• 
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6. Data Indications 

The purpose of this section is to summarize briefly 
the recorded data indications that wer e 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. TI1C gas cilromatograph was not instal

. led for this test and the connector that carries the 
telemetry data signals and thc 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 tes~ 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 E~closure 13-7): 

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

Trace E - 22:34:46 GMT - Pilot turned updata link to 
UHF . 

D-18-13 



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 
have still been in the lower equipment bay. 

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

The telemetry data line in the connector has the 
characteristics of an antenna, and consequently can de r 

tect changes in the electromagnetic field within the 
spacecraft. 

b. AC Bus 2 Voltage Variation 

A momentary increase in AC bus 2 voltage was noted 
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. These were: 

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

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

transmitter outputs 


(3) Momentary dropout of VHF-FM carrier 

(4) Fluctuation of rotation controller null out

puts 


(5) Gas chromatograph 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 which occurred at the time 
of the AC bus variation are individually discussed: 
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(1) The C-band beacon parameters dropout occurr e d 
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 
be acon dropout are: 

(a) Interruption of AC bus 2 power would 
cause the C-band beacon dropout as verified 
by special t e sts on a C-band beacon similar 
to the one used in SI C 012. 

The test indicated that interruptions 
of the AC power, all three phases, or phases 
A and B, or phases Band C, for 10 millisec
onds or mor e created a dropout. 

(b) Momentary drop of rang e interrogation ; 
. howev e r, th~ range C-band station log shows 

no report of interrogation dropout at this 
time. 

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

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

(3) Rotation controller null outputs showed mome n
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 pinned) are supplied by phase A 
of AC bus 2. Special tests have shown that the null 
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output transients can be duplicated by a momentary 
interruption of AC bus 2 phase A input power. 

(4) The gas chromatograph telemetry signal showed 
a sharp transient coincident with the voltage varia
tion. The character of the transient is indicated 
in Enclosure 13-7. 

The AC bus 2 voltage increase appeared on all three 
phases momentarily. The AC bus voltages are sampled ten 
times a second by the instrumentation system. It is, 
therefore, impossible to determine the actual variation 
of AC bus 2 voltages for 100 milliseconds prior to or 
after the observed voltage increase. In addition, special 
tests indicate that there is an inherent delay and stretch
ing of the AC voltage signal conditioner output due to 
rectification and filtering. Consequently, an AC voltage 
transient occurred several milliseconds prior to the time 
indicated in the SIC 012 data. However, the AC bus volt
ages are connected to an overvoltage and undervoltage 
sensor which will trip if the voltage on any phase ex
ceeds 135 volts AC or drops below 90 volts AC for 3~.5 
+ 7.5 milliseconds. Main bus A and B voltages are also 
monitored by an undervoltage sensor which will trip if 
the voltage drops below 26 volts DC for 70 + 30 milli
seconds. Anyone of these conditions would-cause a 
master alarm. The master alarm did not occur during 
the period of the AC bus 2 voltage variation. 

c. High Oxygen Flow Rate 

At 23:30:59 GMT the oxygen flow rate measurement 
went to a saturated condition of 1.03 pounds per hour. 
Fifteen seconds later the caution and warning system 
master alarm was triggered. The oxygen (02 ) flow 
stayed in a saturated condition until loss of signal 
(LOS). Oxygen flow rate and associated data are shown 
in Enclosure 18-9. 

There were 10 other periods during this test in 
which an unexplained saturated flow rate condition 
existed. A correlation of relevant data for these 
unexplained periods is shown in Enclosure 18-10. The 
actual flow rates for several of the times listed were 
computed using measured surge tank pressure. 

Four possible conditions can cause a high oxygen 
flow indication. These are: 
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(1) H20 Cyclic Accumulator Activation - The cyclic 
accumulator is actuated every 10 minutes for a ten 
second duration by the Spacecraft Central Timing 
Equipment (CTE). The diaphragm pump is actuated 
when the CTE triggers the circuit. During the 10 
seconds in which the solenoid is open, the 02 flow 
transducer will saturate and energize circuitry which 
could trigger the Caution and Warning System high-02
flow indication; the system is, however, equipped 
with a 15 second time delay to prevent the 10 second 
high flow condition from triggering the system. 

(2) Suit Leakage - Crew suits are not designed fur 
the very low delta pressures that were present dur
ing this test. Th E' .i oin i:: seals, etc., are not ad('-· 
quately effective at low differential pressures and 
therefore crew movements can induce suit leakages 
which result in high-02 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 this 
condition the surge tank pressure decayed from 739 
to 480.6 psig (see Enclosure I J -13 which shows the 
history of surge tank pressure for the entire test). 
During the last high-0 flow condition the surge tank2does not start decreaslng for 12 seconds. 

(4) Crew Movement - During five of the ten unex
plained high oxygen flow rates, listed in Enclosure 
13-10, the voice tapes indicate the crew was trouble
shooting the communications problems. During the last 
three high-02 flow rates the Guidance and Navigation 
System gimbal angle movements have been correlated 
with crew motion and biomed data. Of particular in
terest is the time period of 23:24:03 to 23:24:06 GMT. 
Five seconds prior to start of high-02 flow the bio
med data indicates a deep breath and possible talking 
by the Senior Pilot. Biomed data are available from 
the Senior Pilot only. The slope at the start of high
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 23:30:39 GMT the 
gimbal torque motor inputs reflect a distinct vehicle 
motion. The biomed data from the Senior Pilot, shown 
in Enclosure 18-14, show the start of motion which is 
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also reflected jn the continued increase of 02 
flow. At 23:30:59 GMT the 02 flow rate reached 
saturation with motion still being indicated on 
the inner gimbal. 

d. Live Microphone Condition 

Voice tape analysis and instrumentation data records 
show that a live microphone constant-keying condition ex
isted from the .Command Pilot position during a consider
able portion of the final test period. 

The live microphone condition was evidenced in a 
real time during the test a~ 22:25:53 GMT, when the 
crew selected the VHF/AM T/R mode. Data analysis using 
the Merritt Island Launch Area Open-Loop Communication 
(MOLC) tape (S-band and VHF/AM voice) showed that the 
first indication of the live microphone was at 22:18:49 
GMT. 

However, a review of the Mission Control Center-KSC 
(MCC-K) tape showed that the MOLC tape recorder was 
stopped between 20:57:19 and 22:13:49 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 the live microphone condition 
began between 20:57:19 and 22:13:49 GMT. 

The crew became aware of the live microphone condi
tion at 22:26:48 GMT, and started a series of trouble
shooting exercises. These exercises, plus voice tape 
analyses and data reoords, indicated that the live 
microphone condition existed in the Command Pilot com
munication system. The known exercises were: 

(1) The Command Pilot switched from the "normal" • 
connector to the "emergency" connector of his cobra 
cable. 

(2) The Command Pilot and Senior Pilot interchanged 
cobra cables. 

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

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

(5) Various audio control panel modes were tried. 
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The live microphone condition continued to exist 

after the above exercises and was in evidence through 

the crew report of fire. 


e. Crew Movement 

Crew activity was evident for about the last 30
second period just befol'e the crew report of fire. The 
data that indiC2tes movement is shown in Enclosure 13-14 
where several parameters support the indications. The 
crew was not required to perform any operation or func
tion during this time. The Enclosure shows changes in 
the torquing v(ll tage to th(' gimba 1 torque motors indi
cating significant spacecraft motion. 

Activity of the Senior Pilot was interpreted from 

respiration rate, heart rate and phonocardiogram data. 

The Senior Pilot was essentially at a resting baseline 

until 23:30:21 GMT, when slj.ght increases in pulse and 

respiratory rate was noted. At 23:30:30 GMT, there was 

a 4.5 second hurst of noise on the electrocardiogram 

trace indicating some muscle activity. A similar burst 

occurs at 23:30:39 GMT accompanied hy maximum noise on 

the phonocardiogram. The dCl.ta ere consistent wi th in

creased activity, but are not indicative of an alarm 

response. By 23:30:45 GMT all biomed parameters have 

begun to revert toward baseline levels. 


The Command Pilot's live microphone condition on 

the S-band voice loop indicated considerable amounts 

of brushing and tapping-type noises during the 30 

second time period prior to the crew report of fire. 

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

were not of this magnitude or density. 


Additional indication of crew activity was the on

set of increasing oxygen flow to the suit circuits dur

ing this relative time span. 


f. Cabin Pressure Rise 

A determination of the pressure the cabin attained 

and the approximate time of structural rupture is in

cluded in this section. The analysis is based on obser

vations from previous tests and certain known facts of 

the hardware design. 


The installation of the optics system and INERTIAL 
MEASUREMENT unit on the navigation base is shown in 
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Enclosure 13-15. The navigation base is shock mounted 
on the Command Module structure. The optics system 
penetration through the pressure vessel is a set of bel
lows which forms the crew compartment seal. Navigation 
base displacement is most significant in the spacecraft 
pitch axis. The inertial reference and spacecraft axes 
are not coincident, therefore, gimbal angles must be 
transformed to reflect navigation base motion (refer 
to Enclosure 13-16). 

A finer detail of the navigation base is shown in 
Enclosure 18-17. The single lower shock mount acts as 
a pivot point. The optics bellows mounted at the upper 
extreme ~nd of the navigation base allows motion of 
the base about that pivot. A pressure differential 
across the optics and bellows assembly results in a 
force which will tend to rotate the upper end of the 
navigation base outboard. Any rotational motion or 
angular displacement of the navigation base will be 
reflected in thn Inertial Measurement Uni t (IMU) gimbal 
torque motor currents and gimbal angles. Deflection 
of the navigation base has been correlated with dif
ferential pressure across the optics and bellows 
assembly through data acquired during the altitude 
chamber test of SIC 012. The results are shown in 
Enclosure 13-1~. With the cabin pressurized to 5.5 
psig, the upper navigation base was deflected outboard. 
An approximate linear movement of the navigation base 
was noted as a function of decreasing cabin pressure. 

Variations of temperature on the Command Module RCS 
"A" engine, CR 4561T, and on the Aft Heat Shield thermo
couple, CA 5493T, are displayed in Enclosure 13-19 dur
ing the time of the accident. Cabin pressure and the 
three gimbal angles are also included for correlation. 
The variation of cabin pressure is shown from telemetry 
data which reached saturation at 21.3 psia. For com
parison a second curve is shown which was developed 
from results of a digital simulation performed at AC 
Electronics, Milwaukee, Wisconsin, which determined the 
cabin pressure required to attain the gimbal angles 
observed during the accident. 

The gimbal angles in Enclosure 13-19 change with 
the cabin pressure and reach an apparent maximum at 
21:31:20 GMT, then reverse direction, indicating a 
decrease in cabin pressure. Because of the low sample 
rate of these measurements, the actual peak deflection 
and time of gimbal angle reversal is unknown. The RCS 
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thruster chamber temperature CR 456lT displays a sharp 
rise in temperature starting at 23:31:19.86 GMT. Assum
ing the sharp 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 10. The time of 23:31:18 GMT 
was the last gimbal angle data point prior to the sharp 
temperature rise at 23:31:19.86 GMT. Following the 
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 the flow rate had 
dropped to the lower limit of the transducer (6.15 lb/hr) 
and stayed there until 23:31:11.82 GMT. It then returned 
to the upper limit at 23:31:11.92 GMT. The other two 
suit flow rates remained at the upper limit during this 
period (see Figure 18-18). 

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

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

(2) If the suit outlet hose was disconnected, the 
suit outlet has a check valve in the suit which 
stops the flow to the suit giving an indication of 
no flow. The suit delta pressure and suit compres
sor delta pressure should increase and, in fact, 
did as shown in Enclosure 18-20. The decrease in 
these parameters within about 2 seconds after the 
increase can only be interpreted as suit burn-through 
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and/or subsequent reconnection of the outlet hose. 
Disconnection and reconnection of the outlet hose 
within a 2 second time period is highly unlikely. 
If this argument is to hold, the suit must have 
burned through to re-establish flow and sometime 
later the outlet hose was reconnected to the suit. 
The outlet hose was found connected after the acci
dent, which tends to weaken the argument in light 
of possibility (3) which follows. 

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

h. Water/Glycol System Integrity 

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

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

. "' 
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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 provide 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 aga~n produced 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 
wi th the outpu t from SIC 012. Trace A shows the output 
from a SIC 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 from a North American 
Aviation, Downey, California, test during the period 
of time when the wiring and the connector were subjected 
to an external flame. The composite data from all 
special test indicate that an output from the connector 
can be produced by the following: 

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

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

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

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

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

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

(2) Momentary short on one or more phases of 
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 SIC 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 SIC 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 SIC 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-002l-l. 

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

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

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

c. High Oxygen Flow Rate 

Telemetered data indicate that the high oxygen flow 
rate conditions for the last 30 seconds before the crew 
report of fire can be attributed to the apparent high 
level of prime crew suit leakage at low suit-to-cabin 
differential pressure, magnified by 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, 

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/Rselect switch. 
These VHF/ AM T/ R switches are connected together for all 
three astronaut positions which would cause a ground to 
be transferred among all positions in VHF/AM T/R mode. 
See Enclosure 18-24 for logic detail. 

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

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

(2) The SiC 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 SIC 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 
milliampso 

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 indicated during the last minute 
preceding the crew report 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 
Even though the crew 
fact remains, crew m

an action is performed 
activity cannot be defin

otion can be detected. 

can 
ed, 

vary. 
the 

f. Analysis of Tape Recorded Transmissions 

The voice transmissions shownin Enclosure 18-5 were 
analyzed with the use of MOLC RF voice recorder tapes, 
oscillographs of the MOLC tapes and PCM data. This 
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enclosure shows the VHFIAM and S-band voice tracks 
oscillograph readout from 23:29:42.5 GMT to LOS. 

(1) 23:29:42.5 to 23:30:14 GMT 

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

(b) The ground personnel were transmitting 
to the SIC on S-band. The voice of the Command 
Pilot was being turned around by the CAST 
(Astro Communicator Console) system and re
transmitted to the SiC 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 recorder. 

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

(a) There were no voice transmissions from 
the SIC. 

(b) The ground personnel were not transmitting 
to the SiC 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 VHFIAM 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 SIC during 
this time period. 

(b) The ground personnel were not transmitting 
to the SiC on VHF. The voice transmissions 
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from the SiC were being turned around by the 
CAST system and were retransmitted to the SiC 
on VHF. 

(4) 	 Analysis of Voice Ta"pes During the Period of 
Fire 

The tape transcripts of the voice tapes from 
the CIM during the tilne period of the fire (referred 
to as the first and second transmission, on Enclosure 
18-6), have been extensively analyzed. This analysis 
included a review of all transmissions prior to the 
fire that were made by the crew during the test in 
an attempt to aid in the 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, the sequence of events before, 
during and after the fire as determined during the 
accident investigation. Experts at the Bell Tele
phone Laboratories performed extensive analysis of 
the tape record. The Board also reviewed these trans
missions. Review by other experts is currently in 
progress. Any new findings from these additional 
reviews will be included in Appendix G of the Final 
Report. 

Except for a portion of the first transmission, 
which is quite clear, it is impossible to define 
exactly what was said by the crew. Two points made 
by the Bell Telephone Laboratory experts, however, 
should be noted: 

(a) The present state-of-the-art of analyses 
of voice records is such that little, if any
thing, can be determined as to what was said 
if the recording is not sufficiently clear to 
be intelligible by listening alone. Analyses 
under these circumstances can provide some 
clues to determine which crew member initiated 
the transmission. These clues cannot however 
establish definite identity. 

(b) When the recording of the transmission is 
not clear, there will be nearly as many inter
pretations of what was said as there are qual
ified listeners. Many interpretations of what 
was said have been made. A summary of these 
interpretations is made in the following para
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've" 

"We're" 

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

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. 
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The entire second transmission is somewhat 
garbled. This second transmission, therefore, 
is subject to wide variation of interpretation 
as to COll tent and as to who was making the trans-
mission 01 ' translliissions. The general content 
is wnat appears to be three separate phrases 
and it has bee!"! interpreted several ways ~)y many 
listeners. The following is a list of some of 
the interpretations that have been made : 

10 "They're fighting a bad fire - Let's get 
out .... Open'er liP." 

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

3. "T'm reporting :-3. bad fire ...• I'm getting 
Ol.}t ••• oOh, ::t.::liJ.·' 

~ 13n :i' lis teners believe tl:is transmission 
was made by the Pilot. It should be noted that: 

a. The total time duration of these two 
transmissjons 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 time the crew first trans~itted a 
report of the existence of the fire and do 
not provide any direct information as to 
the cause of the fire. 

Two analyses of tape recorded transmissions were 
completed. The detailed findings are contained in 
references to this document. The first, Reference 18-8, 
is a report prepared by Bell Telephone Laboratories. 
The second, Reference 18-9, is a report prepar~d by 
NASA MSC. 

g. Related Tests and Analyses 

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

A brief summary of significant special test results 
is attached as Enclosure 18-56. 
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(1) Onboard Records Analysis 

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

(2) Status of Inverter 2 Investigation 

Inverter 2 (Part No. ME 495-0001-0004, serial 
No. 88) was returned to Westinghouse facility in 
Lima, Ohio, for investigation relating to the S I C 
012 accident. 

The results of the initial electrical tests 
conducted on the inverter disclosed that a pair 
of transistors in the booster stage was shorted 
and a fuse was open. The other four transistors 
in the inverter's booster stage were removed and 
checked out satisfactorily. The good transistors 
and new replacements were reinstalled. The inverter 
was again electrically checked and operated satis
factorily. Replacement of the fuse was not required 
for thi scheck. 

It is concluded that the inverter was not the 
source of the fire and that the transistors failure 
was due to thermal stresses induced by high tempera
tures external to the inverter. The fuse was probably 
damaged during the effort to remove the foam ill order 
to gain access to the internal test points. It is 
also concluded that the inverter could not have caused 
the AC bus 2 transient at 23:30:54:86 GMT for had the ~ 
transistors failed at that time the inverter would 
have dropped out and stayed out. 

(3) Status of ECS Parts and Assemblies Investigation 

The Screening Committee Report listed 54 Environ
mental Control System parts and assemblies as possible 
ignition sources. Further investigative work has 
placed 52 of these into the improbable ignition source 
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category. The two remaining suspect items are still 
being analyzed and are identified as follows: 

EleGtrical Cable Assembly Pi N 836599-1-1 
Electrical Cable Assembly Pi N 836602-1-1 

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

Both DC hus A and DC bus n power wires were 
contained in these cables and hoth 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 
that 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 specifit cause or the trigger that initiated the fire 
in S I 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 determine 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 o f mechanical equipment 
(c) Electrostatic spark discharges 
(d) Spontaneous combustion 

The most likely cause of ignition is in the Spacecraft 
Electrical Power System. This may pruvide 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 400°F. All areas in the S/ C should be 
well below this temperature unless there is a malfunction or 
electrical short. Therefore, the possibility of spontaneous 
combustion is ruled out. 

Chemicals that are highly reactive can produce sufficient 
heat to start a fire. There are two sources of highly reactive 
chemicals in the spacecraft. These are the batteries and the 
lithium hydroxide for the Environmental Control System. 
Analysis of data and post-fire examination of these objects 
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 SI C 014 indicate that insufficient energy is 
generated for ignition to occur, (refer to Panel 8 Report). 
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The probable cause of ignition follows: 

a. DC Wiring for 
Instrumentation Burned 

Environmental Control System 
Through 

Three separate harnesses providing DC power for 
Environmental Control System instrumentation have been 
found burned through. Two of these harnesses are shown 
jn Enclosure 18-25 as they appeared hefore the accident. 
The harness lying over the Waste Management System bare 
stainless steel line contained both DC bus A and DC bus 
B power wires. The harness lying on the floor under the 
plumbing 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 18-26. 

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

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

28 volt DC bus A and bus B power leads (2 wires) 
28 volt DC return (1 wire) 
5.4 volt DC. power supply output (5 wires) 
18 volt DC. power supply output (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 I 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 I C 012 was similar to that in SIC 014. 
Enclosure 18-28 shows the remains of these two harnesses 
after the accident. Sections six to twelve inches in 
length of each harness are missing. If a short occurred 
in either of 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 layover 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 C02 Absorber Outlet Tempera
ture. It also carried power to a discontinued measurement. 
DC bus B 28 volt power was provided for both measurement 
circuits. Twenty gauge wire was used for all power 
circuits in this harness. Each circuit was protected by 
a 1/4 amp fuse. Both fuses were found in a blown 
condition following the accident. Since the one active 
measurement circuit provided proper output signals until 
the loss of all data, some 17 seconds after the crew report 
of fire, it is concluded that the fuse for this circuit 
did not blow until after this time. Because no data 
exists from the discontinued measurement, it cannot be 
concluded when this fuse blew. 

The third and fourth harnesses at the electrical 
panel contained power for five temperature measurements. 
Two 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 alloying 
and diffusion between the copper and stainless steel 
elements. The other was due to dropping of molten copper 
onto a relatively cool stainless steel line indicated by 
molecular diffusion at the bead-tube interface. 

It has been determined that the harness containing 
DC bus B power wires protected by fuses was probably not 
the fire initiator, as current flow is very limited prior 
to the fuses blowing. The other three harnesses, each 
containing both DC bus A and DC bus B power wires, 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 arc not considered 
probable ignition sources, and each one is discussed in this 
sectiono 

a. Arc Between a DC Wire and the Cover of J-Box C15-lA52 

An arced point was discovered between a wire in a 
bundle and a metal cover at the lower left corner of the 
lower equipment bay just to the left inverter 3. The 
installed cover is illustrated in Enclosure 18-29. The 
back side of the cover showing the arced point on the cover 
and the wire is illustrated in Enclosure 18-300 

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-lA52 
J-Box. The wiring was traced to a circuit from DC bus 
A, a 16 gauge wire, protected by a 20 amp circuit breaker. 
The wire supplied 28 volt DC power to the RCS plus-yaw 
engine solenoids. The circuit breaker was not opened by 
the short circuit. 

Enclosures 18-3~ 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-lA52 on January 17, 1967, and the 
wire was repaired. The wire which arced against the 
cover at the time of the accident is a different wire in 
the same bundle o The wire harness installation had 
obscured access to two cover plate mounting bracket screws. 
This was corrected on January 19, 1967~ by separating the 
harness into two bundles for a short distance. With this 
slight relocation, one of the bundles was adjacent to a 
portion of the cover not protected by a nylon grommet 
edging. This is also illustrated by Enclosure 18-300 

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

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

Preliminary tests have been conduct0d 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 simulated cover 
plate with adjacent flammab10 materials configured as in 
siC 012 with the same oxygen/pressure environment. When 
the adhesive/nylon grommet edging was ignited with a 
nichrome wire at the arced point, there was a fire prop
agation along the adhesive/nylon grommet edging spreading 
above to the Velcro on the flight qual recorder and to 
the left to the debris netting in the lower left-hand 
equipment bay corner. 

A test was conducted on a duplicate cover plate at 
KSC to determine if an electrical arc would ignite the 
adhesive/nylon grommet cdgin~ in the oxygen/pressure 
environment as existed in sic 012 at the time of the 
accident. During this test, ignition from an arc did 
occur, the fire progressed faster along the adhesive than 
along the nylon 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 grommet edging 
material to the point where it was indistinguishable 
after the fire. A review of Enclosure 18-30 shows clearly 
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that all of the nylon material in SI 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 the left edge was exposed to much higher 
temperatures than the right edge. The cover was fabricated 
from 2024-T6 aluminum alloy. The extreme left edge was 
in a T3 aged condition, while the right edge was in the y 

original T6 condition. The left edge was, therefore, sub
jected to a temperature in the range of 800 to 885 degrees 
Fahrenheit o A physical examination also disclosed that 
the fire progressed from the left side to the right side 
of 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 the panel were 
exposed to the same level of external heating. 

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

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

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

Two physical peculiarities were noted concerning the 
GC wiring and the connector. After the accident, the 
harness and connector were found on the floor. This is 
illustrated by Enclosure 18-33. It should be noted that 
the GC connector lay on a big harness. Enclosure 18-35 
shows two spot ties that were unblackened as a result of 
being protected by the GC connector. Enclosure 18-35 
shows the side of the connector that lay against the big 
harness and protected the two spot ties. This side 
appears burned and the potting at the back of the connector 
is melted. The GC connector was stuck to the big harness 
and had to be pried loose with a tool. It is concluded 
that the connector was burning in a different location, 
but fell or otherwise moved to its final location prior 
to the time the fire swept across that portion of the 
floor. It can also be concluded that the connector either 
protruded beyond the GC compartment shelf and was burned 
in that location, or that it was burned while it lay 
inside the gas chromatograph compartment before it fell 
to the 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 pair of Teflon-insulated conductors. 
These power conducting wires were run along the signal 
leads and were occassionally tied together. The power 
wires show a number of copper balls attached to their 
surfaces. This condition is illustrated in Enclosures 
18-36 and 18-37. 

All attempts to simulate this condition by either 
short circuits or by application of external heat have 
not resulted in a similar appearance of the AC wires. 
It is concluded that the beading was caused by localized 
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external heating, with Teflon insulation degradation 
followed by shorting of the wires, causing molten copper 
to flow through defects in the wire nickel plating. It 
has been estimated that the external heat to produce 
this condition was in the order of 25000 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 three batteries. 

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

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

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

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

An inspection of the fans after removal from the siC 
shows that both rotors were frozen as a result of melting 
of epoxy on the stators. No shorted condition has been 
found in fan 1. The electrical harness was examined and 
insulation was found burned off in one area. The electrical 
harness is being checked to verify that the damage was 
an effect and not a cause of the fire. 

e. Crushed DC Instrumentation Harness in Environmental 
Control Unit 

A wire harness for the Compressor Differential 
Pressure and Glycol Accumulator Quantity instrumentation 
transducers has been found in a crushed condition. This 
is an Environmental Control Unit harness that was crushed 
between a lithium hydroxide canister and the cyclic 

_accumulator control during the assembly process. The 
harness contained ten 24 gauge wires, and contained both 
DC bus A and DC bus B power. 

The circuit breakers for these circuits were found 
closed following the accident. The sleeving is intact 
and does not indicate any ruptures. For these reasons 
the harness is not considered an initiating source of 
the fire. 
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f. Shorted DC 
Recorder 

Wires Providing Power to the Biomed 

near 
Short circuits have 
connector J1850 

been found on 
This connector is 

the octopus cable 
located directly 

above the gas chromatograph compartments, and is illustrated 
in Enclosure 18-42. This wiring has been identified as 
28 volts DC bus B power for the biomed Medical Data Ac
quisition System (MDAS) recorder. Twenty-two gauge wires 
were used, protected by a 20 amp circuit breaker. The 
circuit breaker was found to be open following the acci
dent, with a heavily sooted condition o The MDAS recorder 
provided satisfactory data until after pressure shp.ll rup
ture, therefore, the circuit breaker opened after this 
time. The octopus cable was not in a flight configuration 
as the connectors were not potted o 

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 the layout of the power 
wiring to the Jl85 connectoro This wiring runs down a 
channel alongside the right edge of the chromatograph 
compartment, then along the edge of the floor of the 
chromatograph compartment, then down to the floor along 
the left edge of inverter 3. At the floor, it is tied 
to the same harness that shows the presence of an arc 
with the cover of J-Box C15-lA52. This power wiring to 
the J185 connector is also adjacent to the gas chromato
graph harness at all locations from the arced point to 
the 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 
the floor after the accident 0 

In addition to the shorted condition on the octopus 
cable between the J185 connector and MDAS recorder, the 
DC wires are also shorted at a point near the left end 
of the gas chromatograph compartment floor. The shorted 
c9ndition at this location does have a bubbled copper 
appearance, similar to that noted on the gas chromato
graph AC wires. 
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Preliminary examination of both sets of harnesses 
have been made in the Metallurgical Laboratory at KSC. 
The shorting on the octopus cable was found to be super
ficial and the result of fire damage. The DC power 
harness to the J185 connector, because of the similar 
appearance to the gas chromatograph wires, was also 
the result of fire damage; it is concluded that the 
harness was subjected to both a short and to external 
heating from the fire. 

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 
arcing. 

AC power to each of two suit compressors is provided 
by 24 gauge wires. 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, dependent on the switch position selected by the 
Pilot. 

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

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

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

A closer examination of the wires disclosed that 
the shorted appearance was the result of fire damage. 
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h.Command Pilot Suit Wiring Shorted 

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

Four shorted wires were found in the communications 
wiring between the suit connector and the helmet communi
cations connector. The wire insulation was discovered 
to be brittle, discolored and cracked. The wires were 
identified as microphone signal, microphone signal 
return, earphone signal and earphone return. Enclosures 
18-48 and 18-49 illustrate the shorted condition of the 
wires. 

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

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

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

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

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

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

i. Arc on Structure by Side of Switch Sll in Back 
of Panel 8 

On removal of panel 8 from SIC 012 it was observed 
that there was an area of damaged conformal coating on 
wire terminal 2 of switch Sll. Continuity checks showed 
that a potential short existed from the wiring through 
the damaged conformal coating to the substructure behind 
the panel. Supplemental examination of the substructure 
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was made to determine the 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. The lack of silicone dioxide 
deposits indicates that the temperature generated by 
the arcing was not high enough to cause significant 
deterioration of the silicone rubber conformal coating 
material. 

The panel and switch location and substructure 
appearance is illustrated in Enclosures18-50 and 18-51. 
Switch 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 was in the "OFF" 
position before and after the fire. Continuity checks 
have been performed to confirm that the switch was 
wired properly. Refer to Enclosure 18-41 for a schematic 
description of switch wiring. 

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

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

y . 	
area of Sll 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 through any such fault would have been so low 
that it would not have caused any significant disturbance 
on the power bus. 
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10. Technical Su~~ary 

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

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

o 

0 

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 to the crew report of fire. 
rfhis electrical abllormality occurred in the AC bus 2 power 
portion of the system. All AC bus 2 voltage measurements 
were affected. The data from equipment powered by AC bus 2 
shows that they were also affected. The composite of these 
data and special tests conducted after the accident point to 
the conclusion that the AC bus 2 problem was caused by a 
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 20 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
meEt being supplied from this power source. 

The most likely phenomena that would produce such a 
m01~entary short is an inadvertant electric arc either within 
~lpctrical equipment or between a power conductor and the 
Command Module structure. Such an arc is nominally the re
su lt of electrical insulation failure. 

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

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

Ten cases of arced, shorted and/or suspicious looking 
wiring h~ve been identified. Tests and analyses are being 
conducted on a number of these at this time. From this 
listing, however, only one is considered suspect as being the 
cause of the electrical abnormality. It can also be the 
trigger or source of 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 occur in any of four DC bus B 
or four DC bus A power wires in this wiring. A short would 
not affect the equipment being powered by these wires, and 
would not be reflected in any of seven measurement outputs 
of transducers being provided power because of redundant 
power with diode isolation for each equipment. 

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

Debris netting traversing the floor on the left side of 
the CI M was within inches of the wire harnesses. If ignited, 
the netting would burn along the floor toward a vertical 
flammable material. The vertical material on the left W::lS 

tilt"' polyurethane foam on the Environmental Control Uni t evap-
orator, approximately 7 inches away from the wires. The 
vertical material on the right, was the debris netting in 
the corner of the SI 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 would 
ignite at about 4 seconds and the vertical debris netting in 
the corner at about 8 seconds after the initial netting 
ignition. The front cover of the ECU was not installed and 
the netting on the floor was a couple of inches away from 
the polyurethane foam on the evaporator. Because of this, it 
is inferred that the vertical netting in the corner would be 
the first instance of vertical burning. Vertical burning 
would occur at about 23:31:03 GMT. Allowing one second for 
the flames to reAch the couch level, the first voice trans
mission of trouble from the Command Pilot at 23:31:04.7 GMT 
occurs at the proper time. Unfortunately, there is no physi
cal evidence to support a conclusive determination. This 
wiring was located in the area where burning was at the highest 
intensity. Sections of these wires, six to twelve inches 
long, in the suspect location have been completely burned 
away. 

D. FINDINGS AND DETERMINATIONS 

1. Findings: 

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

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

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

Determinations: 

No single ignition source could be conclusively identi
fied. 

The most probable initiator is considered to be electri
cal arcing or shorting in the sector between the -Y and +Z 
Spacecraft axis. 

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

2. Finding: 

All Spacecraft records have been reviewed by the various 
Panels and the results were screened by Panel 18. 

Determination: 

No evidence has been found to correlate previously 
known discrep3ncies, malfunctions, qualification failures or 
open work item£ with the source of ignition. 

3. Finding: 

At the time of the observed fire, data including 
telemetry and voice communications indicate no malfunctioning 
Spacecraft systems (other than the live microphone). 

Determination: 

Existing Spacecraft instrumentation was insufficient 
~ 

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


List of Enclosures 

Enclosure Description 

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

18-2 Sample of Test Preparation Sheet ,. 
18-3 Sample of Board Action Summary Page 

18-4 Listing of Open Circuit Breakers 

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

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

18-7 Gas Chromatograph Trace 

18-8 AC Bus 2 Data and Associated Changes 

18-9 Oxygen Flow Rate and Associated Data 

18-10 Oxygen Flow Rate Correlation 

18-11 Not used 

18·~12 ECS Data Correlation 

18-13 Surge Tank Pressure Profile 

18-14 Motion Indications 

." 
18-15 Navigation Base Installation 

18-1€ Spacecraft and IMU Stable Member Axes 

18-17 Navigation Base Installation Detail 

18-18 Navigation Base Pitch Angle Change Versus 
Cabin 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 

Gas Chromatograph Trace 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 C15-1A52 

Arced Point on Wire and Cover of J-Box 
C15-1A52 

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

Arc Point on Wire Related to Cover of J-Box 
C15-1A52 

Undisturbed Location of Gas Chromatograph 
Connector 

Area Under Gas Chromatograph Connector 

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

18-30 

18-37 

18-38 

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 Wires Above Entry Batteries 

Detail of Shorted Wires Above Batteries 

Locatim" of Cabin Fans 

Maiil Display Console Panel Number 8 Switch 
S-ll Wiring 

Location 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 Pilotrs Suit Wiring 

Detail of Command Pilot's Communication 
Harness 

Location of Switch Sll on Panel 8 

Short to Structure by Terminal of Switch Sll 

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

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

"Review of Spacecraft Power Status", dated 
February G, 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 
by Panel 1. 

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

Brief Summary of Significant Special Test 
Results 

List of References 
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LIST OF OPEN CIRCUIT BREAKERS 

PANEL 22 RIGHT-HAND CIRCUIT BREAKER PANEL 

~ Identification 

CB18 Master Event Seq. Controller Arm B 

CB15 DC Sensor Signal Main A 

CB1l7 Scientific Equipment Bay 1 (J185) 

CBl18 Scientific Equipment Bay 2 (above 
batteries) 

CB77 Battery Charger Batt B 

CBl16 Gas Chromatograph ACI 

(;B45 Telecommunications Group 5 

CB94 ECS H20 Accumulator Main A 

CB76 Cabin Air Fan 1 ACI Phase A 

CB74 Cabin Air Fan 1 ACI Phase C 

CB33 ECS Suit Compressor ACI Phase A 

CB32 ECS Suit Compressor ACl Phase B 

CB92 ECS Waste and Potable H20 Main A 

CB91 ECS Waste and Potable H20 Main B 

CB43 ECS Transducer pressure group 2 Main A 

CB34 ECS Transducer pressure group 2 Main B 

CBll ECS Temperature Main A 

CBIO ECS Temperature Main B 

Rating 

5 Amp 

5 Amp 

20 Amp 

20 Amp 

10 Amp 

2 Amp 

7.5 Amp 

5 Amp 

2 Amp 

2 Amp 

2 Amp 

2 Amp 

5 I\mp 

5 Amp 

5 Amp 

5 Amp 

5 Amp 

5 Amp 

Condition 

HS 

HS 

HS 

HS 

BS 


HS 


HS 


NS 


VLS 


S 


HS 


HS 


HS 


S 


B 


VLS 


MS 


LS 


.. 

'"' 

j.. 

ENCLOSURE 18-4 
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-' 

PANEL 

CB8 

PANEL 

CB33 

CB39 

CB31 

CB26 

CB16 

CB15 

CB52 

CB53 

PANEL 

CB3 

PANEL 

CB14 

CB17 

CB20 

PANEL 

CB3 

21 RIGHT-HAND SIDE CONSOLE BUS SWITCHING 

Sensor Unit AC Bus 2 

25 LEFT-HAND CIRCUIT BREAKER PANEL 

SCS Band D Roll Main B 

SCS Pitch Main B 

SCS Yaw Main B 

Gimbal Motor Control 1 Pitch Battery A 

Gimbal Motor Control 1 Yaw Battery A 

RCS Propellant Isolate Main A 

RCS Propellant Isolate Main B 

EDS 1 Battery A 

EDS 3 Battery B 

203 

Inverter Power No. 2 Main B 

150 

Pyro A Seq. A 

Pyro B Seq. B 

Battery Charger Battery C 

204 INSTRUMENTATION POWER CONTROL 

Essential Instrumentation 

PANEL 

5 Amp 

20 Amp 

20 Amp 

20 Amp 

15 Amp 

15 Amp 

15 Amp 

15 Amp 

5 Amp 

5 Amp 

70 Amp 

20 Amp 

20 Amp 

5 Amp 

7 Amp 

NS 

VLS 

NS 

MS 

HS 

HS 

LS 

MS 

MS 

MS 

NS 

NS 

S 

NS 

ENCLOSURE 18-4 
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NAVIGATION BASE INSTALLATION 
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SPACECRAFT AND IMU STABLE MEMBER AXES 
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NAVIGATION BASE INSTALLATION DETAIL 

NAV BASE 

LO~ER SHOC~ MOUHT 
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SELECTED TEMPERATURE, PRESSURE, AND INERTIAL SYSTEM 

MEASUREMENTS VERSUS TIME 
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LITH! M HYDROXIDE ACCESS DOOR 

SPACECRAFT 014 ENVIRONMENTAL CONTROL SYSTEM INSTRUMENTATION 

HARNESS 

ENCLOSURE 18-27 





ENVIRONMENTAL CONTROL SYSTEM INSTRUMENTATION HARNESSES 
AFTER ACCIDENT 

ENCLOSURE 18-28 






COVER OF PANEL C15-1A52 


ENCLOSURE 18-29 






ARCED POINT ON WIRE AND COVER OF JUNCTION BOX C15-1A52 

ENCLOSURE 18-30 






ARC POINT ON COVER OF JUNCTION BOX C15-1A52 

20 1- 1110- 67-7 
ENCLOSURE 18-31 






ARC POINT ON WIRE RELATED TO COVER OF JUNCTION BOX 
C15-1A52 

ENCLOSURE 18-32 






ORIGINAL POSITION 

ON TH I S ;.:L ~___
SHE ;;;F

UNDISTURBED LOCATION OF GAS CHROMATOGRAPH CONNECTOR 

ENCLOSUR E 18-33 





AREA UNDER GAS CHROMATOGRAPH 

ENC LOSURE 18-34 






SIDE OF GAS CHROMATOGRAPH CONNECTOR WHICH PROTECTED SPOT TIES 
ON HARNESS ON FLOOR . 

ENCLOSURE 18-35 






COPPER DROPLETS ON GAS CHROMATOGRAPH WIRES 

ENC LOSURE 18-36 






21 GAUGE NICKEL 
CLAD WIRE 

COPPER FLOW AND NICKEL PIPE EFFECT ON GAS CHROMATOGRAPH AC WIRE 

ENCLOSURE 18-37 





SHORTED DC WIRES ABOVE ENTRY BATTERIES 

ENCLOSURE 18-38 






DETAIL OF SHORTED WIRES ABOVE BATTERIES 

ENCLOSURE 18-39
261-1110-67-8 





LOCATION OF CABIN FANS 

ENCLOSURE 18-40 
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· LOCATION OF OCT APUS CABLE J-185 CONNECTOR 

ENCLOSURE 18-42 






DETAIL OF J-195 CONNECTOR 

ENCLOSURE 18 - 43 






SHORTING ON OCTAPUS CABLE 


ENCLOSURE 18-44 






POWER HARNESS TO J-185 CONNECTOR 

ENC LOSURE 18-45 






SUIT COMPRESSOR WIRING AFTER ACCIDENT 

ENCLOSURE 18-46 






Enclosure 18-47 
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DETAIL OF COMMAND PILOT'S COMMUNICATION HARNESS 

ENCLOSUR E 18-49 





LOCATION OF SWITCH SII ON PANEL 8 


ENCLOSURE 18-50 






SHORT TO STRUCTURE BY TERMINAL OF SWITCH SII 
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System Affected : 

Observat ion : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

March ~ I I .,( 

INTEGRATION ANALYSIS SUMMARY 

Communications Subsystem Item E 
TPS N/A 

Between ,'<) : I"· '., to ..'jY' : 5H. ') GMT no i se 

soun J s were receivei on S-banj 


The noise sounds were analyzed by Bel I Labs and 
MSC. The results are not conclusive as to what 
caused the sounds . The sounds were similar to 
those of tapping and brushing a microphone . 
During the time period the microphone was"live." 
noises of this nature occasionally were received; 
however, the frequency of the noises during the 
period of 23 :W:3'i to 23:30:58 GMT was much 
higher . A relaxed breathing cadence was super
imposed on the sounds . The sounds were recorded 
on both the S-band ' and VHF voice tracks. although 
the crew was on S-band. This is as expected , due 
to the ground communication system which retrans
mits the S-band through a VOX controller circuit 
over a VHF transmitter . These transmissions are 
received by the VHF receFver on the ground and are 
recorded . The ground receiver does not differentiate 
between transmissions from the spacecraft VHF 
transmitter and the ground VHF transmitter. The 
proof that the noises were generated through the 
S-band is the fact that the noise sounds appear on 
the S-band track first and, with a short delay . 
then appear on the VHF track . The delay is the 
time required for the retransmissions through the 
VOX controller circuit . Further . some of the 
sounds were not of sufficient level to trigger the 
VOX and, therefore. were not recorded on the VHF 
voice track . 

... 
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System Affected: 

Observation: 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO JO. REVIEW BOARD 

March :> 1. I'· ·r 

INTEGRATION ANALYSIS SUMMARY 

Guidance and Navigation Subsystem I temJ.j 
TPS NIA 

Gimbal angle data indicates movement just 
prior to fire call 

Analysis of telemetered data from past 
testing of SiC 0 12 has shown the following 
signals are indicators of torque or angular 
disturburances of the G&N Navigation Base 
with respect to an inertially stabilized 
IMU : 

I. Gimbal Torque Motor Input 
? Gimbal Angle Resolvers 
) . AGC Registers Recording Gimbal Angles. 

The record i ngs of t he ten ( I () ) samp 1 e pe r 
second gimbal torquer input from S./C-OI2 
OCP's 003~ . J034A, 0(0) and ~021 were 
reviewed by personnel from NASA G&N - ACED
MIT in an attempt to correlate individual 
crew member movement within the SiC to 
disturbances noted on the gimbal torquer 
inputs. 

The analysis indicated that definite 
individual crew movement could not be 
determi ned. 

The gimbal torquer input indicated SiC 
disturbance but cannot distinguish between 
left, right or center crewman caused motion. 
andlor disturbances caused by forces external 
to the spacecraft . 

The AGC CDU registers are telemetered once 
every two seconds and can only be used to 
indicate the angular relationship which 
existed at the sample time . Changes which 
take place faster then the sampl ing rate 
will not be indicated. 

E~CLOSURE 18·53 


D·18·167 




Item #1 (Cont'd' ' ) 

Based on the above. it has been cone Iuded 
that only gross indication of Command 
Mo dule motion can be de t ermined and cor
related. 
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,UTIONAL AERONAUTIO AND ~PACE AOMINIHRATION 

APOLLO 204 REVIEW BOARD 

'''- Ar PI ... Rf I f R IO 

Mar c h I i . 1' 11 ' ( 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Electrical Power Subsystem 	 Item /8... 
TPS N/A 

Ob ~ c 'v·H ion: Increase on Groun d Power Supply B at 

:'3:'1 ' : "',1. ) GMT 


Discussion and 
Analysis: 	 The four bit increase (J : amps) was observed 


on the ACE Control Room real time recorder 

and also on a playback from track ). The 

interim output is recorded also on track 3. 

Track 3 did not show the I, bit increase . 

Analysis of the interleaver wave train out

put at this period of time indicate that 

the magnitude of the wave train (track 3) 

output did decrease slightly at this time 

although the bit stream was readable and 

the I, bit increase on power supply B was 

the reo 


During this period of time , there was VHF/ 
AM transmitter keying which draws 1.1 amps 
with no modulation and an additional n .) 
a~p with modulation. The VHF/AM transmitter 
is powered from the Post Landing Bus which 
is powered from both Main A and B buses in 
the CM thru isolating diodes. There was no 
other activity going on in the SIC at this 
time that could be detected from the data, 
Although the data is questionable, there 
are several factors that could have caused 
this indication . 

(1) The power supplies A & B could 
have momentarily shifted their shared 
load (Post Landing Bus Load) due to 
the power supply regulation character
istics . This could have occurred 
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Item #l, (Cont' d) .) 

without being detected in the data 
since PSA current is sampled i,~) 
mi II iseconds prior to Power-Supply 
B current . This phenomenon had been 
seen for longer periods of time where 
one power supply current would show 
a few bits increase and the other 
decrease. 

( : ,) Anot he r loa.J cou I d have been 
place d on at this time but since the 
data shows no other parameter activity 
during this period, there is no way 
this can be verified. 

With the analysis that has been ma de and 
considering the time (2320 :20 · 5 GMT) of 
this happening, it is concluded that this 
event could not have contributed to the 
cause of the fire . 

.. 


"'. 

". 
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System Affected: 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

March " 1 l'j' 7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 1tem ii2 
TPS N/A 

Gas Chromatograph output started to change 
from ;'330: 50 GMT unt i 1 loss of data . 

It has been determined that the gas chromato
graph (GC) cable acted as an electromagnetic 
radiation detector ( Ref . Item No . 22 ) . 

The gas chromatograph (GC) was not installed 
in Spacecraft 0 12 at the time of the accident . 
The GC connector was placed on the shelf of 
the gas chromatograph compartment . The con
nector 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 2 amp circuit 
breaker . The c i rcui t breaker for the GC 
was found to be open following .the accident; 
with a heavily sooted condition which is 
indicative of opening during the early portion 
of the f i re . The harness was not tied down 
in a fl ight configuration because the GC was 
not installed . 

Two physical peculiarities were noted concern
ing the GC wiring and the connector . After 
the acci lent the harness and connector were 
found on the floor with the GC connector 
laying on a big harness . Two spot ties of 
this harness were found unblackened as a 
result of being protected by the GC connector . 
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Item #5 (Cont'd) 

The side of the connector that lay against the 
big harness and protected the two spot ties is 
badly burned anJ the potting at the back of the 
connector is melte~ . The GC connector was stuck 
to the big harness and had to be pried loose with 
a tool . It can be inferreJ that the conn~ctor 
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 inferred that the 
connector protruded beyond the GC compartment 
shelf and was burned in that location before it 
fel I 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 pair 
of tef lon- insulated conductors . These power 
conduc t i ng wires we re run a long the signa 1 1 eads 
an J were occasionally tied together . The power 
wires show a number of copper balls attached to 
their surfaces. This is the only instance that 
wires in this condition have been found in Space
craft 0 12. The shorted DC wires to the JlB5 
connector do show a couple of droplets; these are 
still being examined. 

All attempts to simulate this condition by either 
short circuits or by application of external 
heat have not resulted in a simi lar appearance 
of the AC wi res . I t is inferred that these . 
wires were subjected to both a short and to 
external heating from the fire . It is also 
inferred that this condition resulted as the 
harness fell through the flame to the floor. 

X-ray and continuity tests of the connector pins 
an J input wiring showed no evidence of arcs or 
short ci rcuits. For this reason, this is not 
a suspect fire initiator. 
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Sys tem Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

4POLLO 204 REVIEw B04RO 

February Ill. 1 ~()7 

INTEGRATION ANALYSIS SUMMARY 

Communications Subsystem I tem iii. 
TPS N/A 

VHF-FM video d rop s out for 30 
millisecond s at ?33'J:54.R5 GMT 

Tests completed at Collins Radio Company on 
a simi lar VHF-FM transmitter (reference 
Collins Ra d io Company report Jated 2-7-67) 
show that the received video signal during 
the noted time can be matche d very closely 
by a momentary dropout of the AC supply 
( all th ree phases) to 1ess than 50 vo 1 ts 
or a dropout of DC supply to less than G.5 
volts for a period of 15 to 20 milliseconds. 
Comparison with Investigation Items 7 and 8 
leads to the conclusion that this was an 
eff ect of an AC ~us 2 power interruption . 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 704 REVIEw !lOARD 

I froj AfP, V A[ J [A ' 0 

Apri I I , l<)f ,7 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Electrical Power Subsystem I tern #7 

TPS N/A 


,
Observation : 	 The instrumentation system detected a transient on 


all three phases of AC bus 2 at 23:30:54. 85 GMT 


Discussion and 
Analysis: 	 An AC bus 2 voltage transient was observed approximately 


nine seconds before the crew report of fire. There are 

three reasons this condition could have existed: 


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

(b) 	 Momentary short on one or more phases of 
inverter number 2 output . 

( c ) 	 Removal of a major portion of the load from 
inverter number 2. 

Special tests were conducted on spacecraft 008 at 
MSC to show the time relationship between the over
voltage indication and associated changes of other 
equipment outputs from the spacecraft. 

Voltage regulation tests were run on the ground power 
supply at Launch Complex 34 under similar load 
conditions (30 amps) to that existing on DC bus B 
in spacecraft 0 12 at the time of the accident. 

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 one to 1. 5 milliseconds. 
The voltage remained constant until the short cleared 
at which time it over shot steady state conditions by 
about 10 vol ts recovering to steady state by 1. to 1. 5 
mi II iseconds . 
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Item #7 (Cont'd) 

It is concluded that the probable cause of 
the AC bus ~ transient and associated indica
tions was a momentary short ( ,~ to :> mi 11 iseconds ) 
of DC bus B affecting the input voltage to 
inverter :0.. 
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System Affected: 

Observat ion : 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO JO~ REVIEw BOARO 

February 1: \ I -·/- : r 

INTEGRATION ANALYSIS SUMMARY ' • 

Communications Subsystem I t em if§. 
TPS N/A 

C-band transpon de r drops to zero volts 
for approximately two seconr s from 
n30 :~4.8 ) to :':33~\:5('.o GMT 

Tests by Collins Radio Company (reference 
niX dated 1-30--,;() indicate that the trans
ponder output characteristics can be matched 
by a drop in 3 phase AC voltage or phases A 
and B, or Band C. One phase loss would not 
cause the effect. 

Dropout for very short intervals causes the 
C-band transponde r to go to a protective 
mode to prevent magnetron damage. Normal 
recovery time for the C-band transponder is 
approx imate Iy l. 'r seconds . 

Comparison with Investigation Items ~ and 7 
leads to the conclusion that this was an effect 
of an AC bus 2 power interrupt ion: 
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System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 104 REVIEW BOARD 

March '" , I'j' ( 

INTEGRATION ANALYSIS SUMMARY 

Environm~ntal Control Subsystem 	 Item ff2 
TPS N/A 

Oxygen Flow Rate increased to off-scale 
high at ,' ''3:',<1 , 1; GMT 

Telemetere d jata indicate that the high 
oxygen flow rate conditions for the last 
]Q seconds ( .' 33() : ]O.II) before the fire 
cal I 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. 

There has been considerable speculation 
as to whether the high flow could be 
indicative of a sensor and/or associated 
wiring d ifficulty . 

The oxygen flow sensor circuit inclu de s two 
separate outputs . The signal circuit going 
to the Pulse Code Modulation Telemetry System 
(peM) is conducted to the peM system through 
a twisted shielded pair of wires . A short 
circuit between the signal lead and either 
the return wire or the shield braid would 
cause a zero output (no flow) reading on the 
oxygen flow indication . It is highly 
improbable that any short circuit be tween 
the signal lead could occur without a prior 
short circuiting to the ground lead or 
shi e ld lead. 
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Item fr) (Cont I d) 

The second output from the oxygen flow 
sensor circuit goes to a time delay 
relay to injicate high flow alarm . It 
is on the ground circuit return si~e of 
the relay . A ground circuit completion 
is required to indicate high oxygen flow . 
This is supplied from a separate circuit 
from that going to PCM , an d a groun~ on 
this line coulj not affect the PCM flow 
rate indication. 

Single failures could exist within the 
bridge circuitry control I ing the flow 
sensor which woulrl indicate high flow 
rates on both the PCM output and the 
signal to the relay . These, however , 
will require examination of the oxygen 
flow sensor box to confirm or deny this 
possibi lity. A prel iminary examination 
disclosed shorts to ground in the flow 
sensor ; shorts to ground will produce 
a zero or no flow output indication . 
The flow sensor box is being torn 
down at the present time . It shou Id 
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 val id, and that there was no mal
function of the sensor and/or associated 
wi ri ng prior to the fi re call. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ~O. REVIEW BOARD 

I ~ qr PI 't' R[ • r q ' 0 
Ap r il I. 1'11·7 

INTEGRATION ANALYSIS SUMMARY 

Sy s t em Affected: Environmental Control System 	 Item m. 
TPS N/A 

Ob se r vation : 	 Data indicate in i tial cabin temperatu re 

increase at 233 1:() ;.4 GMT 


Discuss i on and 
Analysis : 	 The initial cabin temperature increase 


(measurement CF0002T) was observed at 

;:>33 1:0(, .1. GMT . 


Thi s measurement is sampled one time per 
second on PCM . 

Preliminary data determined that the 
cabin temperature transducer ' re spons e 
time is approx imately 5 seconds to 
~3·3 percent of ful I scale for a step 
inc rease; howeve r . in i t i a I response 
time was unknown . 

Test s conducted at AiResearch determined 
that the cabin temperature sensor would 
show an initial response of .250 F within 
200 to 300 mill iseconds when subjected 
to air at 1300 F. In addition, the sensor 
output increased to 	h3 . 3 percent of full 
scale (1 25°F) in four seconds when 
subjected to an air 	temperature of 1300 F. 

It is , therefore , determined that the 
t ime of cab i n temperature increase start 
is accurate to within ~ I second. 
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System Affected : 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. REVIEw BOARD 

February Ill. 1')1)7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item iiJJ 
TPS N/A 

Cabin pressure increase began at 233 1:06.818 
GMT (battery pressure transducer) 

This measurement. CCOI88P. was not installed 
in its final configuration since the flight 
batteries were not installed. The transducer 
lay on the floor of the cabin and. therefore, 
sensed cabin pressure instead of battery com
partment manifold pressure. 

The transducer has a 0 to 20 psia range and a 
response time of I millisecond . No additional 
filtering occurs on its PCM input circuit. 

The measurement ' is sampled ten times a second 
on PCM . 

It is. therefore. determined that the time of 
cabin pressure increase start is accurate to 
within %1 00 mil I iseconds . 
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I ... Arp LY R[·£~' O 

System Affected : 

Observation : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem Item m 
TPS N/A 

Cabin pressure increase began at 233 1; 08. 417 
GMT (measurement CFOO0 1P) 

The transducer has a 0 to 17 psia range and 
a response time of 100 milliseconds . The 
measurement is sampled once a second on PCM . 

Because of the low sampling rate and limited 
range of this measurement, the most accurate 
time and value of cabin pressure increase 
should be from measurement CC0 188p (Item #13). 
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.... RFP, 't R[frR 10 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 104 REVIEW aOARD 

February I'j, 1~!'7 

INTEGRATION ANALYSIS SUMMARY 

Guidance ~ Navigation Subsystem Item i1J:i 
TPS N/A 

The inertial guidance gimbal angles measure
ments showed a change starting at approximately 
2331: 10 GMT to a maximum value between 2331: 18 
and 2331: 19 GMT . 

It has been determined that the change in gimbal 
angles data is attributed to the increase in 
cOllllland module pressure. Following 2331: 19 GMT, 
the gimbal angJes data started to return to their 
original levels. This change in the data traces 
is determined to be the relief of the pressure 
or rupture of the pressure vessel. This deter
mination has been substantiated by data obtained 
during the vacuum chamber test. 
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I~ RFPL V R[J(R TO 

System Affected : 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO '0. REVIEW BOARD 

February 10 , 19(,7 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem Item iIJ!:. 
TPS N/A 

Entry batt
bus B and 

ery B power transferred to main 
simultaneously entry battery C 

power transferred to main bus A at 2331: 12. 4 
GMT 

Two ground measurements and six PCM measure
ments show that the above occurred. These 
data are further substantiated by the position 
of switch SI O on panel 22 . The switch 
position is indicative of pi lot action to 
place the batteries on the buses. This action 
took place approximately eight seconds after 
the fi re call. 

It is conjectured that pilot action may have 
resulted from smoke obscuring the floodlights , 
giving the impression of loss of ground power, 
or the desire to keep power on the suit com
pressors in the event of loss of ground power 
because of the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

, ... Af PI v R[ f r A ' 0 

February 10 , 1 91~ ' r 

INTEGRATION ANALYSIS SUMMARY 

System Affected : Electrical Power Su~system 	 I tern fiJ1 
TP5 N/A 

Observation: 	 Entry battery A powe r transferred to main bus 
A and simultaneously entry battery C power 
transferred to main bus B at 233 1: 13. 6 GMT 

Discussion and 
Analysis: 	 Four PCM measurements show that the above 

occurred. These data are further substantiated 
by the position of switch 59 on panel 22 . The 
switch position is indicative of pi lot action 
to place the batteries on the buses. This action 
took place approximately nine seconds after the 
fire call. 

It is conjectured that pi lot action may have 
resulted from smoke obscur i ng the floodlrghts, 
giving the impression of loss of ground power 
or the desire to keep power on the suit com
pressors in the event of loss of ground power 
because of the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW 80ARD 

, ,,. RfP, ... A(I[A ' 0 

February 10, 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Environmental Control Subsystem I tem If.1§. 
TPS N/A 

Observat ion : 	 The master caution warning light came 

on at 233 1: 14.7 GMT 


Discussion and 
Analysis: 	 This light was the result of a high oxygen (02) 

flow indication. The oxygen flow rate measure
ment increased to the upper band I i~it of 1.06 Ibs./ 
hr. or five volts at 2330: 59.4 GMT. Whenever the 

flow rate instrumentation voltage reaches 5. 3 O2
volts or greater 	and stays at this voltage level 
continuously for 	 15 seconds, the master alarm will 
came on. A time 	delay was added to inhibit the 
alarm because of 	periodic action of the cycl ic 
accumulator eve\y 10 minutes for a 10-second 
inte rva l. 
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System Affected: 

Observation : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 204 REVIEW BOARD 

February 14, Iq:7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem Item~ 

mJ 
TPS N/A 

Suit Supply Manifold Temperature began to 
increase at ~) 331 : It: . 0 GMT 

Suit Compressor Inlet Temperature began to 
increase at 2331: 13.2 GMT 

C~, Absorber Outlet Temperature began to 
in~rease at 233 1: IC.O GMT 

The configuration of the pressure suit circuit was 
such that the crew would be isolated from the cabin 
at the time fo the fire. Post-test observations of 
the end of the Command Pi lot's pressure suit umbil ical 
hose segments indicate that the hose returning from 
the suit to the ECS was "very sooty" and dark. The 
corresponding hose segment for the Pilot's hose was 
white. and clean . This information would indicate 
that the loss of pressure suit integrity occurred in 
the Command Pi lot's pressure suit and/or return hose. 
Such an opening would allow warm cabin gas to be 
drawn into the suit compressor. The suit compressor 
inlet temperature (CFOIS3T, range SO to 12 S0 F) began 
increase from 77°F at 233 1: 13.2 GMT. The C02 absorber 
outlet temperature (CFOI 84T, range 90 to 2000 F) 
indicates that the C02 absorber appears to have acted 
as a heat sink until 2331: 16.0 GMT at which time 
this temperature and suit supply manifold temperature 
(CF0008T, range 20 to 9S0 F) began to increase. 
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' .... R(PlVA[f[RTO 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

Apri I I, 1967 

INTEGRATION ANALYSIS SUMMARY 

Communications Subsystem Item 1&2. 
TPS N/A 

A momentary interruption was observed in 
VHF-FM and S-Bank data between 233 1: 17. 398 
and 233 1: 17. 659 GMT 

The momentary interruption in VHF-FM and S-Band 
between 2331: 17. 398 and 2331: 17 .659 GMT is 
attributed to a soft short circuit occuring in 
the communication wiring. 
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System Aff~cted: 

Observation: 

Discussion and 
Analys is: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW !lOARD 

March I f) , 1967 

INTEGRATION ANALYSIS SUMMARY 

Crew Bi Qr.1ed ical Equipment Item 1&1 
TPS( sn/C-OII 

S/C-056 
S/C-0~6
S/C-O 5 

Inspection report of Biomed Recorder 

The Medical Data Acquisition System (MDAS) was 
removed from the spacecraft and physically In
spected. MDAS was found to be In exceptionally 
good condition with only minor smoke damage. 

The data tape was reduced and valid data ob
tained except for several noise glitches which 
appeared on the blomed data channels. These 
glitches occurred randomly. The first one at 
1828:02 GMT and the last one at 2324 : 00 GMT. 
These glitches or noise spikes are bel ieved to 
be caused by RFI which has been duplicated by 
post test bench checks. 

From the MDAS data playbacks, time code ampli
tude variations were noticed . Representatives 
from the MDAS tape recorder and tape vendors 

-stated that these variations may be caused by 
handling (fingerprints, etc.) and by dust. 

The MDAS time trace was also inspected for indi
cations of a DC dropout. No dropouts were found. 
From the time the MDAS was turned on and the 
timer reset (1736:02 GMT) until LOS of the timer 
( 2331:21. 2 GMT), the timer operated normally with 
no loss or change in timing. Special tests were 
conC ucted to determine the effect on the timer 
from a main DC bus voltage transient. Voltage 
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2 Item #21 (cont'd) 

transients from 24 volts to 8 volts and 5 volts 
for 1. 5 ms to 8 . 8 ms showed no effects on the 
timing . The only transient that effected the 
timing was a voltage drop from 28 volts to zero 
for a duration of 10 ms to 25 ms. 

Based on the PCM and the MDAS data, there are 
no Indications that the MDAS contributed to the 
cause of the fire . 
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,,.. A( PI y Rt. ( RI O 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ]O~ REVIEw BOARD 

INTEGRATION ANALYSIS SUMMARY 

Gas Chr~natograph 	 Item m. 
TPS N/A 

Seven gas chromatograph variations observed 
in the time period 2204:45 to 2255:43 GMT. 

The gas chromatograph (CG) was not installed 
for this test (OCP-K-0021). The connector 
which carries the telemetry data signals and 
the required AC power was open ended and was 
placed on the GC shelf prior to the test. 
Power to the AC I ine in the connector was 
turned on during the test per the test plan. 

Examination of records show variations on the GC 
trace seven (7) times prior to 23 30 :50 GMT. 
Further investigation of SC-0 12 data measurements 
showed that the GC trace variations correlated 
with power changes in various SC systems. 

It was determined that the telemetry data line 
in the connector has the characteristics of an 
antenna, and consequently can detect changes in 
electromagnetic radiation within the spacecraft. 

This phenomenon was verified by tests conducted 
in SC-008 CM at MSC. 

The time of the aforementioned trace variations 
and correlation to system power changes are listed 
below: 

I. ?201. :11'; GMT. GC trace changed in exact 
correlation with a rise in the VHF/FM RF output 
( CT0330V) when the transmitter was turned on. The 
GC output change was 2 to 3%. 
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2 Item #22 (cont'd) 

2. 22oG : 54 GMT. This trace variation cor
relates with middle gimbal angle stabilization 
loop, GC 2 147 , responding to a fine align mode. 

3· 22 19 : 23 GMT. This change In the GC 
trace correlates to G&N going to coarse align. 

4. 2220 : 90 GMT . This change in GC trace 
correlates with G&N going to fine align. 

5· 2234 : 4(, GMT. The Pilot turned updata 
I ink to UHF. 

G. 2253 : 13 GMT. ECS reported high ~ flow 
and as ked the crew if their fac e plat es were open. 
The crew reported "No". 

During their transmissions much SC background 
nois e was e ncountered. 

7· 2255:40 GMT . Spacecraft commander (CMD) 
had just changed cobra cables and was in the pro
cess of communications check at this time . 

Conclusions drawn from the above data is that GC 
telemetry data line acted as an el ectromagnetic 
radiation detecto~ 
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NATIONAL AERONAUTICS AND SPACE AOMINISTRA TION 

APOllO 204 REVIEW BOARD 

I", Arp, v AEf [A '0 

March 14. 19r.7 

INTEGRATION ANALYSIS SUMMARY 

System Affected: 

Observat ion: 

Communication Subsystem 

Final loss of all spacecraft 
233 1:2 1. 0 to 233 1:22.42 GMT 

data observed 

Item m. 
TPS N/A 

Discussion and 
Analysis: The final loss of al I spacecraft data is 

attributed to a loss of power or loss of 
a coax cable due to the burning and short
ing of wire harnesses during fire . 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

Fe bruary 23 . 1907 

INTEGRATION ANALYSIS SUMMARY 

System Affected: 	 Stabi I izat ion Pc Control Subsystem Item iE3i 
TPS N/A 

Observat ion: 	 MTVC Pit c h Rate Command observed at 
2330 : 54. 847 GMT 

Discussion and 
Analysis: This command was seen on CH0074 (MTVC pit c h rate) 

and CHI 074 ( MTVC yaw rate ) as a one ( I) bit change
of-state . The SCS frequently sees one ( I) bit 
changes on measurements which are attributed to 
noise . 

AI I data indicated that the SCS operated normally 
at the above time 	and did not contribute to the 
accident. 
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''''' ~rpL v AE~ [R '0 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW 80ARD 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem Item #25 
#1 02 

TPS N/A 

The Senior Pilot's suit flow dropped to lower limit 
at 233 1: 09.6 18 GMT and then . returned to normal flow 
indication at 2 331: I 1. 9 18 GMT. The Senior Pilot's 
hose was found disconnected. 

At 2 331: 09 . 6 18 GMT the suit flow rate of the Senior 
Pilot was at the upper I imit of the transducer 
(saturated) of 25. 27 Ib/hr. The flow rate per man 
was actually higher and was approximately 64 Ib/hr 
pe r man. One-tenth of a second later, at 2 331:09.718 
GMT the flow rate had dropped to the lower I imit of 
the transducer ( 6 .15 Ib/hr) and stayed there unti I 
233 1: 11.818 GMT . It then returned to the upper limit 
at 2331: 11 ·9 18 GMT. The other two suit flow rates 
remained at the upper limit during this period. 

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

(a) 	 A momentary short in the suit flow transducer 
wires would explain the suit flow transducer 
going to the lower I imit and returning to 
sC\turated flow again . However, the suit delta 
pressure and compressor de I ta pressure show 'a 
marked change coincident with the drop in suit 
flow, indicating that the suit flow ' in fact 
changed. 

(b) 	 If the suit outlet hose was disconnected, the 
suIt outlet has a check valve in the suit which 
stops the flow to the su i t giving an indication 
of no flow. The suit delta pressure and suit 

,. 
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2 Item #25 & #1 02 

compressor delta pressure shou l d i ncrease an d . 
in fact, di d increase. The decrease in these 
parameters with i n about 2 seconds after the 
increase can only he interpreted as suit burn
through an d/or subsequent reconnect ion of the 
outlet hose . Disconnection an d reconnect ion 
of the outlet hose within a 2 second time per i od 
is highly unlikely . If this argument is to hol d, 
the suit must hav e burne d through to .re-establ ish 
flow and sometime later the outlet hose was 
reconnected t'o the su i t . The out let hose was 
found connected after the acci dent, which ten ds 
to weaken the argument in light of possibi lity 
( c ) wh i c h f 0 I lows . 

( c) The suit inlet hose was found disconnecte d from 
the Senior Pi lot's sui t . An explanat ion of this 
could be that the Senior Pi lot disconnected his 
suit inlet for emergency egress at the dropout 
of the suit flow . 

Testing at MSC has confirmed that disconnect i ng a 
suit inlet hose wi II produce a dropout in suit flow 
similar to that which occurred at 233 1: 09. 6 18 GMT . 
In addition the Senior Pilot's inlet hose was found 
disconnected and sooting was found on the inlet hose 
connector which infers it was dis connected during the 
fire . 

Based on the above it i s concluded that the Senior 
Pilot's hose was disconnected at 233 1: 09.6 18 GMT 
and caused the dropout in suit flow. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ "EVIEW 80A"0 

INTEGRATION ANALYSIS SUMMARY 

System Affect ed: Env i ronme ntal Control Subsystem Item iiE.5. 
TPS N/A 

Obs erv ation: Oxygen surge tank pressure started 
decre ase at :'33 1: 1..: . 4 GMT 

to 

Disc ussion and 
Analysis : High oxyge n flow rates were encountered for 30 

$econds prior to the report of fire . These flow 
rates are attributed to suit leak rates and crew 
activ it y whi c h placed a demand on the suit pressure 
r egulator to supply oxygen at a rate causing a 
decay in the surge tank pressure . 

Test data have 
2. G3#/hr . wil I 
tank pressure. 

s hown that flows in excess of 
result in a decay in the surge 

It is conc luded , therefore, that the oxygen surge 
tank pressure decay at 233 1: 12 . 4 GMT was the resul t 
of high oxygen flows into the suit loop and did not 
contribute to the initiation of the fire . 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW BOARD 

Feb rua ry 27. 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Environmental Control Subsystem Item m 
TPS N/A 

Observation: Suit flow indications begin to fluctuate for 
the Command Pilot at 2331: 12.9 GMT, for the 
Senior Pilot at 2331:15.4 GMT, and for the 
Pilot at 2331:l4.3 GMT. At 2331: 16.2 GMT the 
Pilot's suit flow began to fluctuate violently. 

Discussion and 
Analysis: Fluctuations in suit flow indications are 

characteristic results of restrictions in 
suit flow caused by movements of the man. 

the 

The time period for fluctuations in the Senior 
Pilot's suit flow coincides with the increased 
muscular activit~ indicated by Physiological Data. 

Increase in cabin pressure against 
could increase the indication. 

the suit 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. REVIEW BOARD 

IN RrPl V R[J ER TO February 23. 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Stabl ization & Control Subsystem 	 Item iI:?2. 
TPS N/A 

Observat ion: Indication of RCS action at 2329:40 GMT 

Discussion and 
Analysis: 	 The data during this period has been reviewed in 

detail and indicated RCS action was found to be 
erroneous. The variation does not appear on the 
digital data from CIF VHF-FM which is best at this 
time . 
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I N RfP L V RE~[A TO 

System Affected: 

Observat ion : 

Discussion and 
Analysis: 

.. 

/ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARO 

Apri I 

INTEGRATION ANALYSIS SUMMARY 

Stabil ization and Control 
System 

Rotation Controller output data 
indicates a transient of 1. 5i at 
2330; 54. 85 GMT 

The Rotation Controller (RIC) was 
charred, and the pistol grip handle badly 
burned. The boot at the pistol grip 
input to the device was partially 
burned away. The cover of the lid was 
buckled outward between the attachment 
screws 
thermal 
corner 
of the 

A dark 

on each side, evidently due to 
stresses. The lower left rear 

(nearest astronaut's right knee) 
cover was disfigured and cracked . 

residue, apparently foreign to 
the pistol grip, was observed sticking 
to the right side of the grip. This 
residue was removed and determined to be 
a mixture of nylon and a terephthalate 
ester by chemical analysis . 

The locking pin visually appeared to be 
intact; however, about one-sixteenth of 
an inch of unsooted pin was observed at 
the pin's exit poiht from the, device which 
indicated that the pin had been slightly 
pulled out subsequent to soot deposition . 

I , 19(;7 

I tem.JtjQ 
TPS PIB-004 

CM-IV-OU 
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2 Item # 30 ( Cont'd) 

On the bundle, the polyethylene zipper tubing 
and the si licone rubber shrink sleeving were 
burned through from the cable egress point for 
approximately one foot _ The cable and z i pper 
tubing were not as badly burned over the 
remaining length left attached to the unit . 

The insulat ion of four wires approximately 
one inch from the egress point of the cable 
from the device was nicked or spl it for about 
one quarter of an inch, or had the insulatfon 
burned andlor blasted away. Magnified 
examination of the exposed wiring indicated 
no arcing or shorting. Functionally these 
four wires are associated with the RIC direct 
rotation switch outputs and were not armed 
with 28 VDC for at least twenty minutes prior 
to the acc ident. Also the locking pin was 
installed at least twenty minutes prior to 
the accident which would not allow these 
switches to be actuated. 

The radiographs indicated no anomalies in the 
RIC internal metal parts. In particu lar , the 
locking pin was determined to be intact. 

The RIC cover was removed and no evidence of 
foreign material inside the device was 
observed . The potting on the terminal board in 
the lower rear corner of the device was 
darkened and appeared melted on both sides . 
Charring and crystalization of spot ties, and 
sooting of internal wi re bundles was observed 
i n the lower rear and mi ddle rear of the 
dev ice . The internal heat pattern appeared 
to be most intense in the lower rear left side 
of the device and then progressed upward and 
to the rear right side through the wires and 
components . Examination of the cover, which 
was bulged out (by thermal expansion) when 
attached to the controller, indicated that a 
hot gas flow pattern came from above the 
controller into the case through the cover 
bulges. The inside of the cover showed very 
definite indication's of a hot gas flow 

ENCLOSUR E 18- 53 


D - 18- 200 




3 Item #30 ( Cont'd ) 

pattern where the hot gas came in from outs i de 
the controller , was deflected by heavy internal 
components, and then flowed through the wires 
and components to the other side of the 
mechan ism. 

The review of the data, the continuity check 
and the insulation check have shown no evidence 
that the rotation controller or the associated 
wiring were a cause or propagator of the fire . 

Special tests have shown that the null output 
trans ients can be dup 'l icated by a momentary 
interruption of AC Bus 2 Phase A input power . 
It is therefore concluded that the AC interrup
tion caused the rotation control transient. 
Information concerning AC interruption is 
contained in Integration Analysis Summary 
Item #7. 
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System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

April l Yh7 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem 	 Item #31 
TPS N/A 

Due to the "colJ flow" characteristics of the 
teflon insulation, it is possible to have a 
breakdown of the spacecraft wiring insulation 
and resultant electrical shorts. 

Teflon wire was selected for the spacecraft 
because of excel lent resistance to high 
temperature, good dielectric properties, 
lightweight characteristics, etc. It has, 
however, in common with other plastic materials, 
cold-flow characteristics which permit the 	 in
sulation to flow away from localized high pressure 
over long periods of time. It is possible 	that 
localized high pressure points, either .between wires or 
between a wire and structure, could ultimately result 
in breakdown of the insulation . All wire bundles in the 
spacecraft which showed damage were carefully inspected 
for signs of arcing. 

From all the investigation of arcs and shorted wires, 
there is no reason to bel ieve that any of these can 
be attributed to "cold-floW". 
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System Affected: 

Observation: 

Discussion and 
Analys is : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

February 23 , 19(,"( 

INTEGRATION ANALYSIS SUMMARY 

Stabilization & Control Subsystem 	 I'tem itE 
TPS N/A 

SCS roll rate oscillations starting at 
233 1: 03 . 85 GMT . . 

The SCS roll rate oscillations at 233 1:03 . 85 GMT 
are an indication of crew movement In the space
craft. This Item correlates with launch vehicle 
accelerometer data, IMU gimbal angle data, and 
nothing more can be gained from additional study 
to try to determine the degree of crew movement . 
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System Affected : 

Observation : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. REVIEW BOARD 

INTEGRATION ANALYSIS SUMMARY 

Launch Vehicle 	 Item lli 
TPS N/A 

Launch Vehicle (LV) pitch and yaw accelerometers 
(DPIAOV- Ol-02 and CP1BOV-0 1-04 ) showed slight 
osci llation starting at 233 1: 04 GMT and increasing 
with maximum osci I lation at 233 1: 20 GMT . 

The LV pitch and yaw accelerometers output data 
were reviewed to determine relationship with crew 
movements during the conduct of OCP-K-0021 (i . e . . 
changing of cobra cables). No correlation was seen 
except during the above period . I t is , therefore, 
determined that these data only indicate movement 
of the spacecraft after the accident . 
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System Affected: 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

April I, 1<)(,7 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power System Item H 

TPS CM-CA- 058 

During an inspection of the siC harness 
between inverter #3 and the Junction Box 
in the LEB , a suspect arc spot was found on 
the cover plate and wire ~he r e it would have 
been in contact with the plate . The wire has 
been identified as 28 volt Bus A power in the 
SCS subsyst em. 

No positive identification has been made to 
indicate that this arc initiated or occurred 
prior to the fire . The following facts have been 
determi ned . 

The location of this arc is within the area 
selected by the Fire Panel as the probable source 
of the fire . 

Water glycol which has been shown by tests to support 
and propagate fire when spilled on wires was 
known to have been spilled in this area in an 
ea r 1 i er checkou t. 

The wire bundle was not protected from the sharp 
edge of the junc tion box cover plate by the nylon 
grommet edging . 

Several possible propagation paths for the fire. 
had it been initiated at the junction box , have 
been found . 
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Item #3" (Cont'd ) 2 

The glycol spi llage had been corrected by washing. 

No change was noted in high sample rate data 
( ?OO samples per second ) which should have indicated 
such a short,until afte/ the time of spacecraft 
rupture . 

Burning noted in the area of the junction box does 
not appear as severe as would be expected had the 
fire started here. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW BOARD 

Marc h ., . 1<)1 ",' 

INTEGRAT ION ANALYS I S SUMMARY 

System Aff ected : Environmental Control System 	 Item iJJ5. 
TPS N/A 

Obs ervation : 	 Suit differe ntial pressure begins to 
inc rease at 2 33 1: ci,. 4 GMT 

Discussion and 
Analysis : The cabin pressure began to in c reas e at 

::'33 1:0", ll GMT, 

The oxygen demand 	 regulator senses cabin pres
sure . An increase in cabin pressure or a de
crease in suit pressure wi I I caus e the diaphragm 
of the D2 demand regulator to be opened al lowing 

to flow into the suit loop .O2 

The s'J i t diff e rential pressure ( 61' ) also began 
to increas e at 233 1: 06 . 4 GMT since it t e nds to 
follow the tr e nd of cabin pressure, Crew move 
ment at this time wi I I also add to the incre ase 
in suit 61'. 

It is determined that the general ris e in suit 
differential pressure was caused by incre as ed 
cabin pressure and crew movement. 

The rapid rise in the slope of suit 6P curve at 
233 1: 09 . 6 GMT is attributed to the dropout of 
the Senior Pi lots (SPLT) sui t flow . 

The drop in the suit 6P at 233 1: 11. 5 GMT is 
attributed to the resumption of flow in the 
SPLT's suit inlet hose . The rapid rise in 
the suit 6P starting at 233 1: 12. 4 · GMT was 
cause d by the rapid increase in cabin pressure , 
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I tem #3~, (Cont I d) 

Information concerning the drop of crew suit. flow 
to lower limits at 233 1: I. ' , !; GMT is discussed in 
Integration Summary Analysis Item #<),1 , 

It is concluded that the initial crew suit dif
ferential pressure increase was caused by crew 
activities and the latter increase was caused 
by the rapid rise in cabin pressure . 
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' N AfPLY AEJ [R T O 

System Affected: 

Observation : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARD 

Ma rch 3 1, I')G7 

INTEGRATION ANALYSIS SUMMARY 

Sequential System ItemfiJ§. 
TPS N/A 

Emergency Detection System (EDS ) "Engine 
8 out" light went out and came back on 8 
seconds later , during the EDS tests at 
20 : 52:23 GMT 

During the time of the anomaly the launch vehicle 
"attitude reference fail" check was being performed. 
EDS bus I was turned off and the astronaut was 
to verify no change in the panel 5 status light . 
However, he stated that the "Engine 8 out" light 
went off . This light came back on 8 seconds 
later as reported by the astronaut and verified 
on the voice tape. Data review showed no switch
ing in the cockpit from the time the EDS bus I 
went off for approximately 39 seconds . No further 
information is available since this is the "8" 
side of the light and is not instrumented . The 
"Engine 8 out" light wiring has been checked for 
continuity both in the spacecraft and the launch 
vehicle with no abnormalities detected . An 
intermittent condition of this nature could be 
located anywhere in -the system, however , the 
event could not have caused the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 104 REVIEW BOARD 

March 14. 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected : Environmental Control Subsystem 1 tems #J1, 40, 
~, .2.!. .2E 

TPS N/A 

Observation: 	 Water-glycol accumulator quantity starts 
decreasing at 233 1: 13. 0 GMT. Glycol pump 
discharge pressure starts Increasing at 
233 1: 14.4 GMT. Accumulator quantity and 
glycol pump inlet 'pressure start Increas
ing to upper limit at 3231: 15.4 GMT . 
Accumulator quantity reached upper limit 
233 1: 17. I GMT. G Iyco I evaporator Ii qu I d 
temperature Increasing at 2331: 17 .5 GMT. 

Discussion and 
Analys Is: ' 	 A decrease in the water/glycol (W/G) 


accumu I ator quant I ty was noted at 233 I. 13 GMT. 

The quantity Indication continued to decrease 

until 2331.14 GMT. 


During the time period 2331: 06. 4 to 2331: 12.4 GMT, 
the cabin pressure Increased from 16.40 to 16.94 
and the battery compartment pressure transducer 
registered an Increase from 16.70 to 18.05. Refer 
to Integration Analysis Summary #13. 

The quantity measurement for the W/G accumulator 
Is obtained from a transducer whIch monitors both 
the W/G and cabin pressure. The transducer W/G 
pressure Is taken upstream of the accumulator 
bellows which are also vented to the cabin atmos
phere . The bellows 	are designed to maintain a 7-9 
psi differential pressure at the pump Inlet and 
compensate for changes In cabin pressure. After 
the start of the fire the Initial rate of cabin 
pressure Increase was greater than the rate of 
pressure Increase In the W/G l i nes. The W/G 
accumulator transducer, accordingly, sensed the 
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Items 37, 40, 87, 91, 92 (cont'd ) 

inc rease in c abin pressure and interpreted this 
as a decrease in WiG quantity In the same manner 
as if the cabin pressure had remained constant 
and the WiG pressure had decreased . 

The accumulator quantity continue d to show a de
crease until the WIG pressure ( recor ded at the 
pump inlet ) be9an to increase at a very accei
erated rate (23 31:15.4 GMT). 

The WIG accumulator quantity transduce~ a9ain 
sensed the change in pressure differential and 
interpreted this as an increase in WIG quantity. 

The accelerated rise of WIG pressure is attributed 
to bollln9 of the liquid within the lines when 
subjected to the intense heat of the fire . ThIs 
phenomenon has been duplicated by testin9 ' 

A pressure rise at a slow rate was initially de
tected at both the inlet and outlet sides of the 
WiG pumps at 233 1:14.4 GMT . 

The rate of pressure increase and final pressure 
measurement for the outlet side of the WIG pumps 
were less than those recorded at the inlet side. 
This is attributed to the pumps actin9 as a re
strictor since they are only desi9ned to supply 
a 29 to 30 psi pressure to the system. 

The late sensin9 of a temperature Increase at the 
91ycol evaporator ( 23 31: 17.5 GMT ) Is attributed 
to system la9. The normal flow sequence of the 
WIG subsystem durin9 this test is from the pumps 
throu9h the SM 91ycol radiators, GSE coolln9 
equipment, WIG reservoir and finally to the 
91ycol evaporator. 

In summary, none of the above flndln9S are con
sidered to have contributed to the orl91nal cause 
of the fire but were Initiated as a result of the 
fire. Data Indicate that the WIG subsystem con
tinued operatln9 as an Inte9ral unit until after 
eM and line rupture at which time the 91ycol then 
acted as a fuel for the fire. 
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~ATIO~AL AERO~AUTICS A~D SPACE ADMI~ISTRATIO~ 

APOLLO 20. REVIEW BOARD 

I ~ REP ~ y Rf ~ fR ' 0 

February 10, 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected : Ground Support Equipment Itemh 
TPS N/A 

Observation: Ground DC power commanded off at 2332 :46 .4 GMT 

Discussion and 
Analysis: 	 ACE data show that the 9round DC power was 

commanded off at 2332:46. 4 GMT and that power 
was off at 2332 :47.4 GMT. This is in accord
ance wi th the emergency procedures. 
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I N R ( P L V R [ F[R f a 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW 80ARD 

March 14 . 1967 

INTEGRATION ANALYSIS SUMMARY 

Crew Equipment 	 Item #41 
TPS EZ8 

Loose equipment which was stowed In the gas 
chromatograph compartment 

TPS 583 (checkout TPS) on S/COI2 specified that 
the following loose Items were to be stowed In 
the gas chromatograph compartment at crew Ingress: 

1. 2 each - 16 mm seq. cameras 

2. each - 16 mm power cable 

3. each - hygrometer control unit 

4. each - hygrometer sensor cab Ie and sensor 

5. each - hygrometer power cable 

These Items were stowed In plastic bags . The bags 
were removed by the Spacecraft Technician and 
passed out of the spacecraft after Command Pilot 
Ingress and prior to hatch close-out. 

The six Items listed above were stili In the Gas 
Chromatograph InstallatIon Area as of February 10 , 
1967. The aforementioned spacecraft technician 
belleves · that the Items have been moved within the 
area, but there Is no evidence to support this be
lief. The cables were stili neatly coiled as they 
were before the test. 

In addition to these six Items, the gas chromato
graph pyro cable connector and power/sensor cable 
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2 Item #41 (cont'd) 

connector are believed to have been placed on the 
floor of the compartment. After the Incident, 
the pyro cable connector was In place on the floor 
of .the compartment; however, the power/sensor con
nector was found on the aft bulkhead. 

The primary area of Interest was to determine If 
the crew had utilized any of the above equipment 
thereby causing the gas chromatograph cable and 
connector to fallon the aft bulkhead, therefore 
providing an explanation for the final' location 
of the chromatograph connector. 

Follow-up Investigation showed that cameras' lenses 
and film had not been stowed for this test . It Is 
therefore concluded that no final determination 
can be made as to crew activity Into this compart
ment. 
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IN RfPl Y R[~ [R TO 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

February 10, 19(,7 

INTEGRATION ANALYSIS SUMMARY 

Caution and Warning ~ubsystem 	 1 tem if!g 
TPS Y.£...22J 

Elapsed time indicator failure on Sic 014 
and ETI inspection on SIC 012 

The elapsed time indicator for the Caution and 
Warning System was overheated and charred as 
a result of a capacitor short during a test 
on SIC 014 during factory checkout at NAA/Downey_ 

This time indicator and associated noise sup
pression capacitor for the Caution and Warn
ing System were physically examined on SIC 012 
and found to be satisfactory with no evidence 
of biJrning_ 
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IN RfPl Y R[~[R TO 

System Affected: 

Observation: 

Discussion anJ 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEw BOARO 

INTEGRATION ANALYSIS SUMMARY 

Item #44None 
TPS MA-003 

Bottle of MEK foun ~ in white room 

A chemical analysis of the Methyl-ethyl Ketone (MEK) 
bottle found in the w~ite room was completed in 
accordance with Board Action 014,. 

The analysis determined that the material in the 
squeeze bottle was a very high quality MEK. The 
vaporization rate through the neck of the squeeze 
bottle in a controlled environment simi lar to the 
white room was established as seven millograms per 
hour. 

Use of the MEK bottle on the day of the accident could 
not be determ i ned. 
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'~ArpLVREFERTO 

System Affected: 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

March 3 1, 1,)1 ·7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control System Item #45 
TPS CM-CA-135 

CM-CA-137 

Two broken pressure transducers were noted on 
the ECU during post fire inspection 

The two transducers were identified as the suit 
inlet pressure and water glycol pump outlet 
pressure transducers . Both transducer connectors 
and associated wiring were damaged and electrical 
continuity checks showed all circuits open. No 
visual evidence of a fire path from within the 
transducers was found following removal of the 
covers . In addition, radiographic examination 
indicated no evidence of damage within the units . 

The cabin pressure and water glycol outlet pressure 
transducer data indicated normal operation both 
before and after the fire. 

The cabin pressure exceeded maximum operating 
range (n ps I a) of the cab I n tempe rature sensor 
transducer at 23:31.13.4 GMT while the water 
glycol loop exceeded the transducer maximum 
operating range ((,0 psla) at 23:31.15.4 GMT. 

It Is concluded that the transducer damage did not 
contribute to but was the result of the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARD 

1~j:HPI Y R[~[R TO 
February 14. 1'/'7 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Crew Equipment I tern if!:!.:. 
TPS N/A 

Obse rvat ion: Bonding Straps on Crew Couches missing 

Discussion and 
Analysis: There are four crew couches grounding straps in 

the spacecraft. two from the floor to the space
craft wal I and two from the Z-strut to the center 
couch . The two from the f Iocr to the wall were 
installed, and the other two were missing . They 
had not been instal led due to parts shortage. 

Bonding checks on the crew couches made after the 
test indicate resistances in the order of I ohm. 
While this is high compared with normal bonding 
requirements of 0.0 3 ohms, it is low enough to 
prevent any static charge buildup. It is thus 
determined that lack of bonding straps did not 
increase the possibility of a static charge 
buildup on the couch relative to the command 
module structure. 
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System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REYIEW SOARD 

March 16, 1967 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem Item ru 
TPS S/C-OB2 

Screwdriver caused an arc In wire harness 
(Ref. DR 0917 dated January 23, 1967) 

Investigation of this Item was performed In 
accordance with Board Action 0060. 

Discrepancy Report (DR) 0917 dated 1-23-67 states, 
arc drawn on technicians screwdriver during re
moval of cover panel for C15-IA52 J-Box. 

Panel C15-IA52 Is a wire junction panel located 
In the LEB, just left of the #3 Inverter and 
below the gas chromatograph Installation. 

The technician was requested to remove the panel 
to allow for trouble shooting behind it. He. re
moved the cover and the two holding screws on the 
left side of the panel and the bottom screw on 
the right side. To gain access to the top right 
screw, he removed bundle spot ties, separated the 
wires, and Inserted the screwdriver between them. 
In the process of trying to remove the screw, the 
screwdriver drew an arc. An Inspection was made 
of all the wires In the Immediate bundle and one 
temporary wi re repal r was made with "mystic" tape. 
Since the screw head was so badly wollowed out, 
the screw was finally removed with a pair of vise 
grip pliers. Because of the ~ffset of the pller 
jaws, It was not necessary to go between the wIres 
for the screw removal. After the panel was un
fastened, It was left ajar for access to accom
plIsh the orIginal purpose of the removal . 
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2 Item #47 ( cont'd) 

The next day a permanent fix of the damaged wire 
was made with heat shrinkable teflon tubing . The 
technicIan then redressed the wire bundle . He 
then re- Installed the panel with the two screws 
on the left side of the panel plus the left bracket 
which holds the cover. The technicians on the next 
shift installed the two screws on the right side, 
plus the cover holding bracket. and the cover. Be
cause new screws were used and the way the wires 
were dressed, it was possible to tighten the screws 
with thescrewdrlver at a slight angle without going 
between wires. No tests or reverification checks 
were made on the wires in the affected bundle . 

To get a better understanding of the work which 
took place, a simulation was made on SC 0 14 with 
the same technicians who did the initial work on 
SC 0 12. 

Inspection February 12, 1967 of SC 012 cover on 
C-1 5-IA52 J-Box revealed the following: 

I. One wire adhered to the melted plastic 

on the bottom of the cover plate. 


2. The unprotected bottom of the harness 

badly burned . 


3. The portion of the harness behind the 

cover plate was In good condition . 


4. The relay wires were scorched. 

5. Nothing suspicious was noted at this time 

of the wire associated with screwdriver arcing 

inc i dent. 


Re-examination of the cover plate on March 3, 1967 
revealed signs of possible arcing caused by another 
wi re o 

A final inspection on March 4, 1967 of the wires 
In the area involved with the screwdriver arcing 
incident found no e~ldence which can be attributed 
to Initiation of the fire. 
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3 Item #47 (cont'd) 

It Is concluded that the area in which the wire was 
damaged by the screwdriver incident during the re
moval of the cover on C-15-IA52 did not contribute 
to the accident . Ha../ever , the spl itting of the 
wire bundles into two bundles and consequent re
routing of part of this bundle created the possi
bility for damaging adjacent wires In the wire 
bundle. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

February 10 , 1 9~7 

INTEGRATION ANALYSIS SUMl'lARY 

System Affected: 

Observat ion : 

Ground Support Equipment 

Configuration of ACE Control 
ACE Computer Room #1 

Room #1 and 

1tem if:§. 
TPS N/A 

Discussion and 
Analysis: ACE configuration establ ished . 

The ACE Control Room #1 and Computer Room #1 con
figurations have been defined and studied. All of 
the data indicate that the system operated properly, 
that no spurious commands were transmitted, and in 
no way contributed to the accident. 
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' ... R[Pl't' R['tA TO 

System Affected : 

Observation: 

Discussion and 
Analys is: 

IUTIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW IIOARD 

March 14 , 191)7 

INTEGRATION ANALYSIS SUMMARY 

CM Floodlights Item fP+5t 
TPS( s)CM-CA-054 

CM-CA-053 

Review of past floodlight railures and flood
light examination and testIng 

Board Action 0 169 directed the removal and Inves
tigation of the SC CM floodlights . 

Removal and inspection of the floodlights were 
conducted in accordance with TPS CM-CA-053. Test
Ing and evaluation of test results were conducted 
in accordance with TPS CM-CA-054 . 

Six qualified CM Interior Light Circuits were in
stalled In SC 0 12 CM. These included the Left 
Hand Overhead (LHOH). Right Hand Couch (RHC). Left 
Hand Couch (LHC). Right Hand Strut ( RHS). Left Hand 
Strut (LHS) and Right Hand Overhead ( RHOH). 

All Interior lighting floodlIghts gave physical 
Indications of having sustained extensive fire 
damage . 

Of the six circuits that were known to be operating 
prior to the fire, three survived and functioned 
normally within the specification current limits 
following removal from the SC . The secondary cir
cuits were not energized during the fire . All six 
of these circuits survived and functioned normally 
within specification current limits . 

The three non-functioning circuits were the LHOH, 
RHOH and RHS primary circuits . These circuits were 
open and did not draw an imput voltage up to 28 VDC. 
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i t em #49 (cont'd) 2 

Visual examination of the aforementioned 3 1ights 

indicated that they had been exposed to higher 

external temperatures than the other lights. 


Tests performed by the vendor indicate that the 

Inverter circuit of the lights will cease com

mutation at temperatures between 230 and 250oF. 

Failure of the circuit to commutate results in 

approximately 10 amps current drain and opening 

of a fuse is approximately 500 microseconds at 

six amps. After fuse opening. the circuit is 

open and does not draw current . 


Since the lights that contained the non-function ..... 

ing circuit were the same ones which sustained the 

higher heat damage it is deduced that their cir 

cuits reached temperatures above 2300 F and de

commutation caused their associated fuses to open. 


In summary it is concluded that the floodl ights 

were not an initiator or major propagator of the 

fire . In addition. the damage to their exterior 

surfaces and opening of the three primary circuits 

were caused by exposure to the eM fire . 
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I ~ REPL Y R[J'ER T O 

System Affected: 

ObservatIon: 

DIscussIon and 
Analys Is: 

NATIONAL AERONAUTICS A..O SPACE ADMINISTRATION 

APOLLO 204 REVIEW 80ARD 

March 10, 1967 

INTEGRATION ANALYSIS SUMMARY 

Cryogenic Gas Storage Subsystem Item ff59. 
TPS N/A 

H2 tank fan motor variation at 232h:30.4 GMT 

VarIations similar to those noted at 2326 : 30. 4 GMT 
appeared periodically prior to the accident. 

Test Procedure for OCP-K-0021 requires that all 
GSE access connectors be disconnected durIng this 
test. 

It was verIfied that GSE access connector J22 was 
not connected at the time of the accident. Con
nector J22 normally carries the H2 Fan Motor 
measurement (SF0363V). 

VerIfication was accomplished by physical checks 
at LC 34 , 2030 GMT, February 2 and by review of 
Qual ity Control LC34 checklist, FO-K-IOOI I, for 
OCP-K-002I. 

The H2 tank fan motor variation noted at 2326: 30. 4 GMT 
is attributed to random noise. This Incident dId 
not contrIbute to the SIC 012 accident. 
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I ~ R f P I V R(J£R 1 0 

System Affected: 

Observat ion : 

Discussion and 
Analys is: 

APOllO 70~ REVIEW BOARD 

February 15 . 19h7 

INTEGRATION ANALYSIS SUMMARY 

Stabilization Control Subsystem 	 Item t2.!. 
TPS S/C-022 

Hole In the translation hand controller 

The translation control was mounted on CM 0 12 at 
the L/H side of the L/H couch and was noted after 
the accident to have a relatively large part of 
the upper R/H rear corner missing. 

The translation control was inspected for fire 
damage at the MAB laboratory with the following 
results: 

a . In general, the damage due to fire and in
tensity of charring and sooting is most evident 
at the upper right rear corner. Charring and 
sooting diminishes from that corner in general 
toward the bottom front area and the bottom rear 
area where iittle evidence of soot or heat searing 
is visible . 

In this initial inspection, it did not appear that 
heating came from within the device . It also 
appears that the missing cover corner has been 
caused by a blow from the outside after the cover 
had heated above an embrlttling temperature (greater 
than 10000F). (Ref . Summary Report of TPS PIB-002) 

b. The translation control was functionally 
tested and verified to be functIoning normally. 
This indicates that the fire damage did not degrade 
the funct ional performance of the device. ( Ref . 
Summary Report of TPS PIB-005. ) 
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2 : t cm #5 1 (cont'd ) 

It is determined that the hole in the translation 
controller did not result from an action which 
may have contributed to the accident . 

, 
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System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ · REVIEW 80ARD 

February Ie;. 1');,7 

INTEGRATION ANALYSIS SUMMARY 

Waste Management Subsystem 	 Item ft2g 
TPS NIA 

Waste Management Subsystem blower failure 
( SIC 008 ) 

The Waste Management Subsystem ( WMS) blower motor 
fail e d on SIC 008 after approximate ly three hours 
of continuous operation. Normal operation of the 
blowe r is for short periods ( approx imately five 
minut es or less) to provide gas flow only for the 
vacuum cleane r . Previously, the blower was used 
to provide gas flow during collection of urine and 
feces. Due to a des i gn change . the WMS b lowe r is 
no longer utilized during these operations and the 
hard lines . involved connecting the blower to the 
sel ector valve have been disconnected and plugged. 
However , the e lectrical control of the blower by 
the selector valve has not been changed . There
for e, when the selector valve is move d to either 
the urine or feces position, the blower is started 
and force d to operate against a dead headed system. 
SIC 0 12 Waste Management Subsystem configuration 
was the same as SIC 008 . 

The WMS blower selector switch per recorded con
figuration was off at pre-ingress of the crew. 
Review of the OCP-K-0021 shows that the WMS blower 
selector switch was off immediately prior to the 
accident. Also, post test switch check list shows 
the WMS sel ector switch in the off position. There
fore , it is det e rmined that WMS blower did not 
cause the acc ident . 

... 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARO 

April I, 19b7 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Environmental Control System 
Guidance and Control System 

Item #53 
TPS CM-CA-220 

Observation: A survey should be made of the fai lure history of 
heaters of the types use d on the spacecraft to 
determine if any failure modes can rre related as 
a cause of the accident. 

Discussion an d 
Analysis: The fol lowing heaters were on boar d the spacecraft: 

( a) 

( b) 

( c) 

( e) 

(f) 

Potabl e water heater - not powe re d for the Plugs 
Out Test 
IMU Heaters - no electrical short or burn-up 
type fai lures have occurred for this type of 
heater. These heaters were in sealed units . 
Eyepiece Heaters - one reporte d fai lure due 
to broken heater cable caused by insufficient 
cable length . The cable was lengthene d. 
Gyro Heater s - two "out-of-spec" fai lures re
ported (tolerance + 2

0 
F). No electrical short 

or burn-up type failures. These heaters were 
in sealed units. 
Steam Duct Heater - not powered for the Plugs 
Out . Te s t 
Urine Dump Heater - not powered for the Plugs 
Out Test 

The review of fai lures on the SiC 12 heaters and of 
these generic types of heaters show no evidence of 
problems which could be associated with the acc ident . 
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1:lstem Affected : 

Observation : 

Discussion and 
Ana 1 ys is: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 70~ REVIEW BOARD 

Apri I I , 19h7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 I tern ib!::. 
TPS N/A 

leakage o f Water/Glycol 

There has been a history of water/glycol leakage 
an d sp i Ilage in spacecraft 0 12 . Some of this occurred 
during tests at the factory an d some occurred before 
an d during the removal of the ECU at KSC . The 
charac teristics of the inhibitor used in the coolant 
wate r /glycol fluid leaves a residue that is electrically 
conductive, hygroscopic and flammable . leaks of water! 
glycol occurred in the lower equipment bay and 
Environmental Control Unit area during earlier tests 
on Spacecraft 0 12. These leaks were mopped up and 
connec tors and accessible wire harnesses were washed 
~ith disti 1led water and alcoho l, and dried with 
nitrogen . 

After the accident, a l I connec tors were carefully 
disconnected, photographed , and inspected for any 
signs of internal burning or arcing . No evidence 
of internal arc ing or burning was foun d which in
dicated a fire source. However, if the leakage or 
spillage had not been adequately cleaned up, it woul d 
provide a flame propagation path . 
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I ~ .. rp~ y 1It[' (lit TO 

System Affected: 

Observat ion: 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

4POLLO 20. REVIEw B04RD 

February 14, 1967 

INTEGRATION ANALYSIS SUMMARY 

CM Reaction Control Subsystem 	 Item lli 
TPS N/A 

CM Reaction Control Subsystem (RCS ) thruster 
temperature indicates pressure shel I rupture 

Measurement CR 456 1T CCW engine wall "A" system CM 
RCS showed nominal outside air temperatures ( 67.7°F ) 
until 2331: 19· 8 GMT. 

This time matches well the time indicated by G&N 
measurements and pressure measurements for pressure 
shell rupture (approximaEly 233 1: 18 to 233 1:19 GMT). 
It is determined that the high temperature indicated 
by the RCS engine is an effect of the release of flame 
in the area by the pressure shell rupture . 
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I,..RfPL'fRE'(RTO 

System Affected: 

Observat ion : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item 11:22 
TPS S/C-06 1 

CM-MA-OO~ 
CM-MA-OO 

Lithiurr. Hydroxide Canisters uti I ized were 
non-fl ight configuration 

The I ithium hydroxide (LiOH) canisters util ized 
during the conduct of OCP-0021 were unqual ified. 
non-fl ight configuration and did not contain the 
5~ bypass provisions incorporated in the improved 
fl ight canisters. 

A detailed review of the data associated with the 
crew oxygen suit loop indi cates normal temperatures 
and ci rcuit integrity unti I approximately 10 seconds 
after the "fire" call. At 233 1: 16 GMT both 	 the suit 
supply temperature and LiOH canister outlet 	tempera
ture started increasing which indicates loss of 
pressure suit circuit integrity, thus al lowing warm 
gasses to be drawn into the suit compressor 	and 
thru t~e LiOH canister. 

From the above it has been concluded that integrity 
of the LiOH canister remained until after the start 
of the fire . Also damage to the canisters was a 
result and not the cause of the accident. 
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System Affected: 

Observation : 

Discussion and 
AnalysIs: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 204 REVIEW BOARO 

February 15, 10h7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item ib1 
TPS S/C-007 

Analysis of gas from the two Beckman Analyzers 

Two (2) Beckman Oxygen Analyzers were located In 
the Pad 34 sIC White Room to extract cabin 	and 
suit gas samples . Serial No. 4 analyzer was util 
ized in extracting the first cabin gas sample 
after a twenty (20) minute purge. SIN 3 analyzer 
was utilized in extracting the suit gas sample 
and the second cabin gas samp'le after a ten ( 10) 
minute additional purge. 

The MAB performed a lab analysis of gas samples 
taken from the analyzers to determine the pres
ence of contaminants which would be indicative of 
cabin contamination (reference TPS sIC 012-007 ). 

The determinations of the MAB lab analysis 	are as 
follows (reference Report MAB-I OI-67, dated February 
6 , 19(7 ) : 

1. Neither of the analyzers contained signifi 

cant gaseous materials (more than 500 ppm) of any

thing other than air components. The SIN 3 analyzer 

did contain trichlorethylene, most of which was 

absorbed in the gel cartridge . 


2. The air In the analyzers can be accounted 

for by one and probably both of the following: 


a . The bulbs were squeezed by someone 
before being impounded. 
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2 Item #57 (cont'd) 

b. The tIme delay (approximately one 
week) between use and analysis resulted in 
aIr leakage Into the system and/or sample 
loss. 

Upon completion of the lab analysis, both analyzers 
were checked by measuring theIr response to am
bient air, 100% aviators breathing oxygen and 
100% nitrogen. The result.s are as follCAoo1s: 

1. Serial No.3 analyzer 

a. Ambient air - 20% ~ reading 

- l OO% -~ reading 

0% 02 read.i ng 

2. Serial No. 4 analyzer 

a. Ambient air - 14% ~ readIng 

b. 100% ~ - I~ O2 reading 

c. 100% N2 - BelCAool O2 readIng 

It Is determined that the analysIs of gas samples 
taken from the two (2) Beckman Oxygen Analyzers 
has gIven no Indication of cabIn contamInation 
which may have contributed to the accident. 
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1Jr,j"l!,PlVIlt[ J [IIt T O 

System Affected: 

Observation: 

Discuss ion and 
Analys is : 

IUTIONAl AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

INTEGRATION ANALYSIS SUMMARY 

Communication Subsystem 	 Item ii:2§ 
TPS N/A 

On-board recording equipment and elect r ical 
connector conf i guration 

The following recording devices were on-board 
SIC 0 12 at the time of the incident : 

a . FQ Recorder. VI 6- 754Ioz. SIN FIt 12 
This recorder was loaded with tape, the 

cover was Installed and the recorder was e lec
trically connected. The recorder was not on at 
the time of the incident and would not have been 
turned on until Into the mission run section of 
the test . 

b. DSE Recorde r, VI 6- 7 14385 . SiN BAD0003 
This recorder was loaded with tape , the 

cover was Installed and the recorder was elec
trically connected. The recorder was not on at 
the time and would have been turned on immediately 
prior to liftoff . 

c . MDAS, Part #5 11 076 . Serial #672 1A 
This system was connected to the Senior 

Pilot, after crew Ingress and was in operation 
from ingress through the incident . 

d. DSEA Recorder SIN 104 
Note that only one DSEA recorde r was In

stalled on the spacecraft . This recorder was In
stalled in the #2 slot, the alternate slot, and 
existing pape rwork Indicates the recorder was con
nected. Physical verification on 4 February Indi
cated that a DSEA recorder was located in the 
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2 Item #58 (cont'd) 

alternate posItion, but that neIther the power 
cable was connected to the recorder nor was the 
adapter cable connected to the recorder. The 
power cable at the D5EA end was not capped. Due 
to the activatIon of 51 3 and ce49 on Panel 22 
AC power was present at the D5EA end of the cable 
and DC power was present due to the actIvatIon of 
CB 96 on Panel 22. 

Inspection of the D5EA cable showed. no evI
dence of arcIng. 

There is no indication that any of the on-board 
recording equipment was the cause of the fire . 

ENCLOSURE 18- 53 

D - 18 -236 



System Affected: 

Observat ion : 

Discussion and 
Analysis: 

.... TlO....L .ERO....UTICS ....0 SP.CE .DM, ... ,STR.T,O... 

APOLLO 20. REVIEw 80ARD 

Apri 1 1, 19(;7 

INTEGRATION ANALYSIS SUMMARY 

Crew Equipment 	 Item ii§l 
TPS N/A 

A survey should be made to evaluate the potential 
magnitude of electrostatic energies in the Command 
Modu Ie . 

Exploratory tests with suit materials and other 
nonconducting materials used in the spacecraft 
indicated that large electrostatic energies could 
be generated, retained and discharged. As a result 
of the exploratory tests a detai led test program 
was generated to evaluate the potential magnitude of 
electrostatic charge buildup and the possibility 
of a discharge igniting materials or gases in the 
area of the discharge. Deta i I s of these tests can 
be found in the Panel #8 Final Report . 

The electrostatic testing determined that ignition 
of solid materials by electrostatic discharge is not 
a probable explanation of an ign i tion source for the 
ace i dent. 

It is .concluded that electrostatic energies from 
the Command Module non-conducting materials did 
not contribute to or cause the accident . 
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System Affected : 

Observat ion: 

DiscussIon and 
AnalysIs: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

March 1'( , 191)7 

INTEGRATION ANALYSIS SUMMARY 

EnvIronmental Control Subsystem I tern #62 
TPS CM-CA-121 

Investigate water glycol pump failure on 
siC 008 and inspect SIC 01 2 pumps 

The plastic pump cap configuration on SIC ooB 
water glycol pump allowed leakage which con
tributed to the pump motor failure. 

The siC 012 water glycol pumps utilized an 
Inconel cap between the magnet side and the 
magnetic motor side. 

Investigation of the ECU water glycol pump was 
conducted in accordance with Board Action Item 
#01 68. 

Tear-down of the pumps revealed that the In'conel 
caps had allowed no leakage and that the motors 
were In satisfactory condItion. It Is noted that 
the water glycol pumps operated satisfactorily 
before , durIng and after the fire. 

It Is concluded the SIC 008 water glycol pump 
failure was not duplicated on SiC 012 and that 
the SIC 012 water glycol pumps did not con
tribute to the Initiation of the fire. 
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NATIONAL AEROtUUTICS AND SPACE ADMINISTRATION 

APOLLO 704 REVIEw BOARO 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Environmental Control System 	 Item Ji!2J. 
TPS N/A 

.. Observation: 	 Sharp increase in oxygen flow rate, to 
measurement I imit at 2324:03 to 2 324: 0(, GMT . 

Discussion and 
Analysis: Communications and bio-medical data indicates 

crew activity at this time. 

It h-as been determined from previous tests and 
early in this test that oxygen flow rates are 
affected by crew movement and activity . 

It is concluded that the sharp increase in 
oxygen flow rate was caused by crew activity . 

• 
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I~Rrp L VR[I£Rl O 

System Affected: 

Observat Ion: 

Discussion and 
Analys Is: 

NATIONAL AERONAUTIC~ AND ~PACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARD 

February 23 . 19G7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 I tern if§!. 
TPS N/A 

Excessive alarm time observed following high 
oxygen flow Indication at 2145:54 GMT 

The oxygen ( u?) flow transducer assembly, C23A2A5, 
has two outpuYs; an analog to the data system (PCM 
and cabin meter), and an event to the 15 second time 
delay associated with the Input to the caution and 
warning system. The PCM system saturates (reads 
full scale) at a transducer output of 5.0 volts. 
Information from AIResearch acceptance testing of 
this particular transducer assembly Indicates the 
event output does not trigger untIl the analog 
output reaches 5. 3 volts. 

At 21:46:21.5 GMT the master caution was triggered 
by the 15 second time delay. This was 15 seconds 
after the H?O cyclic accumulator assembly had cycled. 
It Is assu~d that the accumulator step ° flow (the 
PCM Input was saturated at 5 volts as pre~lously 
noted at 21:45:54 GMT) and was sufficient (above 
5.3 volts with a step requirement) to ImmedIately 
close the "reed" relay (event output) In the 02 
flow transducer assembly. The origInal high O? 
flow was at a sufficient level or had Increase~ to 
a sufficient level during the H~O accumulator 
cycl e to ho I d the "reed" re I ay Tn when the 
accumulator cycle was complete. 
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Item #64 (Cont'd) 2 

It can be inferred that this was not a malfunction 
because this period of high 02 flow was Interrupted 
by cyclic accumulator action, and because the time 
delay worked p~operly at all other times including 
during the accident. It is concluded that this 
delay system had nothing to do with the cause of 
the acc Ident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO '0. REVIEW BOARD 

, ,.. Qr PI v R[ I [Q '0 

Feb ruary 1,-, . I). '( 

INTEGRATION ANALYSIS SUMMARY 

System Affected : Instrumentation Subsystem Item #' ,8 
TPS Q2f 

Elapsed Time Indicators, post test inspectionObservation: 

Discussion and 
All Elapsed Time Indicators (ETI 's) used on sicAnalysis: 
012 which are not qualified as fl ight hardware 
and were to be removed prior to fl ight were in
spected after the accident. ( Reference TPS SIC 
0 12-054). 

Excessive external heat indications were observed 
on all ETI 's but there were no visual indications 
of short circuits. There were no ETl's installed 
on the C-band transponder, VHF-FM transmitter or 
HF transceiver and covers were not instal led 
on the connectors. There were no shorting indi
cations observed in the open connectors. 

It is determined that the ETl's inspected did 
not cause or contribute to the accident. 
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System Affected: 

Observat ion : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

March 7. 1,):,7 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item ff!J2 
TPS NIA 

ECS Fi re at AiRe search 

A fi re occurred on Apri 1 28 , 1966 in the AiRes e arch 
altitu de chambe r use d to simulat e the Comman d Mod
ule whi Ie the Apollo Environmental Contro l System 
(ECS) wa s undergoing a mission-life qual i f i c ation 
test . The inc i dent took place after completing 
480 hours of a scheduled 500 hour test . 

The most probable cause of the fire was a failure 
of the commerc ial-qual ity strip heater used to 
add heat to the steam duct to prec lude freezing 
of water in the duct . A numbe r of comme rcial grade 
electrical heater tapes were wrapped around a nuon
ber of lines as part of the test or support equip
ment . He ating tape was being used to raise the 
steam duct t emperature s when the incident occured . 
The heat e r tape wire was demonstrated to extrude 
through the insulation and a fire was init i ated 
under simulated conditions. 

It is determined from the above that the ignition 
source encountered during the ECS qual ification in
cident cannot be associated with the caus e of the 
SIC 0 12 accident . 
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IN RfP\ 't' R[J[R TO 

System Affected: 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw 80ARD 

February 1'r. 19(,7 

INTEGRATION ANALYSIS SUMMARY 

Communications Subsystem 	 Item itLo 
TPS NIA 

VHF-AM receiver failure encountered on siC 	008 

The VHF-AM receiver #1 failed during a thermal 
vacuum test on siC 008. The receiver was re
turned to Collins Radio Company for checkout and 
found to function normally. Additional investi 
gation of the spacecraft circuitry revealed that 
the wire harness between the MOE panel 20 receiver 
select switch and receiver 1 and 2 had been par
tially cut and some corrosion was noted on the 
bared conductors. The harness was spl iced and 
additional tests run. 

It is determined that this failure has no applica
bility to Sic 012 and the cause is attributed 
to a cut wire rather than a system or component. 
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System Affected : 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 204 REVIEW BOARD 

Ma rch " . I<)n', 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item m 
TPS NIA 

Suit loop return valve leak encountered on 
SIC '.lOP 

During performance of Test #3 on SIc 008 , it was 
not iced that there was atmospheric air in the suit 
loop ( nitrogen contamination) fol lowing crew in
gress, It was determined that the cabin air enter
ed into the suit loop through the Suit Circuit 
Return Air Check Valve due to a low 6-P acroSS this 
valve assembly, A check of the leak specification 
on the valve assembly showed that the rate of in
crease of N2 in the suit loop was within the allow
able leakage. A procedure change was made for sIC 
0 12 which required cracking of the Direct O Valve

2to maintain positive pressure in the suit loop after 
crew insert ion. 

It is determine d from the above that the leakage 
problem encountered on SIc 008 cannot be associated 
with the cause of SIC 012 accident . 
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System Affected: 

Observation: 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINIHRATION 

APOLLO ]04 REVIEW BOARD 

March 

INTEGRATION ANALYSIS SUMMARY 

Stabilization & Control subsystem Itemm 
TPS NIA 

Manual Thrust Vector Co
came on for five seconds 
of sIc 0 12 . 

ntrol 
on 

( MTVC) 
earl ier 

Engage 
tests 

The MTVC Engage ( CHI 104) Event Light was seen to 
come on without actuating the translation control 
on the fol lowing occasions: 

1. During Chamber Pump-Down (4 l1,OOO ft.) 
for unmanned altitude run of OCP-K-0034A on 
December 28 , 19 ()i). Extinguished after eight 
seconds. 

2. During OCP-K- OOO)A, apparently while the 
crew couches were being moved. The light went 
out with no activity after two seconds. 

3. During OCP-K-OOOSA with no activity in the 
spacecraft. light went out when SSRP moved the 
crew couches. 

On the first occasion, the SCS was in the monitor 
mode with the Delta V Switch "ON". The two other 
times the I ight was seen, the SCS was in SCS Atti
tude Control (Delta V switch - OFF). 

An attempt was made to activate the MTVC Engage 
while in the SCS Attitude Control Mode by turning 
the Translation Hand Controller (THC) clockwise 
wi thout success. This action showed that MTVC 
could not have accidentally been activated to cause 
the two indications in OCP-K-0005A (2 and 3 above ). 
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Item l ('c'. (Cont I eI) 2 

Connectors were wiggled, partially demated and 
wiggled, and then reconnected in an effort to 
make the MTVC Mode light come on, but the light 
staye d out. 

With the SCS in the same confi guration as it was 
in OCP-K-0034A ( Monitor Mode and the De lta V switch 
ON), th e THC was rotated to MTVC ( CW ). Obse r va
tions were made which showed the switch could be 
detecte d by other SCS measurements (C~)014 and 
CH10ll• and BHAG outputs). OCP-K-uU34A data were 
reviewed and no activity on CH OO·('. , CHl u'(I ; or the 
BHAG outputs was seen. 

Later the Yaw ECA was removed for another problem 
an d the MTVC Engage Signal Conditioner was tested 
in the Bench Maintenance area and proved to be 
within specifications . This ECA was then sent to 
Honeywel I for evaluation and the spare Yaw ECA 
was installed in SiC 012. Threshold level of the 
PCM system signal conditioner was also tested and 
found to be in tolerance. 

Based on troubleshooting data, the following con
clusions have been reached: 

1. The MTVC Engage indications in the three 
instances above were "FALSE" indications since 
none of th e data from OCP-K-0034A or OCP-K-0u05A 
indi cated any ac tual engagement of MTVC ( no activity 
on CH0011" CH1 0'(4, or the BHAG outputs. ) 

2. The malfunction is probably in the harness 
between the SCS and the PCM system. An intermittent 
open in a wire or connector would cause the indica
t ions . 

3. The indication received during the acci
dent in OCP-K-0021 was real. Data review showed 
activity on CH0014 , CH1 0"(4, and the BHAG outputs 
which correlates with the indications received dur
Ing troubleshooting . 
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NATIONAL AERONAUTICS AND SPACE AD~IHISTRATION 

APOLLO 20. REVIEW BOARD 

Apr i I I . 1'1- . ( 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Electrical Power Subsystem 	 Item #'(4 
TPS N/A 

Observat ion : 	 AC Bus ~ phase C short during prior test 
on Spacecraft 0 12 

Discussion and 
Analysis : 	 AC Bus 2 phase C shorted Juring troubleshooting 

of lOR 0 39 . The short was J 39/GSE Pin V to ground 
and happened whi Ie trying to make a voltage measure
ment on AC Bus 2 phase C, The shorted instrumenta
tion circuit contains a 1/8 amp instrumentation 
fuse (Fh , CI4Al ? ) . The blown fuse was removed and 
replaced with a like unit. 

Blowing fuse F!) (1/8 amp ) in the instrumentat ion 
circuit is not considered to be harmful to the AC2 
power system. Therefore, it is concluded that this prior 
concurrence has no correlation with the accident. 
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• N Rr PlY R[ , E R TO 

Systems Affected: 

Observat ion: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARD 

Februa ry 24, 191')7 

INTEGRATION ANALYSIS SUMMARY 

Sequential Subsystem 	 Item ru 
TPS N/A 

DRS692 dated 11-27-66 indicated that the terminal 
wires were exposed on the 15 second timer C23KI 
relay 

The permanent installation and removal record 
shows that the time delay module was removed 
from the C15-IA52 panel; and, without violating 
electrical connections, the exposed wires were 
potted, an! the module remounted . Since the 
electrical connections were not violated functional 
retest of the unit was not required. 

Post accident evaluation of the relay has shown 
that the potting on the relay is intact and that 
the relay was properly instal led. 

Data review shows that the relay performed its 
function (15 second time delay from the time 
of Oxygen High Flow Rate to Caution and Warning 
Light Function) properly several times during 
OCP K-002 1-1. 
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IJoj A[P~ Y A[' (A TO 

System Affected: 

Observation: 

DIscussIon and 
Analys Is: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW IIOARO 

March 14. 1967 

INTEGRATION ANALYSIS SUMMARY 

DIsplays and Controls Subsystem 	 Item itIE. 
TPS( s) .CM-CA-030 

CM-CA-~I 
CM-IV- I 

RevIew of Main DIsplay Console (MDC) Panel 
24 dIffIculties on SIC 012 

The Investigation of MDC Panel #24 was carried 
out as dIrected by Board ActIons 0145. 0153 and 
0160 and In accordance with TPS (s) CM-CA-030, 
CM-CA-031 and CM-IV-04I. 

RevIew of the summary of dIffIculties which were 
encountered during fabrIcation and Installation 
showed that all had been properly dlsposltloned. 

When the MDC Panel #24 was removed and Inspected, 
two areas were observed to require special 	 Inves
tigatIon. These areas were the wire bundles be
tween' the Emergency Detection Subsystem (EDS) 
Power Switch and the Sequence Arm Switches, which 
showed heat damage and the positioning of the 
Body-Mounted AttItude Gyro (BMAG) Switch. 	 Dis
cussIon and analysIs of the BMAG Switch Is 	con
taIned In IntegratIon Analysis Summary Item #99. 

Inspection of the wIre bundles revealed no 	 visible 
damage from the burned area to the connectors. 

ContInuIty tests of th.e panel In the as-found con
dItIon showed all normal contInuity and circuit 
resistances. The continuity tests In all other 
switch positions for Panel 24 also showed normal 
continuity and circuit resistances. 
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2 Item #76 (cont'd) 

Analysis of these tests showed that electrical 
continuity was present after the fire and that 
no damage of a significant nature had been in
curred by the switches, panel wiring or connec
tors . 

It is concluded, accordingly, that the charring 
of the EDS switch and associated wiring was 
caused by an external flame source and not by 
heat generated Internally in the switch. In addi
tion, the components of the panel were not a 
source or a major propagator of the fire. 
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I,.. ~fPI 't R[ffJ:t ' 0 

System Affected : 

Observation: 

Discussion and 
Analysis: 

~ATIO~AL AERO~AUTICS A~D SPACE ADMI~ISTRATlO~ 

APOllO 204 REVIEW BOARD 

April I, 1967 

INTEGRATION ANALYSIS SUMMARY 

launch Vehicle Item #77 
TPS N/A 

Three Saturn S-IVB measurement anomalies were noted 

at 2325: 44 


The measurements were: 

( 1) lOX tank ullage pressure . EDS #2
(2) External aft skirt pressure, POS #2
(3) 5 volt excitation voltage aft 

The level of (1) and (2) increased to 100%. (3) 
increased to the 100% level more rapidly . 

The reason for this data change has not been found , 
but at this time it Is felt to be unrelated to the 
incident. One of the /'leas ., LOX tank ullage pressure, 
EDS #2. does interface with the IU and is terminated 
and open ended in the IU/Spacec raft interface plug . 

Due to the large time difference between the time 
of these ·trans ients and the Fi re Report. it is 
unl ikeli that they have any relation to the accident . 
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I N RfPl V R[,(A t o 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

March ·r . 19':( 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem Item ~ 
TPS S/c-o 13 

/ 

"Buttermilk Odor" was detected in the Suit 
Circuit 

The evaluation of the "buttermilk odor" 
involved the review of the K-bottle analyses 
of the 02source, the Beckman Analyzer analyses, 
the gas sample (Watermelon 10 1) taken at the 
crew mouthpiece anJ earlier sample analyses 
from 8-29-6G to 1-2 3- 67. 

The review of the K-bottle analyses revealed 
no unusual impurities and the gas analyses 
met specifications as required . 

The analyses o f gas from the two Beckman Oxygen 

Analyzers revealed no significant information . 

on "buttermi Ik odor" and the gas was essentially 

air. 


The gas sample taken at the crew mouthpiece 

(Watermelon 10 1) had two analyses. The first 

analysis revealed approximately 400 ppm of 

unidentified hydrocarbons which could contri 

bute tQ an odor condition. A second analysis 

of the same Watermelon 101 sample was run by 

the Materials Analys is Branch (KSC) in an effort 

to identify the hydrocarbons with hopes 6f . 

isolating suspect materials. This second analy

sis revealed no useful information due to the 

di lution of the sample and time span since the 

sample was taken. 
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I tern #78 (cont I d) 

A summary of previous analyses, including 
earl ier manned altitude testing samples, 
revealed no significant information to 
i dent i fy any "buttermi I k odor" . 

No particular suspect item was identified as 
emitt ing a "buttermi Ik odor" although some of 
the RTV potting compounds have unique, pungent 
odors that probably come closest to fitt ing 
this odor description. These materials are 
RTV 51,0 , 577, and 732 wh i ch have been used in 
the spacecraft. 

None of the reports of o jors discloses any area 
of suspicion relating to the origin of the odor. 
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I ~ R~ PI" RE' [R TO 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 10. REVIEW BOARD 

Marc h 14. 19(,7 

INTEGRATION ANALY~IS SUkMARY 

Stabilization and Control Subsystem 	 Itemm 
TPS CM-IV-052 

SCS Yaw ECA Female Connector J95 had Blackened 
Areas 

Spacecraft connector J95 , which attached to Yaw 
ECA mating connector P283. had blackene d areas 
around the receptac les for pins 80 , 8 1 and 82 
which appeared to have resulted from arcing. 
None of these pIns saw voltage at the time of the 
acc i dent. 

Connector J95 has been closely examined and the 
receptacles show to be perfectly clean with no 
indicat ions of soot. 

Mating connector P283 has been closely examined 
and the interior around the pins shows to be per
fectly clean with no indications of soot, arcing 
burne d spots or degradation of the rubber humidity 
sea 1. 

The history of connector J95 was investigated and 
it was found that the section which appears to be 
blackened had been chipped and potted prior to the 
fire. This potting was done only to co~tinue the 
humidity seal and was not required electrically. 

It has been determined that the potting compound 
used on connector J95 became heated and discolored 
during the fire, thus appearing to have been the 
result of an arcing condition . Two (2) other pins 
i nd Icated hot spots around the receptac Ies. These 
pins were 4 and 42 which are both spares and see 
no voltage . 

The suspected connector had nothing to do with the 
fire . 
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System Affected : 

Observation : 

Discussion and 
Analys is : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW BOARD 

February 23 , 1907 

INTEGRATION ANALYSIS SUMMAR~ 

Stablization &~ontrol Subsystem 	 I tern if§9. 
TPS N/A 

Plus rol I output observed at 233 1: 14 . 5 to 233 1: 15· 0 
GMT 

A plus roll output was indicated at 233 1: 14. 5 to 
233 1: 15. 0 GMT . A special test was conducted at 
MSC which showed that the rotation controller 
will give an output when hit even though the 
handle is pinned and locked . The handle was 
found pinned and locked, and the date therefore 
indicates a physical blow to the controller by 
one of the crew members . 
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'PI! Af Pl y A[ f [~ T O 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATIOH 

APOllO 204 REYIEW BOARD 

March <J , 19f)7 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem Item :!i§l 
TPS NIA 

Gassing characteristics of the pyrotechnic batteries 

The battery complement in the command module con
sists of three entry batteries and two pyrotechnic 
batteries. The entry batteries have their indi
vidual vents manifolded to an overboard vent line 
while the pyrotechnic batteries vent into the 
cabin through their relief valves (cracking pres
sure set at 30.;tS' ps i) . 

A .preliminary test has been conducted utilizing 
two pyro batteries, one at normal room temperatures 
and one at 10S+SoF. Pressure increase data indi
cated only a t;o psi rise during a sixteen (1 6 ) 
day period on the battery at room temperature . The 
pressure increase on the battery at 10S+SoF had an 
estimated worst case rise of approximat;ly 2 '1 psi. 
(This pressure increase had to be estimated due to 
an instrumentation malfunction during the first 24 
hours of the test . ) Based on the above pressures 
increase and adding 10 psi to simulate flight con
ditions ( IS psia ground level to S psla in orbit), 
only the battery at 10S.;tSoF would have vented . 

Post test inspection of SIC 012 batteries showed 
they were electrically functional and there was no 
physical evidence to indicate the existence of an 
electrical defect, arcing, or self-provided hot 
spots. 
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2 Item #8 1 (cont'd) 

As the cabin temperature in Spacecraft 0 12 during 
the conduct of OCP-K-0021-1 was normal throughout 
the test until the fire , it is concluded that the 
pyrotechnic batteries relief valve did not relieve 
and therefore did not cause the incident. 
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System Affected: 

Observat Ion: 

Discussion and 
Analysis: 

I 

I 


/ 

NATIONAL AUONAUTICS AND S'ACI ADMINISTRATION 

,,'OLLO 204 IUVIU 10dO 

February 23. 1967 

INGEGRATION ANALYSIS SUMMARY 

Stabilization & Control Subsystem Item 1/82 
TPS !flT 

MTVC engaged: 2331: 18.5 GMT 

MTVC (manual thrust vector control) 15 Initialed 
by a clock-wise rotation of the translation con
troller T-handle. For some unknown reason. the 
MTVC was engaged at 2331: 18.5 GMT. There has 
been speculation as to how and why It was turned, 
but the answers are not considered significant. 
Nothing more can be gained from a study of this 
item. 
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System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REYIEW IOARD 

Ma rch I. 19(i7 

INTEGRATION ANALYSIS SUMMARY 

Crew Station 	 Item{s} #83 & 84 
TPS N/A 

Moderate increase in the Senior Pilot's heart rate 
at 2330: 22 GMT followed by a high increase 	rate 
starting at 2331:04 GMT 

At 2330 :22 GMT there was some change in the respira
tion pattern and a moderate increase in heart and 
respiratory rates. These data are consistent with 
some increase in the Senior Pilot's activity. but 
do not indicate the degree of activity that would 
be expected had the Senior Pilot been aware of an 
e.mergency situation. At 2330:50 to 2330:55 GMT 
this data had started returning toward baseline 
I eve Is. 

At 2331:04 GMT there was a marked change In the 
Senior Pilot's respiration and heart rate. There 
was also evidence of muscle activity in the -EKG 
trace and evidence of motion In the phonocardiogram. 
The heart rate continued to climb until loss of 
signal. This physiological response Is compatible 
with the realization of an emergency situation. 

The data obtained from the on-board MDAS tape cor
relates with the above. 
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NATIONAL AERONAUTIC$ AND $PACE ADMINIHUTION 

APOLLO 204 REVIEW IOARD 

,,.,. A£P l Y REI[R fO 
Apri I I, 1967 

INTEGRATION ANALYSIS SUMMARY 

System Affected: Electrical Power System and Item 1#35 
Scientific Equipment TPS v!b=OOI-093(MSC) 

CM-CA-074 

Obse rvat Ion: 	 Shorting in the MDAS octopus cable and 

connectors . 


Discussion and 
Analysis: 	 Short circuits were found on the octopus 


cable near connector J 185 . The wiring 

to this connector provides power and bio

medical instrumentation signals to the 

Medical Data Acquisition System (MDAS) . 

This cable was subjected directly to the 

f.lame within the comnand module and therefore 


.was badly burned. The power circuit breakers 
were found open after the fire, however, the 
MDAS was stil I operating unt i l cabin rupture . 
The shorted condition on the octopus cable 
was between the J 185 connector and the MDAS 
recorder . The DC wires were also shorted 
near the left end of the gas chromatograph 
compartment floor . The shorting on the 
octopus cable was found to be superficial 
and a result of the fire . 
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r~ Rf'Pl y R[J[R TO 

Systems Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

...OL.L.O 20. REVIEW IOARD 

Ma rch 7. 1')67 

INTEGRATION ANALYSIS SUMMARY 

Crew Biomedical - Communications Item #86 
TPS 	 NF 

Astronaut shocked during SIC 101 £r2w 
Compartment Fit and Functional (C F ) 

T~e2subject short circuit experienced in sIc 101 
C F at Downey occurred within the crewman's 
biomedical communications torso harness rather 
than the cobra cable assembly. This failure 
occurred because of the following conditions: 

I. 	 The torso harness used was of Block I 
configuration and was in poor condition 
due to previous usage. 

2. 	 The electrical wiring of the Block I 
harness was not compatible with the 
Block II biomedical conditioners used. 
Although the two systems (harness and 
signal conditioners) will operate proper
ly, a short such as the one which occur
red will cause the 16. 8 VDC biomed power 
to be routed to the chest ground electrode 
on the crewman. 

3. 	 The condition of the harness caused a 
shield to short 16 . 8 VDC power due to a 
break in the shield wiring and the 
ribbon encasing the wiring. 

If the same short had occurred in the SIC 012 
configuration, the voltage could not have been 
transferred to the crewman's chest electrode due 
to these shields not being carr~ed through the 
harness and signal conditioners on Block I hard
ware. The only shields on Block I hardware are 
floating at the DC-DC converter signal conditioner 
inputs t 16.8 VDC power). 
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I ..,. REP ~ y R['(R T O 

System Affected: 

Observation : 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW IIOARD 

April I, 19G7 

INTEGRATION ANALYSIS SUMMARY 

Sequential Events Subsystem 	 Item 1189 
TPS SIC - 088 

The integrity of the Q-Bal I circuit should be 
evaluated 

The Q-Ball was not electrically mated for the plugs
out test (OCP-0021), however, the cable was powered 
up to the Q-Ball connector . Pin to pin and pin to 
ground resistance checks revealed no anomalies In 
the Q-Ball cable, Physical evaluation revealed 
that the connector of the Q-Ball was mated with the 
storage connector. 

Based on the above data it Is concluded that the 
Q-Ball circuitry di J not contribute to or cause 
the accident . 
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IN "[Pl If 1It[J:[1It TO 

System Affected: 

Observat Ion: 

Discussion and 
Analysis : 

~ATIO~AL AERO~AUTICS AND SPACE ADMINISTRATION 

APOLLO 204 !lEVIEW lOUD 

Apri I I, 1967 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Subsystem 	 Item 1190 
TPS N/A 

Suit flow Indication at low limit for Command Pilot 
from 2331: 18.5 GMT through loss of Signal (LOS), 
Senior Pilot from 2331:18.5 GMT through LOS, and 
Pilot from 2331: 19.6 GMT through LOS 

Initial review of suit flow PCM data Indicated that 
the final suit flow for the crew members dropped to 
the lower limit at 2331:18.5 GMT and 2331: 19.6 GMT. 
Further review of the data has revealed that a LOS 
occurred from 2331: 17.4 to 2331: 18.4 and that actually 
all the crew suit flows dropped to the lower limit 
starting at 2331:16. 2 GMT. All suit flows remained at 
these lower readings until total loss of all sIc 
communication data . Information concern ing crew suit 
flow indications from 2331 : 12.9 GMT to 2331: 16.2 GMT Is 
contained In Integration Analysis Summary Ite~ #27 and 38. 

sIc telemetry data and analytical analysis 	has determined 
that the cabin to ECS suit loop differential pressure had 
increased to 2 psld. This was caused by extremely rapid 
rate of rise In cabin pressure between 2331 : 12. 4 GMT and 
2331: 16. 2 GMT. 

The high differential pressure between the 	cabin and the 
suit loop caused the Command Pilot', and Pllot'l lult 
material to be forced against their bodies 	 thereby 
stopping suit flow. 

The Senior Pilot's suit Inlet hose was found disconnected 
following the accident . (Refer to Integration Analysis 
Summary Items #25 and 102). The aforementioned differen
tial pressure caused cabin atmosphere to reverie the 
normal flow path and flow back 'Into the ECS sui t loop via 
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2 Item #90 (Cont'd) 

the Senior Pilot's disconnected suit Inlet hose . 

The arresting of suit flow in the Command Pilot's 
and Pi lot's suit and the reverse flow in the Senior 
Pilot's suit inlet hose caused the suit loop differ
ential pressure (measurement CF 0 148) to drop to 
zero and the suit compressor differential pressure 
(measurement CFOI37) to drop to a low telemetry 
read i ng . 

The suit loop differential pressure is 'measured from 
a point on the suit supply line above the suit flow 
limiters to a point on the suit return line above the 
suit compressor . Telemetry data Indicated 8 sharp 
rise In suit loop differential pressure starting at 
23:31.12 . 4 GMT until 23:31 . 15 GMT at which time the 
restricted suit flow caused the suit loop differential 
pressure to drop to zero . 

Based on the above It Is concluded that the ECS system 
continued to operate In the abnormal environment and 
that the suit flow telemetry data Is valid . 
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System Affected: 

Observation: 

piscuss Ion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

March 18, 1967 

INTEGRATION ANALYSIS SUMMARY 

Communication Subsystem Itemm 
TPS N/A 

Command PI lot had a live microphone 

The 	 actual cause of the open microphone is not 
known at this time. Analysis was made of voice 
recordings taken during on-board troubleshooting 
by the crew and compared with schematic diagrams. 
This analysis has isolated the cause to the push
to-talk (PTT) or keying line that runs between 
the 	Cobra Cable, translation controller, Command 
Pilot audio control panel and audio center. 

I. 	 The separate components have been checked 
for resistance to ground. All lines 
measured "open" which is correct. 

2. 	 The spacecraft wiring was checked anJ a 
3000 ohm resistance resistance 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 
wi re bundles. Later, when an attempt was 
made to locate the cause of the 3000 ohm 
resistance, the measurement could not be 
dup 11 cated. The c i rcu it ,now measures 
"open", wh i ch Is norma 1. 

3. 	 The translation controller PTT button was 
pushed and released ten times. On the fifth 
try the but ton s tuc k down . I f the button had 
stuck during the S/C-012 test the microphone 
would remain , keyed. 
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2 Item #93 

... 

Post incident review of switch positions i n , 

Command Pilot's audio control panel indicate 

that all switches were in the posit ions expected. 

When In this configuration current drawn by the 

keying line is limited to 20 milliamps at 28 volts. 

Tests run with a cobra cable show that no sparks were 

generated with 28 volts and 150 mill iamps . 


The cause of the l ive microphone has been attributed 

to picking up a ground somewhere In the Command Pi lot 

Push-to-Talk circu i t In the Spacecraft . The specif ic 

source of the ground has not been establ ished . ThIs 

malfunction, electrical In nature, is not consIdered 

to be a fire initiation source . This malfunction may 

have contributed to the accident, by prompting the 

crew to be doing some activity to assist In clearing up 

the overall communications problem . 
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System Affected : 

Observation: 

DiscussIon and 
AnalysIs: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. IIEVIEW 10Ali0 

April 1,1967 

INTEGRATION ANALYSIS SUMMARY 

Environmental Control Sybsystem Item #94 
TPS S/C-11 6 

CI1-CA-179 

Initial Investigation determined cabin 
a I r Fan No . I shorted 

The cabin air Fan No. I circuit breakers 
for AC phases A and C were found to be 
open after the accident. Also electrical 
tests of the fan In the spacecraft IndIcate 
the shorted phases . Cabin air Fan No . 2 
was found to be In satisfactory condition . 

Cab I n Fans No. I and No. 2 are powered by 
AC bus I and AC bus 2, respectively. 
Twenty-two gauge wires are utilized, and 
each phase Is protected by a 2 amp circuit 
breaker . The fans are located In the left
hand forward equipment bay . 

Continuity tests of the cabin air Fan No. 1 
after removal verified that all pin to pin and 
pin to ground readings at nominal values. The 
suspected shorts were determined by tests and 
Inspection to be In the power on plug cable. 

Based on the above It Is concluded that the 
cabin air Fan No. I did not contribute to the 
c.use of the fire . This determination Is based 
upon the lack of fIre propagation material In 
the area. The physical Inspection of the fan 
Itself does not Indicate It to be the fire 
Initiation source. 
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.,.. RrPl v R[JER TO 

Systems Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTUT,ION 

APOLLO 20. REVIEw BOARD 

April I, 1967 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem Item m 
Environmental Control Subsystem TPS N/A 

Determine if the teflon wire insulation for the 
Environmental Control Unit harnesses and the gas 
chromatograph connector had been etched . 

All teflon insulated wiring is required to be etched 
prior to potting. Pre-test records were reviewed of 
the gas chromatograph connector and Environmental 
Control Unit (ECU) harnesses to determine if they 
contained teflon wires and if the required etching 
had been accompl ished. 

It was determined that etching of the gas chromatograph 
wires was accomplished. The ECU harness had the latest 
configuration harnesses which did not require etching. 
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IN R[Pl' REFER TO 

System Affected: 

ObservatIon: 

DIscussIon and 
AnalysIs: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW BOARD 

March 14. 1967 

INTEGRATION ANALYSIS SUMMARY 

ElectrIcal P~er Subsystem 	 Item Ii2 
TPS CM-IV-110 

Suit current lImiter panel short to teleflex 
cable. 

An early InspectIon report dIsclosed that the 
teleflex cable may have contacted and shorted 
the suit current limIter pane\. TermInal board 
61 was then examIned In more detaIl for evidence 
of shorting. and the 82556 resIstors and con
formal coatIng for overheating. This more de
taIled examInatIon dIsclosed that there was no 
actual contact between the teleflex cable and 
the termInal board, and that there was no evI
dence of shortIng or overheatIng. . 
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System Affected : 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW IIOARD 

March 14 , 1967 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem 	 Item II5lJ. 
TPS CH-IV-14g 

Panel 150 was not properly Installed, but 
lying loose in the Lower Equipment Bay (LEB) 

Spacecraft panel 150 was electrically mated but 
not physically Instal led for the conduct of 
OCP-K-002I . The panel was Inspected as part of 
the spacecraft disassembly plan (Reference Board 
Action #0120). The inspection showed that the panel 
was exposed to high heat as evlJenced by considerable 
sooting and burned wiring. The first three or four 
Inches of wiring from the circuit breakers was burned 
with exposed conductors on some of the smaller gage 
wires . The wiring beyond the proximity of the circuit 
breakers was in good condition, Indicating the absence 
of any sustained overloads . Two wire lugs were bent 
slightly. There was no evidence of arcing anywhere 
on the panel or of any material outflow from 'the 
components . All physical damage appears to have been 
c.aused by the fire. TH data (battery voltages and 
currents)" Indicate nominal conditions with the battery 
system , of which Panel 150 Is an Integral part. There 
is, therefore, no evidence which Indicates that this 
panel was a fire cause or propagator. 

ENCLOSURE 18·53 


D·18·271 




U r'll Rrp a Y R[J£R TO 

Subsystem Affected : 

Observation : 

Discussion and 

Analysis: 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW BOARD 

April I, 1967 

INTEGRATION 	 ANALYSIS SUMMARY 

Communications Subsystems Item #98 
TPS C/'1-CA-002 

005 
6 1 
65 

Examine cobra cable and pressure garment 
assembly connectors for arcing and condition 
of p i ns . 

The following cobra cables ( vI 6- 60 1623 ) were In 
the spacecraft for OCP-K-002 1-1 

VI 6- 60 1623 	 - 41 SIN 8238 Command Pi lot 
- 41 SIN 7 384 SenIor Pi lot 
- 5 1 SIN 7389 Pi lot 
- 5 1 SIN 0806 Stowed at start of test 
- 51 SIN c807 Stowed at start of test 

Dur ing the test cab les SIN 0806 and 0807 were 

unstowed an d one was used by the Command Pilot . 

After the accident one cable was in use at e~ch crew 

position , one was between the Senior Pilot and Pilot's 

couches , and one was on the Command Pilot's leg pan . 

The SIN's cannot be read . 


After the accident ,the condition of the cable connectors 

near the dust covers and lanyards was relatively the 

same Qondltlon as the surrounding areas. Connector 

shells and pins were not fused or otherwise distorted . 


A post test check of the cobra cable in use by the 

command pi lot at the start of the test showed that 

all wiring was in accordance with the drawing and 

wire lIst . A microscope examination of the pins 

showed them to be pitted and corroded . 
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2 Item #98 (Cont'd) 

-. 

A post test check of the cobra cab le to which the 
command pilot switched during the test showed that 
the wiring was continuous but three shields were 
missing . A microscope examination showed no pitting 
or corrosion on the pins . 

The sooting of this cobra cable indicated that the 
command pi lot disconnected the cable from the PGA 
during the accident . 
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I .... Arp~ y REfER T O 

System Affected: 

Observation: 

Discussion and 
Analys Is: 

HATIOHAt AEROHAUTICS AHD SPACE ADMIHISTRATIOH 

APOLLO 20~ REVIEW BOARD 

~arch 14, 1967 

INTEGRATION ANALYSIS SUMHARY 

Stabilization and Control Subsystem 	 Itemil!:li. 
TPS CM-CA.,.030 

Investigation was required to determine 
BHAG Power Switch Position 

The body-mounted attitude gyros (BHAG) power 
switch, S-19 on panel 24, was found to be In 
the OFF . position after the accident. 

To establish the Inttlal position of the BHAG 
switch, the OCP was reviewed. The switch 
position was verified during three steps 
C14-013, -014, and -015 . In the OCP to be In 
Its proper (full detent) position at Main 
Bus B/AC 2. 

Post accident Inspection of the switch's soot 
shadow shows evidence of a double position; one 
faint shadow In the full detent position, and 
a denser shadow In the false detent position. 
From these soot shadows It Is deduced that the 
SHAG was In the full detent at the start of the 
fire and was moved during the fire Into the 
false detent (most likely during attempted 
egress) . 

A fingerprint was found on the BHAG switch In 
the soot. Had the switch been repositioned to 
OFF during the fire, high temperature, melting 
and flowing of the switch surface would have 
destroyed the fingerprint. Therefore, It Is 
concluded that the switch was most· probably 
positioned to OFF by the pad crew during power
down of the spacecraft . 
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I ~ Rrp a '" R(I(R ' 0 

System Affected: 

Observation: 

Discussion and 
Analysis : 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20~ REVIEW IOARO 

Apri I I , 1967 

INTEGRATION ANALYSIS SUMMARY, 

Electrical Power Subsystem 	 Item 1/100 
TPS CM-CA-003 

Closeout tape was found on the re-entry 
battery terminals and other LEB ' equipment. 

A white closeout tape was placed over the 
recessed area around the battery terminals 
to prevent entry of debris . 

The tape brand name is "Scotch Cal" manu
factured by the 3M Company in accordance 
with NAA Specification MA-OI 6o-o81 and 
Department of Defense Specification MIL
p-6906 . 

The flash and fire point of this polyvinyl 
chloride tape was establ ished by test as 
4850 F. This tape is not included in 
approved list of spacecraft materials . 

Inspection of areas in which the tape was 
used has determined that the tape did not 
cause the accident, however, It did support 
the combus t ion. 
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I N A£P~ Y R[F EA TO 

System Affected: 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. REVIEw BOARD 

March 21. 1967 

INTEGRATION ANALYSIS SUI1HARY 

Environmental Control Subsyste~ I t em itl.2.!• TPS 	 CM-CA-122 

Investigation was required to determine If the 
ECU back pressure control drive motor was In
stalled 

Inspection of the ECU back pressure controller 
revealed the following: 

1. 	 Continuity of the wires, motor and 

switch checked within specification 

1imlts. 


2. 	 The switch was verified to be opera

tional. 


3. 	 The motor rotates satisfactorily. 

4. 	 The motor was covered with soot and 

corrosion was noted on the glycol 

fittings. 


It Is concluded that the ECU back pressure 
controller did not contribute to the Initia
tion of the fire. 
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I~ .fPI'" 111('(l1li TO 

System Affected: 

Observation: 

plscuss Ion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW lOUD 

INTEGRATION ANALYSIS SUMMARY 

Service Propulsion Subsystem 	 I tern il.QJ 
TPS ..!!Z! 

SPS Chamber Pressure Data showed DC drop 

As the service propulsion Jubsystem (SPS) chamber 
pressure, SP066IP, was sampled at a high rite 
(100 samples per second) during OCP-K-002I, I 

review of the transducer's circuit re.ponse 
characteristic was made. The primary area of 
Interest for this revl~ was to determine what 
DC voltage change would cause I perceivable 
change In the chamber pre••ure dlta trace. 

The following represents the characterl.tlcs of 
th I 5 C I rcu It: 

D~ Bus Vo I tage Change Pc* OU~l!ut 

28v to 17V 	 No change 
28V to 15V 2-1 ~ dec rease 
28V to 10V for 200ns No change
28v to OV for 3ms ~ltCh 
28v to OV for IOns • dropout 

*Pc: Chamber Pressure 

The data wa. reviewed In detail during the time 
of the known AC glitch at 2330:54.85 GMT for cor
relation of a pOlslble DC voltage dropout. No 
significant change wa. noticed. 
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' ... ArPl 'f' AEJEA TO 

System Affected: 

Observat Ion: 

Discussion and 
AnalysIs: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEW BOARD 

March 9, 1967 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsyste~ Item 1104 
TPS ~ 

Main Battery B loading was Indicating at 
3.52 amps compared to I. 76 amps and I. 96 
amps for batteries A and C. 

Strip chart and tape runs prIntout of the 
PCM data relating to the main batterIes 
were revIewed In detail. Pertinent obser
vation was that the early PCM data, when 
the batteries were known to be on open 
circuit, showed the following battery 
currents: 

Battery A 0.4 amps 
Battery B 1. 6 amps 
Battery C 0.4 amps 

The above values are considered as PCM zeroes. 

By subtracting the above IndIcated PCM zeroes 
from the data obtaIned durIng the test, nonnal 
battery behavior data Is obtained. It Is there
fore concluded that the batteries' voltagel 
current characterIstic were nonnal. 
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System Affected : 

Observation: 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 20. REYIEW 1I0ARO 

Apri I I, 1967 

INTEGRATION ANALYSIS SUMMARY 

Biomed-Communications Suit Wiring I tern #105 
TPS CI1-CA- 0 34 

Four short ed wire s were found in the communications 
wiring between the Command Pilot's suit connector 
an -J the helmet communications connector. 

Four short e d wires were found in the communications 
wiring be tween the suit connector and the helmet 
communications connec tor . The wire insulation was 
d i scovered to be brittle, discolored and cracked. 
The wires were identified as microphone signal, 
microphone signal return, earphone signal and 
earphone r e turn. Enclos~res 18-48 and 18-49 
i IIIIS t rate the shorted condi t ion of the wi res. 

An intermittent condition was also noted in the 16 .8 
volt DC biomed power wire in the torso harness 
between the suit connector and the biomed connector. 
This condition is considered to be not relevant to 
the cause of the ac c ident, in that no biomed power 
was being suppl ied to the Command Pi lot's suit. 

The vendors of the torso harness materials have 
provided the fol lowing information: 

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

(b) 	 The si I icone, of which the ribbon is made , melts 
at 600 degrees Fahrenheit. 

(c) 	 The mi lene insulation around the wires cracks at 
430 degrees Fahrenheit and melts at 480 degrees 
Fahrenhei t . 

ENCLOSURE 18-53 


D - 18- 279 




2 Item #105 (Cont'd) 

From the above information, it is probable that 
the exterior of the ribbon cable around the area 
of the damaged wiring was subjected to localized 
and supervicial heat . This would cause damage to 
the internal wiring insulation without damaging 
the silicone ribbon . 
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I N ,UP l Y R['[R TO 

" System Affected : 

Observation : 

Discussion and 
Analysis: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 20. REVIEw BOARD 

April I , I'fr 

INTEGRATION ANALYSIS SUMMARY 

Electrical Power Subsystem & ECS 	 Item # lOr, 
TPS CM-IV-oG8 

DC wiring for environmental system in s trumentation 
burned through 

The one suspect is wiring providing instrumentation 
power for some Environmental Control System instru
mentation . 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 vlclnty of the 
Environmental Control Unit and the Lithium Hydroxide 
Units . 

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

Tests have shown that a short in any of the four 
DC bus B wires could cause a drop in DC bus B 
voltage to a low enough level to cause an interruption 
to inverter 2. Sufficient current could be drawn 
through any of the eight wires to create an arc of 
sufficient energy which could ignite debris netting 
in the immediate vicinity of the wiring . 
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ENCLOSURE 18-54a 

REVIEW OF SPACECRAFT POWER STATUS 

I. POWER SOURCES 

A. Internal 

There are two basic sources of primary electrical 
power contained in the spacecraft. One is the 
entry batteries in the command module, and the 
other is the fuel cells in the service module. 

The entry batteries provide power during the entry 
and landing period of the flight when the command 
module has separated from the service module. 
They are also used to augment the other power 
sources at times when heavy loads are switched on. 

The fuel cells are the principal source of 
internal power for the spacecraft. They provide 
the main DC power during most of the mission. 
For much of the ground ~sting a simulator is used 
for the fuel cells. This simulator is composed 
of battery packs which are connected to the fuel 
cell circuits in the service module by test cables. 
It simulates the internal power of the fuel cells. 

In addition, there are two pyro circuit batteries 
in the command module for providing power to the 
pyro devices in the spacecraft. These batteries 
and battery busses are isolated from the main 
spacecraft busses. A bus tie switch is provided 
to permit application of main bus power to the 
pyro bus in event of pyro battery loss. 

B. External 

In addition to the internal power system described 
above, the spacecraft can be powered by a ground 
power supply via the service module launch umbilical. 
This source is normally used for all pre-flight 
testing with a transfer from this external source 
to the internal source made during the final minutes 
of the count down. 

II. SPACECRAFT DC POWER SEQUENTIAL HISTORY 

The spacecraft was powered up at the beginning of the 
test using a ground power supply connected to the space
craft via the launch umbilical in the normal external 
operating mode. 
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The system for transfer from the ground power supply 
to the spacecraft fuel cell power supply was tested 
and operated normally to internal and back to external 
power at 0938 EST (1438 GMT). Activation and operation 
of the fuel cells was not a part of this test. A 
battery pack simulating fuel cells was used in their 
place. 

Fuel cells are not normally used in ground testing 
because of their limited life. From a DC power point 
of view, no differences in functions could be expected 
because of this. 

Following the power transfer test, the spacecraft 
operations were continuted using external power. 
At 233l:l2.4GMT and 233l:l3.6GMT the command module 
internal power entry batteries were applied to the 
command module main DC busses B & A respectively. 
The batteries were then in parallel with the ground 
power input in a configuration similar to the normal 
flight situation where the batteries supplement the 
fuel cells. Refer to the attached diagram. Command 
module pressure and temperature instrumentation had 
previously indicated the presence of the fire. 

At 2332:46.4GMT DC ground power was switched off. 
Various command module systems continued to operate 
on entry battery power until about 0530GMT (12:30 am EST) 
on Saturday, when the batteries ran down. Later 
detailed examination of the spacecraft interior showed 
the entry battery sWitches on the control panel in the 
"on"" posi tion. 

III. VERIFICATION OF POWER SEQUENCE 

Referring to the diagram, the basic power switching 
was as follows: 

Switch "A" 

Closed at approximately 10 sec after the crew report 
of fire. This is verified by an analysis of entry 
battery and GSE supply voltage and current measure
ments CC0206V, CC0207V, CC02l0V, CC02llV, CC02l2V, 
CC0222C, CC0223C, CC0224C, GC5025C, and GC5029C. 

Post inspection verified the switch to be in the 
Closed position. 
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Switch "B" 

Closed at approximately one hour prior to the crew 
report of fire (2234:32GMT). This is normal procedure. 

Switch "C" 

Open since the power transfer test performed about 
9 hours earlier. Verified by fuel cell current 
measurements SC2113C, SC2114C, and SC2115C. 

Switch "D" 

Closed until approximately l~ minutes after the crew 
report of fire (2332:46.4GMT). This was determined 
by verification of measurement SC2410X. 

Switch "E" 

Open throughout the test. This switch would only 
be closed in the event of a pyro battery loss. Post 
inspection verified the switch to be in the open 
position. 
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CLOSED 10 SEC 
AFTER FIRE CALL 

COMMAND MODULE 

TIE SWITCH OPEN 

MAIN BUS 
~---i~O[:~OCJ~~~----~~~"\ 

SERVICE MODULE 

INACTIVE 
FUEL CELLS 

FUEL CELL 
DISCONNECf 
SWITCH 

DISCONNECfED 

CONFIGURATION OF SWITCHES 
AT TIME OF FIRE CALL 
(SIMPLIFIED FOR CLARIFICATION) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO 204 REVIEW BOARD 

'" "'PIY AE"q. O 	 February 23, 1967 

TO: 	 Panel 18 

FROM: 	 Panel 1 

SUBJECT: 	 SC 012 Electrical Configuration 

(Action Item No.43) 


1. At the time of the incident, SC 012 8M jettison controller 
batteries were installed and electrically connected to the 
XOO-004 circuit breaker box. The two circuit breakers (A&B) 
were open and consequently there was no power to the jettison 
contioller itself. 

2. The following "Q" ball power from the IU stage was turned 
on at T-45 minutes and remained on through the incident. 

a. "Q" ba 11 power (+28VDC) - from IU bus 6D21 . 

b. "Q" ball power (+28VDC) - from IU bus 6D41. 

3. The following "Q" ball heater power from the IU stage was 
turned on at T-45 minutes and remained on through the incident. 

a. "Q" ball heater power (l15VAC, 60 cycle) . 

4. Power (28VDC) at the time of the incident was being applied 
to the ECS glycol shut-off valve in the SM through the YOO-085 
cable from a Harrison lab power supply. 

5. MESC indicates power was supplied from the GSE power supply 
(power supply #5) to the sequential control unit DC bus (28VDC) 
through the IU umbilical to the spacecraft. 

6. SC 012 battery relay bus power at the time of the incident 
was fed from GSE power supplies #3 and #4 (bus A and bus B 
power supplies). 

ENCLOSURE 18-548 


D - 18 - 286 
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7. Other power derived from the IU stage : 

a. 60110 (+28VDC) used to supervise EOS safe A and B in SC. 

b . 6091 (+28VDC) used for EOS and is supplied from IU bus 6011. 

c. 6092 (+28VDC) used for EOS and is supplied from IU bus 6031. 

d . 6093 (+28VDC) used .for EOS and is supplied from IU bus 604l. 

e . Plug supervision bus (+28VDC) supplied by an isolated 
supply and is used to supervise the mating connectors 

• at the SLA / IU interface (confidence loop) . 

NO'TE: All the above buses were turned on prior to and 

", 
were on at the time of the incident. 

Jesse F . Goree 
Chairman, Panel 1 
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SUMMARY 

SYSTEM TOTAL OPEN CLOSED 

ECS 14 0 14 

G&N 3 0 3 

SCS 3 0 3 

SEQ 1 0 1 

RCS 1 0 1 

COMM 8 0 8 

EPS 16 0 16 

CREW SYSTEMS 1 0 1 

47 0 47 

DUPLICATE DELETED 

8 2 
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SUMMARY OF ECS 

POTENTIAL INITIATION THEORIES 

ECS-l WMS Blower as an Ignition Source Closed 

ECS-2 Water Glycol Pumps as an Ignition Source Closed 

ECS-3 Suit Compressor(s) as an Ignition Source Closed 

ECS-4 Cabin Fan(s) as an Ignition Source Closed 

ECS-5 Sponge Material in Waste Management Urine Closed 
Disposal Lock 

ECS-6 Odor in LEB on 1/ 25/ 67 Reported by Technician Closed 
- Changing Flight Qual Recorder Tapes 

ECS-7 Glycol Evaporator Temp Sensor as an Ignition Source Closed 

ECS-8 Suit 8. Glycol Heat Exchangers' "Sponge" Material Closed 
as an Ignition Source 

ECS-9 LiOH Absorber Element(s) as Ignition Source Closed 

ECS-IO Plumbing Line Appears "Eaten" through Closed 

ECS-ll Heaters within ECS Closed 

ECS-12 Water Glycol Sample Analyses to Determine Contents Closed 

ECS-13 Crushed "Red Wire" at LiOH IHverter Valve Handle Closed 

ECS-14 Measurement Sensor ClosedO2 


Total Closed 


14 o 14 
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------------------

- ------------------- --- ---- ---------------

POTE\T!i\L !\ITIATION THf;ORIES EYALUATIO:-I SIlEET ECS-l 

sun.JECT WMS Blower as an Ignition Source 

SYSTE\1 OR COMPONENT Waste Mana~ement (ECS)- - ----- --'---"------'"-- 

IG~ITIOr-; SOUHO: A\ll PROPAGATION AC short causing in~~lation burning. 

--- -- - - . - -- ------- ------------

- --_._ --- - - ----._. ------------------

SUPPORTING FACTORS Difficulty during Spacecraft 008 tests. 

.----------- - - -

\EG.~TI\,E nCTORS Blower n9t operated during test. Switch "OFF'~ per 

switch list and found "OFF".Ellowing accident . 

------- -.- - .- ------------- ------- - -_ .. 

CONCLUSION WMS Blower removed and visually inspected. Minor sooting 

noted on blower outlet. No evidence of arc~. Blower to be analyzed 

per TPS SCOl2-CM-CA-242 in MAB. Analysis complete, WMS Blower reclaSSified 

a& non initiator 

DATE : 3-22 ....67 :;TATuS : Non-initiator Closed 
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POTE\TI\L 1\ITIATIOS THEORIES EVALUATION ~IIEET ECS-2 

SUBJECT Water Glycol Pump,s as an Ignition Source 
--------~----~------~-------------

SYSTDI OR COMPONENT ECS 
--------~-----------------------

IGSITIO\ ~OURCE ASD PROPAGATION AC short, or AC overload due to 

fricti~~_~~~~ting water glycol or insulation. 

SUPPORTI\G ~ACTORS On last test of spacecraft 008, phases Band C of 

Pump #1 were shorted to ground, and the pump had a cracked cap and 

--------.------.--------------------------------------------~ 

NEGATIVE FACTORS Data op water glycol subsystem, CF0016, CF0018, CF0019, 
------~----~~----~--~----~----~----~-

CF0550, CF0549, CF0481, CF0482, CF0483, CF0484, and GSE measurements do 

not support the subject as a source. Plastic pump caps used on 008, 

Inconel on 012. 

CONCLUSION____~I~n~s~p~e~c~t=i~o~n~a~n~d~d~i~s=a==s=s~e~m~b~l~y~s~h~o~w~~t~h=a~t~p~u=m~p=s~w~e~r~e=____________· 

non-initiator. 

Closed. 
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ECS-2 

TPS SC012-CM-CA-121 WIG pumps inspection and disassembly 

has been worked in sufficient depth to enable subject pum~ to be 

reclassified as a non-initiator. Electrical insulation 

resistance and pin to pin resistance values all were within 

reasonable limits. Internally the un·i 't was clean. Removal 

of the motor housing enabled verification of the existence 

of an inconel bearing housing on both pumps, and also 

enables verification of the dry condition of the external 

area thereto. 

(This preceding constitutes an interim summary to 

TPS SC012-CM-CA-12l) 

Rev. 3-22-67 

ENCLOSURE 18-55 

D.18·292 



ECS-3 

SUBJECT Suit Compressor(s) as an Ignition Source 

SYSTEM OR COKPONENT_~E_C_S_____________________________ 

POTENTIAL IKITIATION THEOR:ES }:;VALUATIOK S:lE~'~ 

. ( .. : ION SOU RCE AND PROPAGAT ION_~A:.:::C:-.::s:.:;h~o:.!r..:t~o:..:r"-o!b~e:.:a:.:r:..:i:.:n.!.lg:a.....:o::..;v:.::e~r~h:.:.:e:.:a=-t:::....;d=.;u=.;e::-t:::;o::.....f;:..:..r.=.i;:;c.:,t.=.i;:;o=:n..L!___ 

consequently electrical overload. 

~v.· ....0 .(. ~:\G FACTORS None 
------~~------------------------------------------------

----.-------------------------------------------------------------------
NEGATIVE FACTORS Suit measurements CF0184T and CFI053T do not support the 

suit compressors as an ignition source. 

CONCLUSION Suit compressors have been investigated per TPS's SC012-CM-CA-096 & 

098. They are both electrically sound and have been classed as non-iniators . 

I>ATE : _--'3::...-.:.:2:..;1:.;-;;.:6:.;7'-_ 
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--------------------------------------

- - ------------------------ - -----

POTE:-iTIAL 	 I\ITUTION THEORIES EVALUATION SIIJo; t:T ECS-4 

SUBJECT Cabin Fan(s) as an Ignition Source 

SYSTE~I OR COMPONENT ECS 

IG NIT 10:-.1 SOU RCE A:'> 0 PROPAGAT ION__--'-A:...:C:........::S:...:h:...:o:...:r:....t:.......:b~u=r:....n=_=_i~n=_=_g"____=_i:.:n=_s.::u.l_=_=_a.::t.::i.::o..:.:n:..:._______ 


SrpPORTI\G Jo' ,KTOHS AC short in cabin air fan #1 supply wiring: - 0) 

Cabin air fans #1 _a_~ __motor frozen as found during TPS SC012_CM_CA_178 

and -179. (~2 __Mqtor _C1f fans #1 and #2 frozen to stator due to melted 

\EGATIVE 	FA CTOllS No shorts in cabin fans. Wiring to cabin fan was 

- - --_. -- -- ----- - ---- -- ----- ---- ---- --- ---- ------- --. 

CO\CLUSIO:-i Visual examination showed no evidence of combustion. 
- - . - -------	 ::.::..:..- 

------- --. _- .-- . - ---- - --- - ---------- --------- ------- , 

~ 3-27-67D.-HE : 	 Non-ini t ia t')l Closed , 

ENCLOSURE 18·55 


O· 18 ·294 




____ ______ ____________________________ _ 

.. -' 

POTE"TlAL I\ITIATION THEORIES EVALUATION E-IIEET ECS-5 

SUBJECT 	 Sponge Material in Waste Management Urine 
Disposal Lock 

SYSTEM OR COIIPONENT___,,!!W.J!al.5iswt..:se'-.J!M!.!a!..!n±.!a~gt>:e~m~e~n~'J<.t~D~i!O!s-l<p~oC5!s~a...l,--___ 

IGSITION SOURCE AND PROPAGATlOS Low auto ignition pOint of sponge matertal, 

Approx.~Q~ . 

S~PPORTISG FACTORS_~N~o~n~e~____________________________________________ 

"EGATIVE FACTORS_____N__o_ne________________________________________ 

---- --- . _. _.--------------------------------------'-
COSCLliS ION_ _R.~'!!C?y~d_ disposa 1 lock is discolored only and has minor sooting on 

___....P!1rni.!1g frC:»!LWi.1.gJ.Q.,. __~DL has been disassembled, sponge rna tertal is 

___ , __~ndam~~~t !I.!!.9.. JJJ>!- has Q~en classif ied as a non-initiator, Ref. TPS 

SCOl2-CM-CA-245, 

ST,\TliS: NoO- i n i U!\UL - C l,-"o"'s...,e..,d'"--____ 
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--------------------------------------------------------------

POTEXTIAL I\ITIATION THEORIES :,VALUATICN SHEE',' ECS-6 

S~BJECT 	 Odor in LEB on 1/25/67 Reported by Technician 
Changing Flight Qual Recorder Tapes 

I 

SYSTEM OR COMPOp\ENT Unknown (Assigned to ECS) 

IGNITION SOURCE AND ?ROPAGATION Spark igniting volatile O2 + odor 

mixture or spontaneous. 

SUPPORTING FACTORS None. 

NEGATIVE FACTORS The technician was interviewed and he reported that the 

odor similar to ether was detected two days prior to the accident. 

No reports of an odor similar to ether were made during the test on 

1/26/67 or the da of the accident . A re ort of MEK (Meth 1 
cleaning solvent was made on the day of the accident at the 

vent. 


CONCLUSIO~__....:.:.N.:::0_=.s_=u_=b_=s:..:t:..:a:..:n:..:t:...:1:.:'a:..t:..1:.':.:.ngl>-..::e..:v-=i:.::d_=e:..:.n:..:c:..:e:......;b::..y~pl:..h:.:.yL.=.s.=i_=c.::a_=l:.....;:e:....:v:....:i:..:d::,:e:..:n:;,;c::.e::.:..,.__.::C.=l.::e.::a:.:.;n:..:i:..:.n!.lg'---_____ 

solvents could be an initial combustible substance; however, they 

would require an initiator. 

OAT! : 3-27-67 	 Non-initiator Closed. 
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VOTI ,' I/ .J. 1 · ;~Tlr."· I'" " " 1'·; rHl I V:; J ': VM,\J"T'O~ SI" ', ' :'I' ECS-7 

'; IJI\.I,.; ' T 

.. _- --_ ._--- .. .. . ._---- . . - .- ... - -- . ----

_ .-  - - -_ ._ , .. . - . - - ------ .. _ --_ ._ - -_._---- - ----

SUPPORT I NG FACTOI(!:i None 
- -  -- _. ----.---- --

- -----_._- . - . - -  .---- - -- - - - -

--------- -

NEGATIVE FACTORS~?~flagr~tion ~ this are~_ should cause CFOOl8 to rise. 

__ __ ___CFOOI~ , ~~~ _ '.:'ot . rise until very late -after fire ere" call of fire. 

- ----------- -----

. --  .- . .._. --  - _._ .. . ... -- - . - . .  --  . . . -- - -_._ ._ _ . . 

summaries to these TPS's are written. 
:3 2l 67 _ ;"Tr :"' : Non-Initiator 
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"dTISII" . 1\I 'j ' j\TIO\ THEORIE~ EV,\LUATlll\ SItLl.. ... ECS-8 

glycol and/or oxygen. 

SI :n.JECT Suit 8r. Glycol Heat Exchangers' Sponge 
Material as o~ Igniiion--Source  .- - - - . . .. 

S\STDI OR COMPONENT_. _ gS____ . _ _ . _. ___ .____ . 

. . .. . . _---_ .. ..  . . . - . 

. - - " -- --  -- -----_.. - -- .. - .... ... -- -. ---. 

:'1 "POll'!' I \(i L\l 'Tll/lS 
" . . _ Npn.e......__ _____ .. ___ __ .. .. __....._ .______ .__._ . 

" .. . _._----_ ... - .._-----_.. ---. -. ----  " - ----

\UiYI'I\'F F.\I 'l'OH S · 

taken. 

: " \'1'; 3-21-67 

. "_.. -.. . - . --- "- - . 

. . - . - - -.. - . ..  - - .' - - .. - . . 

_.. ... ---"-" "  - " ---- -  - . .. - .. . --. - - .' .. --- . 

· - - . .  --  - -- -  - --- - .. . - . - .. . ' " -

· .. . . _- --- --.. ""- . - . . . 

· . - - . -.' - .. - - .... -- . .. . - .. -

Non-initiator 
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..  ... - ' . . . - .. _-. . -
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ECS-9 

SUII./E<:'J'_~IOH Absorber Elem~lli~). as Ignition Source 

SYSTEM OR <:OMPO~t;ST_____~~. __ 

IGNITION SOURCE AND PHOPAGATION_._ _I!ea~~ volatile ga~_~i.~~ha~~retained____._ 

_ _t?Y ..absorber ~1.eme'l!~ . _ _____________ 

-'-- - -.. - . .. _----_.. ------------_._----_._---_._--------

____ .0 · _____-_._ . 

SlIPI'O/rI'I NG t'ACTORS ------_._----------_.. _

. _ _ . _.0_ ' _ •. ____.0 ______ __ 0 ____ _____ 0' _ " , __ • _ . ____---'_____ 

_________ ____ __ • 0 ___________ 

:n. ".-\CI'ORS CF0184T, Absorber outlet temperature did not rilJe until very 

late after crew call of fire.
_._o._. _=-=-=--~~__.:...__.::.:...._____.:.-._______ 

- ._--,,_ .._ . . - .- .- --.--- -----_._._--_._ . -- . 

. ,; ,' •. : 3-21-67 
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POTE\'I' IAL INITlAT,ON 'i' IlEORd':S :·:VA~L"ATlJ ·· S li, :;'l ECS-IO 

SUBJECT ____ ~P~l~u~m~b~i_n~g~L__in_e___A~p~p_e_a_r_s__·_·EA__T_E_N__" __T_h_r_o_u~g_h_________ 

SYSTEM OR COMPONENT 

IGN ; 1"ION SOURC~; AND PROPI\GATION- -

----- --- - --- .- . ---------------------------

-----.-------

SUPPORTING FACTORS______.______________._________ 

. . . ' j' . 

IE FACTORS Line is "Burned" through and is in area of intense heat.
---'---

Line previously thought to be elsewhere. 

no.t _ .a_ c a~.e... 

3-21-67 

The fact that it ~~n in no way can be 

Non_-initill .tor -_ ~losed. 
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--------------------------------------------

POT(-;HIAL I NITIATION THEORIES EVALUATION ~IIEET ECS-ll 

SUBJECT Heaters Within ECS 

SYSTEM OR COMPONENT ECS (Genera 1) 
------~~~~--------------

IGNITION SOURCE AND PROPAGATION Electrical spark, material unknown. 
--------------~~~~~~~~~~~----

SUPPORTING FACTORS None 
--~~--------------------------------------

NEGATIVE FACTORS____T~h~r~e~e~E~C~S~h~e~a~t~e~r~s~(~p~o~t~a~b~1~e~H2~~0~!~s~t~e~a~m~d~u~c~tL!~a~n~d~u~r~1~·n~e=-__ 

dump) were all de-energized for this OCP (K-002l) . Circuit Breakers for steam 

duct and urine dump were open per switch list, and found open after fire . 

Steam duct and urine dump heaters are external to pressure vessel. 

C~NCLUSION No~sual evidence found on urine dump or steam heaters to 

support initiation theory. Potable H2 0 assembly was investigated per TPS SC012 

CM-CA-220 and revealed connector pins were corroded but no signs of arcing. 
thing abnormal was found upon examination of X-Rays. No evidence was found 

that would indicate the assembly was a potential initiator. 

STATUS :_!!..on-:-.init!.a..!or . _.:: . _._~!~':.? ___.. ___ ._ . _______ _ 
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POT1 .\TL\l. l\lTL\TIO\ TIIEOHIES EV,\LUATI()\ :;lin:T ECS-12 

Sy:;n;\l OR Co\lPONENT ECS------- - _..  . _. __._--

11;\ IT I()\ S()(i Ht' 1·; ,\\J) PHOPMiATION Water Glycol ----.-.-------

.. . - - ... . --- - . ----- ------------

. . _----- -_._- ._----------------.------

---.-_ ._. -- - _ .__._------------------------

SUPPORT I \~i F ,\(,TO!!S .-.--------------

._- -  -.- - ..--- --- -- . ------------------------

_. - -,,----. --_ . . _._----,,---

. . -- " . - -- --.-.-- ------.-  ------------_._---------

\EGATIVE f',\CTOnS 

.------.--.----------.-----

-- -_. - - - .... -- - .__.,,------------ - .- -----_. --.-----

... - --- -- -----_._.--------- _.._----_._----

COSCLVSW\ TPS #SC012-CM-MA-004 written to perform sample analyses of 

Water Glycol obtained from various sources in the SIC. WiG in itself cannot 

be con~tru~~ . ~~_~__~?it~~~~on source, but certainly a propagator or fuel 

DATE: ____ .3:~21::6.7.. .. _.. _ . Sl'.\ ·iCS: Non-initiator 
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------- - -- -------

i" ':-1. \ T I \_1_ 1\ iT I ..H LO\ THUlIli E:) l·:\'.·\I.LAT I 0\ :-'11 u ·:r ECS-13 

::;1 · II.H:Cf Crushed "Red Wire" at LiOH Diverter Valve 
- .. - -._-- -- .----- --

Handle 

SYSTE\I OR CO\IPONEST__JCS ______ __ _ _ 

I, ,\ 1T 10\ SOl" HI ' 1'. ..\ \ P 1'1I0PA(iAT ION 
------ -- --_._---- - -----

------.- .---- .- -- - . - -- - ' - - - - - -- - ------- 

.. __ . _.. _-_._-

None 

-------------- -- ------ .. 

-_ .- . - - -- -- - - - ---- . - '- - _._-------

I).-\"IT : 3-21-67 Non-initiator Closed 
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----- ---- --- -- --- ---- - ------------ --- ---- --- -- -- ------ --- - - --

- ----- -- ------ -- ----

- --- - -- --- - - -------- - --- --

----- ---- ----- - --- -- ---

- ---

- ----- - ------------------ - - -

I'(H!-:\T!\I. I\ITI.~TIO\ THEOHIES EYJ\J.UJ\TIO\ SIIU.T ECS-14 

SYSTE\I OR CO\IPONENT ECS 

1(;\1'1'10\ SOUIl<'E ..\\1> PROPAGATION~ponen~short, burning wire and 

-- - - - - --- - - --- - -- - --- - - - - --- ----' - - ---

1\EG,\Tl YE FACTOIlS Data analysis of CF0035, CF0036, CF0135, CFOI36, and 

CO"lCJ.USIO\ See attaChed. 

- -._- - ---- - -- --- -------- --- - - ------- - --_ ._------- ------- -- - - 

DATE : 3-21-67 ST.-'lTUS : Non-initiator Closed 
-(For -associated -wirirtQ: -s-ee 'EPS;...-3) 
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ECS-14 	 02 Flow Rate Sensor: 

Crew movement and apparent suit leakage has been 

correlated for 3 periods of Hi 02 flow with gimbal 

angle and biomed data. Fire periods of Hi ~ flow 

have been definitely correlated with periods of 

great crew activity (Cobra cable for instance). 

The final Hi 02 flow has been correlated with gimbal 

angles and biomed data , and the conditions analyzed 

lead to the conclusion that the 02 flow transducer 

was giving valid data and that there was indeed a 

demand 	on the oxygen by the crew due to increased 

activity. The fact that a C&W signal was obtained 

from Hi 	~ flow 15 seconds after CF0035Q reached 

saturation at 23:30:59.4 GMT substantiates the 

conclusion that the flow transducer ' did not fail and 

was giving valid data at the time of C&W stimulation 

at 23:31:15 GMT. 

ENCLOSURE ,18-55 
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B. High Oxygen Flow Rate 

Telemetered data indicate that the high oxygen flow ~ate 

conditions for the last 30 seconds before the fire call can 

be attributed to the apparent high level of prime suit leakage 

at low suit-to-cabin differential pressure, magnified by 

apparent crew activity. 

There has been considerable speculation as to whether the high 

flow could be indicative of a sensor and/or associated wiring 

difficulty. 

The oxygen flow sensor circuit includes two separate outputs. 

The signal circuit going to the Pulse Code Modulation Telemetry 

System (PCM) is conducted to the PCM system through a twisted 

shielded pair of wires. A short circuit between the signal 

lead and either the return wire or the shield braid would 

cause a zero output (no flow) reading on the oxygen flow 

indication. It is highly improbable that any short circuit 

between the signal lead and a 28 volt DC supply lead could 

occur without a prior short circuiting to the ground lead or 

shield lead. 

The second output from the oxygen flow sensor circuit goes 

to a time delay relay to indicate high flow alarm. It is on 

the ground circuit return side of the relay. A ground circuit 

completion is required to indicate high oxygen flow. This is 

supplied from the signal circuit going to PMC, and a ground 

on this line could not affect the PCM flow rate indication. 
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Single failures could exist within the bridge circuitry 

controlling the flow sensor which would inuicate high flow 

rates on both the PCM output and the signal to the relay. 

These, however, will require examination of the oxygen 

flow sensor box to confirm or deny this possibility. A 

preliminary examination disclosed shorts. to ground in the 

flow sensor ; shorts to ground will produce a zero or no 

flow output indication. The flow sensor box is being torn 

down at the present time. 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 and/or associated wiring prior 

to the fire call. 
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SUMMARY OF G&.N 

POTENTIAL INITIATION THEORIES 

G&.N-l 	 Crew Member Motion Striking Electrical Component,
Such as Panel , Connector 

G&.N-2 	 Eye Piece Stowage Unit, Heater Wire Routing G&.N, 
LEB , Optics Stowage &. Condo Enunciator Panel 

G&N-3 	 PSA Tray Short Circuit 

Total Closed 

3 o 3 

Closed 

Closed 

Closed 
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POTE\TL\L l\ITIATION THEORIES EVALUATION ::;IIEET G&N-l 

SU~JECT Crew Motion Striking Electrical Component 
Such as Panel, Connector, Etc. 

SYSTEM OR COMPONENT__~U~n~k~n~o~w~n~__________________________ 

IGNITION SOURCE AND PROPAGATION Electrical short circuit _ many potential 

fuel sources. 

SUPPORTING FACTORS__~I~M~U~g~i~m~b~a~1~T~/~M~v~0~1~ta~ge~s~CG~2~1~4~0~a~n~d~2~1~7~0~r~e~f~1~e~c~t~_____ 

sharp vehicle motion at 23:30 : 54.9 coincident with AC-2 Glitch and Gas 

Chromatograph trace deflection. 

NEGATIVE FACTORS,________________________________________________________ 

CONCLUSION Crew activity data are being utilized as supporting data in 

the evaluation of event time line. May be the cause of initiation. Physical 

evidence of arcing or wire damage is reported on specific items. 

(Reference EPS_2, KPS-3. EPS-14 . EPS-22. EPS-26, OOMM-l) 

DATE : 3-21-67 ::;TATUS: Non-init ia tor Closed----------------._- - .. . - -- --_ .. . - - - ...... -- .. 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET G&N-2 

SUBJECT Eye Piece Stowage Unit, Heater Wire Routing 

SYSTEM OR COMPONENT Optics Heaters or Heater Wires 

IGNITION SOURCE AND PROPAGATION Possible failure of heater thermostat, 

short in heaters or wiring, initial fuel ESU Royalite cover, decal & foam. 

or failure related to enunciator lights. 

SUPPORTING FACTORS (I) Materials are combustible with a propagation rate greater 

than 2.5 inch/second from flammability test results. (2) SCI Eye piece 

cover found on C/M floor. (3) Scratches on Optics shroud. (4) Eye 

piece heater blanket and storage area damage. (5) G&N verb code decals 

Wp.re added to Sic configuration the morning of the incident. 
_____(6) Condition enunciator gimbal lock lite reads 3 ohms. 

NEGATIVE FACTORS Eye piece heaters and thermostats checked ok. with no 

Propagation path. 
Condition enunciator gimbal lock lite resistance value 

was verified to be nominal. 

SCT eye piece cover may have been attached to Velcro by spIt 


prior to inCident. The cover dropped from Velcro after fire started. 

CONCLUSION Close this item as an initiator No source of 'KnittoD could 

be found in the electrical wiring or beaters and lights 

DATE: ______3_-_2_3_-6_7________ STATUS: Non-ini tia tor - Closed 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET 
G&.N-3 

sUBJECT____P~S~A__T~r~a~y~S_h~o~r~t~C~ir_c_u~i~t______________________ 

SYST~M OR COMPONENT__~G_&'_N_P_S_A_________________________ 

IGNITION SOURCE AND PROPAGATION Nickel ribbon wire in module assembly 

of PSA, potted in urethane foam. 

SUPPORTING FACTORS Previous experience of PSA tray short circuit causing 

ignition of foam (ambient air). 

NEGATIVE FACTORS__~I~n=s~p~e~c~t~~~'o~n~o~f~P~SA~~t~r~a~y~s~i~n~d~i~c~a~t~e~s~n~o~i~n~t~e~r_n~a_l__i~g~n_i_t_i~o~n________ 

of tray modules. 

CONCLUSION Item closed after visual inspection of trays verified no 

ignition source in the modules. 

DATE: ______~3_-~2_l_-~6_7_________ STAT~S; _____ __ __________C_l_o_s_e_d____________N_o_n- i_n_i_t_i_a_t_o_r 
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SCS-l 


. SCS-:'! 


SCS-3 


SEQ-I 

RCS-I 

::;U~I\IAHY OF SCS, SEQ, & RCS 

POTENTIAL INITIATION 'fllEORIES 

R0 tation Cnntrol El"ct)'i~al Short 

Translation Contrul ElEctrical Short 

BMAG Powt.' r Swi tdJ Palll!l #24 Short 

Total Closed 

3 o 3 

Pan~l 10 and 11 Component Failure 

Total Open Closed 

1 o 1 

Panel 12 RCS C/M-S/M Indicator Switch Failure 

Total Closed 

1 o 1 

Closed 

Closed 

Closed 

Closed 

Closed 
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POTE:\TIAL IXITlATION THEORIES r;VALUATIOS SHEET SCS-l 

SUBJECT___R_o_t_a_t_i_o_n_C_o_n_t_r_o_l_E_l_e....;c....;t:..:r....;1:;.;c:;:8....;1=--.cS::.h.;;.0::.r::..;;.t______ 

SYSTEM OR COMPONENT___S_C_S____________ 

IGNITION SOURCE AND PROPAGATION Electrical sho~r~t~.___ ____._______ 

._-_ . .. __ ._- -------- 

S FPPO RT I SG FACTORS__--"C"'a'-"s'-'e'-"w:.:a:.:s"--w:.;a".r:..p...:::.e.:::dc....:a-"n"'d'-'t~h'-'e'-----'c"-'a:.:b::.;l:..e::.-w::.;a=.s:::.-.:::b=a.=d:.:l:..l.y--::b:.:u:.:rc.:n:;e:.;d=--________ 

near the rotation control. 

NEGATIVE FACTORS___c.:Da~t:.:a~r~e~v~i~e~w~,_c~o~n~t~i~n:.:u:.:i~t~y~c:.::h:..:e~c~k~,_v~is~u==a~l-=a~n~d~p~h~y~s~i~c=a~l~______ 

examination of the rO.tation control and associated wiring show no anolDalies 

as a fire cau~e. Ref. TPS PIB-004, 007; CM-IV-077 

COSCLUSION No evidence has been found froID hardware or data exa.1nation 

propagator ______________________________________oCth~..£--

DATE: 3-21-:-67 ___ !:iTATUS; _________..:.N;.:o.::..n:...-....:i_n_i_t_i_a_t_o_r____C_l_o_s_e_d_ 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET SCS-2 

SUBJECT____~T.rAa~n~awl~autwl~ouQ~c~oun~t~ruQ~I~E~I~e~c~t~r~lc~a..l~S"hyo~r~t~_______ 

SYSTEM OR COMPONEHT__~S~C~SL____________________________ 

IGNITION SOURCE AND PROPAGATION Electrical short 
--~~~~~~~~----------------------

SUPPORTING FACTORS__~P~r=o=b~l=e=m=s~d~u~r~i~n~g~t~e~s~t~w~i~t~h~p~u~s~h~-~t~o~-~t~a~lke-c~o...~u"n~i~c.a~t~i~o~n~a~_______ 

circuit. Also fracture in case. 

NEGATIVE FACTORS Data review, continuity and insulation realatance check, 

and physical examination show no anomalies aa a Ure call8e Crtnlollt 

of a,sociated SIC wiring showed no ano.. lie8) Bef TPS P18_oo2 

003. 005, C/I-IV-Q58 

CONCLUSION No evidence has been found fro. hardware or data exa.ination 

that would indicate this component or its associated wiring was a cau.e 

or propacator of the fire. 

DATE: 3-21-67 STATUS· Non-initiator Cloaed 
----~~~~------- ------------ --------
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HATIOHAL AEROHAUT!;-,HD SPACE ,.D/oIIHISTUTIOH 

APOLLC ... A~VIIW ae _D 

IN "I ~.L Y " ........ TO ~rch 9, 1967 


TO: A. D. lIudel, Chairman, Panel 18 

FROM: C. L. Cr.ech, Displays" Controls Subsystem "" "'ger 

SUBJECT: lIaln DI,pley Console Panel Number 24 

Detailed Investigation of the sUbject p."el was conduc'tc ,' In accord."ce 
with TPS CH-CA-O)O and TPS CII-CA-<l)I. 

The Analytic Report of the above Is forwarded herewith ,r ..c your Infor
..tlon and retention. 

~~~~;/ 
Carlton L. Creech 
Integrat Ion and Anal 'is I s Pane I 
(Panel 18) 

Encloaur. 
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----------------

POTL'\TIAL Il\ITIATlON THEORIES J::VALUATIOr-; SIIEJ::T SCS-3 

SUBJECT BMAG Power Switch Short 

SYSTEM OR COMPONENT . SCS - Panel #24______________ 

ILSITIOS SOURCE A~D PROPAGATION AC short, DC short, or arcing 

---_.--------_._---------------------------------- 

S~PPORTING FACTORS_~S~w~i~t~c~h~f~o~u~n~d=_~in~O~F~F~p~o==s=i=t=i=o=n-=~-=S~/=B~A=C~-=2~._=A~I=s=0~.~I=i~g~h~t~_____ 

area on panel indicates a possible "false detent" position. 

NEGATIVE FACTORS_~Da~~t.a~r~e~v~i~ew=_~a=n=d~p~e~r~f=o~r=m=a=n=c=e-=0~f~T~P=S_=C~M~-=C~A~-=O=3=O_=a~n~d~-=O=3~1~____ 

showed no anomalies as a fire cause. See attached report for complete 

analysis of BMAG Switch and Panel #24. 

CONCLUSION_~e~~has been found from hardware or data examination 

that wouliL1ruU.i::.a.tiL.1h1.S_component was a cause or propalatar of tbe fire 

DATE: 3-21-67 STATUS: Non-initiator Closed 
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AS 204 AAAlYTlC UI'OAT 

MIN DISPLAY CONSOLL PAHfL f2/j, 

Aefer.nce.: 

I. TPS Cll-c:A-030:. 
2. TPS Cll-c:A-031 
3. VI6-TTII!.24 - P_I ",.'-Iy DrlWlng 
16. VI6-9'r6TI6 - P_I S~tlc DrlWlng 
,. . Photogreph. -

. 
£-5(-21 
62-I01C-/j, throuth 6 
1(;!2-3Q6c-12 
1(;!2-308c-1 
123-3OTc-~. 6 
123-309C-l through 6 

cf!!:!:1f:: -'#7 

Sy.~ Inll_r 
NAAlSIoID 
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- - - - -- - - - -

Abstr.,ct 

"aln DlspllY Console Panel #24. "1551on Sequence Control. a. r-.oved 
from siC 012. presented two are.n of speclll Interest ror detailed 
Investigation. Soot shadowing on the panel gavo evldcll ..~ that the 
8HA' power .wltch. S-39. had been moved after the fire. Charring 
WI. pre.ent on· one corner of the EDS power .wltch, S-I, and I...dl
ately associated wiring. Additionally. the Integrity nr all other 
.wltche. Ind wiring on the panel W·1S of Interest. 

Conclusion. are that the 8HAG .wltch was moved by accl".-nUI contact 
during the fire ~nd again Ifter the flre during power s ;·.ut off; the 
EDS Iwltch wei cherred by ' ... ternally applied, locally co_treted, 
heat; the .wltch and a••ocllted wiring are electrically .ound and 
functional; all other .wltche. and wiring on the panel ~re electri 
cally .ound end functIonal. 

IntroductIon 

A. r_ed frOll SiC 012. "DC Panel No. 24 was ob.erved : ., have two 
are.. requ I r I n9 .pec lal Invest Iglt Ion. The EDS 'OoMr •..." tch, S-I, 
and I t. attached wi ring were charred It one corner. Tl. · I"" POoMr 
swItch, S-39. WI' In OFF po.ltlon a. rlOllOved but the .e;t outll ... 
of the knob on the panel IndIcated that the &WItch had "_n In the 
AC-2 po.ltlon 'n e'ther the full, or "fll.e", detent position (lief. 
Photograph E-5C-21). Additionally, It we. de.lrable to 'nvelt'gete 
the electr'cil end functlonll Integrity of III of the .wltche. end 
p_1 wiring. 

De.crlpt'on of Tt.S, 

Te.ts IIMre perforMd 'n accordlnce with TPS C~CA-030 and TPS CH-CA
031 to deSenal ... the electrical Integrity of all .wltches, panel 
wi ring, and connector. In all position. of all .wltchel. Special 
testl IIM'e perfOrMd to determine the effect of placing the rotary 
.wltche. In "fll.e" detent po.ltlons. 

Detailed ....I,..tlon w.. made of the 8",,' Power .wltch to dotenaille 

the actuII position of the Iwltch during the viriOUI pha••, of she 

fire. 


lIecord: WI. Mde of a fingerprint found on the 8"" ,-, .wltcll 
knob. (lief. Photog,., 123-3Q9C-6.) 

Teu lIe.ultl 

The continuity teUI of the panel in the a.-found conditIon .'-4 
III nonael continuity and circuit rlll.tancaa. 

-, 

.... 
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The continuity t •• ts In .1.1 other swltc;h position••howed all no.... l · 
cOntinuity .nd circuit r•• I.tances . 

The continuity te.t. of the rot.ry swltche. In the "felse" detent 
position••howed th.t, with the exception of the aHAG Power .wltch, 
all contlnultl •• and. circuit r•• lstanc•• were the • .me ~, In the filii 
d.tent position.. In the AC-I "fels." det.nt position, the 11M.\; Power 
.wltch continuity .nd circuit r•• lst.nc•• were the • .-e as the full 
det.nt po.ltlon. In the AC-2 ..f.I .... det.nt po.ltlon, ! 1Ie AC circuits 
were clo••d through the .wltch but. the DC circuit w•• o; .."n• 

During Inltl.1 ...... In.tlon of the .oot .h.dow of the IIWIG Power .wltcl', 
• fingerprint In .oot,wa. not.d on tM .wltch knob (R.f. Phot09r.ph 
12)-)09C-6). Prior to any manlpul.tlon of 'th. switch, the fingerprint 
was phot09raphed and "lifted" by the FBI. 

The soot .hadow of the BHAG Power switch knob was COlllp" "d with tho•• 
of .,thor rotory switch knobs on Penol /21• (Rof, Photog • . · .. h [-:;C-21). 
I twas not.d th.t the TVC-I, Part 1.1 .SCS Power. and Ret " Gyro awl tch 
knob. h.d .oot p.tt.rn. th.t are bro.d· In out lin. at th" Ind... lng point 
of the knob and follow the knob contour closely. The 6·',\G .wltc;h knob 
outline I. pointed .t the Ind... lng point of the knob .n<i _liar In 
outlIne th.n the knob. Th.r. I. evld.nc. of • double s~adow. of the 
IMG Power .wltch knob. (S.. Phot09r.ph. E-5C-21 and 12)-309C-6.-) 

An.ly,l. of Te.t. 

Th. pan.1 electrical continuity and rall.tance me••urement••howed 
that el.ctrlcal continuity w•• pr•••nt .ft.r;·the fir••nd that no 
daMage of .Ignlflcant n.tur. h.d baan Incllrred by the .wltchel, panel 
wiring, or connector•• 

In an.lyzlng the 1M.\; Power .wltc;h po.ltlon., lav.r.1 ar... were 
I nv.st I gat.d. 

To •• t.bll.h the Inltl.1 condition of the .wltch, Operetlonal Check
out Proc.dur. (OCP) K-002I w...... Ined. During perforrll8nc. of St.pI 
14-01) of'thl. proc.dllr., • Ka.t.r AI.".. I. obt.lned wh.n the IMG 
.wltch II tllrned to AC-2. Thl. we. obt.lned thll. Indlc.tlng that the 
DC circuit w•• closed through the .wltch. SI.ult.neou.IY,.n Indlc.tlon 
of AC circuit .wltch 'closur••ppe.r.d •• St.p 14-014 on the TIM record. 
Stap 14-015 Indlcatad ••tl.factory operation .ftar warlllup by contlnll", 
that the AGAP Temperatllr. Indlc.tlon In the Caution. Warnl", Annunciator 
Matrix on Pan.1 110 did ...tlngul.h• 
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As noted above, the BKAC, OC heater cIrcuIt Is not closed thro~ ,e 
swItch 	 In the '!false" detent position. 

The soot shadow of the knob on the pane I shows ev I dence of a do". ," 
shadow with one faint shadow In the full detent position and a den.er 
.hadow In the "false" detent posItIon (Ref. Photograph l23-3Q9C-6). 
When the .wltch Is placed sequentially In these po.ltlons. the pointed 
.hadow conforMS clo.ely to the overlapped outlIne. of tha knob. 

From the.e fact •• It Is deduced that th. .wltch wa. In :ha full detant 
posItIon at the InItIatIon of the fIre and was latar, oJrlng flra. 
moved to the "fal.a" det.nt po.ltlon. 

In con.ld.rlng the dIfference between the swItch po.ltlon a. IndIcated 

by the panel .oot .hadow. and the OFF posItion. In whlcn It wa. found 

when removad from the spacecraft. the fingerprInt on tr ~ knob I • . of 

significance. Th••urface of the mylar .knob wa. melted and ·bubbl.d 

IndicatIng that the temperatura at Its .urface had be.n over 5Q00F. 

The high temperature and meltIng and flowIng of the kno~ surface would 

have destroyed any fIngerprint mad. prIor to the fIre. The fIngerprInt 

on the knob was In .oot and. as detennlned In the process of "lIfting' 

It. entirely on the surface of the knob materIal. 


It I. d.duced ftom thIs that the swItch was operated af:.r the fIr. to 
move It from the AC-2 "false" det.nt poSItion to the OFF position. 
This action was _t probably Uken by the pad cr.., during ~r-clawn 
of the 	.pac.craft. 

ConclusIons 

It Is concluded that operation and functionIng of ell swltche. on Panel 
124 wer. nor...1 throughout the f\ re. The COf11ponents of the panel _re 
not a .ourc. or a ..Jor propagator of tha flra. 

The charring of the EDS .wltch, 5-1, and a••oclat.d wirIng. wa. cau••d 
by an ..t.rnal flame .ource and not by heat g.nerated Int.rnelly to 
the .wltch. 

The dlff.r.nt position. of the BKAG Power .wltch have be.n deten.lned. 
or ~r. deduced. to be: 

I. Full det.nt AC-2 - at fir. InItiation. 

2. "Fal ••" d.t.nt AC-2 - sometIme during the fir•• 
NOTE: 	 It I. postulated that durIng the fIr. the commander 

contact.d the swItch with hi. left foot during att.-pted 
.gr.... DurIng the IIoc:kup Ie ...rcl •••• It w.. not.d 
that the command.r'. I.ft ,foot did cane v.ry clOi. to 
Panel 1e4 durIng the . • gr .....n.uv.r. 

3. OFF - a'ter fI r. dudng ~r-clawn. 
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POT)'\' 'I',L . 'nTI,""I';,\ "'1:'·:01111';:; EVIILUIITJON Sill':":'!' SEQ-l 

SUII.J/o:C'J' Panel 10 and 11 Component Failure__0·_- .______._______._._______ .... 

SYSn:M. OR" COMPONJ-:ST~~~~~ _________ 

IGNITION SOURCE AND Jl'tI)PAGII·!,TON ._~I?~~ta~~~~~~_~lyco=-l=-__________. 

-----------_.--_ ._----- ----

SUPPORTING FACTORS__ ~l Event Timer (nET) on Panel 11 as experience~___ . 

running hot during operations. If a glycol leak developed fro. the 

cold pate, leaking on the DET, it could cause fire. 

NEGATIVE 'ACTORS__~~~a~c~h~e~d~s~h~e~e~t__________________________________________ 

---------_.- . ._ .. __._--------------------
CONCLUSION The DKT~ . or other co.ponents .ounted on Panels #10 and #11 .a. 

ptitb.r In ilnition source nor a prop_I_tor for the fire. 

------------------------_._------ - .- . . 

-----------------_ .. - .---.-------- - ._---- -----
Non-initiator ClosedDATE; ___-M3~-~2~1=_6KL7_ ..- -- - ....-- ..... _ .., .. _-
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SEQ-l 

PANEL 10 AND 11 

NEGATIVE FACTORS 

Panels #10 and #11 were visually inspected. There is no evidence 

that the Digital Event Timer (DET) on Panel #11 was running bot. 

This instrument normally dissipates approximately 4 Watts and 

consequently has a temperature rise of only 2-3 degrees F. The 

backpotting if the DET was inspected and found to be sound. It is 

lightly sooted but still transparent enough to allow the wire 

connections to the header to be seen. The wire harness has no 

evidence of overheating and has only a light soot deposit. The 

panel connector is clean and the pins are straight and clean. The 

DET is hermetically sealed. There is no evidence that the seal is 

broken. The digit wheels are visible through a light soot deposit 

on the cover glass. There is evidence of water glycol drip on the 

DET case behind the panel. However. the water glycol drip has 

washed away some of the soot deposit and appears to have occurred 

late in the progress of the fire. The C&W matrices on Panels #10 

and #11 were examined. The backs of these matrices were lightly 

sooted but had no evidence of overheating. The cable harnesses 

and connectors were clean and in good condition. The legend plates 

on the panel side of the matrices were sooted but the glass covers 

were all intact and the legends legible. Some deterioration of the 

RTV Silicone rubber potting material is evident on the matrix around 

the panel openings where a flue effect allowed hot gases to pass 

between the panel edge and the matrix edge. However. tbe matrix 

bodies are intact and are not distorted. Tbere is no evidence of 

water glycol drip 1n the matrices. 
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Re8-1 

:~\JII.H:CT Panel ..12 ReS c/lI-S/II Indicator Switcb .__._---_._-_._.-----. . -. __._- .--_ ... 

~:YST~:r." OJ( COMPONJo:ST RCS____ ' 0 ___ • ___ • _ . . ....________ • • • _ 

IGNITION 80URCE AND ?rtOPAGfI'rION Spark or heat plus glycol. DC sbort or 

apoDt~Deo~...!...-_ . ___ ._._.______ 

---------~. - .- .__._--'--

---------- - .. .-- .. . . -- ----- .. ---- ---
SUPPORTING PACTORS~ Pa~~l "12 . switch (8-2) just completed potting still in 

cure cycle. (2) Official las·t switch moved per OCP prior to fire. 

(3) This switcb is located in a heavy fire damaged path looking at tbe 

exterior of tbe IDP to the co..and pilots couch. 

NIGATIYB FACTOR8__~Se~e_ attached sheet 

- _.__._-------------- ------
----- -- -.. -.

_._._----- --------
CONCLUSION Tbe PaDel #12 8-2 switch was neither an iniator or a propa..tor of 

tbe fire. 

---------- -- _ .- -. -_. --- ------.----- .-. - -. 

DATE: _....:::.3,;;;-2:,;1:.,;-6;.;;..:.7__ Cloaed 
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RCS-l 

PANEL #12 RCS C/M-S/M INDICATOR SWITCH 

NEGATIVE FACTORS 

Visual examination of Panel #12 5-2 back potting showed no damage 

other than light soot deposit. Potting material is still trans

parent and wire connections to switch terminals are visable through 

the potting material. The switch is hermetically sealed and all 

make and break contacts are within the sealed enclosure. The 

terminals are brought out through a metal-glass header to which 

the wiring is soldered. The solder connections are then covered 

with the potting material to protect the jOints and terminals from 

exposure to the C/M atmosphere. The wire harness to 5-2 and the 

associated connector are in good condition with only light soot 

deposits and no evidence of overheating. The connector interface 

isclean and the pins are all straight and clean. There is no 

evidence that the switch, or its associated wiring, were overheated. 

There is nothing to indicate that the switch, or associated wiring, 

were ignition source of a propagator of the fire. 
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SUMMARY OF COO 

POTENTIAL INITIATION THEORIES 

COKM-l MDAS Octopus Cable Connector Short 

COMM-2 Teleflex Cable Short to TB 61-7 

COMM-3 Overheating of Crewman's Electrical Assembly 

COMM-4 Disconnect Spark on 0 . 020 Milliamp Lines 

COKM-5 RF Power 

COMM-6 USBE Potting Burned 

COMM-7 Shorts in Biomed-Comm Suit Wiring 

COMM-8 MDAS-LEM Recorder Signal Wires Short 

Total Closed 

8 o 8 

Closed 

Closed 

Closed 

Closed 

Closed 

Closed 

Closed 

Closed 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET COMM-l 

SUBJECT MDAS Octopus Cable Connector 
-------------~----------------------------------

SYSTEM 011. COMPONENT Biomed - Experiments 
----------------~---------------------

IGNITION SOURCE AND PROPAGATION Octopus cable 28 VDC shorting to ground caused 

by crewman deforming P-185 connector on scientific compartment "A" panel. 

Propagation via material on crewman's shoe, connector insert, sleeve, 

wire insulation. 

SUPPORTING FACTORS 28 YPC from Bus B is available at J185 connector. CB 117 

on panel 22 open and heavily sooted. This is CB feeding MDAS power. 

NEGATIVE FACTORS NpAS data would have indicated a short if. power had dropped 

below 19 vnc for 25 millisecpnds or lpnier Data does not indicate this 

OCC'Jrred 

CONCLUSION__;;.;A.::.r.=c-=i~n.. _g,-"w.::a.::s,--=s-=u~p-=e.:.r-=f-=i""c..:;i",a""l;J,!-=a",p.p...:;e,:o::;a-=r-=s;",.,;:t...:;o,-"b""e;.,...;:;a~r...:;e-=s-=u",l;.,;;t,-"o-=f,-,t~h""e:.....:;f..:;i;.:.r...:;e'--___ 

and not a cause. 

DATE: ____-:;.3_-:::.2:::.1-_6:::.7_______ STATUS: . Non_initiator Closed 
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POTEr-.: rAI. IKITIA'r:ON' 'n:EOR:J-.S l.;V.a.;"UATHlY S U;·;'. 00101-2 

SUBJECT____~T~e~1~e~f~1~e~x~C~a~b~1~e~S~h~0~r~t~t~0~T~B~6~1=-~7_____________ 

SYSTEM 0& COMPONENT EPS 
--~~----------------------

:( '. :' tON SOURCE AND PROPAGATION Cable shorts TB 61-7 to ground causing 28 volt 

drop thru 825 ohms wire wound 2 watt resistor. Propagation via resistor 

beating up and igniting conformal coating which in turn ignites debris 

trap net • 

•. v.l.ING I'ACTORS_____________________________ 

'~u~.LVL FACT0R8__~(~1~)~C_0~n_t~i~n_u_i~t.y~c~h~e~c=k~TB=_~6~1_-~7~to~aKr~0~u~n~d~.~_______________________ 

(2) Visual exa.ination of resistor R7 

COSCLUSIOH TPS CK-IV-110 dated 3-14 references TB 61-7. Resistance cbecks and 

visual inspection concluded no shortin, or grounds on terainal board. The 

____~oot was brusbed away from the connector and physical in!pection resulted 

in no indication of sbort. 

OATE: __ 3_22_67 _____ STATUS ;__._____N~I!_::in!!..iat()r_. _ . - Cl08ed ' 
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POTJ:::-iTI,\L I :-iiTIATION THEORIJ::S EVALUATIOS SHEET 

SUBJECT Overheating of Crewman's Electrical Assembly 
(Cobra Cable, T Adapter, Noise Elt.inator • PGA) 

SYSTEM OR COMPONENT COO 
----~~--------------------

IGNITION SOURCE AND PROPAGATION Short inside umbilical could cause 

overheat~~of assembly. Propagation from potting compound of crewman's 

umbilical or portions of crewman's suits. 

SUPPORTl:'<G FACTORS 1. Suits appear burned. 

2. 	 Crewman had changed umbilical to attempt to 

repair live mike condition. 
--------- . ------------~~--------~~~~~~~----------------------

:>I::G.HIVE FACTORS 1. Replacing to new cable did not repair live mike 

condition. 

2. All leads into umbilical are current limited. 

CONCLUSION TPS CA-075. CI-CA-002. 005. 065. 061. These TPS's tested for 

shorts. grounds, material analYBis, and x-rays. All Showed no anomalies 

tbat could_~ause incident. Physical examination did not disclose any 

S·:.\T!.:S: Non-initiator Closed 
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POT1';N ';IAL I :>'1'fIAT10:-; ':I:~OH.~E~ LVAI.UATJI,:"\ !;.n .• :r COMM-4 

SUB.IECT Disconnect Spark on .020 Millamp Lines 

SY!;TEM OR COMPONENT Telecommunications 
--~-----

. ~ ~ !;OURCE AND PROPAGATION Connector of crewman umbilical was ---.-. 

disconnected .t..9~la<;:~_. umbil ica 1 ca ble . Propaga t i0n...!rom connector 

insert or umbilical potting compound 

SUPPOHTING FACTORS Crew thought they were having troubl~~they r~.~p~l_a~c_e_d___________ 

umbilical. The new umbilical did not clear fault symptom. 

NEGATIVE FACTORS 1. Disconnect was approximately 20 minutes,prior to fire call. 

I \ ' . 

2. Tests ran in 02 atmosphere showed no apprec_iable spark 

at even highe!:....£..urre~:..:tc.:=sc..:..__ ____ .. ._ __ ______________ 

spark ca~~ed _~~iscon~ect can be determined as cause of incident. 

3-21-67 ~TATU!; : Non-initiator 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET CO....-5 

SUBJECT RF Power 


SYSTEM OR COMPONENT____R~F~S~yLs~t~e~m~s~_____________________ 


IGNITION SOURCE AND PROPAGATION RF radiated energy produces adequate 

temperature rise to ignite materials. Requires an open RF lead 

inside the cockpit. Propagation via any combustible near or around 

the SIC RF coa~ lines. 

SUPPORTING FACTORS___V~e~rLY~f~ew~.~i~f~a~nLY~.__~H~o~w~e~v~e~r~.~a~d~e~Q~u~a~t~e~RF~~e~n~e~r~g~y~w~a~s~__________ 

available in the UHF/FM system and the C Band svstem coa~s. 

NEGATIVE FACTORS__~I~t_w~oyuAlyd-Lr~eygyuAiLr~e-Aa~b~r~o~k~e~n~c~o~a~~~.__~I~t~w~o~u~1~d~r~e~Q~u~i~r~e~a~__________ 

combustible material in the broken coa~ area. It would require a 

uniQue set of cpnditions to prpduce a temperature rise in the material. 

peM data indicates normal operation 

CONCLUSION___V~i~s~u~a~l~i~n2s~p~e~c~t~i~0~n~0~f~.~S~/~C~c~o~a~x~,~A~n~t~'~s~a~n~d~c~o~a~x~s~w~i~t~c~h~e~s~s~h~o~w~________ 

no evidence of arcing or shorting. C-Bank. S-Band. and VHF/FM 

continued to radiate after LOS period. 

DATE: ____~3~-=2=2_-6~7~____ STATUS:~__~N_o~n_-_i~n~i~t~i~a~t~o~r______~C~I~o~s~e~d~________________ 

EMCLOSURE 18·55 


D· 18· 330 




____________ __ __ __ _________ __ 

POTENTIAL INITIATION THEORIES EVALUATION SHEET COD-6 

sUaJECT____~U~S=a=E~P~o~t~t~i~n~g~a~u~r~n~e~d~________________________ 

SYSTEM OR COKPONENT____~T~e~l~e~c~o~m~m~u~n~i~c~a~t~i~o~n~s~_____________ 

IGNITION SOURCE AND PROPAGATION ISaE (Unified S-Band Transponder) may have 

had internal short. Propagation via potting material inside USBE. 

SUPPORTING FACTORS USBE potting is burned in blow hole fashion. 

NEGATIVE FACTORS USaE transmissions continued well into general fire time. 

Carrier continued after voice and data terminated. 

CONCLUSION.__~V~i~s~u~a~I~,~r~e~s~i~s~t~a~n~c~e~,~a~n~d~f~u~n~c~t~~~' o~n~a~l~t~e~s~t~s~o~f_U~S~B~E=-~c~o=m~p=l~e~t=e=d~.___________ 

No anomalies observed that could cause incident usaE classified to 

"a" category. 

·DATE: ____~3~-~2~1=-~6~7__________ STATUS: N_o_n_- in~._i_t_ia tor C_I_o_s_e_d __ 

ENCLOSURE 18-55 

0- 18 - 331 



00101-7 

sUO.a:!:T 

SYSn:M on COMPON~;NT__-c::B-=iom!~_~} _~ Communica tions . 

IGNITION SOURCE AND PROPAGATION___DC~~fr~om=-=S~/=C~t=o-=s=u~i~t~t=o~g~r=o=u~n=d~________________ 

Propa ga t ion vi_a. suit_ -=ac:.n:.:d"-,s::..:u~i=-t=-w=i=-r-=ic::n",,gL-__________ 

SUPPORTING FACTORS None - Six shorted wires in communications portion of suit 

wiring. Possible supporting evidence in communications anomalies. 

Insulation around wires was more affected by heat than cable sheathing. 

NEGATIVE FACTORS Normal operation of components using these wires use only low 

currents of insufficient energy to create arc which would cause ignition(200C 

r) 

in suit. Type ~! cable used has fairly low heat resistant insulation 

with higher te~~rature (6000 F) material used in the outer sheath. 

CONCLUSION__~S~h~o~r~t~i~n~g~.~a~n~d~d~a~m~a~g~e~i~s~a~pcp=a~r~e~n~t~l~y~d~u~e~t~o=-~e~x=t=e;r~n~a~l~h~e~a~t~a~n~d=-__________ 

burning. 

--------------------------_.__. 

DATE :__~3~-~2~3~-~6~7L____ STATUS : Non-initiator Closed 
--~~~~~~~-~~-=~~~~---------------

ENCLOSURE 18-55 

0- 18 - 332 



POTJ'I ·· ',\L "HTIATIO'l 'l'IP·:Oltlr-: ·; EVIILUIITION :-;IIH:T COIOl-8 

SUfl,n;(T MDAS-LEII Recorder Signal Wires Short---_ .. __._-._- -- -.- -- .--- .. . ..._,--_... --. -. . 

sysn:\I on (;O'APONE'IT 

IGNITION SOURCE AND P/lOPAGII':"ION Short circuit on MDAS signa~ wires to ~~ _____ __ ._ 

----------._-----_._--------------------
SUPPORTING FACTORS ~N~o~n~e~_________________________________ 

KBGATIVI FACTORS These wires carry 100 PPS IRIG B timing of 5 Volts 

peak-to-peak, 

----------- ..--

CONCLUIIIOK TPS CM~~-076 duplicated suspected short on signal wire. which 

did not dr.w excessive current. MOAS functioned normally. 

-----------_. ---.- ---- --- ---------- . . -- ---

DATE: _--03;&,1-..2..2...-...6....7,-____ _ .____~on-1nit1r~~r____ Closed 
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SUMMARY OF EPS 


POTENTIAL INITIATION THEORIES 


EPS-I Gas Chromatograph Cable Short (Ref. EPS-2) Duplicate 

EPS-2 Gas Chromatograph Connector Short • Cable Short Closed 

EPS-3 Damaged Wire Harness Under LiOH Door Closed 
(Probable Initiator) 

EPS-4 Damaged Wire (IC50AI6) Near J-Box C15-IA52 Closed 
(Screwdriver Incident) 

EPS-5 Telefl,ex Cable Shorting Resistor R7 at CI5A7TB61-7 Duplicate 
(Reference to COMM-2) 

EPS-6 Electrical Short Due to Cold Flow Characteristics 
of Teflon Wire 

EPS-7 Q-Ball Wiring Short 

EPS-8 CB64 on Panel 25 (SCS GRP 2 MNB) Rubbing Against 
Wire Harness 

EPS-9 Tapes on Entry Batteries (White Room Tape) 

EPS-IO Pyro Batteries Vented to Cabin 

EPS-II Cabin Fan Failure (Reference ECS-4) 

EPS-12 Suit Compressor Overloaded (Reference ECS-3) 

EPS-13 Inverter Phase Lock Box Failure 

EPS-14 Panel 150 Lying Loose 

EPS-15 Jl85 Octopus Cable Connector (Reference COMM-l) 

Delete 
(General Category) 

Closed 

Closed 

Closed 


Closed 


Duplicate 


Duplicate 


Closed 


Closed 


Duplicate 
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SUMMARY OF EPS POTENTIAL INITIATION THEORIES Page 2 

EPS-16 Water Glycol Corrosion of Connector(s) Delete 
(General Category) 

EPS-17 Glycol Pump Overloaded (Reference· ECS-2) Duplicate 

EPS-18 AC Control Box V16-45ll36 Short Closed 

EPS-19 Evidence of an Arc on Tip of Pin 16 on Panel 20 Closed 

EPS-20 Arc of Wire/Cover on J-Box C15-lA52 (Ref . EPS-22) Duplicate 

EPS-2l Wire Short to Junction Box Cover (Ref . EPS-22) Duplicate 

EPS-22 Damaged Wire J-Box C15-lA52 Cover Plate Closed 

EPS-23 Electrical Wires Routed in Front of Heater Closed 
(Reference P 482 TPS 369 Step 17) 

EPS-24 SPS PUGS Display Unit Closed 

EPS-25 Main Bus B Short to Substructure at Sll , Panel 8 Closed 

EPS-26 Wiring Arc Near Scientific Equipment Bay LEB Closed 
Main Bus B 2 Per Fire Board 

Total Closed Duplicate Deleted 

16 o 16 8 2 
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---------------

POTE~TIAL INlTIATIOS THEORIES EVALUATION ~)I[EET EPS-l 

SUBJEcT______~G~a~s~C~h~r~o~m~a~t~o~g~r~aLP~h_=C~a~b~le~S~h~o~r~t~__________ 

SYSTEM OR COMPONENT___________________________________ 

IGNITION SOURCE AND PROPAGATION_________________ ________________ ___________ 

DUPLICATE REFERENCE EPS_2 

SUPPORTISG FACTORS_________ ____________________________________________________ 

NEGATIVE FACTORS_____________________________________________________________ 

CONCLUSI ON___________________________________________________________________ 

DATE: __.___ 3_-_2_3_-_6_7_______ STATUS: __________-=DUP~L=I=C=A~T~E=_________________________ 

ENCLOSURE 18-55 
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POTJ::~TlAL I~ITlATIOS THEORIES EVALUATION SHEET EPS-2 

SUBJECT GAS Chromatograph Connector Short & Cable 
Short 

SYSTDI OR COMPONENT__ ~"-,,p,-,S,,--______________ 

IGNITION SOURCE AND PROPAGATION Electrical spark or heat, propagation via 

plastic cover on con=n~e~c~t~o~r~.~___________ _ ___ 

------.------- 

---- - .. ------ 

SUPPORTING FACTORS Measurement CTOI08 starts to vary at 23:30:4=9~.___________ 

CB Cl5A5Cl16 found open after fire. 

NEGATIVE FACTORS________________________________________________________________ 

CONCLUSION Close examination of this connector shows no evidence of arcing 

at the connector or associated wiring attributable to an electrical short. 

The damaged plug and wiring has been analyzed - the cause was due to 

external heating. 


DATE:_~3~-~2~2~-~6~7___________ STATUS:_~N~o~n~-~~~·n~~~·t~ia~t~o~r______~C~l~o~s~e~d=____ 


ENCLOSURE 18-55 
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----------------------------------------------

POT1\THL 	 J\1l ..\T1O\ TH;;ORIES EVi· UATIO:\ SHEET EPS-3 

SUBJECT Damaged Wire Hllrness Under LiOH Door 

SYSTUI OR CmlPONENT EPS/ECS 
----~----------------------------

IG:\ITIOS SOU1.CE A:"\D PF:OPAGATION Electrical short on the DC power input 

wiring to the instrumentation on the 02 panel. Propagation could · 

have been along the nearby debris net. 

SUPPORTING 	 FACTOnS Location in area determined as the probable initiation. 

Possible 	copper deposits were found on the bottom of the LiOH door. 

Material 	is being removed for analysis . Sections of the wire harness 

and a portion of the panel has been burnt away eliminating physical 

evidence of potential arcing. 
:\EGATIVE 	 FACTORS 

CONCLUSION This theory is still valid 
--~~-=~~~~~~~----------------------

Probable Initiator Closed 
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------------------

------

POTI \"1/11. ,' : ,':'1(,"1,)\ " ': 1":OH I I,; :: 1';V.'I.Ufl'!'IO~ SI!I'::·.'I' EPS-4 

Screwdriver damage by technician 17 Jan. '67 
:;l.'II,n;r;T __ Da~g~~__W~Ee . -<..!f~_~~}~) .on Pa~~_Lq§::-lAS.:?_ 

:wsn:\1 Oft COMPONE'IT____ . _ .RCSI.~~.. 

along the wire covering.--- --... .._.,. ----.-.-- ..-.-- ---------- . - _.. ---_.- .... 

---- ----- '- . - - 

..__ .._----- --- ---.. .. ---.-.--- -----------_. -_.,--- . -----....- . 

SUPPORTING FACTOItS____On DR .0917, the exposed conductor lCS.OA16 was tempo!:.,arlly . 

repaired with 7503.....!ystic Tape and permanently repaire'! using heat shrink 

sleeving per standard repa:.:..,i=.;r:........:JD"'a""n=.u=.a'-...::,l.:..,._________._________ __ _.._ 

NEGATIVE FACTORS~~ .~~~ss was diligently examined by a member of the Fire 

Panel and by ~S_~~~neering. There is no evidence of an arc fro~_th~s_. 

CONCLUSION Based on the above data and observations, reference TPS CM IV-192, 

it is concluded that this item was not the ignition source. 

------------'-

Non-initiator CloseduATE: ___~3~-_2~1_-_6_7_ 
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-------------------------------------------------------------

---------

----------------------------------------------------------------------

POTEHIAL I:\ITIATII)N THEORIES EVALUATION SIlE}:;T 
EPS-5 

SUBJECT 	 Teleflex Cable Shorting Resistor R7 
at Cl5A7TB6l-7 

SYSTEM OR COMPONENT__________________________________ 

IG\ITIOS 	SOURCE ASD PROPAGATION 

- --_ ._- --_ .. _-_. . 

mrpI.ICATE REFERENCE OOMM-2 

Sl'PPORTISG FACTORS 

SEGATIVE 	 FACTORS 

COSCLlSION 

- .- ----- - - - . -_.. ---_._- -- --------------------------------_.-------- 

--- ---.- .. - - - ._. - - - _.----- _._-------------------------------------- 

DATE: ___3_-_2_3_-_6_7_______ STATUS: ___----DU--P-L-I-C-A-T-E----------------------- 
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----------------------------------------------------

POTI \TDL 1'IT . . HIO' THi·;ORIES EVf.. UATION SHI::ET EPS-6 

SUBJECT Electrical Short Due to Cold Flow Characteristics 

of Teflon Wire 

SYSTUI OR CmlPONENT EPS, SPS, RCS, T I C, G&N. SEQ, C&W, 

& Scientific Experiments 

IG\ITIOS SOU~.C1:; .~\D PRCPAGATION Electrical spark, propagation via Velcro, 

debris trap. 

SUPPORT I SG F.4CTORS None 

NEGATIVE FACTORS Detailed examination of harnesses in suspect areas revealed 

no evidence of shorting or arcing due to the cold flow characteristics 

of teflon. Reference TPS CM-IV-192. 

CONCLUSION This item is a general statement and cannot be tied to a specific 

location or initiation theory. It will be covered by a general discussion 

in the Panel 18 report. Transferred to General Discussion. 

DATI:: : 3-24-67 Closed as a specific item .. 
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p()Ti-Srl.~L 1\I"J'lHIO\ TIlEOlllt:S EV"t.LATIO\ SIIt:ET EPS-7 

SUI3Jt:CT Q-Ball Wiring Short 

SYSTE~I OR COMPONLNT_--"'S""'EQ"'"______ __ ____ 

--------- ------- - - - -------

srpP0RTI~G FACTORS____~N~o~n~e~____________.______________________ 

----------

--. --- -- -------------

NEGATI VE FACTOItS Pin-to-£1D and pin-to-ground resistance checks revealed 

00 aoomalieSLin these circuits. Reference TPS SC012-088 which performed 

resjstance checks on Q Ball wifing. 

CO\CLliSION__~'J.!'j.lliLlVJl.a....extended_ to CM pressure shell. The c_ontin~u~l~t~yL______ 

_ -.-Checks andhpb~a.L...eYlll_u.a.tioo of ~~tQr at Q-Ba1.L.r~vealed that it___ _ _ 

---- - ----. -------------------

DATE: __...!!:-~~_67 ________ STATl,;S: Non-initiator  Closed 
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---------------- -------------- --- -----

POTENTIAL INITIATION THEOI.IES EVALUATION SHEET EPS-8 

SUBJECT CB64 on Panel 25 (SCS GRP 2 MNB) 
Rubbing against wire harness 

SYSTEM OR COKPONENT__~S~C~S~__________________________ 

IGNITION SOURCE AND PROPAGATION____~E~1~e~c~t~r~1~·c~a~1~s~p~a~r~k______________________________ 

SUPPORTING FACTORS Indications of interference between CB64 & wire harness 

behind Panel 25. Indentation in Teflon insulation on wire harness 

matches with "white" deposit on terminal of CB 64. 

NEGATIVE FACTORS No visual indication of any arc was noted. 

CONCLUSION__~C~l~o~s~e~~t~b.i~s~i~t~e~m~~De~t~auiul~e~d~e~x~a~m~i~n~a~t~i~o~n~o~f~p~a~n~e~l_r~e~v~ea~l~e~d~n~o_________ 

indications of shorts or arcs 

DATE : 3-22-67 STATUS: Non-initiator Closed 
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POTE\TIAL I\ITIATION THEORIES EVALUATION SHEET EPS-9 

SUBJECT Tapes on Entry Batteries 

(White Room Tape) 

SYSTEM OR COMPONENT EPS 
--------~~---------------------

IGNITION SOURCE AND PROPAGATION Glycol residue on tape covering battery 

terminals provides a conductive path which after a prolonged period gets 

hot and ignites. 

SUPPORTING FACTORS Tape on battery terminals - flammability of material. 

NEGATIVE FACTORS Location removed from Fire Panel indicated most probable 

ignition area. No mechanism to provide conductive path. 

CONCLUSION Insoection shows no ad1acent ignition source which would 

be a propaiation path. 

DATE: 3-23-67 STAT~~: Non-initiator Closed 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-IO 

SUBJECT__~P~y;r~o~B~a~t~t~e~r~i~e~s~V~C~'I~lt~e~d~~t~o~C~a~l>~i~n~_______________ 

SYSTEM OR COMPONENT__E_p_S_______________________________ 

IGNITION SOURCE AND PROPAGATION__~O~u~t~g~a~s~s~i~n~g~o~f~B~a~t~t~e~l~·l~~s~_________________________·e

SUPPORTING FACTORS None 
--------~~----------------------------------------------

NEGATIVE FACTORS Venting occurs only. during excessive charging or discharging. 

Subsequent tests verify the pyro batteries had not been subject to any 

condition which could have resulted in venting. No indication of fire 

initiation in this area. 

CONCLUSION____~C~I~o~s~e~~t~h~i~s~i~t~e~m~b~a~s~e~d~u~p~o~n~l~a~c~k~o~f_=s~u~p~p~o~r~t~l~·n~g~~f=a~c~t~o~r~s~a~n~d~___________ 

result of lab tests. Physical inspection of the batteries showed no 

external evidence of KOH which probably indicates no venting. 

DATE : ____~3~-~2~2_-~6~7________ STATUS: Non-initiator - Closed _____________ 
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I'OTJ:::\TIAL I\JTI HIO:'i THEORIES EVALUATIO\ SHE!;T EPS-ll 

SUBJECT_____C_a_b_l_·n__F_a_n__F_a_i_l_u_r_e___________________________ 

SYSTEM OR COMPONENT___________________________________ 

!C,\I TION SOU RCE AND PROPAGAT ION________________________________________ 

-- ---- ---- - .. - ---_._---------------------------.----------

. ____________ ._ .::....oc~_'__'_':..=..______ _________ ______.c.;.;;~=;;,..,,;:;."'_::..=.:"__=________DUPLICATE REFERENCE ECS-4 __ _ 

Sl;PPORT DiG FACTORS_ _________________________________________-'--___________ 

----------------------------------------------_._._- -.----------

.NEGATIVE FACTORS_____________________________________________________________ 

CO\CLUSION______________________________________________________________ 

- - ---_..- ._----------------------------------------------

------------_ . .. _-----_._---------------------------------------------

DATE: ______3_-_2_3_-_6_7____ STATUS; __________=D~UP~L~IC_A~T~E~_______________________ 
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POTEHIAL I:-'ITiATION THEORIl'S EVALUATION SHEET 
EPS_12 

SUBJECT__-=S=u=i~t_C~o=m~p=r~e~s~s~o~r-=O~v~er~l~o=a~d=e~d~______________ _ 

SYSTEM on cOMpONENT____________ ________ ___ 

IGNITIOS SOURCE AND PROPAGATION ___________________________________ 

- --- ._----------.-.--------------- -----.- -- --- - - - ._-

__ ___.____ --"D~U::.P_=L~I.!<C!!.A.!...TE=____'::...___"R:::E~FERENCE ECS-3 

srpPORTI SG FACTORS- - ----

------------------------------------------------------

------ ----- -------- --------------- ----- .._- ------'

\£~ATIVE FACTORS-- -----------------------

------ . -.- --_.__._----------------- ._ - ----- --------- -

CO\CLUSIOS ---_ .- - - ._--_._._ ---------------- ---_. - _._----- ---

. -- -._- ----~ - . - - -- - .  - .--.--- _.- - - - --- _.._.  .----- - --.-
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----------------------

POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-13 

SUBJECT Inverter Phase Lock Box (Panel 208) Failure 

SYSTEM OR COMPONENT__~EP~S~____________________________ 

IGNITION SOURCE AND PROPAGATION__~H~e~a~t~_________________________________________ 

SUPPORTING FACTORS________~N~o~n~e~___________________________________________________ 

NEGATIVE FACTORS The three circuit breakers CB 1, 2, and 3 on Panel 209 which 

supplied all power to the phase lock box (Panel 208) was open per OCP and 

found open subsequent to the fire. 

CONCLUSION Close this item. The phase synch box was examined and shows no 

indication of overheating or other evidence of ignition source. The 

phase lock box was not energized from switch position information. 

DATE: 3-22-67 STATUS: ________ " ___ "_"_"Jlon-i~..!"~or_-=_--.9.~_d 
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-----

POTENTIAL I~ITIATION THEORIES EVALUATION SHEET EPS-14 

sUBJEcT ____ ~P~a~n~e~I~~1=5=0_=L~y~i~n~g~r ~L=0=0=s==c________________ ___ 

SYSTEM OR COMPONENT____=EP~S~_________________________ 

IGNITION SOURCE AND PROPAGATION__~E~I~e~c~t~r~ic==a~l-=s~p~a~r~k~o~r~h~e==a~t~._________________________ 

SUPPORTING FACTORS Panel 150 has circuit breakers which connect directly to 

the 3 entry batteries and 2 pyro batteries. This panel was not installed 

in place and was "resting" on a harness. 

NEGATIVE FACTORS____~N~o~e~V~l~·d~e~n~c£e~o~f~a~r~c~l~·n~gD_~o~r~f~i~r~e~l~ · · _· n~l~t~i~a~t~i~o~n~i~n~t~h~l~s~~a~r~e~a~.________ 

CONCLUSION____~C~I~o~s=e=_~t~h~i=s~i~t~e~m~.~~E=x~t~e~n=s~i~v~e~e~x~a=m==i=n=a~t=i=0~n~0~f~p=a=n=e==I_=I=5~0~r~e~v~e~a=l~e=d=_______ 

no evidence of arcing or shorting. Elec trical checks sUbstantiate 

Nominal resistance and functional circuit breakers. 

DATE :_______3_-._2_2_-_6_7_______ STATUS : _______N_~n-ini t ia tor_______C_l_o_s_e.::....:....d 
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----------

---- -------------

POTI::\TIAL I\ITIATION THEORIES EVALUATION SHEET 
EPS-15 

SUBJECT Jl85 Octopus Cable Connector 

SYSTEM OR COMPONENT_____ ~ __ 

IGNITIO~ SOURCE AND PROPAGATION_____________________ 

. - --------- 

DUPLICATE REFERENCE COMM-l 

srpPOHTI\G FACTORS 

~EGATIVE FACTORS 

--.-.------- ._ - --------- --------- 

. . - --- ._-_.. _-_.- -------------

----------- ---- -- .--- - --- --- ---- 

--.--- . - --------_.__ . .. . ----. . . . - - -.- . . -----~- _

. . -----_.- --- 

PH!,. : 3-23-67 STATUS: DUPLICATE 
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~ 

POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-16 

SUBJECT Water Gly'col Corrosion of Connector(s) 

SYSTEM OR COMPONENT 

IGNITION SOURCE AND PROPAGATION 

SUPPORTING FACTORS 

NEGATIVE FACTORS 

CONCLUSION This item is very genera l. A discussion will be included in 

the. Panel 18 Final ReEort. 

DATE: 3-24-67 STATUS: Closed as a sEecific item 
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---------------------------------------------------------

POTE~TIAL INITIATION THEORIES EVALUATION SHEET EPS-17 

SUBJECT Glycol Pump Overloaded 

SYSTEM OR COMPONENT__________________________________ 

IGNITION SOURCE AND PROPAGATION 

DUPLICATE REFERENCE ECS-2 

SUPPORTING FACTORS 

NEGATIVE FACTORS______________________________________________________________ 

COSCLUSION----------------------------- ------ --------.----

DATE :____~3~-=2~3-~6~7~______ STATUS :___________ __ __ ____ ______D_UP_L_ICA T_E -------------

, 
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---

1'0'1'1' " . 

EPS-18 

' :' /1\.11-: ("'1" AC Control Box V16-451136 Short 

' ~ : YSTJ':\I OrtC()M"OSJo:NT____EP_~ _____ .. _ .. ._____ ._ . 

____ y.~_~_.~n_.un~~~wn mechan1~1!1 .'. . .. . __ ____ . ___.__ . ___ . _ . _______ _ . • . 

SUPPORT 1 NG FACTORS _ ..B,!£n~~L conforma 1 coa t ing on termina Is 13 and 23 of 

___ ""m..:;o...::t..:;:or swit~_~~_.__ .. ._ _ ____________________ 

---------_ .... -.. -- - - ----------_._---------

._ - . .. _ ..--_. ---- ---------

NEGATI VE FACTORS _ _ .V_i .s_ua 1 .exami~.tj.QJ1...1li\Q.w.~ no evidence that the teflo.n...ml.__ _ 

Electrical tests, reference TPS eM CA_Q56,._ . 

___ "__ .1ruUc.at.e.d .. t.ha.t. .tluL.c.iJ::.cu.i.LIlUi st i 11 intact 

---_._ _ .... _ . 

CONCLUSION Based on the above tests an~ visual in~pection, it is concluded 

that this item was not the ignition source. A member of the Fire Panel 

concurs.-------_... __ ... _ -

vAT!:; ; __-,-3 -~_2_1_-6_7_ 
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POTE~TIAL INITIATION THEORIES EVALUATION SHEET EPS-19 

SUBJECT Evidence of an ARC on Tip to Pin 16 on Panel 20 

SYSTEM OR COMPONENT___T~/C~____________________________ 

IGNITION SOURCE AND pnOPAGATrON__~E~l~e~c~t~r~t~c~a~l~s~p~a~r=k________________________________ 

SUPPORTING FACTORS__ · ___~V~i~s~u~a~1~i~n~s~p~e~c~t~i~0~n~1~n~d~ic~a~t~e2s~t~h~a~t~t~h~e~t~i~D~0~f~Pwi~n~1~6~________ 

(VHF/AM +28 VDC) has arced. 

NEGATIVE FACTORS__~A~r~c~i~s~0~n~1~y~0~n~t~i~p~r~a~d~1~·u~s~o~f~p~i~nL.__~T~i~p~r~a~dui~u~s~i~s~n~Q~t~r~u~b~b~e~d~___ 

when connector is mated. There in no evidence of oyerheatlni or arcing 

of pin or mating connector. The small mark on the tip radius of the pin 

most probablY . 9ccurred during panel checkout prior to installatipn and 

was not rubbed 
CONCLUSION______ 

off when the connector was mated. 

ThereJ,s . llo... eYideru:.e that this item was an jniti.a..t.or or the fire 

DATI:: : 3-22-67 STATUS : Non-initiator Close d 
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----------------------------------------------------------

POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-20 

SUBJECT ARC of Wire/Cover on J-BOX C15-1A52 

SYSTEM OR COMPONENT___________________________________ 

IGNITION SOURCE AND PROPAGATION_____________________________________________~------

DUPLICATE REFERENCE EPS-22 

SUPPORTING FACTORS 

NEGATIVE FACTORS 

COSCLUSION____________________ ________ ~------------------------------------

------------- .--------- - - ------------------------------------------- 

----------- ----------- - ------------------,-------- -----------

DUPLICAT=E___ ________________________DATE; __~3~-~2~3~-~6~7__________ STATUS; 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-21 

SUBJECT Wire Short to Junction Box Cover 

SYSTEM OR COMPONENT___________________________________ 

IGNITION SOURCE AND PROPAGATION_________________________________________________ 

DUPLICATE REFERENCE EPS-22 

SUPPORTING FACTORS_____________________________________________________________ 

NEGATIVE FACTORS 
----------------------------------------~-----------------

CONCLUSION____________________________________________________________________ 

DATE: ____~3~-2~3~-~6~7_________ STATUS: DUPLICATE 
------~~~~------------------------
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POTENTIAL 	 INITIATION THEORIES EVALUATION SHEET EPS-22 

SUBJECT_....;.D.;;;a.;;;m~a.Slg""e...;.d;......W...;;i...;.r...;;e-.,.;J_-...;;B;..;0...;.x;.....:C:..;:1:..;:5;...-....;1_A....;5;..;2;;..-C..o;;...v;...e",r,--,P;...1;...a;;;;....;..te"'--___ 

SYSTEM OR COMPONENT EPS/RCS (+Yaw Normal Power MNA) 

IGNITION SOURCE AND PROPAGATION Arcing of the DC power to the 

cover plate. 

SUPPORTING FACTORS High energy source (250 amp power supply through a 

20 amp circuit breaker and #16 wire). Evidence of arcing or welding on 
the panel cover plate and on the adjacent power wire. Propagation could 

have been by the wire coating glycol reSidue, and/or nearby debris net, 

Velcro, etc. ignited either locally or at a distance by flying sparks. 

This area matches the Fire Panel's theory about where the fire started. 

NEGATIVE FACTORS____ e_v_i_d_e_n_c_e o_f a m_o_m_e_n...;;t...;.a_r~y o_v_e_r_l_o_a_d~o_n M_a...;.~_n B_u_s~A~._______N_o__ 	 __ ____ __ __ · __ 

CONCLUSION This theory is not prime suspect. 

- - - ---.------ 

OATE : 3-24-67 ST..\T! :S : 	 Non-initiator Closed 
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POTE~TIAL INITIATION THEORIES EVALUATION SHEET EPS-23 

SUBJECT Electrical Wires Routed in Front of Heater 
(Reference P482 TPS 369 Step 17) 

SYSTEM OR COMPONENT____~E~P~S/~E~C~S~______________________ 

IGNITION SOURCE AND PROPAGATION Overheated wiring in vicinity of urine 

dump heater. 

SUPPORTING FACTORS____~N~o~n~e~.~______________________________________________________ 

NEGATIVE FACTORS____~H~e~a~t~e~r~s~n~o~t~o~n~p~e~~r~O~C~P~.___ t~h~1~s~c~o~n_f_i~g~u~r~a~t~1_o~n~._____· C~/~B~'s~~v~e~r~i~f~y__ · · 

Heater located in aft compartment. No evidence of fire having originated 

______~i~n~t~h~is area . 

COSCLUSION Since n~wer was applied to this circuit and physical evidence 

indicated fir~ did not originate in aft compartment , close this item. 

DATE : ___ ... 3-28-67 . . . . _____ STATUS : Non-initiator Closed
..cc.....:--=-c:..::..::c::..:......:....::...::~ .________ .•• . _ _ ___.______ 

, . 
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POTENTIAL 	 ISITIATION THEORIES EVALUATION SHEET EPS-24 

SUfl.IECT SPS PUGS Display Unit 

SYSTEM OR OOMPONENT____~S~P=S____________________________ 

IGNITION SOURCE AND PROPAGATION__~2~8~VDC~~a~n~d~1~1~5~V~,~4~O=O-=Cy~c=1~e~,~w~a~s~______ 

,. 
 present within .the PUGS Display Unit at the time of accident. All PUGS 


circuit breakers were closed. 


SUPPORTING 	 FACTORS None 
--------~~----------------------------------------

~EGATIVE FACTORS TPS S/COI2-CM-CA-092 was performed satisfactorily 

which verified the functional integrity of the PUGS Display Panel Assembly. 

All data obtained was within specified accuracy of applicable process spec. 

MA0210_0111, Sect. 61. 

CONCLUSION The only visible damage to the PUGS Display Panel Assembly 

is a cracked glass on the face of unbalance meter. This unit should 

have in no 	way contributed~t~0~t~h~e~S~/_C~O_I_2~a~c~c~i=d=e~n~t~.__________~--------------

--- ----- - --.---------- 

DATE: 3-24-61 STA7lS: Non-initiator Closed 
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POTE\TI,\L INITIATION THEORIES EVALUATION SHEET EPS-25 

SUBJECT Main Bus B Short to Substructure at Sl1. Panel 8 

SYSTEM OR COMPONENT Main Display Console 

IGNITION SOURCE AND 

of conformal coating on 

PROPAGATION Potential short circuit or arc through area 
--~~~~~~~~~~~~~~----

one terminal of S11 that contacted substructure behind 
.., 

Pane1 #8. 

SUPPORTING FACTORS Continuity check through damaged area of conformal coating 

on S11 terminal shows potential short circuit to substructure. Microscopic examina

tion of substructure disclosed minute area of sparking. or arcing. in area of 

terminal contact. 

NEGATIVE FACTORS Area of sparking to substructure is minute. The arc pits can 

only be observed under at least 10 power magnification. There is no evident damage 

due to overheating to the conformal coating on the switch terminal. 

CONCLUSION An intermi ttant short to the substructure existed from Sl1 through the 

conformal coating. However. the size of the observed arc pits and the lack of 

heat caused decomposition of the conformal coating indicate that the heating was 

illS!lfficient to have been the ignition source. 

Non-initiator Closed 
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POTl.:-ITIAL INIT ~ATION THEORIES EVI.i..UATION SHEET EPS-26 

SUBJECT Wiring Arc near Scientific Equipment Bay 
LEB Main Bus B 

SYSTE~I OR COMpONENT________~E=P~S~_______________________ 

IGNITION SOURCE AN[ PROPAGATION_____E_I_e_c_t_r_i_c_a_I__a_r_c___i_g_n_i_t_i_n_g__b_a_t_t_e_r_y__t_B_p_e_._____ 

• 

SUPPORTING FACTORS Evidence of arcing. Battery tape was burned. A 
----------------~------~--~---------------

short on Main Bus B could account for the AC Bus #2 voltage 

transient. 

NEGATIVE FACTORS Inspection by the Fire Board resulted in the conclusion 
----~------~---------------------------------

that the absence of a propagation path negates this theory. 

CONCLUSION This theory should be closed based on the results of the 
----------~~--------------------------------------

Fire Board inspection . 

DUE 3-27-67 Non-initiator Closed 
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POTENTIAL I:-IITIATION THEORIES EVALUATION SHEET 

SUBJECT STATIC CHARGE BUILDUP IN SUITS 

SYSTEM OR COMPONENT PRESSURE GARMENT ASSEMBLY 

IGNITION SOURCE AND PROPAGATION POSSIBILITY OF STATIC CHARGE BUILDUP 

AND DISCHARGE BETWEEN SUITED ASTRONAUT AND SI C. 

SUPPORTING FACTORS SUIT AND COUCH PAD MATERIAL WAS BURNED. 

NEGATIVE FACTORS TPS s i C 014 CM 038 WAS PERFORMED WITH A SUITED PERSON, 

VENTILATED WITH DRY AIR. READINGS OF CAPACITANCE AND VOLTAGE BETWEEN 

SUBJECT AND SI C WERE BELOW THE ENERGY REQUIREMENTS TO IGNITE ANY SOLID 


MATERIALS FOUND IN SI C. 

CONCLUSION A SUITED PERSON CANNOT GENERATE SUFFICIENT ELECTROSTATIC 

ENERGY TO IGNITE ANY SOLID MATERIALS FOUND IN SI C 

DATE : 3 / 27 / 67 Non-initiator Closed 
" --'-'-"' -" 
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BRIEF SUMMARY OF SIGNIFICANr 

SPECIAL TEST RESULTS 

1. 	 Effect of Water-Glycol on Gas Chromatograph Cable and 
Connector 

Tests conducted to determine the reaction of the cable 

and its contribution to the accident if water-glycol had 

contacted the gas chromatograph connector. Tests indicated 

that no voltages appeared at the two shielded signal leads 

until all connector pins were completely immersed. At that 

point a 400 cps, approximately 4.5 volt, signal was noted. 

Ignition did not occur; however, what appeared to be 10caBzed 

boiling was noted in the area of two 115-volt connector pins 

whicb were adjacent to each other on the connector. 

2. 	 Effects of Water-Glycol on Spacecraft Connectors 

During the checkout phase of Spacecraft 012 operations, 

water-glycol leaks and spillages were encountered. Some of 

the spacecraft harnesses were wetted and subsequently cleaned 

with water and alcohol, and dried with nitrogen. Test con

ducted to determine if the cleaning procedure was adequate 

and to determine the effects of exposure of electrical con

nectors to water-glycol. Teet incomplete at this time as 

20-day cycle started on Marcb 14, 1967. Tests being con

ducted at KSC. 
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3. Determine ~p vs CDU Gimbal Angles 

A test was conducted on Spacecraft 008 at MSC to obtain 

data on CDU gimbal angle changes at various cabin differential 

pressures. This data was then used for correlation with data 

available from Spacecraft 012. All of the data are con

tained in the Panel 10 Final Report. 

4. Corner Ignition Test 

A test was conducted at MSC in a 14.7 psia, 100% oxygen 

environment to determine whether ignition of a nylon chafing 

strip at the left-hand portion of the lower equipment bay 

will ignite the remaining flammable materials in the immed

iate vicinity. Test disclosed that all debris netting and 

Velcro on flight qual recorder burned completely as a result 

of the nylon i~nition. 

5. Boilerplate Mock-up Fire Tests 

Boilerplate A at MSC was mocked-up as close as possible 

to the Spacecraft 012 internal cabin configuration with 

respect to flammable materials. A fire was then started to 

try to reproduce the Spacecraft 012 accident. Five tests 

have been conducted to date, under various pressure and oxygen 

environments. The test results are covered in detail in the 

Panel 8 Final Report. 

• 
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6. 	 Wet Wire Fire Ignition Test 

A test was conducted at ~SC to determine whether water-

glycol will ultimately lead to shorting and ignition when 

dripped on wires with deliberate flaws. The test indicated 

that a conductor can' ying 3 amp 28 volts DC did ignite 

approximately 8 hours after exposure to a water-glycol drip . 

7. 	 Suonmary of Spacecraft 008 DC and AC Electrical Tests 

The results from each of the electrical tests conducted 

on Spacecraft 008 are summarized in the following paragraphs. 

The many tests and test conditions were primarily compared 

to the PCM data obtained at the time of the AC electrical 

transient on Spacecraft 012, to establish what condition or 

set of conditions would duplicate that data. 

(a) 	 Effect of Rapid Switching of Non-Essential Bus from 
DC bus A to DC bus B 

This test condition did not produce data similar to 

that on Spacecraft 012. 

(b) Effect of Inverter Switching to Supply AC Buses 

This test condition did not produce data similar 

to that of Spacecraft 012. The over-shoot amplitudes on 

the AC bus voltages were too low and too rapid. 

(c) 	 Effect of Load Switching on the AC Buses 

This test condition did not produce data similar to 

that of Spacecraft 012. The drop in voltage on the AC bus 

due to switching any of the large electrical loads was 
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re~ulated by the inverter to maintain the DC bus voltage 

above the minimum required to cause a dropout of the 

VHF / FM transmitter and C-band beacon. 

(d) 	 Effects of Shorts of Various Dur~tions and Levels 
on AC bus 2 Circuits 

These tests did not produce data similar to that of 

Spacecraft 012. The prime difference was the lack of proper 

amplitude for the three AC bus 2 voltages. However, dropout 

effects of the VHF / FM transmitter and C-band beacon , and the • 
recovery time for the AC voltages were similar to that of 

Spacecraft 012. 

(e) 	 Effects of Interrupting DC Power to the Control 

Relays which Control Switching of AC Power to the 

VHF / FM Transmitter and C-band Beacon 


These tests did not produce data similar to that 

of Spacecraft 012. The dropout of the transmitter and beacon 

could be reproduced; however, the effect on lhe AC voltages 

was not present. 

(f) 	 Effects of DC Shorts of Various Durations and 

Levels on the DC bus 


DC shorts of a 5 to 20 milliseconds duration for 


current values of about 80 amps or greater are required to 

drop the voltage on the DC bus sufficiently to cause the ., 
inverter to lose regulation. These tests indicated that 

shorts of several milliseconds duration and of sufficient 

current drain can closely reproduce the Spacecraft 012 data 

indications at the time of the AC bus 2 transient. 
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(g) 	 Effects of \lomentary Interruption of DC Power 
to the Inverter 

A DC interruption of 2.5 to 20 milliseconds duration 

will reproduce the Spacecraft 012 data indications at the 

time of the AC bus 2 transient. 

(h) 	 Determine Arcing Damage to Wires of Various Sizes 
Used Within the Spacecraft, With Current Limited to 
Values Commensurate with Circuit Characteristics 
of the Spacecraft 

The wire damage due to arcing was found to be pri 

marily a function of the resistance at the shorting point. 

A relatively high current passing through a short of very low 

resistance would cause little or no damage as compared to a 

relatively low current passing through a short of several 

ohms resista~·c~. 

(i) 	 Effects of Shorting Power Leads in the Octopus Cable 
to the MDAS Recorder 

A mom€ntary short on the octopus cable power wires 

would not cause a drop of voltage o n the DC bus sufficiently 

low enough to cause the inverter to lose regulation. Also, 

the effect of a mome n tary short appeared on the biomed moni

toring channels of the MDAS recorder as transients. A short 

of greater than 8 milliseco nds duration would cause the time 

reference of the MDAS to lose time. 

8. TV Simulation Using Spacecraft 008 

Several individuals witnessed the Spacecraft 012 accident 

on television monitors. A test was accomplished utilizing 

ENCLOSURE 18-56 
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Spacecraft 008 to substantiate the visual resolution that 

one could expect over a television monitor system. No 

additional conclusions or observations resulted from the 

conduct of this test. 

9. 	 Cobra Cable Spark Ignition Tests 

The minimum ignition energies of several solvents used 

•in the Spacecraft and the problems experienced with the 

communications system indicated that the connect or dis

connect of a cobra cable could be suspect as a spark or 

ignition in a simulated Spacecraft 012 environment. Separ

ation of the cobra cable did not produce any visible sparks 

or ignition. 

10. Suit Electrostatic Discharge Tests 

Tests were conducted to determine the energy that can 

be transferred from a suited person when the suit is electro

statically charged. Tests conducted in Spacecraft 014 in

dicate that insufficient energy is generated for ignition 

to occur. 

11. Mock-up 2 Mobility Evaluation Test 

This test was conducted to determine the capability of 

a crew to see certain areas of the Spacecraft and to perform 

certain actions with respect to time. 
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12. 	 Gas Chromatograph Cable and Connector Tests 

Special tests disclosed that an output from the gas 

chromatograph connector can be produced by: 

(a) Physical movement or disturbance of the wiring 

and / or the connector 

(b) Application of external heat to the wiring 

and / or the connector. 

13. 	 Voltage Regulation Tests at Launch Complex 34 

These tests indicated that a short circuit in the 

range of 5 to 25 milliseconds, drawing approximately 75 amps, 

caused an immediate drop in DC bus voltage of 13 to 15 volts. 

14. 	 Gas Chromatograph Cable Arcing Test 

A test was conducted using Spacecraft 008 to determine 

whether arcing would occur if the gas chromatograph connector 

was dropped onto a metal surface. No arcing took place. 

15. 	 Test to Reproduce Copper Flow Found on Gas Chromatograph 
Cable 

Tests were conducted to reproduce a copper flow condi

tion found on the AC wires of the gas chromatograph cable. 

All attempts to simulate the condition by either short cir 

cuits or by application of external heat did not result in 

a similar appearance of the wires. 
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16. Pyrotechnic Battery Hydrogen Outgassing Tests 

Tests have been conducted on pyrotechnic batteries to 

determine the outgassing characteristics at ambient and 

elevated temperatures. Based on these tests, it was con

cluded that the battery relief valves did not relieve and 

admit hydrogen to the Command Module. 

17. Flammability Propagation Rates of Debris Netting 

Tests were conducted at KSC to determine the flamma

bility propagation characteristics of the debris netting 

of that type located in the Command Module floor at the 

ECU. Tests conducted at an ambient pressure, 100% oxygen 

atmosphere, produced a burning rate of approximately 2 inches 

per second, burning in a horizontal direction. Refer to the 

Panel 8 Final Report for more information on other materials' 

flammability test results. 

18. Water-Glycol Flammability Tests 

A number of water-glycol flammability tests h~ve been 

conducted at KSC and at MSC, and are still continuing at this 

time. Some of the tats indicate that the inhibitor agent 

in ~he water-glycol coolant fluid does provide a flame pro

pagation path along electrical harnesses exposed to leakage 

and spillage of water-glycol. 
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