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; <7t i APOLLO SPACECRAFT
The spo: "« s onsists of a launch escape sysiem (LES) assem-
biy, cou . 2 T/, service module (S7M), and the spacecraft/
lunar moduole adapter (SLA). The LES assembly provides the means for
. rapidly separanag the C o4 from the 874 duwring pad or suborbital aports.
The C-M torms the spacecraft control center, contains necessary auto-
matic and manual cquipment to control and monitor the spacecraft
‘sy<tems. and contains the required equipment for safety and comfort of
the crew. The $73i is a cvlindrical s.ru-ture located between the C/M
and the SLA. It contains the propulsion systems for attitide and veloc-
] ity change maueuvers. Most of the consumabics used in the mission are
1’: stored i the 5/M, The SLA is a truncated cone which ccennects the
: S’M to: - launch vehicle. It al<o provides the space wherein the lunar
module - 7. carsied ot lunar missic ns,
§ ’ . noce YEIY i PROGKESS AT THAE OF ACCIDENT
: . = -
¥ . Spacecra.” w. . Tundergning a *Plugs Out Integrated Tesi'” at the
F time of 1k [ - .viea January 27, 1967, Operational Checkout Proces |
H dure, desi;_v’ » 7 LP FO-K-0021-1 applied to ‘his test.  Within this
é r.port this procedure is ofien referred to as GCP-0021.
TESTS AND ANALYSES
i Results of tests and analyses nnt complete at the time of prblication
of this report will be contzined in Appendix G, Addenda and Corrigenda.
CORVERIION OF TIME
Throurhout this report, time s stated in Greeonich Mean Tins (GLIT).
To convert GHY to Eastern Standard Time (EST), subtract 17 hours.
For example, 25:31 GHT converted is 6:31 pom, EST.
i
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ORIGII{ AND PROPAGATION OF FIRE
A. TASK ASSIGNMENT

The Apoiio 204 Review PRoard established the Origin and Propagation of Fire Panel, 5. The task
assigned for accomplishment by Panel 5 was prescribed as follows:

. .Conduct inspections, chemical analyses spectrographic analysis of spacecraft, parts or rubble, .

or use any other useful techniques to establish point of fire origin, dircction and rate of prop-
agation, temperature gradients and extremes. The nature of the fire, the type of materials con-
«umcd the degree of corubustion shail be determined.
E. PANEL ORGANIZATION
1. MEMBERSHIP:

The assigned task was a;c.omplwhea by the fcllowing members of the Origin and Propagation of
Fire Panel:

*Mr. F. J. Bailey, Chair‘man, Kennedy Space Ccnixer {KSC), NASA
Mr. J. Craig, Mannéd Spacecraft Center (MSC), NASA

" Mr. [. Pinkel, Lewis Research Center (LeRC), NASA
Mr. A. Krupnick, Mar,shall Snace Flight Center (I\ISFC‘!, NASA
Mr. T. Horeff, Federal Aviation Agency (FAA)
Dr. H. Carhart, Naval Research Labqreton" (NRL)Y
Mr. J. Leak, Civ‘il Aeronautics Board (CAB)

Mr. J. Yardley, McDonnell Company, St. Louis, Mo.

2. COGNIZANT BOARD MEMBER:

Dr. R. W. Van Dolah, Bureau of Mines, U.S. Department of Interxor Board Member, was
amgned to monitor the Origin and Propagation of Fire Panel.

C. PROCEEZDINGS
DETAILED ORJECTIVES:
he detailed objectives of Pgnel 5 are listed as follows:
a. Determine from dxi'ect \isuai‘ examination of the .ph)sxcal evidence available at the scene

of the fire, what facts can be established relative to the point of orxgm and the direction
' * and method of propaoanon of the fre.

b. Recominend any proccdur(:a analyses, or tests that wou‘d be cxpcctcd to cstabhsh ad-
ditional pertinent facts from this physical evidence.
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¢c. Review or monitor the performance of these procedures, analyses or tests, Review the
yesults obtained and report any additional facts established.

- ‘ . . o,
. ) >
s ‘ .

. \
d. Recommend any further action deemed appropriate.

Jn the periormance of this task, the Panel will keep itself informed as to the data being obtained
by the other Panels and will make appropriate usec of all pertinent information bLeing generatedl by
these Panels.  The Panel will give verbal reports of its results to the Board at {requent intervals and
will. develop its studies with ihe continuing advice ol the Board. It will report its final results and

; coaclusions in writing o the Board.
2. APPROACH: : ‘ \
, Acting under the direction of the Board, Panel 5 considered the related problems cf identifying
g the ignition source and establishing the fire propagation course through the Command Module {(C/M).
i While the main course of the fire can be reconstructed with confidence from the available evidence,
¢ the identification of the ignition source is more difficult and will require supporting facts derived from
5 o rclevant laboratory studies.  While several ignition sources remain suspect, none have been confirmed
and perhaps no positive ignition source will be found because the evidence may have been destroyed
by the fire. '
o
This report treats the subject of ignition sources and fire development scparately since each is
{ controlled by different factors. :
3. IGNITION SOURCL:
In the conduct of its wozk, the Fanel adopted the following points of view regarding the identifi-
cation of the origin of the fire: . ' . P
i . a. A determination of the origin of a fire requires identification of the first combustible to
burn and its ignition source. Proof that the identification is correct requires that the following
checks be made:
(1) The observed fire damage following the ignition can be demonsirated ¢r explained.
(2) The expected rate of the spread of fire and associated pressure rise in the C/M is con-
g sistent with pressure and-temperature indications recorded during the cvant.
* (3) All other combustibles ar= eliminated as being the first combustible to burn by virtue of one
i or more of the following points:
. (3) No available source to ignite the combustible.
(b) Possitsle ignition souice i= krowan 1o be inactive at time of five siart,

« ’ .
(c) If jgnited, fire would not propagate from the combustible to produce the observed
damage and the increase of pressure in the G/M. :

1
i L
b. Information was gatiered during the post-fire study of the C/M to facilitate the deter-
. mination of the fire origin according tu this plan.
f c. Ignitinn sources pertinent to the C/M include:
(1) Eiectric arcs and sparks s
| .
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(2} Electrostatic sparks
(3) Friction sparks

(4) Spontancous combustion through the gradual heating of combustible by slow oxidation
in thermally insulated zones. ’ -
4
The investigaiion included an' appraisal of these modes of ignition where they are applicable.
I ) : )

‘d. Arveas of the C/M containing electrical lines and fluid-bearing tubes in close proximity
have bumed and me'ted away. Thercfore, the actual components involved in the start of the
fire may no longer exist. Every cllort was made to identify original components from the ash
to assess their role in the fire start. Careful examination of these componenis along with related
records of electrical, fluid flow and fluid pressure anomalies were undertaken to establish which
of the damaged systems were abnormal shortly before the fire began and which damage was a

‘consequence of the fire.

e. Itis typical of fires involving energized electrical systems for ares and short circuits to develop
during the fire as insulation fails. Thercfore, if the ignition source is electrical, only those electrical
arcs, sparks, and shoit circuits that preceded the fire are meaningful in establishing the probable
fire origins. The section of this report containing observations and analyses presents that portion
of the investigation devoicd to sorting out these questions.

f. One example of wire insulation domage that may have preceded the fire is illustrated by
photograph (Enclosure 5-Z).  The circled area in the figure shows a wire bundle which lies over
a bare stainless steel tube that is a waste menagement line. This tube lies below the aluminum
access door to the carbon divxide and odor absorber cornpartment of the Environmental Control
Unit (ECU). Whea tae door was opened and closed, its lower edge may have chafed the wires of
this bundle.  There was no chafing guard for the Teflon insulation on these wires; this made
them vulnerable to damage. Teflon is particuiarly vulnerable to cold floy and mechanical damage.
Wire spliccs close by increased the susceptibility of the insulation to chaling damage. Carsful
investization showed that the splices were too far from the chafing point to matter. Combustibles
in the form of polyurethane foarn and nylon netting lay close to the electrical arcs and sparks
that would occur if the Teflon insulation were defeated. The same wires damaged by fire are
shown encircled in photograph (Enclosure 5-3). '

g. As of March 29, 1667, most of the electrical wiring in the C/5 had been cxposed to view.
The ECU had been disassembled. Units containing elcctrical and electronic gear were examined
to see if internally generated flames or incendiary arcs and sparks could have issued from the
openings. Only in three instances did the visual evidence justily detailed inspection of the electronic

components. These units were the Trauslation and Rotation Coutrolr and the Central Tiring
Lquipment. Carcful examination showed that the damage to these omponents wes a consequence
GEthe five and thus they are not constdored the sormes o dgniton (Refeoences B4, 5.2

h. AlY wiring was inspected for faults and have been judged for their fire starting powential.
The locations of these faults were recorded in Enclosure 5-4 and its attached diagram. Those
which weie clearly the result of the fire have been dismissed from further consideration. The remain-
der were studied in detail. Results on ibzse investigations are reported in paragraphs i. through
m. of Section 5. Items still under investigation will be included in Appendix G aftcr completion.

i. Flectrostatic and friction spark ignition possibilities were studied by Panel 8 in a program to
establish the susceptibility of C/M materials to igrition by these sources. " This is 2 cooperative
£y . . . . .. s
ciort with Panel 5, which has stimulated complementary work on the ignition process in 100°
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percent oxygen atmospheres at government and contractor laboratories. The effect of contaminants,
«wech as water/glycol leakage and cleaning solvents on the ignition and fire development processes

of C/M materials will be 2 principal feature of these studies.

j. More than one potential igniticn source for the G/M fire may be found in this investigation.
Fvery cffort is -being made to establish their relative probability as the 012 C/M fire initiator.
Lzboratory tests and mock-up fires are the principal tools for these determinations.

4. DESCRIPTION AND COURSE OF THE FIRE:

a.Since the course of the fire was determined by the quantity and arrangement of the C/M com-
Lustibles, reference is made to the report of Panel 8 in which these are detailed. Briefly summarized,
the combusiibles contained in C/M 012 included a liquid combustible wacer/glycolin a widcly distributed
system, and solid combustibles - mostly plastics in the nylon, polyurethane, and silicone rubber class.
The nylon is mostly in cloth form; the others appear as thin films, thick tapes with exposed pile,
and foam plastics used largely for heat insulation” and protective padding. A view.of the Command
Module from the hatch, photograph (Enclosure 5-6) shows the destribution of exposed solid combustibles.
Throughout this report reference to lccation of C/M zones will be as viewed through the hatch in the
manner of the photograph. The [ollowing description of the fire is divided into three stages for reasons
of clarn.y and convenience in describing when the fire probably started and the specific phases of
fire propagation. : :
|

Stage 1 - Stage 1 began when the fire started, probably some seconds before the astronaut’s first
verbal indication of the fire at 23:31:04.7 GMT (6:31:C4.7 pm EST). This inferenceis based upon
several anomalies in the telemetry data. Stage 1 concluded at about 23:31:19.4 GMT when the internal
pressure ruptured the pressure vessel.

Stage 2 - Stage 2 is the period -of greatest contlagration due to forced convection resulting from
the out-rush of gases through the rupture. It probably lasted for about 5 seconds; it is estimated
that the pressure reached ambient at about 23:31:25 GMT.

Stage 3 - Stage 3 continued frem about 23:31:25 GMT through the decaying phase of the fire, when
high concentrations of carbon monoxide and smoke were produced, for an undefermmed time but
which could not have exceeded several seconds.

-

Noter During the later stages of the five a wocalized, extreiaely intense, fire in the ECU lingered neyon:d
th

he culmination of Stage 3.

b. From observations of post-fire damage and witness statements, the fire first appeared to be at
the lower portion of the left side of the C/M, presumably near the lower left corner {Enclosure 5-7).
The siow rate of rise of recorded cabin pressure caused by the heat reicased by the fire suggests that
fire was not intense until about 23:21:12 GMT (Enclosure 5-8). This slow rate of pressure rise
tent with the view that the eardy fire was either located in a zone contuining little combustible

o, o containing much bare aluminuin siructure which could absorb an apnreciable portion of the
The first significant indication of pressure rise was shown by telemetry data at 23:31:08.4 GMT.

¢. By approximately 23:31:12 GMT, the fire had propagated out of its initial confines to involve
additional combustibles. Estimated extent of fire following this time is shown schematically in Enclosure
5-9.  The presumption is strong thai flames along tue left wall prevented the Command Pilot, who
oce uplcd the left couch,. from ,operating th= valve which vents the C/M to the ambient atmosphere.
Siich operation of the valve was an initial step in the established emergency fire procedure. However,
this emergency procedure would have been to no avail because the venting capacity of the cabin pressure
relief system was too lov tc prevear buildup of pressure within the C;N\ due ro the fire. The heavy
teinage to the upper wall and ceiling in the lefi front corner, shown in Enclosuie 5-10, shows the




intensity of the fire in this area. Since the oix'gcn concentration in the C/M 'vas above 90 percent
the first flames would be hot. bright, and relatively smoke free. They would rise vertically and spread
out under the cabin ceiling. The Scnior Pilot, who occupied the center couch, had the responsibility
of unlatching and removing the hatch. The Senior Pilot’s harness buckle was found in the latched
‘;.usi(irm in accordance with standard procedures.

Some burning of the lower portion of the Command Pilot’s suit may have been started by the
flames rising from the ECU area and the adjacent nylon debris trap. Tests of nylon debris trap(Raschel
pet) burning in oxygen show iis tendeacy to sputter off fircbrands of burning molten nylon which
may be projected several inches horizontally from their origin. These fircbrands increase the spread
rate over that measured in small scale flame propagation studies of this material, particularly as the
convection currents generated by the fire increase.  During this period the Inertial Measuring Unit
(IMU) record indicaied that there was motion in the C:/M. The inference is that the Command
pilot was moving energetically at this time, in reaction to the emergency. His communication was
interrupted some time before (23:31:10 GMT) or about five seconds after the first recognition of fire.
His Cobra Cable is presurnucd to bave been disconnected befere this time.

d. Because there had been a history of elest:ic arcs from the Pyro Battery to adjacent structure
at the aft bulkhead level in the right front corner, this area was reviewed carefully as a possible site
of the fire origin. The main combustible here is the nylon debris trap (Raschel Net) that extends from
floor to ceiling. The extensive melting of this net (Enclosure 5-11), visible as fused yellow plastic
adhering to C/M components in the corner indicates that the oxygen concentration at the time of its
ignition was too low to burn it o completion. For this reason the right front corner is not regarded
as the Jocation of the origin of the fire. :

e. The second stage of the firc began at about 23:31:19 G\IT when the cabin pressure record can
be luLupI‘C[Ld to mean that the pressice had risen to a range of 29 to perhaps 37.7 pounds per square
Cir.ch absolute (psia). This is the estimated failure range of the pressure vessel (Enclosure 5-8). This
pressure would have resulted from the burning of three or four ounces of nylon, assuming adiabatic
conditions. Cooling of the cabin atmosphere by the structure, would substantially increase this estimated
quantity. ) :

f. A major failure in the aft bulkhead ocrurrcd at the junction of the wall and aft bulkhead in the
vicinity of the umbilical (Enclosure 5-12). Cabin gases and flame flowed in the direction of the break
in the floor. The flames, debiis, and oxygen tiowed into the toroidal space between the pressure
shell and thz heat shield where the thermocouples registered rapidly rising temperature at 23:31:20
CGMT. Flames in the toroidul space burnsd and melted compenents of the Reaction Control System
«nd the insulation ana honeycomb structure of the aft Leat shield. These flames also pouved {rom
access hatchies 1n the crew compartment heat shicld and set fire 10 combustibles situated on and around
the spacecraft at levels A-8 and A-7 Thcse fires endangered pad personnel and impeded rescue.

g. After cabin failure, the gas flowing toward the flocr break swept the flames to other combustibles

snd increased the rate of fire spread markedly. Flames rising above the couches were directed into
Lorizonial plane 1o spread the five over the couches. Examination of the couches and astronauts’

ot aiter the five indicates the movement of hese fames in the manner indicated i Enclosure 3-13
Finme damage to the suits, hariess, and helmet visors show that 1t was most severe for the Command
Pilot and least for the Pilot. 'Witnesses at monitors of the television camera mounted outside the cabin
hatch view port reported move@ent of flame from left to right inside the cabin.

t

{
¥

h. Inspection of the pressure vessei floor and aft heat shield, after scparatlon, shows that frag-
ments of Command Pilot’s suit were swept there by the flow of cabin atmosphere through the floor
break.  This implies penetration of his space suit by fire just prior to the second stage of the fire
when the convective currents were near maxirum.

[,
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i Parther s Cvicenee that fire crossed the couches from left to right is given by the meking and
purning of e dog cest control h;v‘d]_b on the left side of the left couch. This handle is forined from
sluminun tubing Tongues of flame flowing over the handle melted and burned its left side where
g ’ beattransfes would be greatest. The result was a soitened and deformed ledge of aluminum on the right
, side where ihe heat transfer was less (Enclosure 5-14). A plastic button at the base of the handle shows

litde deformation and no burning.  An alumihum ingot deposited by molten metal from the handle

lics adjacent to the plastic button. ‘ ,
-} Sowe of the fire below the couth also swept in the direction of the floor break (Enclosure 3-15).
Fire  damage o he three helmet covers lving on the floor below the Senior Pilot's {middle) couch
iocicated . thet same of this flame spread around the lithium hydroxide (LiOII) canister storage box
- Jefr of the Lelmet covers (Enclosure 5-16).  Fire damage to these covers is greatest on their left
shdes wdwves e Tames impinged. - The fire damage to the helmet covers, shown in this photograph,

_is consistent with (113 view of the path taken by the flames at this location. FEnclosure 5-17 is a view of
the helmet cover which lies closest to the hatch. Because the camera faces the hatch, the left side
; . of the C/M is on the viewer’s right. :

2 fudntuntial hear damage to the LiOH canister storage box and the clean underside
- :., ~of ithe cunch above the hzlimet covers indicates that these flameslasted for only a few seconds. Discrete

: Cdanagc w o viie Tbuhdies at toor level along the right side of the C/M indicates part of these flames
T reachcd curapielcly across the floor.

k. Absepe

i. Flames aiso moved from left te right along the front panel at slightly above floor level. With
‘ wes 5-18 and 5-19, which show a portion of the floor in front of this panel, the

it ¥y e
retereinte (o0 Ionciosy

- . ~ damage o wire buundles where fire impinged is shown to he greater than to those which lie to their

right, as indicated by the arrows on the photograph. The same relative fire damage is apparent on
the metal clamp covering the wire bundles, being greatest on the left and least at the right.

“iamiage to paint and wiring insulation appears alorg the front panel, particularly
veriess 2s shown in Enclosure 5-20.

. -lessens with displacement from left to right across the front panel above the iloor.
¢w.-The modest dswage to paint on the upper right section of the front panei shown in the above en-
v e chesure demonsirstos this peint. Soot marks on the -panels. arnund the rectangular protuberances indicate

of ~a. smoly flame meving upward and from left to right.  Some of this smoky flame

21 local patches of Velero vhich burned incompleiely. A tongue of flame extended
o wire bundles in the corner to do the localized damage visible in the photograph.

0. Suong convection currents induced by the flow toward the aft bulkhead break nﬁay have swept
some of these flames across the front panel. Patches of Velcro on the front panel and the nylon net in
the right front eorner may have been ignited by these momentary flames.

o Sone of b Jailed 1000 and 900 psia oxvgen tubing helow the Fnvir

onmigntal Control Unit

ve 5-21. This photograp!t shows sepoiated solder joints and ot shaminum whing

at
Pitec ncar floor level below the euit cireuit heat exchonger. The adjaceut portion of the ECU.
which comtains the 1 canisters shown in Enclosure 5-3, revealed broken coolant tubing (upper circle),
more failed oxygen lines in the oxygen control panel area, and holes burned through the aft bulkhead
L and presture vessel will.  The container for the LiOH canisters and adjacent structure show severe

< -dam,a.ge from 2 hoi, sustained fire. . . ;

L L q. The third wiud final stage of the fire frllowed the loss of pressure in the C/M thrbugh the aft
~ % bulkhead break. The remaining cabin atmosphere quickly became too deficient in oxygen to support
H

ﬂarhing combustion and heavy smoke was formed which deposited soot on most C/M surfaces as they

cooled High concentrations of carbon monoxide al.o devidoped rapidly at this time.  An intense
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f-+ lingered under the. ECU and the water and oxygen panels. There, broken oxygen and water/
1, col tincs continued to supply oxygen and fuel from the supply tanks to support the fire that melted
:2_: sft bulkhcad and burned the adjacent aft heat shield in this area.

r. Inspection of components taken from many areas of the C/M panel shows momentary penetrations
of bot gases and flame through unsealed openings. These penetrations were probably assisted by the
rapid increase in pressuie difference across the face plates. This is asscciated with the rapid expansion
of the hot cahin atmosphere shortly before aft bulkhead burst and the pressure fluctuation that followed
e burst.  Local melting and burning of potting compounds, wire insulation and. plastic electric con-
nectors are evidant.  Derails of this damage by flame and hot gas penetration is given in the enclosures.

s. Flames penetcated zones behind side and overhead panels and traveled for a distance of up to
a foot along thermal insulation on water/glyco! lines. This fire damage was confined to the insulation
along which the fire traveled. Such fives conld cause crippling damage to adjacent electrical components
and serious fire spreading can result. o

t. In the same areas,thers is also a considerable amount of very localized directional burning as
would be produced by jets of hot gas or flame. Details of such damage are given in the enclosures.

L]

5. OBSERVATIONS:

a. Observations from the post-fire inspeciien of the G/).I are summarized in the following para-
‘graphs.  Supporting photographs are listed. Significant findings which bear on the search for the origin
of the fire, the mechanics of five propagation and the effects of the fire are given. An over-all represen-
tation of the areas suffering the mast severe fire damage is illustrated in Enclosures 5-3 and 5-21. It
is appareat that the highsst intepsity fire generally emauated from the left front, -Y, +Z, area.
" Descriptive details, by equipment and/or panels in sach of the bay areas, are given in the Enclosures
5.93, 5-27, 5-20, 5-32, 5-35, and 5-37. It must be emphasized that some of the features of the early
fire are probably masked by the damage that occurs in the later stages of the fire.

b. Fire started near the left-front (-Y, +Z) corner in the area adjacent to carbon dioxide and odor
absorber compartment. Boilerplate mock-up tests ccnducted at MSC with a fire starting in this location
showed a history very close to that deduced from an inspection of the damage to C/M 012. The pres-
sure development associated with mock-up fire correlates well with the pressure-time trace recorded
during the C/M 012 fire.

c. The following observations were made of the flame propagation and damage to the thuee couches.
In general, there is no visible structural damzge of the aluminum couch scructure and sheet material
" except for, in some casés, destruciion of the anodized coating..

(1) Conditions - The sooting patterns reveal that the “‘as-found’” positions of the seat pans,
lower leg rests and foot rests were the same as when the scoting tcok place: (a) The keyways of the
wunnion lacks are sooied except for the left couch 170° keyway, the center couch 96° keyway,
and the right couch 254° keyway, (b) The lock pins and their receptacles are sooted or not sooted
to conform to these same positions, and {c) The foot rest side panels are scoted to indicate no
motion from their present positions after sosting. ‘

The foot rest area of the three couches offcred several indications of decreasing temperature
from the left side to the right. The nylon sheathing material on the foot restraint cables of the left
couch is completely gone except for a very small quantity near the swaged ball fittings. Proceeding
to the right there is an ever increasing amount of sheathing material remaining o. the cables.

The Velera hook pat:hes on the left sides of the leg rests are melted down completely; whereas,
the ones on the right side, although hieat damoaged, retdin their identity as hook material.

D-5.9
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The foot restraint strans follow the same left to right pattern.  Those of the left couch are
completely melted away.  The straps of the center COU(h are present, but semi-melted, the left
onc. sill attached at both ends. .he right onc conngeted oaly to the right arm.  The right couch
straps are completely connected; they are partially meit~d but to a lesser extent than those of
the center couch. '

It is noted ihat the left lower arm rest pad assembly of left couch had been attached to the
lower arm rest tube with epoxy; whereas all others had been attached by six rivets each (thxcc
on each attachment bracket). The left lower arm rest pad assembly was the only one separated.
Some of the epoxy shows zpplication of heat after separation; all epoxy remained on the tube.
The lower arm rest pad assembly was found on the aft bulkhead of the C/M on the -Y side
directly undsr the rcentry oxygen bottle. 1t was inverted. The bracketry at the bracket/epoxy
interface was clean. TLe aylon pad (face down on the aft bulkhead) was badly burned as are ail
other arm rest pacs with the exception of the left pads of the right couch.

The l=ft scat pan iock handlé has had the aluminum tube wall melted away at the front formed
bend (outer curvature ouly); most of the remaining portions of the tube show heat cracking. The
plastic striker plug on this handle shows signs of {lowing and has partially exited the tube although
the plug had retained iis basic shape. The other two lock handles were not heat damaged nor

~ were the plastic ph.gs

' Th» left couch right Iont Test has a coliection of moltcn alummum in its right-hand trough
at the foot restraint arm. This aluminura appears’to have drmp",‘ jm the access panel of the
potable water tank. This panel is in the +X dircetion from this foot vest when the rest is in the
usual position and the pan lowered to the 170° position. The collection appears to have dripped
rather than to have been blown to tais area.

All Dacron restraint harness maicria! shows some signs of melting. The bayonets of the left
and right harnesses were out of the buckle and sooted after removal. All three bayonets of the
center harness are still inserted in the buckle. The center harness had exiensive melting of the
webbing between th~ buckle and the threc left attachment points. The scoting patterns on all
the head rests indicate that the head rest tabs were, at the time of scoting, in the same positions
as found iellowing the fire. :

The cnushioned areas of the seat pans had almost all crshion material burned or melted away
with some sooting action taking place under the cushion area. This pattern is completely different
from the cushioned arca of the back pars which arc almost- complictely cican.  The Velcro hook
for the back cushions is darkened but stili retains its blue color and hook appearance.

(2). Observations . , . » ) .
(a) When the couch exposcd arcas were sooted, the seat pans, foot rests and head rest
tabs were in the as-found position, i.e.:

1. Teft seat -170°
Left head rest inhs folded
Left foct rests v -extended

: 2. Center seat -96°
Center head rest tabs -left folded, right extended
Center foot rests -stewed
! :
i . -

3. Right seat ' -264°
Right head rest tabs : -folded
Right ioot rests -stowed

% ' D.5-10
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: (b) The hottest area voas nader and o the left of the left couch foot rests (in the -Y, +Z
i direction from the foot rests).

(c) There was a directed flame path from the arca deseribed in (b) across the left couch

~,
£
S

f . seat pan lock handle (and translation contrailer).
% k (d) The conditions of the couchios indicate that the flame front spread from the left to right
ﬁ (Velero facing upwind™ highly damaged: Velero facing “‘downwind™ less damaged under
! and along the foot rests and seat pans), ‘ ’
R (e} There arc no major heat sourcns indicated by couches other than those describea above.
d. There is no evidence to indicate that water/glycol from the ECU contributed significant fuel
. in the first two stages of the fire. After the lines failed it was the principal combustible for the sus-
taining fire in this area. However, the waters zlvcol systern cannot be exoncrated as a potential con-
tributor to an electrical ignition source. Taboratory analysis of ash taken from the aft bulkhead shows
presence of glycel and there was a history of prior glycol spills in this area
e. Due to the condition: of the carbon dioxide and odor absorber compartments the pessibility was
sconsidered that an explosion and five originated in these compartments, resulting from hydrogen pro-
duced by a reaction of lithium hydroxide with water and aliminum. However, both of the lithium
hydroxide canisters in the spacceralt at the time of the firc were of the impregnated fiberglass variety.
_ They were so constructed that the lithium hydroxide pellets were not in direct contact with aluminum
! metal.  In order to produce significant quantities of hydrogen, liquid water must be present to dis-

‘ solve lithiumn hydroxide aad bring it in contact with aluminum metal. Qualificaticn data for the dew
point of the gas leaving thc compartment is 60° T, yet the temperature measured at 23:30:50 GMT
was 89° F. Also, the cabin temperature was 70.5° 4, hence water could not have condensed in the
lithium hydroxide canisters.

1 O f. Electrostatic discharge from nylon or similar material was considered by the Panel to be a remote
{ possibility, it cannot be compietcly discounted at this time. Counsequently, experiments were conducted
to assess this possibility. (See Appendix D-6)

g. For simplicity and where practical, the resuits of investigations of the equipment bays are com-
bined and a summary of conditions and conclusions are presented.

i (1) Right Hand Equipment bay
The instumeniation. wiring, pascis, and rear pressure vessel wall were scoted and fire damage
, was slight. Some debris resulting from fire damage was found on the aft bulkhead in the open
1 . areas. The compartment floor under the Earth Landing Sequencer and Circuit Interrupter areas
showed moderate fire damage v hich was probably due to fire sweeping under these compartments
to the break in the aft bulkhead. None of this fire -damage is- indicative of a fire source. En-

-

, closures 5°24, 53-25, and 5-25 visually show the subject area and Encloiure 3-27 is a detailed tabu-
« lation: of findings.

and con

Daserd upon vis ool equipment, the Right

e tenition sowce arca even though the combustible

Iland k—;quipmcni By Cihiiol DC L0 ol q e ig
- raterials in this drea provided fuel.
1 . | .
' (2) Forward ‘Equipmcnt Bays (Right and Left Hand)
The conditions observed in the Right Hand Forward Equipment Bay showed only minimal
" fire damage (Enclosure 5-28 and 5-29). Howeéver, in the Left Hand Forward Equipment Bay
(LHFEB) some of the bottom panels received very severe damage due to localized flame impinge-
ment originating from the Left FHand Equipment Bay. Heavy sooting in this area occurred during

O
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the third stage of the fire. Based upon the above cvidence, the Forward Equipment Bays cannot
be considered as 2 ignition source.

(3) Lower Equipment Bay (LEB)

The conditions found in the upper vortion (+X, -Y) of the LEB indicate that the fire damage
to the external surfaces of panels and instrumentation was more severe on the left and decreased
in intensity as it progressed toward the right. Food panels B through E showed severe heating.
Jet effects were observed on the front face of the Guid.nce and Navigation instruments; however,
the clectronic portiuns in the interior were relatively unscataed except fer some localized damage
due to intense heat. The resultant damnage was due to melting and burning of some of the potting
compound. In a few cases the wire insulation was damazed. The flame patterns in this area
indicated that damage was a result of 2 secondary fire and hot gases. Enclosures 5-30, 5-31,
5-31A and 5-32 present the detailed conditions fcund in this area. ‘ _

In the -X, -¥ portien of the LEB, fire damage was found to be more severs on the lefi
and decreases tcward the right. The cover plate on junction box (15-1A-52) and an adjacent wire
show evidence of arcing. lhf, \m‘ing petween this panel and inverter shows evidence of being mashed
as well as fire damaged. In the area below this panel, mest of the wires are stripped of insulation
duec to intence heat. The oxwerpal wiring showing the most severe damage was the biomedical
adapter “‘Octopus’” cable, extending across the LEB from + to -Y, and the gas chromatograph
cable harness tied to an exposed cable harness ebove inverter No. 3. These two items are dlSCU:»aCd
in mdre detail in-Enclosure 5-32. .

While the faces of the instrumentation in the LEB showed sever to shght damage from left
to right, the interior of the instrument packages showed orly superficial damage. In some cases,
however, there was observed lccelized zntry of flame and heat into some of the instruments in
and around the connectors. Based upon the condition of the instrumentation, condition of the face
panels, and interior compartments of the LEB, none of the instrumentation in this area is con-

sidered to be the primary ignition source. However, the electrical cable to connector *‘J-185" in

the lower left hand corner was investigaied in ths laboratory.

(4) Left Hand Equipment Bay (LHEB) :

The most extensive fire damage to tubing and wiring was observed in the water panel area
and below the carbon dioxide ubosrbers. Severe to moderate damage to the insulation and some
cables was observed in the Environmental Control Unit. Penetrations through the aft bulkhead
and pressure vessel wall were found to be a result of a high temperature flame jet. The side
panel between the oxygen/water panels and the carbon dioxide absorber melted through and the
melt collectad on the aft bulkhead in front of the panel. Lithium hydroxide and charcoal were
found under this ingo indicatizg that the carbon divxide absorbers hud failed prior to meling of
the panel. Wiring below the carbeon dioxide absorbers show possible arcing.  Euclosures 5-33,
5-3% and 5-35 show detailed conditions cf the LHEB. The left hand poriion of thc: LHEB shows
‘less fire damage than the nght hand section. Based upon the conditions observed in the LHEB
the right hand portion of this bay cannot be cxonerated as a possible fire source.

(5) Main Displav Console (MDC)
In general the fron

of the MDC showed decreasing fire and heat damage from
teflt to right with the flash an

beiween 30° to 45° in the -Y, -Z direction. “ome buttons,
switches and dial faces shov «uJ severs damate. lustrument panel 21 (Enclosure 5-33) shows the
type of generalized sooting and damage to elecironic compornents, particularly of sooting and heat
entry at the thumb wheel opening. However, except for a few localized heat damaged areas, the
instrumentation and electronics only showed superficial heat and smoke damage. The comditions
found in and around the MDC are presented in Enclosure 5-36 and 5- -37. This evidence indicates
that the Main stpla) Console is ot a probzble ignition source.

h. The wiring in the Spacecraft was subjected to a meticulous survey under 7x power magnification

to detect possible arcing. As a vesult of this survev of rhe wire damage. ounly ten wires were considered
<+ likely ignition sources.  All odhec wire dimage occurred during the fire. The tea electrical faults-
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have been or are under study as possible ignition sources. "These possible sources are:
(1) G~s Chromatograph Ciable (Enclosvre 5-4, Source No. 3, Coordinatss G-15).
(2} Biomedical Adapter “Octopus” Cabel (Enclosure 5-4, Source No. 20, Coordinates -13,.
(3) Ar"imr in and under the Carbon Dioxide and Odor Absorber Comparmxc.lt (Enclosure
. Source No. 15 and 16, Coordinates I-11.and L-14).
4 \\ ires in Channel ] (Erclosure 5-4, Source No. 19, Coordinates F-17).
(5) Wire between Inverter No. 3 and Junction Box C-15-1A-52 (Enclosure 5-4," Source 17,
Ccordinates G-1H). .
(6} DC power te Cannector J-185 (Enclosure 5-4, Source No. 3, Coordinates G-15). '
(7) AC power to Suit Compressor No. 1 and No. 2 (Not located in Enclosure 5-4).
(8) Suit Biomedical -Adapter Harness (Not locat.d in Enclosure 5-4).
(M Cabie Harness to Cabin Fans (Not located in Enclosure 5-4).
(10) Cable Harness o ECU Instrumentation Power Supply and its mating harness.

i. A detailed study of the disposition of the gas chromatograph cable harness and connector before
and during the firc was made (Enclosure 5-23). Trom observational evidence of photographic enlarge-
ments and the dondition of the connector it has been ascertained that the gas chromatograph cable
did not reside ‘on the aft bulkhead before the fire started, where it was found after the fire, but was
in or near the gas chromatograph bay. Mectallurgical and spectrographic studies of the 115 VAC wires,
as well as laboratory expernnents, indicaws that the mcliing of the copper wire within the nickel sheatn
was a result of external heating, which burned away the Teflon insulation, with subsequent shorting of
115 VAC lines. The results of these events caused molten copper to exude through discontinuities
in the nickel sheath. Therefors, as based upon these findings, the has chromatograph cable harness and
connector cannot be considered as an ignitici source.

j. The Biomedical Adapter ““Octopus’ cable and connector were studied vicually by microscop?c
examination,  Several arcus were observed that indicated possible arcing along the twisted wire pair
of the cable harness. Thesc areas wese replicated and submitted to clectron microscepic examination
at a magnification of appioximately 5000 diameters. The photomicrographs of the suspicious areas
indicated point source melting and defects in the metal surfaces produced by low encrgy intermittent
arcing. Based upon the degree of inelting and the depth and length of these defects it was determined
thit this type of arcing could not raise the temperature of the Teflon to a spontancous ignition level.
In addition. the number and conditivn of arc spots along a length of twisted pair of wires indicated
that the Teflon insulation had been burned from the cable harness prior to arcing. Investigation of
the shiclded cable did nct reveal any suggestions of arcing; therfore, it is concluded that the wiring
nthe “'Octopus™ cable harness did not provide a primary ignition source. X-ray examination, re-
cvanee, and continuity checks of the "Ociopus’” cable connectors were negative and showed no znomalics.

. The ceble hamness to the ECU Instrumentation sensor power supply contained both 28VDC Bus
A ..‘.d 28VDC Bus B to ‘provide redundant power. ® Because of the redundancy, a shert in the power
conductor. of onc Bus would not be revealed by the telemetery data from these instruments. Whether

©r not a2 short occurred cannot be determined because of extensive destruction of the wire bundle
t the lnrering fire in this area. '

e o provide clariiy in sssescint the demaeed area in the lower J=ft hand area (-Y, +Z\

ment ‘}""v' HEEDE I AN RTINS 1 COl
e cover plate to C-15-1A-32 rnd adjacent wiring, thb 13 C power cable to connector
1d the Gas Chromatograph Cable Harness, the Flight Qual Recorder, and the extreme left
t.and portions of the Patch and Auxillary Electrosic (,c"nrol Assemblies (ECA’s).
| :
(1) The abraided wire and adiacent cover in front of Junction Box C-15-1A-52 was investigated
-10 detennine whether this wire had shorted to the panel and to assess the rosults if arcing had
ocurrec. Poth the wire and the panel were submitted to microscopic and metallurgical examination
i determinc the extent of arcing and thermal profile.  Micros-opic examination of the wire revealed

o severad cornponents cud the wining inoth

. ):k(-\‘
J-185
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cvidence of arcing and that the Teflon insulation had been cut prior to the arcing, as determined
from tear fragmeni remaining on the insulition around the arc site and. the decompoesition level
of the inswmation. ' .

(2) A transverse section of the wire was carcfully polished in 0.001 to 0.(02 inch increments oo

and etched to obtain the grain structurc in the unaffected and affected heat zones and to establish
the thermal profile. The grain structure revealed that the arc site was localized in an arca of
approximately 0.1 inch and the fire damage to ihe wire was exceedingly slight.  The cover plate
also revealed an arc site in the lower right hand corne. (Enclosure 5-81A) under microscopic examyi -
nation, however, the nylen chaiing guard adjacent to the arc point and running along the bottomof the
plate reccived only miror damage as a result of melt'ng due to heat. The rear of the nylon guard
closest to the arc point was almost mtact. :

(3) Emission spectregrashic analysis of this panel revealed that it was made of type 2024 alu-
minum alloy. Haiduess and conductivity tests showed that the alloy was in a T-6 coadition (type
of heat treatment); however, the extreme left side was found to be in a T-3 condition. This
indicates that the lert side of the pancl was cxposed to temperatures between 425°C and 475°C but
that center and right sicdle were never exposed to this thermal level.

(4) The DC power czble to the J-185 connector which supplies the {Tédical Data Acquisition

* System Recorder was found to Le damaged where it turns in a right angle bend to run along

channel K below the Gas Chromatograph (GC) Bay. This damage was just below and to the

right of the Flight Qual Recorder. Microscopic and metallurgical éxamination revealed that this

cable was eﬂcposed to the same thermal environment as the Gas Chromategraph cable harness.

Therefore, the insulation and subsequent melting and shortmg was the result of esposure to a short
duration but intense flame.

(5) The Flight QQual Recorder face plate was checked for conductivity profile.  The analysis indi-
cated no variation in temnper. The Velcro on the surfaée showed melting primarily with slight fire
damage; how’*\'er, ths adhesive was intact and no damage was done to the paint below the adhesive. K
- !
_ (6) The left hand edges of the Pitch and Auxthary ECA’s originally had Velcro, attached to
their surface; however, after the fire the Velcro, its adhesive, ard panel paint -ad been cempletely
consumed except for a small amount of adhesive and Velcro residue on the lower portion of the
Pitch ECA face plate. It is inferred that damage to these panels was a résult of flame jet arising
i from the ECU area which damaged the cabie harness to the J-125 comnertor and the Gas Chromato-
graph.

(7) Little evidence was found to indicate that the arc between the cover plate to C-13-1A-52
and the adjecent wire could have been an ignition source, based only on the obsarvations and
analyses in the preceding paragraphs. While the adjacent areas to this panel do not show severe
damage one cannot preclude the possibility that water/glycol residue on the wiring and adjacent
metal parts may have provided a propagation path. It is also possible trom the size of the arc
spots, and the nylon chafing suard remaining after the fire, to conclude that the resultant flash
was too small to have ignited the nvion chafing guard along the bottom of fhe cover plate.
However, the are could have irad i

ool rediane ) had they been present.
b P

in the vpward dircetion which in tamn cid the Lirge Velero patch on the Fli
Therefore, based on this possibility ‘the arcing in tihe above arca cannot be eliminated as a possible
primary ignition source. A series of experiments are in order to establish whether or not the above

kypothesis is reasonable.

} D. FINDINGS AND DETLRMINATIONS

1. FINDING:
Damage to componerts, wiring and compartmcnts in Right Hand Equlpmcnt Bay was found to
bc superficial. <
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DETERMINATION
This bay could. not have provided a primary mntxon source, €ven though it provided some fuel

for fire.

2. FINDING:

Damag” in most of the areas of the Forward Equipment Bays was found to be superficial. Some
panels in the Left Hard Forward Equipment Bay received severe fire damage from flames arising

"fiom the Left Hand Equipment Bay.

DETERMINATION:

These bays did not provide a primary ignition source.

3. FINDING: ‘ .

Severe damage to wiring was found at the bettom of the Lower Equipment Bay along the aft
bulkhead. - Evidence of arcing was found on the cover in front of C-15-1A-52 and adjacent wires.
Damage was iess severe in the +Y (right hand) direction in this bay.

DETERMINATION:

Flectrical arcing in the extreme lower left hand corner of this bay could have p‘ov1ded a primary

ignition source.
4. FINDING: : A
Right hand portions of the Left Hand Equipment Bay received severe damage. Wiring, tubing
and components in the carbon dioxid: absorber compartment and oxygen/water panel compartment
were burned and melted.  Penetrations in the aft bulkhead and pressure vessel wall were observed.
The carbon dioxide absorber compariment showed heavy fire damage and failure was due to pres-
sure overload and melting caused by the ch in this area.
DETERMINATION:

“lenrrical arcing in the right hand portion‘of this bay could have provideda primary ignition source.

. FINDING: :
Main Display Consoles (MDZ) showed evidence of heavy fire and heat damage on left side; however,
the interior of the instrumentation shewed only superficial damage.
DETERMINATION:
The MDC did not provide a primaiy ignition source.
6. FINDING:
There is strong evidence that fire effects on the couches xesulted from fire oviginating in the Left
Hand Equipment Bay.
DETERMINATION:
These couches were not a primary igniticn source.
7. FINDING: : )
The Rotation Controller bore evidence of external heating and indications that flame penetrated
the control from the upper rear area of the C/M. The Translation Controlier had a large part of
the upper rear corngr inissing which is probably due to the controller being hit by an external
ob/=ct after 1t had been weakened by flame impingement.
DETERMINATION:
There is no evidence that any fdllure occurred in either the Rotation or Translation Controllers

that could have been the probable cause of fize ignition.
8. FINDING:

The spacecraft was thoroughly searcted for unaccounted for objects or other evidence that the

fiie may have been deliberately set.

DETERMINATION: ’

No f"'“‘f-wcc was uncovered that suggested subotage.

(.) 1 \UI\C}

Evidence of electrical arcs from condnctor to conductor ard conductor to structure was found.
DETERMINATION:

No arc could be positively identified as the unique ignition source:. Three were found that had,
all of the elements needed 1o cause the disaster. Two of these showed evidence of poor enginzering
and instaliation.

10. FINDING:

Investigaticn of certain panels or components is incomplete. The remaining investigations are

primnarily concerned with determining functionality and adquacy of design.

. ) D-5-15
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pETE RMINATION:
The possibility that these incompiete investigutions will uncover information that will modify thes

[P . SR,

N O e e

(i(‘l(‘l’l‘ﬂil\ ations is remotce.
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5.9 Photograpkh:! ) 108-KSC-266C-88/6
5-3 Photograph 189-478C-25
T 5-4 Electrical System Damage and Figure 1
5-5 Not Used
5-6 Photograph 189-478C-9
5.7 Photograph 189-478C-10
5-8 Photograph 189-478C-11
59 Phetograph 189-478C-12.
5.10 . Photograph 189-478C-13
5-11 Photograph 189-478C-14
5-12 Photograph 189-478C-15
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5-15 Photograph 189-478C-19
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5-18 _ Photograph A-3-34C
5-19 " Photograph T189-476C-22
5-20 Photograph 189-478C-22.
5-21. Photograph 189-478C-24
5-22 Not, used
5-23 - Gas Chromatcgraph Laboratory Examination
5-24 PlLotograph 17-43C-5
5-25 _ Photograph 32-/G-11
5-26 Photograph 104-268C-2 -
5-27 Table - Right Hand Equipment Bay
5-28 Photograph 17-45C-11
5-29 Table - Forward Equipment Bay
5-30 Photograph 21-51C-5
5-31 Photograph 23-57C-10
5-31A Photograph : "218-509C-12
5-32 Table - Lower Equxpment Bay )
5-33 Photograph 32-7C-8 -
5-34 Photograph 70-150C-4
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! ELECTRICAL SYSTEM DAMAGE

—

i
N

SOQURCE NO. COORD. ] DESCRIPTION

K-1? Two small wire runs bcehind water and oxygen. control
T panel lower LITEB.  Run comes up (—X direction) from
the aft balkhead via wire clamps on the rcar of the water
panel and on the side wal! to connections on the O2 cop-
trol panel. .

e e o <ol 8
o

Baie wires arc seen in this run approximately 2 inches either’
side of the wire clamps located on the water pancl.

i i TG S

2. U-33 Cabic and connector to small “‘Black Box” (3 in. X 3

' in.) located iaside LIIEB on the hinged side of the cabin
air intake scrcen.  Bare wire is seen at right angle bend
in this run where it turns outboard and forward to join
main wire harness located on the side wall. Fraying may
have been introduced by chafing against hinged door (screen)
during repeated opening and closing.

3. G-15 ' Outboard harness and inboard harness in LEB run below

» gas chromatograph installation. Significant damage is seen
: : ' | to have occuiied to the outboard run with minor damage
‘ to the inside of the inboard run.

4. F-16 Wire run lccated in trough below Scientific Equipment
B storage compartment in LEB. Pare places arc seen in
smail gage wiie on the inboard side of this run.

5. ', K-17 Battery instrumentation leads located in a plastic bag on
@ ' the afi bulkhead under the right hand battery in the LEB.

‘ 5. K-17 . wire bundle running in+Y, -Y direction under the inboard
] edge of the LEB. Bare wires are seen in the top (+X
side) of this bundle. '

1 ) 7. G-19 Center wire bundle of three which run outboard on aft bulk-
head between inverter no. 2 and inverter no.. 3. Dare
wires are seen in the top of s bundie.

§ : N . . . -
= 8. : K-20 ~Wire bundle running to connector portien of panel 13
_on aft -bulkheat. DBare wires are seen for about 5 inches

- - B LTV NPT P

9. © . K-20 _small gage wire running lo the top iow of circuit breakers
X ‘ on pan:l 150 on aft bulkhead. Fiaying is secen to occur
. about 1 in. from the parnel and running several inches back
along this run.

‘ 10. N 3 - Wire run soing euthoord on Lulkhead underneath sequencer
s . o . area (WUHEDB). -Bare wire is seen in the top of this bundle
at approximatecly the point beneath the access panel.

M-21 - Wire bundle on bulkhead running in &Z,Z direction aiong
| the edge of the RHEB. Bare wires are seen in the top of
! this dundle benecath the locatior of the red streamer “‘Remove

. Before Flight’’, tag associated with the Earth Landing System
See Attached Diagram {ELS) sheiting plug. :

11.

Se” _
" ENCLOSURE 5-4
D-5-21
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SOURCE NO. COORD.
12, 825
13. N-26

|
14. N-21
15. L-14
16. L-11
17. G-15
18. 1.-14
19. : F-17
20. E-15

See Attached Diagram

DESCRIFTION

Wire bundic rumning up (8-X) left side of the RHEB com-
partment and looping to the right. Bare wire is scen along
the inboird ¢dre of this run in several places.

Small gage wiies running to small black boxes to the top
right of the cavity deseribed previously in souice 12 Bare
wires are scen o1 several stands.,

Wire bundle intcisection on bulkhead of a&Z,-Z and &Y,
Y run located beneath the edge of the RHEB below cavity
desorbed in Source 12. Many bare wires are scen on the
top anc towards the center of this bundle.

Wire bundle running outboard under hinged LiOH canister
donr. fraying is scen in the top of this bundle at the
attenuator line.

Corncctor panel for ECU in LIIEB. Damage to con-
nectors is scen on top side, but less severe on bottom side
of these connectors.

Evidenxe of aic between wire and cover plate of C-15-1A.-
52 junction box. Wire appecared to press on edge of plate.
Nylon chafing guard on cover plate is 3.16. in from arced
spot.

Severcly burned 1esidue from wire bundle 1unning unde:
brace for wall between LiOH canistet and remainder of
ECU.

Wires severely buined, melted and fused in Channel H.

Ovctupus cable had highly localized melting and arcing
on twisted pairs. '
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GAS CHROMATOGRAPH CABLE EXAMINATION
A. Dispositionof Gas Chromatograph (GC Cable Harness and Cdnnector)
Description Condition Analysis
;N Iale)

Observations on disposition of
zas chromatograph cuble har-
ness and connector.

(1) Imsulation from 117 V AC wures stucl to yro

cable harness.

(2) 117 V AT wire insulation broke through insulation
(stuck to Pyro cable) as it fell to aft bulikhead.

(8) Buare wires in cable hamess match up with insula-
tion residuces adhering to Pyro cnlle,

o0 o ‘_'~ B N
" ooby Melied fiber glass tie w.oape. v Cub e Larpess in
~anesr, and GO cable

¥

Channel “j°" and Pyro cable - :
harness match up. :

(5) Sct condition of GC cable harress ..car connector
as it rested on aft bulkhead in a strained configuration.

(6) GC connecter was burned in 3509 (sphericai
gecmeiry).

As based upon analyses the 50 cable harness was
tied to the cable harness (J-185) below and in front
the GCG bay above Inverter No. 8. The connector was
either lying on the flaor of the GC Compartment or
hanging in frec space at lelt hand cerner of the Pitch
ECA. When the tie wrap on the cable hamess hured
through it fell to the floor.

. i B
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GAS CHROMATOGRAPH CABLE EXAMINATICN

B. Metailurgtos!

smination of Gas €

s rv—

mmatograph Cable Harness

U R Lo

Descriptios

Aralysis

\

(1) Samples of 1175 20 wite
from a thermally unaiiocted:
7one in transverse oo
tudinal mode.

fonot -

(2) As pergtem Tooreopt same
pled *n thermally <o o4
zone.

~

(3) GC Connector

nickel piote wasobscrved.

(9) Copper bead hollowed vut. Extensive loss of cop-
per from pited copper wire. Dendritic and ©ross grain
atruc cwe with no twinning. Path of melting from wie
to sl 1o bead clearly d efined. Sharp grain struc-
Letween unaffected and affected heat zones.
Tunneiins cud cavitstion effects evident. Little ailoy -
el sheath and coppe: (only incalized at
nicke ! deioets), Corper integrity below nicke! sheath
evidint vhows controlled melting phenomenn. Nickeil
plate was i a quench condition above tunnel.

tural sonen

ing o

1

X-rev, roistance, and conluctivity mcasurcments were
negetive and showed no auomaiies. No evidence of
arcine wes found on dielectric matenal.

f
Condition i
(1) Fine grawm structure and twinning. A {inite uniform

(1) Wirc in normatly anacaied condition.
No alloying of nickel coating., !

(2) Hizhly coacentrated and Jocalized
flame degraded Tefion ond raised tem-
perature to some value less thap the
melting poind of copper betiveen 60670
and 100450, Demadation of lnsulition
aliowed shorting of 117 V AC wires which
pravided further heat input da ving the

lacal terperature above the melting point
of copper. Exclusive exteinsl orjnternal
Leating {(arcing) cannot account for the

metalivrcical condition of wite bnt was a
resuit of combined oifvcts, nne preceding

the othor, as evidenced by cavitation

effects, sharp gtain stractural zoning, and -

unalloying of copper and niceet.

Shorting of connecior pins did not eccur.
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RIGHT HAND EQUIPMENT BAY

Equipment and/or Panel

Conditions

DC Power Panel

instrument Circuit Breakeir Puouel
Uipdighting System

Distributor Boxes

Circuit laterruptors

Larth Landing Sequencer

Ground Support Equiprﬁcz:l

Qtners

Sooted. Slight fire damage, Melted and partly burned plastic adhering to faces, tops,
wires and back bulkhecad.

Same as above. Wires at base show greater five damage. Debris on base.
‘ S

Sooted. Moderate firc damage on wires ouiside panecis. Paint blistered on panel face.

N

Wire bundle compressed by cover paunel, insulation split lengthwisc after fire.

Little soot, Slight fire damage. Some melted plastic. More damage in the +Z
direction.

v tpn
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FORWARD EQUIPMENT BAYS

Feeipment and/or Panel

Conditions

B et

Cabin Intake Fan an!ilcat Exchanger Area
Driljtkingm\\’:}jtgrh F(m_zr toin

Loese Equipment Storvwe

Suit Loop Outlets

Access Tunnel Aboe Suit Loop Outlets
Tunnel

Escape Hatch

Right Hand Bay

Heavily sooted. Burnced plastic. Moderate {ire dannge.

Panel] on bottom burned throngh. Heavy soct. Bemed plastic inside. .
Heavy . S |
llot J' lL }v‘urn. Heavy soot,

Hot jet burn. Velcro slightly melted.
}Slight fire damage.

Meclted nylonon intake vent fan. Dripoed plastic on wire. Soot.

Minimal firc dainage.
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LOWER EQUIPMENT BAY, +X HALF

| ‘Equipmernt sndsor Panel

Cond itions

i'nod (Panel A)

Food (Panels B, C, D, 1)
Instrument Storage Unit

Guidance a'nd Navigation Optics

Guidance and Navigaiicn instrument C_omprt«:r
Power Servo Amblificrs

Coupling Display Units

Altitude Gyro Acceleromeier Package. Altitnde Gyro
Accelerometer Bay, Naviration Display and Keyhoard.

Data Storage Equipment & snal Conditioner

Blistered paint. Warped panel.

Melted metal on doors, mere severe on G and E. Melted Velero inside. Fire damage
. . . ]
to insulation on glycol linc at rear.

Fire damage to foar insulation, worsc on outside and left, and to rubber on instruments.
Bay relatively clean.

Bumned gacket, blistered paint; melted plastic on left, slightly melted on right.

Hot jet effect from lower left comer. Mclted potting on comnectors. Melted plastic,
peeled tape, corrosion inside. No apporent fire damage in bay, melted plastic on wire
bundle upper right.

ae

Plotting melted and dripped plastic on ieft hand amplifiers. No apparent fire damag

to bay.
Erosion of insulation on wire pairs.

Heavy soot. Melted potting. Fire damage to insulation on glycol line back of
Accclerometer Bay.

Heav soot. Slightly melted Velero.




it AR R POV

RN

RS i et TN A LA b s B Sl

¢
4
5

Fad i, C

<
o
~
(53]

t PV 4 g he e h s e e e o

"ER EQUIPMENT BAY, -X HALF (CONT)

tograph Bay

Ltiiude gyro Accelerometer display yaw, pitch, roll
asaliary electronic contro! nssemblies

Apollo Guidance Cor'xiputex Seientific B Package.
Umfied S-Band Equipmen: {p Dati Link

Pulse Code Madulation (i wnd ) (" ity 'Icl( ne -Lr’y

1 Recerder

VHF - AM and FM
VHE Muitiplexer

S+Band

C-Bard

)at Wiriug

Pre-Modulation Processor

Audio Center

‘plastic on paneis

Low
Yquipmeni ondor Panel Conditions
In- flight Recorder SCICIILH?{ Package A Gas Chroma- | Moderate Soot. Burned and bare wires in front of panels. Fire doaze o Teflon wrap

Fire d: unn\,v to insulatinn on

on wire bundle at right and top, wire harness squeezed.
Dried

water/glycol line at rizht rewr. Burned Teflon overlay in bottom plate cutout,
condensate streamers on pressure vessel. :

Burned peint on face. Melted potting on comeécrors (More severe on left). Melted
Breken copuector lips on assemblics witk soot on gaskets and

fractured lin. Slight fire penctration behind left face of panels. Maderate soot,

Blistered and burnad paint ou face. Slight iire damage to wire bundle in Computer bay
f\‘odemte SovL.

Heavy sout. Decreasing fire patterns left to right. Melted Velcro on faces.

Heavy soot. Melted potting on side connectors. Meited Velcro on faces.

Melted Velcro on faces.

Melted plastic adhering to face. Bumed biow-hole in potting behind face plate.

Melted potting on conncctors. Bare wires on top conncctor.

Upward flame streak on face.
Slightly melted Velcro

Melted Velcro. Melted plastic adhering to face. Melted potting on connecior.
Dare wire on right side connector. Light soot in bay.

Face scoted. Melted plas ic adhering to face. (Jr.ic,\cd Hughes con-
Melted potting. Light soot in bay.

Melted Velcor.
nector, with bare wires.

s : 3 :
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LOWER EQUIPMENT BAY, -X HALF (CONT)

Equinment and/or Panel

Conaitions

Central Timing
Connector- C-15+1A-52
Iaverter No. §° .
Batteries A, B, C

Invertcr anC Battery Compartment

Melted Velcro. Melted potting and tare wire on lower left cennector. Light Soct in
bay.

Severe fire damage. Pancls heavily sooted. Melied chafing guard. Evidence of arc
in lower right hard corner. Mylon chafing gvard in cover plate 8/16 in. from arced
spot. Burned wired in hamess at bottom, Squeezed wie Lundle against Inverter No. $.

Buckled battom and face plates. Heavy soot.

Severe fire damage. Slight separation of outer container. No penetration to elec-
trolyte.

Scoted. Debris. Little fire damage. Exposed wires in slot above B battery burned
bare and fused. 3light fire damage to insulation of glycol line back of Inverter No. 1.
Melted and burned hole in pressure vessel. - ’
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| " .EFT HAND FORWARD EQUIPMENT BAY
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LEFT HAND EQUIPHENT BAY

Equipime:t and/or Panel

Conditions

Oxygen Panel

Water Panel

COg Absorb.er .

Environmental Contro! Uait

Surge Tanks and Onc-1b. Oxygen Bottle Area

Surge Tank, Cabin and {iycol Pressure Reliof Valves

Burned Velcro on face. Melted cabir emergency valve on face. Severe fire damage,
worse on inside. Potting blown out of solenoid. Ne apparent tube failure.

Very severs fire damage inside. Tubing burned away. Melied plastic adhering to face
and tubing. Torch-like Lole burned in pressure vessel wall on back of bay. Bare

wires and wires burned away. Severc meiting of wite hirnesses. Massive hole burned
in pressure vessel in aft hulkhead, exteading to CQ9 Absciber Ray. Right hand bay
bulkhead zevereiy burned and melted. Molten.ingot on floor covering wire cables leading
to CO 9. Absorber Bay.

Severe heat and {ire damaze, melted and burped across bottom of door. Melted plastic
aduering tc hinge. Compartment A shiowed low order explosion door blown open, LiCH
spilled, felt pads missing, housing distorted, acti~ated carbon present in rear. Coua-
partment B had hole burred through lower right side and bottom, LiOH spilled and
partly fused, no front feit pad. Very severe fire damage in Jower section of compartment,
burned, melted and fused wiring, burned and melted gas trans’er lines, water line blown
open. Massive hole burned in floor. Left hand wall severely burned at bottem, molten
ingots present. ‘ :

Insulation completely burned on front of heat exchanger, decreasing fire damage toward
rear aad left. Tubing on floor separated and melted. Condensate siwreaks on back wall.

Moderate fire damage to floor.

Hot jet effect upper rear right - hand corner. Heavy soot. Moderate heat damage to

.| wsulation on front tubing. Melted plastic adhering to components in area.

Slight to moderate heat damage from top te bottom. Heat damage to insulation on
glycol lines. Debris in bottom of bay. Extensive melted plastic adhering to left- hand
buikkead and bottom.
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MAIN DISPLAY CONSCLE
| Equipr:- 2 and/or Panel Conditions
Panel 24 Melted. knobs, soot on face, burned potting on Switch §-1, burned wires around S - 1 i
ard 5-4, hot jet burn inside compartment, burned insulation on glycol line. Melted
Velcro on Access Panel. '
IPanel 25 Melted thumb knobs. Heavy scoting. Slight fire damage upper part Fanel 25. Sooted

68-5-@
8- G AAUNSOTIONT

|

Panel 26

Panel 4 (FDAI,
Prnel 5

Panel 6

Panel 12

Panel7

Panel 8§

Panel 14

Panel 1 3v
Paael 18

Panel 16

and melted ihumb vheeis. Soot and heat on rear face of nanel by Cniry around thumb
wheels. Potting compound on Switch No. 6 and No. 7 shows some hurning.

Melted porting on connector. Bare wires. Soot.

Lower five push-huttons burned out. fHeavy fire damage on face. Hot jet bumn from
lower left correr inside. Cendensate streaks on bay walls. .

Mcited thumb bottons or knobs. Glass cracked. Moderate soot.
Melted push bottons. Broken guard rings. Bumed paint. Melted potting on con
nectors. Hot jet burn upper area.
Soot heavier on left. Condensate streaks inside.

Hot jet burn from lower left corner. Melted push buttons Maderate heat damage.
Burned potting. Bare wires.

Thv.nb wheels on lower left side melted (lower thumb wheel more damaged than the
two ubove). Rear of face plate, Switch to left of S-97 shows burned potting compound,
tape around mechanical portion of switch burned away. Push buttons slightly melted.
Burned paint on face. Light soot inside, heavier on left.

Melted Velcro. Soot. Melted plastic achered to face. Soot inside.
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MAIN DISPLAY CONSCLE (CONTD)

Equipent cad/or Panel

Conditions

Panel 15

anel20

Panels 1, 2,8, 10, 11, 19, 21, 22, 23

heavier on left.

Slight fire damage. Soot.

Melted squelch krnob. Light sooct inside.

Covers around guages meited. Cracked glass. Knobs slightly melted. Inside, soot
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