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SPACECRAFTAND GROUND SUPPORT

EQUIPMENT (GSE) CONFIGURATION PANEL

A. TASK ASSIGNMENT

The Apollo 204. Review Board established the Spacecraft and Ground Support Equipment (GSE)

Configuration. Panel 1. Tile task assigned for aeconlplishluent by Panel l. was prescribed as follows:

Establish and document physical configuration of spacecraft and GSE immediately prior to

and during fire accident including eqktipment configuration, switch position, and nonflight items

in cockpit. By deviation, document configuratiml differences with respect to expected launch con

figuration and configurations used in previous testing, (altitude chamber, _'or example), as perti-

nent to this problem. To a lower level of detail, docmncnt configurational difference between the

spacecraft and other spacecraft as pcrtiment to this problenl.
In response to the task assignnwnt, the Panel Chairman presented for Board approval a Statement

of Work which further described the individual elements of the task. The Statemeut of Work defined

the term, "'Spacecraft and GSF Cortfiguration", as: "'The physical state of the Spacecraft and/or

supporting systems, including components, ground equipment, facilities, and their interfacc_ at a specified

point in time."

B. PANEL ORGANIZATION

l..k 11'_MBt',RSII lP:

The assigned task was acmmplished by the following members of the Spacecraft and Ground Sup

port Equiprnent ((;SE) Configuration t"atle1:

Mr. Jesse F. Goree, Jr., Chalit'ltl;ttl, ,\latllled Spacecraft (._¥11ter (.klSC], NASA
.klr. ('.harles 1). Gay, Ke,medy Space Center (KSC), NASA

,\h'. Carroll R. Rouse, Kennedy Space Center(KS(-:), NASA

Mr. Charles R. l laines, Manned Spacecraft Center (.klSC), N.\,qA

,Xh-. Ronahl V. ,Xlurad, NASA l leadquartevs, ()ffice of Manned Space l:light
Mr. William F. Edson, North Anlerican .\viation, Inc., Kennedy Space Center (KS(')

Sir. Ray F. Imrson, North :\merican .\viation, Inc., Ke:lnedy Space Center (I,¢,'¢,C)

2. COGNIZANT Bt).\RD MI',MBER.

.kit'. ,]ohn ,J. Willianls, Kennedy Space (:enter (KS(:), N,\,%.\, Board Xh'nlber, was assigned to

lllOllitor tile Spacecraft and (;l'Oktlld SIllal.lOt't l"quipment (G.%1")tkmfiguratioa Panel.

C.PROCEEDINGS

1. I NV ESI'IG.XT IVI" .\1'PI_,( ).\(:I 1

l.]nciost.res 1-1. ! _. ;tnd 1 3 arc getwra[ representations el tilt" ,%pacccr,d't, I,aunch Vehich" and

J,,mnch (h.llllph':_.. ,tilt1 tire p"ovided to aid the discussions contained lit this set:tl.oll. "1"Ills Panel pttr.

sued the investigation in temls of exceptions to the required lau:wh configuration For this purD)se,

tile required launch configuration v..a,¢ defined as that dOCtltllellted by engineering data approved Ire-

leased) for inlplelztentatiotl ldentiflc,ttiol_ of tile configuratmn differences existing .it the tittle of tile

accident _.,,,ts accolnplished through re'vie,.,, of wt_rk records ag,unst rcleas,'d ertgineeriug data. l'ht_e

diftt'rellces _,erc .|lhllyi:ed It) identify itetlls pprlittcnt It) tilt' accident. This approaclt did tun COltStitttte

prest|tllptiotts ,I._ to tilt' .tdeqtt.tcy of the dtwllltlellted I,tuncJl COll[igttr,ltiotl. l,l,tthrr, these tiara _.,.ere con-

sldered to represent tilt' ellgincerhlg effort .ICCCqllplisbed during the th"aign t_f the ,_|hlcecr;tft and pro-
vtded a baseline for comp,trative an.d_.scs ['he ,%p.tcecra[t ,tnd mp|_ortiug sy.qetn,_ ,,_.err identified ,icctn'd

trig to the tlhtjor hardware eh'thelltS to pt'rnlit thscrete cunsideratitm of each eJenlent relative to th¢"

.It't'|tlellt .k[,tlur ]hird_,'.,lrc eh'lltellts t_t'rt'
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a. Spacecraft (S/C) -

(1) Command Module (C/M)interior

(2) General configuration of the Command Module, Service Module (S/.M), andAdapterb. Spacecraft/Launch Vehicle

(1) Spacec raft / Launch Vehicle

(2) Spacecraft/ground system
c. Ground system -

(I) Spacecraft Ground Support Equipflmnt (GSE)
(2) Supporting facilities

(3) Remote monitoriug and control eq.uipment, including Acceptance Checkout Equipment

(ACE), the Operational Inter-Communications System (OIS), and other Radio Frcquency (RF) com-
mand. record, or attdio links.

Configurations of the hardware elements were defined as of the time immediately prior to and

following the accident on January 27, 1967. The tinte of the accident is described as occurring during

ti_e perforntance of Operational Checkout Procedure (OCP) FO.K4R)9I.I, "Space Vehicle Plugs Out

Integrated Test", at the condition of a countdown hold ten minutc,s (T-10) prior to simulated launch.

The term, "'Plugs Out", refers to disconnection of spacecraft/GSF umbilicals. The C/M interior was

pressurized with oxygen to approxintately sixteen pounds pet" square inch absolute, (psia) during the

Space \'chicle Plugs Out Intcgrated Test. Relevant Spacecraft 012 coiffiguration diffi'rences existing at

the time of the accident were also documented with respect to launch, previous Spacecr_fft 012 tests,

and the test configuration of another Apollo spacecraft. Documentation of the first of these cases was

accotnpli,died as an integral part of defining the configuration immediately prior to ahd f:q!._wing the
accident. The following conditions were used as the basts for the latter two cases':

a. Spacecraft 012 cotffigt, ration during Plugs-In Test at "I'-10 (hola), ,]a,ma D. 25, 1967. This test

represents the kist operation of Spacecraft I)12 systems prior to start of the Space Vehicle Plugs(.)tit Integrated Test.

b. Spacecraft 012 cotffiguration dl.iring .khitudc Chamber Test at T-10 lllintltes (h '_.i}, December

29, 1966. l)uring this test, the spacecraft exterior was exposed to partial vacuum to sitttulate high

altitude operation. The C',M interior was prt:s_urized with oxygen to approximately '_; psia during

final preparations fl)r altitude siinulation. Following chamber evacuation, the C. M interior pressure

,,va_ ,naintained at apl),-oximately five and one-half psi,t. "l'hi.; test was sitnilar to the Space Ve-
hicle Plugs ()tit Integr,lted l'est in terms of exp,,sure to ,ttl oxygen envirotnnent.

c. Spacecr,ift 008 configuration during Altitude Chanfl_er "Vest No. 3 at the Manned Space.

craft (k'ttter, October 2b, 1966. l'his test also involved exposure to an oxygen cnvironnwnt. Differ-

ene¢..s in test configuration het_vecn .%pacecraft (112 and Spacecraft 008 were identified to determine
possible relevant\, to the SpAcecraft 1112 accident.

The scope of this Panel's ,tctivitics- in docunwnting the eonfigurat on ,ff the l:ardssare eleillt'iits
ts schematically reprt.'sented in Enclosttre 1-4.

Initial efforts _ere those of tontpiling ,ill data to ide,uify cotlfigt,r,ttion ditferentes existing

,it thc time of the ac,'ide, tt. While COlnpiling these d.lta, the Panel _as c,l[led nptltt "o stipply speci-

fic vonfiguration d,tta to other .-\pollo :2(bl Review Board Pai,els. :X total of 3.i special repotta

were prepared iu resp_mse to these requests. ]'fits., cotffigur,ttion data ,ire inchtded in this report

to the extent pertinent to the accident. After a.s,sembling the necessary source inti,rnt,ttion, the data

_ele coil,tied according to hardw,u-c elements and co,lditions depicted in Enclosure 1-4. l)at,t ele-

inciit,_ org,iitized in this itianiier periilitted conipar.ttive aitialvses t'l-Otll which significant diflerence_
co\lid then tit. identified. ' <

2 I'RI.L'qiNT.\I'ItIS ill." I).\IA.

i),tt.I ,i_ettlbled during the ctltirse tic tht,i invi'stig,it lt_ are ,'luilini.irizcd tit the [oilt_.,..,,ng l_ar,lgt,apht
accordtilg ttl the specific Collditi011s ,llld h,irdt_.iro eh'lllelltS ctin_idered.

,i [.,uinth {kuifigur,itiOli Ihe ieiluiretl laliilch ¢oti|igliralitln _lt' ,Ntl,lcecr.ll 1 012 awl it_ ,Siitlporiiiil (
_Vlleili_ if idenlitietl hv ll.i,.ll, dil_tiirli,iilalion lhi, dUt'lilitf'nlAtitili i_ di's<ribc_l ,il IL,II_ ,..i.

i
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(1`)Spacecraft.Releasedengineeringdrawingslisted in tile "Spacecraft012Configuration
Index", January 29, 1967. The individual component parts are identified, by part number, in,

"Spacecraft 012 Indentured Parts List",.January 28, 1967. Note: Configuration lndex and Identured

Parts List arc computer tabulations, for which input data.was updated, cominuously prior to the

accidem. !'hese data were retrieved on tlle dates iudicated.

(2) Spacecraft hxterfact._. !nterfaccs- [)ctvveen the Spacecraft and Launch Vehicle are defined

by applicable htterface Control Drawings (ICD's):

(a) "Instrument Unit to Spacecraft Physical t",eqttirements, ICD 13M20.I08."

(b) +'Instrument llttit to Spacerraft t.uuar .Mtxhtlc Adapter (S1.A) l'lectrical Interface (S/C

012_,, I¢.'D .IOM37508A."

Slmcecraft-to-ground system :n!,_'rfacc connections were specified in the "'Launch Complex 3,4

Checklist, OCP F(.)- K-10011,'" and inxplcmentcd in accordance with the "'GSE Functional Inte-

grated System Schematics.'" Physical provisions for these connections ;ire defined by detailed space-

craft and CSE drawings. The spacecraft-to-launch vehicle and spacecraft-to-ground system int?r-

facts are depicted in Enclosure 19, Drawing 1-1)-00,r,6-2.

(3") Ground System. The required configuratiota of the spacecraft GSE is prescribed It,, the

GSE Ftmctiota::l lmegrated System Schematics." according to the particular checkout or servicing

operation to be performed. "Operational Checkout Procedure, OCP FO-K-0007,'" pro'scribes the

:'equence of launch operations, refcrri'._g to the "" l.aunch Complex 34 Checklist. OCP FO-K-ltX)I 1,"

for detailed GSE cotmections, operations, :tad disconnections. The checklist provides only a narrative

statement of the oper::tions: therefore, it mr, st bc used in conjunction with the "GSE Functional

Integrated System Schematics." Ba._w d,._ign interfacc.s between the spacecrMt GSE, supporting

facilities, and ten'tote tuonitoring aud ,'ontrol tquiptncnt are defined in numerous ICD's (Reference

1-8). Configuration requircnwnts of these ICl_'s are reflected in released engineering data.

b. Required "Fes't Configuration. C.t.rtain of the released engineering orders tEe's`) specify that

they are to be accotuplished prior to a test which follows the Space Vehicle Plugs Out Intega'ated

'l'est; for example. Flight Readiness Test (FR'i")or ('oumdox_n. t lowevcr, explicit dcfinitiot, of total

spacecraft configuratiotx requirement'_ for the Space \'chicle Plugs Outs Integrated Test did not exist

in the fonu of released cngineeritx,: data. The Opt ratiotml Checkout Procedure for tl,.e Space Vehicle

Ph,gs ( )tit lmegratcd Test. ()CP I:('I-K 11021-1, specified the fuuctioual configurations pr_cribed for

the tes't, l'hesc functional cot_figt, ratiotx requirements include those items required to be different

from the l,rttxch cot\figuration to penuit accomplishment of the simulated launch less :.he physical

evettt. Both the engit_ecritxg data _.llld tile test docutnent,ttion leave definition of the required test

cotfl'iguration to infcrct'tce as opposed to explit'it specifications.

The test operatiou involved a procedure wherein all work t_ot :lccomplished to meet launch

reqt, iremettts _as reviewed to idemify those ._pen items which would constrain accomplishment

of the test. Therefore, the decision to proceed with tl_t- te's:t has been construed by this Panel to

mean that all recogl_t/,'d constraints were s,ttt_fied,'l'his aspect of configuration req',tirements was

considered in ctx_pcratiotl with Test Ptoccdurcs Revit'w P;mcl. 7, and is discussed furthe," in ,.\p-

pendix I)-7

itctus reqttired to I)e difl2"retxt rrotu the l,ttmch configuration for reast)t_s of test conditions attd

pr()cedttres .are sutuu_,trized itl the ft)ll,)wiug p,u'agraphs.

1_ Spacecraft. Spacecraft ctmfigur,ltiot_ differetlcrs authorized by I)t:P Ft)-K tR)21-1 atxd en-

gineering orders (E()'s) tt)r the ."ip.to' Vehicle Plugs t)ut Integrated 'i'cst were as follows:

ia) ()pert 'tcct._ p,ulels at) pertnit (_1_ cent,cottons.

(b) Expetltidbles tier on I_oard to prcchtde ttntlccessar_' cxl_osure of svstttns to cotltamina-

alert t)r hazards to operation.

(t-} Fuel cells tier activated to prechtde pitrtial tcdt|t tton el u.,.,t'ftll hft'.

Itl} Electric,d ctrcttit'_ r, pvroteclmic device,_ ittterrupted .arid shorting plugs installrd to

pre';ent .tctttal firing during sitnulated nt;ssiotl sequence.

tr_ 14t_st I'rotective (_ovcr installatitu_ not completed to permit acccs.'s ttl I,;Sl._ nmnectiotm.

_1_ _,hrcttits I'rotu S ,M b.tttetic,_ t,_ _ Xl jettison romrollt'r itaterrttpted, l'hi_ _v,ts to prevent

.l_° 1-7



continuous applica:'.on; of voltage to Reaction Control System (RCS)jet solenoids (simulated

by load boxes) foll_u ing simulated-Service Module/Command Module separatie.n.
(g) Installation of test batteries (flight type) to preclude power drain from units assigned

(by serial number) fo, :he actual mission.
(h) Those items pecifically required to be accomplished as of .a planned test subsequent to

the Spzce Vehicle Plugs Out Integrated Test. These items are specified by Engineering Or-

ders v,hich are identified as open EO's (See Reference 1-10).

(2) Spacecraft Interfaces. Differences required for.the test operations were:
(a) Facility air suk01y through C/M access panel to the space.between pressure vessel and

heat shield to provide humidity control.
(b) Connectioq ott ..-ound-supplied oxygen in absence of on- board supplies.

(e) Special umbiiicat interface for water/glycol circulation to prevent disconnection at time

of umbilical separation in planned mission sequence.
(d) C_:nnection of isolated power supply to maintain water/glycol return valve in open

position (to continue external conditioning) following planned umbilical separation.
(e) Conlxections for GSE battery rack to be used as fuel cell substitute following planned

simulated ttaasfer to internal power.

(f) Special interfaces for S/C antennas ,o provide RF link to ground system.

(g) Concection of RCS load boxes (simulators) to permit testing of flight controls, yet

preclude ex'. cising RCS jet solenoids.
(h) I,:stallation of fuse boxes in the electrical interface between the spacecraft and the

launch v°hicle ".o protect computers in the Instrument Unit from any adverse condition0 dur-

ing the test
(3) Ground System. The required ground system configuration differences from the launch con-

figuration were those required in support of the interfaces described in paragraph B.3.b(2). The

ground system and interlace configurations are depicted in the following drawings of Enclosure

1-9.
qITLE NUMBER

S,'C / Range/Launch V eh icle 1-D-0056-3

Interfaces, "F-I0, OCP

FO-K-002I-1

S / C,' GSE Configuration

during T-IO ttold, OCP
FO-K-0021-1, Electrical

1-D-0056-4

Launch Complex 34 (LC 34)
I.;CS Airduct

l-D-0056-7

S, C, GSE Configuration

during T-10 ttold, OCP
FO-K-0021-1, Mechanical

1-D-0056-8

c. Configuration at Time of Accident
Data prescribing the configuration at the time of the accident were obtained from configuration

management records as supplied by Panel 6 (Ilistorical Data). w;tness reports, and special reports

submitted by other organizations. Pertinent information containec' in special reports prepared after
the aceidem was verified by this Panel. Panel 1 also prepared documentation of configuration

elements based upon post.accident inspection in those cases wher complete data were not other-
wise available. These data are discussed i, the following paragraphs.

( 1 ) Spacecraft.
(a_ l)ocumentation: Difi'ercnces betw'zen the launch config_, uion and the configuration at

the time of the accident arc documented by the following:

1. "'Spacecraft O12 Configuration Verification Record 'CVRL" ,]anuars" 28, 1967.

D-1-8



This document identifies the work status of all released EO's effective on Spacocraft 012

which were not accomplished at time of receipt at KSC or were released subsequently.

The CVR is a computer tabulation of data inputs as of the start of Space V.ehiele Plugs

Out Integrated Test which was retrieved on the date ipdicated. Enclosure i-5 is a graph-

ical representation of cumulative EO releases and work status subsequent to delivery of

Spacecraft 012. While verifying this document, Panel 1 identified several EO's pm'tially

accomplished at the time of the accident, These EO's are listed in Reference 1-12. Also,

twenty-two EO's listed in Reference 1-t3, were released subsequent to closeout of the CVR,
andwere not accomplished as of the time of the acodent. A summary listing of all EO's

open at the time of the accident was prepared by the. Panel and is contained in Reference
1-10. This listing includes those released for incorporation through normal work schedules

as well as those constrained for incorporation at" a time subsequent to the Space Vehicle

Plugs Out Integrated Test.

2. "'Spacecraft 012 Test and Acceptance Inspection Report (TAIR)." This document
consists of several volumes (or books)with entries for each work item intiated on the Space-

craft. Entries reflect the part affected, authorizing documents, entry date, closeout date,

quality control inspection stamps. Entries pertinent to this Panel's investigation are those
of "'Parts Installation and Removal Records (PIRR's)," and "Temporary Installation

Records (TIR's)." "Discrepancy Reports/Material Review (DR/'MR)" actions, Type A

"Test Preparation Sheets (TPS's)" and OCP requirements authorize work on the Space-
craft. The PIRR is used to record any work against a previously installed and accepted

part or the installation of a new part; for example, removal of a part for rework, removal

of a part for access, disconnection ot mated connectors, etc. The TIR is used to record

temporary installations which must be removed to me,_t requirements of the launch con-

figuration. Entries in either of these records constitute open items until such time as the

affected part is returned to the launch configuration and. verified by quality control in-

spection. DR/MR actions result from discrepancy reports which are dispositioned for

correction by minor form or fit changes under authority of the Materials Review Board.

Type "'A'" TPS's authorize work to be accomplished on the Spacecraft in conformance
with released EO's. PIRR's and TIR's reflect TPS, DR/MR, or OCP authority. PIRR's

and TIR's open at the time of the accident were reviewed by the Panel and are listed

ira Reference 1-10.

3. "Spacecraft 012 Controls Configuration" (switch and valve posit,;ons). This docu-

ment was prepared by Panel 1 and is provided as Reference 1-15. Data presented in this
document relative to tt,e controls configuration before the accident were obtained fiom the

accomplished parts of the O('P. The document also contains comparisons of contro'_ config-

urations at other specified times.
4. "Crew Compartmcnt Stowage and I,oosc Equipment Configuration. _' Data contained

in Enclo._ute 1-8 werc compiled from Refercm'c l-IlL 1-17 and 1-18. This enclosure identi-

ties the stowed equipment and materials that were in the Spacecraft at the time of the

accident. This information was used to configure a mockup of the C:.'xl :o portray the

configuratiotl of Spacecraft 012 immediately prior to the accident. Enclosure 1-6 is a

photograph of this mockup, less crew couches. Enclosure 1-7 is a picture of the mockup
with couches and umbilicals in, tailed. The mockup was used by Panel 5 (Origin and

Propagation of Fire) to study possible fire propagation paths.
(b) Data .Synopsis: Review of the data discussed previously reveals zhat 80 EO's were out-

standing at the time of the test. ()f thc_c, 20 wcrc specified to be accomplished subsequent

to the Space Vehicle Plugs ()ut Integrated l'est and four were of a nature net affecting con-

figuration. .\ total of 384 PIRR's .TIR's were open, of which 125 were initiated as require-
ments of the test The remaining 2."_tl items reflect incomplete status of further work to have

been accomplished ,riot to launch. ()pen items represented by these figur,-'s wcrc identified

through reconciliatt, ' configur,_tion records _-ith witneas reports and results of post-accident

impection. Procedure: _r T,kIR entries required that removal of a part be documented by
PIRI_,, attd that it_l'al.ltiotl of a temporary rcpl,lccu_ent I_c entered on a TIR. In some in-

D-1.9



stances,thisresultedin twoentriesagainstasinglechangeaction.Manyof thePIRR's/TIR's
werenot relevantasthey affecteditemssuchasServiceModuleaccesspanelsor protective
coverson externalcomponents,Significantitemscontainedin thereferenceddataare identified
in two categories:Significantconfigurationitems,and itemswhichmayhaverelevanceto
flamepropagation.Theseitemsarepresentedbelow..

1.SignificantConfigurationItems
a.Investigationof the releasedengineeringand workordersfor the installation

of new.debris traps has shown that this work was. only partially complete. Engin-

eering Order No. 582252 released the debris trap modification kit. Thismodification

provides for the replacement of the fish-net type of debris traps with Raschel.net

debris, traps. All old-type debris traps were removed. Eleven (11) of twenty-five (25)

new debris traps were iitstalled prior to start of test. This replacement was docu-

mented on the author:zing TPS.
b. Flight items installed in other than normal configurations:

(1) Two 16-ram sequencL, cameras and, a camera power cable were stowed

loose on the floor of the gas chromatograph installation area.. The normal stow-

age position of these items is one camera with cable in Scientific Compartment
"A" and one camera in Scientific Compartment "G."

(2) A Dew Point Hygrometer Sensor_ sensor cable, power cable, and control

unit, were stowed loose on the floor of the gas chromatograph installation area.

The normal stowage position of these items is scientific compartment "D."

(3) The drinking water dispenser was not connected to the hose.

c. The Spacecraft controls configuration which existed at the time of the accident

was in accordance with the planned procedure specified in Operational Checkout

Procedure FO-K-0021-1 with the following exceptions:

(1) The crewmen's audio center communications controls configuration which
existed at the time of the accident differed from the planned procedure due to

the troubleshooting of the communications systems during the tests. The exact

configuration of these controls at the time of the accident cannot be determined.
The configuration as found after the accident would have permitted all three

crewmen to have two-way communication both within the Spacecraft and to the

ground.

(2) The switch labeled "VHF ANTENNA" (Very tligh Frequency Antenna

Selector Switch) was specified to be in the "UPPER" position, but was changed

to "LOUVER" per ground personnel request during the communication trouble-

shooting. This action switched the active VHF antennas.
(3) The switch labeled "S-BAND ANTENNA" (S-Band Antenna Selector

Switch) was specified to be in the "'UPPER" position, but was changed to

"LOWER" per ground personnel request during the communications trouble-

shooting. This action switched the active S-Band antennas.
(4) The switch labeled "tt20 ACCUM AUTO/MAN/AUTO" (Water Ac-

cumulator Mode Selector Switch) was specified to be in the "MAN" (Manual)

position, but was changed to "'AUTO" (Automatic) during the test per flight

crew request. In tile "AUTO" position, the cyclic accumulator is actuated auto-

matically every ten minutes to remove moisture from the suit loop gases. In the

"MAN" position, the cyclic accumulators must be cycled by the crew using the

switch labeled "1t20 ACCUM/ON/OFF/ON" (Manual On-Off Switch)as re-

quired.
(5) The switch labeled "'AC INVERTER 2 MNB/OFF" (Inverter Number

2 Power Switch) was specified to be in the "'OFF" povition, but was changed
to "'MNB" (Main Bus B) by recorded deviation to the OCP during the test.

"MNB" _s the correct position, supplying the Main Bus B power to Inverter
No. 2.

d. Earth l.anding Sy.,stem sequencc cover panel assembly in ri,_ht* hand equipment
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bay removed on January 23, 1967. Removed per OCP FO-K- 10011 deviation No.
25 for purpose of connecting Acceptance Checkout Equipment (ACE) connectors.

(ACE removed prior to Space Vehicle Plugs Out Integrated Test).
e. Cover on connector on Guidance and Navigation (G&N)computer removed

to facilitate installation of 100 series test connector cover which was installed for

testing purposes and would be removed before flight.
f. Ten connector caps on Power Ser_o Assembly (PSA)trays. were removed on

December 30, 1966.

g. Translation Controller ME901-0171-0204, S/N EAC 1024, installed on left-
hand couch, left-hand side on January 24, 1967. Authorization for installation was.

per Test Preparation Sheet S/C 566 Step No. 3. Controller was installed to support
OCP FO-I_- 0006 (Plugs In Test) and OCP FO-K-0021-1.

h. Rotational Controller, ME901-0172"0204, S/N DAK 1034, installed in left-

hand couch, right-hand side on January 24, 1967, Authorization for installation

was per Test Preparation Sheet S/C 566 Step No. 4. Controller was installed to

support OCP FO-K-0006 and OCP FO-K-0021-1.
i. Carbon dioxide absorber elements ME901-0218-0001, S/N 24172 and 24171,

installed on January 27, 1967, as specified in OCP FO-K-10011 deviation No. 140.
Absorber elements are a different configuration than the flight articles (ME901-0218-

0001 as compared with -0021-1). Elements installed for Space Vehicle Plugs Out In-

tegrated Test did not have by pass provisions and were enclosed in a glass fiber shell

as opposed to aluminum.
j. Pyro Panel (No. 150) was temporarily installed prior to the Plugs In Test,

(OCP FO-K-0006). Panel was not fully installed and was recorded as a temporary
installation. The panel was out approximately 5 to 6 inches from lower equipment

bay panel line and was located on aft bulkhead.
k. Engineering Order (EO 507283) released the requirements for replacing the

electrical bonding straps for couches with a strap that is less susceptible to damage.
Two of four existing straps were removed on Parts Installation Removal Records.

New electrical bond straps (P/N MS 25083-3BB8 and MS 25083-2BB8) were to be

installed by TPS-SC 012-SC-535, which was not accomplished prior to the Space

Vehicle Plugs Out Integrated Test.
1. Gas Chromatograph (P/N R534845-2-A, Serial Number 5) was removed on

December 30, 1966. Replacement of gas chromatograph was not a constraint to the

conduct of Space Vehicle Plugs Out Integrated Test or Plugs In Test. The power
and sensor connector for the chromatograph had voltage present, and was placed on

the shelf of the gas chromatograph compartment. (See Appendix B, Witness Statement

No. 44).
m. The Data Storage Electronic Assembly (DSEA) Recorder (P/N LSC-360-12,

Serial Number 104) was temporarily installed January 27, 1967. Installation was made

in accordance with Test Preparation Sheet (TPS SC 012 583, Step 1P). The temp-

orary installation of the DSEA Recorder was accomplished to provide a flight con-

figuration for the Space Vehicle Plugs Out Integrated Test. The power connector to
the DSEA was energized during the test. Post-test investigation revealed that the

power connector was not hooked up.

2. Items Which May have Relevance to Flame Propagation

a. Engineering Order, (EO 226756) released at the Contractor's Downey facility

on January 20, 1967, provided direction to inspect the polyurethane foam (Specifi-
cation MB0130-039) in specified areas and coat with silicone rubber, (Type II, Speci-

fication MB0130-019) to meet flammability requirements. This direction was not

recorded in the CVR as of start of Space Vehicle Plugs Out Integrated Test (issued

at Contractor's Florida Facility on January 27, 1967,) and was not accomplishfd on

S/C 012. This item is of possible significance in terms of fuel for the fire and as a

medium for flame propagation.
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b. Polyethylene bags were used to cover the bose fitting for the drinking water

dispenser and the battery instrumentation cable and connectors (2) and,transducer,
which were placed on the aft bulkhead near the batteries. These bags are nonflight

materials.
c. Two Polyurethane pads, approximately 20 x 24 x 2 inches, covered with Velo-

stat, were stowed over the Z-Z couch struts. The pads were placed in the Spacecraft

to.protect the.struts, wiring, and aft bulkhead during the planned emergency egress .
at the end of the test. (See Appendix B, Witness Statement Number 3). These items

were nonflight .materials and were not documented by quality inspection records.

d. Three wckages of switching checklists from Operationa I- Checkout-Procedure

FO K-0021-1 (multilith process) and one package of system malfunction procedure_

(Xerox and Bruning processes), in a. manila folder were stowed on the crew couches

and on the girth shelf. These items were on unqualified paper. While required for

the test, these items were not ducumented by quality inspection records.

e. Nylon protective sleeves were covering all three crewmen's oxygen umbilicals.

These were nonflight items.
f. Three GSE window covers were temporarily installed. Covers were installed

to protect the windows and a,'e nonflight items that were in tbe Command Module
(C/M) at the time of the accident. Another such cover for the side hatch window

was removed by the crew and stowed inside the C/M. Covers are nylon fabric where

the flight covers are made of aluminized Mylar.

g. Velcro pile MFL-I'-21840A installed to protect Velcro hook on C/M floor.
Would have been removed before flight.

h. "Remove before flight" streamers installed in C/M interior. Represents addit-

ional nonflight items in C/M.
i. Polyethylene zipper tubing installed to protect hand controller cables. Poly-

ethylene tubing cover is a nonflight item and represents additional material in the

C/M.

(2) Spacecraft Interfaces
(a) Documentation: Configuration of Spacecraft interfaces at the time of the accident is

defined by the documentation described below:
1. Spacecraft/Launch Vehicle (SC/LV) interfaces are depicted in Enclosure 1-9, Draw-

1-D-0056-3. Also, details of the SC/LV electrical interface functions are defined in Ref-
erence 1-19. These data are based upon review of ICD's 40M37508A, 13M20408, changes

thereto, and visual inspection to the extent possible.

2. Spacecraft/Ground System interfaces are represented schematically in Enclosure 1-9,
Drawings 1-D-0056-3, -4, -7', and -8. Also electrical cable connections and interface funct-

ions are identified in Reference 1-19,

(b) Data Synopsis:
Significant interface differences from the required launch configuration were as follows:
1. The fuel cell batte13, rack assembly (C14-395) was electrically mated to the con-

nectors from which fuel cells I and 3 would (in flight) supply direct current (DC) power

to the S/C busses. This was accomplished per Checklist FO-K-1011 and was required due

to the fact that the fuel cells were not operating in this test. Power was being supplied

through the flyaway umbilical from a ground power source. At T-0 minutes, the umbilical
would have been dropped to satisfy test requirements. At T-10 minutes, per the Test
Procedure, OCP FO-K-0021-1, bus power would have been transferred from external

GSE power to C14-395 battery power (Enclosure 1-9, Drawing 1-D-0056-4).
2. The Y00 - 085 cable and a power _upply were connected to the S, C water 'glycol drain

and vent shutoff valve S23L\'1 (Reference 1-D-0056-8). This valve must be held open

by a 28 VDC source in order to maintain water glycol circulation during ground testing.
During this test, the flyaway umbilical which normally carries tbe 28 VDC power is dis-
connected at T-0 minutes and, the valve would close if not separately powered.

3. The ground oxygen cO,2_ source was connected to the S'C. Oxygen to the Space-

_lk y
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craft was supplied (Reference Schematic 1-D-0056,8) from a bo','2e source through the 0 2

Test Set to the 0 2 valve box in the S/C. This particular configuration was being used for

the first time at LC 34.
4. A thermocouple was taped to the oxidizer "A" isolation valve and was connected

to a GSE meter. ,During this test, the propellant isolation valves were to be energized for

a period of approximately 15 minutes.. A technician was to monitor the valve temperature

during the.actuation time in the test.
5. Seven C/M RCS simulator cables were connected from the simulator boxes to the.

S/C. These cables were connected from the simulator,boxes to the RCS Control Boxes

through C/M access panels. Each of these cables ran beneath the Boost Protective Cover

(BPC) sections that had been .installed surrounding the S/C hatch. Post-test observation
indicates that the cable interference with the BPC bulged the installed sections of BPC

such that the hatch section of the BPC could not be installed properly.

(3) Ground System
(a} Documentation: The configuration of the ground system at the time of the accident is

described by the following:
1. Spacecraft GSE configurations existing at the time of the accident or used earlier

in the test are depicted in Enclosure 1-9, Drawings I-D-0056-1, -4, -5, -7, -8, and-9.

These drawings were prepared for Panel 1 based upon visual inspection and reference to
GSE Functional Integrated Schematics for internal detail. The individual GSE models

used during the test and change actions not accomplished arc tabulated in Reference 1-19.

2. Configuration of supporting facilities was documented by a report prepared by the
KSC Launch Facilities Division in support of this Panel's investigation. This report is

provided as Reference 1-20. Reference 1-21 is an inventory listing of miscellaneous items
found on the service structure platforms after the accident.

3. Configuration of remote monitoring and control equipments are briefly described
in Reference 1-20, Reference 1-22, prepared by this Panel, contains further data regarding

details of the configuration of the Acceptance Checkout Equipment (ACE), Operations
Intercommunications System (OIS), and the Mission Control Center, Houston. The overall

configuration of remote monitoring and control equipment at the time of the accident

is depicted in Enclosure 1-9, Drawing 1-D-(',956-3 The configuration of ACE is shown in
Enclosure 1-9, Drawing I-D-0060. OIS ,zonfiguration is shown in Drawing 1-D-0062.

(b} Data Synopsis: Significance of the ground system configuration is summarized as follows:
1. No further significance is attached to the Spacecraft GSE configuration beyond that

previously discussed under the heading "Spacecraft/Ground System Interfaces."
2. The configuration of supporting facilities within the scope of this Panel's investi-

gation is not represented as pertinent to the accident. The safety aspects of the facility

configuration were deferred to Panel 13 (Ground Emergency Provisions Review).
3. The remote monitoring and control equipment were configured according to pub-

lished requirements and operational procedures. Analyses of difficulties experienced in the
communications equipments, as mentioned in Reference 1-22, were referred to Panel 9

(Design Reviews).
d. Post.Accident Configuration

The damage caused by the fire in the Spacecraft is documented by the Apollo 204 Review

Board Photographic Files and by the work records of the disassembly accomplished by Panel 4

(Disassembly activities). Panel 1 considered those aspects of the post-accident configuration nece-

ssary to verify certain elements of the configuration existing at the time of the accident and to
identify changes in control configuration accomplished during the fire. The scope of these con-
siderations was limited to configuration chang-" actions accomplished during and immediately fol-

lowing the fire. Considerations were based upon photographs and visual inspection by members
of this Panel. The significant post-accident configuration differences are summarized as follows:

(1} The rotary switch lal:eled "'BMAG POWER" (Body-moanted attitude gyro power switch)

was found in the "OFF" position, whereas it should have been in the "'AC2 MNB'" (Alternating
Current Number 2 and Main Bus B/ position. A silhouette pointing to the "AC2 MNB" position
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indicates the ,,,vitch was moved to the "OFF" _osition after sooting occurred.

(2) Thirty-tlaree circuit breakers which were closed prior to the accident wc-,'e ;ot_.nd "OPEN."

The shafts exposed by the circuit breakers opening va, y from sooted to cleaL, giving some gross
determination of tile relative times at whici_ the different breakers opened (Reference 1-15).

(3) Two switches labeled "MAIN BUS TIE-BAT A & C and BAT B & C" (Battery A and

C tie to Main Bus A and Battery B and C tie *.o Main Bus B) apparently were changed, from

the "AUTO" to the "ON" positions by the crew after the fire was reported. This action placed

Spacecraft batteries A and. C in parallel onto Main Bus A and batteries B and C in parallel onto
Main Bus B; in addition to the ground power being supplied. This action was not a planned

procedure in event of rapid or emergency egre,_s. It could have been taken in an attempt to main-
tain communication or lighting since emergency procedures called for GSE power off.

(4) The Pad Emergency Egress Procedure specified in the Apollo Crew Abbreviated Checklist,

page 15-2 (including planned changes), called for: (a)Turning off the switches labeled "MASTER
EVENT SEQ CONT PYRO ARM I and -2," (Master Event Sequence Controller Pyrotechnic

Arming Switches); (b) "SM RCS PROPELLANT A, B, C, AND D," (Service Module Reaction

Control System Propellant Switches for Quads A, B, C and D); (c) Placing the CABIN RELIEF
VALVE TO "DUMP"; (d) Opening the four circuit b.:eakers labeled "MASTER EVENT SEQ
CONT ARM A BAT A, ARM B _AT B, LOGIC A BAT ¢\, and LOGIC B BAT B," (Master

Event Sequence Controller Pyrotechnic and Logic Arming Circuit Breakers). One of the circuit
breakers, "MASTER EVEN"!' SEQ ('ONT AR)f B BAT B" was found open. All the other con-

trois listed above are in the pre-accident configurations.

(5) The switch labeled "RCS INDICATGRS'" (Reaction Control S;,stem Indicators) was spec-
ified to be in the "'SM D'" position (Service Module Reaction Control System Quad D), but was

found in the "'S*I A" position. OCP FO-K-0021-1 did not specify the normal step of returning

this switch to the "'SM A" position after use (as specified in the Apollo Crew Abbreviated Check-

list and in previous Operational Check'_ut Procedures). The crew apparently did this in accordance
with the abbreviated checklist. This switch selects the i,qputs to the time-shared RCS displays on

Panel 12.

(6"_The switch labeled "TAPE RECORDER RECORD�PLAY" was found after the accident
to be in the "OFF" position (OCP FO-K-0021-1 specified "'RECORD"). There is no record of

the crew deviating from the OCP FO-K-0021-1 specified position. The Apollo Crew Abbreviated

Checklist specified "OFF" for this switch unti; immediately prior to launch. The switch might
have been set to "'OFF" per that procedure (without ground coordination) or knocked off inad-

vertently. The Tape Recorder (DSE) would not ,,t,erate in either switch position until enabled

by setting the switch labeled "'TAPE RECORDER FWD/REV" (Tape Recorder Forward/Reverse
Selector Switch) to the forward or reverse position (planned just prior to launch).

(7) The gas chromatograph power sensor connector was found on the aft bulkhead. This con-

nector was placed on the shelf of the chromatograph compartment at tinw of crew ingress.

e. Plugs-In Test Configuration
The Epacecraft 012 Plugs-ln 'Fest, OCI' FO-K 0006. was initiated at 4:00 a.m. EST, January

25, 1967, and was completed at 2:54 :_.m. ES'I', .January 26, 1967..,\side from test set-up, _ew

configuration changes were a,:complished between completion of Plugs-In Test and start of the

Space Vehicle Plugs Out Iv, tegrated Test at 7:00 a.m. EST, on January 27, 1967. Corffiguration
changes _,we identified from Parts Installation and Removal Records, Temporary Installation
Records, and Discrepancy Report ,Material Review dispositions. The configuration at the time of

the Plugs-In Test relative to thc Space \ chicle Plugs Out Integrated Test is summarized as follows:

(L) Spacecraft
Difference in the configuration of the Spacecraft at the time of the Plugs-In Test with

respect to the Space Vehicle Plugs ¢)ut Integrated Test are listed in Reference 1-10. Significant

differences were as follows:
(a) Boost Protective Cover (BP(:; and splice plate (10 pieces)installed for Space Vehicle

Plugs Out Integrated Test. The BI'(: was partially installed to accommodate the hatch BPC
which was necessary [_r the planned emergency egress exercise.

(b) .Main "'.\," ,Main "'B,'" _md the p_st-landing test batteries were not installed (used)
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during the Plugs-In Test. Jettison controller batteries were used for each test, but were of a

differentserialnumber.

(c)Eleven protectivedust caps installedon pyrotechnic connectorsin the C/M subsequent

to Plugs-ln Test. Caps placed on non-mated connectors to provide protectionand prevent

shorting.
(d)The Inertial.Measurement Unit (IMU) heater shortingplug was temporarily installed

in tray 7 for the Space Vehicle Plugs Out IntegratedTest. This provides heater power from.

the S/C bus rather than from an externalsource.The installationof thisshortingplug rep-

resents,a configurationdifferencefrom the Plugs-ln Test; however, this.plughad been used

previouslyduring the Altitude Chamber Test (OCP FO-K-0034A). The "Launch" configur-

ationalsorequiresthatthisplug bc installed.

(e)Carbon dioxideabsorber elements,P/N ME 901-0128-0001,were installedfor the Space

Vehicle Plugs Out Integrated Test. These absorber elements were not flightconfiguration.

(f)The same three crewmen umbilical electricalcables (cobra cables)were used in the

Plugs-ln Test as were used in Space Vehicle Plugs Out IntegratedTest. However, two addit-
ional cobra cables were stowed on board for thistest,one of which was used by the Com-

mand Pilotduring partof the test.

(g)Noise-limiteradapters were attached to the cobra cablesfor the Space Vehicle Plugs

Out Integrated Test, but not used for Plugs-ln.They were check out in the Spacecraftbe-

tween the times of the two tests.

(h) An "'octopus cable," (Medical Data Acquisition System cable) was installed for the

Space Vehicle Plugs Out Integrated Test, but not used for Plugs-In Test.

(i) Flight crew equipment was not stowed for the Plugs-ln Test.

(2)Spacecraft Interfaces
Differences in the Spacecraft interface configurations between the Plugs In and Space

Vehicle Plugs Out Integrated Tests are identified in Reference 1-19. The significant differences

were:
Ca) Pyrotechnic Substitute Units were utilized during the Plugs In Test and were dls-

connected during the Space Vehicle Plugs Out Integrated Test in an attempt to provide bet-

ter S/C ground isolation.
(b) Fuel Cell Battery Substitute Unit was utilized during the Space Vehicle Plugs Out

Integrated Test. This unit is used to supply S/C bus internal power in :he absence of fuel

cell operation after the flyaway umbilical has been dropped.
(c) Protective Pressurization Unit was utilized to maintain a pad pressure on the Service

Propulsion System (SPS) tanks. This unit was disconnected during the Space Vehicle Plugs

Out Integrated Test in an attempt to maintain better ground isolation.

(d) BatteD" Substitute Unit was used during the Plugs In Test. This unit was utilized in
lieu of the S/C entry and post-landing batteries during that test.

(e) Water/glycol shutoff valve control cable and associated power supply was utilized during

the Space Yehicle Plugs Out Integrated Test. This requirement exists in order to hold the water/

glycol return shutoff valve o_en after flyaway umbilical ejection, such that continuous water-

glycol circulation may be main.ained.
(f) Conditioned air was supplied through the access arm White Room and the open Space-

craft hatch for the Plugs-ln Test, therefore not requiring external oxygen supply. An oxygen

test set was utilized during the Space Vehicle Plugs Out Integrated Test. Oxygen was supplied
from two K bottles through this unit to a facility valve box and then to the Spacecraft,

(g) GSE access connectors were connected to the Service Module (S/M) during the Plugs-
In Test to monitor fluid system parameters. They were not required for the Space Vehicle

Plugs Out Integrated Test.
Ih) The ACE carry-on test equipment was utilized during the Plugs-In Test. This equip-

ment is located on l.evel A8 outside the C/M and is connected to the Spacecraft systems

through cables which run through the hatch and connect to the individual Spacecraft syt.

terns. This equipment was not required for the Space Vehicle Plug* Out Integrated Test.

(31 Ground System
The Spacecraft GSE configuration differences between the Plugs In and Space Vehicle
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Plugs Oft Integrated Test are given in Reference 1-1.9. No significant differences were identified

beyond those dis_.assed above under the heading, "'Spacecraft Interfaces." Data presented in Ref-

erence 1-22 reflect that no dift\'renc_ existt_t in the coniigurations of the ACE and OIS equipment

relevant to the accident.

f. Configuration for Altitude (.'hambcr Test

Tile final run of the Spacecraft 012 Altitude Chalabcr Test, OCP FO-K-0034A-1, began at

6:00 a.m. EST,. on December 29, 1966, in the East Altitude Chamber in the Manned Space-

craft Operations Building (NISOB). The test was completed at 3:30 a.m. EST, December 30,

1966. At tile time-of the Altitude Chamber Test, configuratior_ records reveal that sixty (60) re-

leased EO's had net been accomplished. Test Acceptance Inst_ection Records reflect that.three-

hundred-eight (308) work items were open. These records were reviewed to determine configura-

tion actions accomplished or closed out between the completion of the Altitude Chamber Test and

the Space Vehicle Plugs Out l;_tegratcd Tezt. Discrepancy Report/Material Review dispositions

were screened to identify c_rrective actions that altered configuratio,l and were accomplished in

this time period. Configt, ratiot, differences ,_re sutnrnarized as h_lh_ws:

(1) Spacecraft

l)ifferences in the spacecraft cotffigurati_,n between the :\ltitude Chamber Test and the

Space Vehicle Plt,gs ()ut Integrated Test are presented in l_,cference 1-10. Enclosure 1-8 re-

flcc.ts diffcrenecs In crew equiiment and loose itetns stowed in CJNI. Significant diff:'_:'nces

were as follows:

(a) Only ttle inner hatch was installed for the Altitude (:b;:tnber l'est. Both inner and outer

hatches were installed and latched, and I4P(: hatch was its place but not latched for Space

Vehicle Plugs ()ut Integ,'ated Te.,,t.

(b) Pyrotech,aic panel t tlo. 150) was tempt_rarily itlstalled for ..\ltitude Cha,xlber Test. This

panel was removed l)ecember '.41). ltllili, and was tempora,'iiy itlstalled prior to the Plags

In Test (()(.:P I:().K-00t)(_). The panel _as not fttlly installed, being out approximately 5 to

{i inches from the lower equiptnetlt b,ty pat:el line and located on ttte C.'XI aft bulkhead.

(c) (_:arhon dioxide ;d_sorbcr eletnents tff the correct flight co,ffiguration (XlE 901-0218-

IX}21) were installed for tilt" .\ltitudc (:h,nnber Te.',t. instead of the non-flight configuration

for the Space Vehich" Plugs _)ttt l,ltegrated Test.

(d) (_:ommartd Xlodulc interior panel, PN V1{_-4tl802, covering .l-box in left-hand lower

eqttipment bay was retn_wed lt_r I)R SIR dlsposititm to relieve interference with %_ire bundle.

l'hc panel _,ts replaced prior to tilt" .";p,we Vehicle Phlgs ()ut Integrated Test.

(c) Spacecraft t_xyget_ ta,lk.s were serviced for the ,\ltitt,dc Chandler Test.

If) [lydrogct_ tanks _,,,el'e pres._t,rized with ulltc_gr,l tlurin.g the Altitude Chamber Tc'st.

(g/ Fuel cell hatter T slthstitutc unit was licit co:uwcted hw .\ltttudc (1h,ullber Test. Space-

craft was powered hv cxtcr,ml (;SI'; facilit_ power.

(h) Dr: po_er bu_ x_lt,tt_e monitor recorder was in.,,talled for Altitude t'.hanther Test.

t i) ,\dditional Velcro was in._t,dled after cotupletiot_ of .\lt itt,de (;haml_er l'c_t.

(j) Noise limih'r-, _('rt' not i,_sl,tlled ,,n ct)hra t ,tbl¢'s h_-.\ltitude ('.hatnber 'l'est.

I k'_ The gas chlom;tlot_raph w,_ it_st.d[cd for the..\ltit tt, lc ('.hatuber Tt.'st.

t I} l'he Data htOl,tt4e I_l_'rtrf_l_it-, .\s_ctnhlies II)SI_.\',I _ere ttxstallcd ita flight c{mfiguration

for Altttudc( _h,m_her Test.

(u_) l'he Spacecr,dt TV t,ltllrr.t w,t,i _tl duritn_ thr .\ll;.'tlde (_[lanll_et Test, hut not for

Space Vehicle Plugs I)_,t lt_tt'gr,_trd l't",t I,ffttr rre_ int_re._,i.

(t_} Itatt,,latt_m ,lud I'(_l.lll(dl i _lllt¢_!lt't', ',',_'lt' ttr_t,tll_'d t_ flt_ht (aln[il/{lll,llll}ll h_r
Altitude t :ttamb,'r ! e_,t

1o) l:lo_dlitzt_t in_t,dl,ttitm _,t_ tt_difted _ul_rqu_'t_t t_ .\ltitude (:hamber Test.

{p) (;,'t'ss tquq_tut,lt _t¢_w,_q¢" ss,t_ ,q_prs_x_,.,,_,t_rly flig',_t ¢_,t_fi_tttati_m h_r Altitude (;bantber

l't'_,t. S"e Encl_sttre 1 8 [t,r tit _ailed diffcrr:_res.

_q} I}ehri_ traps ',vt're illt_dihrd suh,cq_rnt t,_ \ltttt_dr { ;h,unher I e,il.

_r_ .\ll crrw couch gt-t_tnd strap,, wcrr it:_l.dh'd h_r .\il_t_td_' _ _h,tt_d_cr I',.'_!

12_ Spacecraft Inh'rf, ur,

"l[w Np.wct r.:![ tZr,_md ',_'.t,'n: tt,r,.'tl,tt t'.; t"..t,_,._', d_tt_vz tq_ \hi_tdc ( _hi|tllbrr Test arc
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dcpictcd m Eneh_sure l-t), Drawing 1-D-0056.(i. Significant interface differences relative to Space

Vehicle Plugs Out |ntcgrated Te,st were:

(a) During ttle Altitude Chamber "|'est, the .\-14-062 I,aunch Vehicle Sub,,titute Unit _,_'as

installed, l)uring Space Vehicle Plugs Out lntegr,lted Test, the Command ;tnd See'ice +.'Xtod-
ule 'Spacecraft to |,unar Nlodulc Adapter (('.S.M Sl,A)configuration.was mechanic,d|y and elt'ct-

rically mated to tile [,\'. '['he elet:trical connection to the Instrumentation Unit (IU) _'as

through a separation device.

(b) R(:S engillc simulators were used for both tests. The X00-07:'* units were used during

tile Altitude Chanlber run and tile A14-275 imits were used for the Space Vehicle Plugs Out

Integrated. Test.

(c) The external Digital Test C.otllttl,u'td System ID'I'CSC 14-231) is utilized at IA." 34

and is not required ill the Altitude (:hanlber,

(d) Tlle lruel Cell Battery Substitute Uuit iCI.I :195'} was utilized during tilt" Space Vehicle

Plugs /)ut Integrated Test. "|'his unit is used to supply S,t2 bus internal poxver after tile fly.

axvav unlbilical has beeu dropped,

,e) The ,X|obile Dat,i Recorder was utilized to record S C ilC bus vohagcs' during the

.\ltitude t_llanlher Test. It was not utilized thn'ing tile Space Vehicle Phlgs ()ut Integrated

•l'e:_t.

(f) |'ile x',.lt t'l glx tol shllto[| x .! Ix t' t OIltlol t.Iblc klnd .Issotiated ptm t'l sllppI_ x_.ls ut Ilh, etl dill itlg

tilt" Space Vehicle Plugs Out Integrated Test. This ret|llit'ellletlt exists ill order to hold the

glycol shutoff valve open after flyaxvay untbilieal eject, such that continue:us water-glycoi eir-

ClllatiOll III;I+X'he Illilitlt,lilled.

+g) The oxygen test set (_/.0()025.401"_ was used during tile ,'+.pace Vehicle Plugs ()lit {ll-

tegr.tted '|'est. ()xygen was supplied [rolll Oltt" "'K "° bottles through this unit to a facility valve

box .lilt| then to the Spacecraft. l)uring tile :\ltitude Chamber Test, oxygen x_-as supplied f:'uul

tilt" Oil I_o+'lrd tilllks, each of xvhich had lwell loaded with liquid o.x'*.._ell (I+(')X_. ()xyg¢ll,

hyt|mgen, :uld nitn_gcn fill, vent, prt,'ssurit..itiou, and rclief lines were connected to tile ,N (i

dtlrillg .\ltitude (ih,llllber operdtiotl.

th) The Pn+tecti,.'e Pressltriz.ltit,lt 1,'nit t,'g|4-0.ttt.)) was Ilsed t'J tllaintain a pad prt_,'surc on

the ,_I'S tanks. This utlit was disctmnected duritlg tilt" Space Vehicle Plugs {.)lit {lltegr.lted

Test to Ilhlillt/lin better gt'otltld isol,ltion.

(i_ |hn'ln_ tilt" Space Vehich" Plug._ ()tit lnteg,',lted l'cst. tile l,aunch l:,sc,lpe ,_vsteln tI,ES)

lower iv.is inst.lll+'tt and electrically connected, l)urinK tile .\hitude (:h.unher l'est, neither

tilt" |,|'iS tc+xvt,r nt;r tile px rtltechllit" substitute boxes were instillh'd.

(j_ (;NI'; ,w¢c,'_s t'Otllleclolx xvere collnectet{ to the ,% Xl durillg tile ,\[titude (,:hatlltWl '['est

,ttld vt:ert" riot cOIllleeted tttll'illg tilt" ._p,lce Vehich" Plugs ()ut Integrate I Test.

(k_ The ,wcess .\rill White Roolll was Ilhtted tO the ._ /,] during tilt" .%pAce Vehicle Plug:;

()ut llltegr.lted I't,st l'hi,+ coltfigur,ltiOll does not ,'xist ill tilt' .\Ititude (]h.ullber.

t l} .\it" was bt'|tlg st|pplied It+ .l ('.._I ,It'Ct"S.'S |_Ol't to hi.lint.its it low huttliditv colldition

ill tilt" sp.lee I+t'txset'ii lilt" I,: ._! plt.'sxttre vt,_sel ,lilt| he.It shield during tilt" ,%p,tce Vehicle Plugs

t)tlt [siege.lied |','st.

('.|) t_l't+luld ,_vstt'm

t:Otll'tRllr,llIoll O|" tilt" SIKWt't't'.l[t (;Si_ .It the tilllt" ol lilt" .\hitude {:h.llllllt'r l'est is tlt'fitlc'd

ill ReferellCt" I Ill. { :ttttfiglll'.ltit+tls ttf tilt' "_Iii+port{llg I.lcihtlt's together with tilt" /;SI¼ are shtl_e.ll

st'bellhitlt.tllv ill Ellchlstlre i q, l)ra'.,.itlg I !)0t)31()l!_. Retltote IlIOllihlrltlg .lilt| t'tltltt'tll et|lllpllletll

Cottfilgttt',ltiOll.t .Ire described ill Re[elt'twe i 22 _iguifir.ult dtlfert'tlCeS ill tilt" grOtltld sxstetll COII[iR-

Itlt'Alioll relate duet{Ix Its tilt" Itltetf,ltt" di['ft'tellCt'_ dl'_.t'lt',,'wd |+revtotl_lv; thereit+re, ftlrther tlt\t'u._sitlli_

.Ire iIot ptx_vit|ed,

_. Sp.lt't't'r,tft INII,I le'+t (:OlI[Igllr,ltIOll

l'hr Sp.tct'tr.tfl t)_18 iherln.iI V.it'ulun I'est ._o _{ _,_..l'i t'otldltcted ,It the sp.tve I;Ir.'ironuu'lttal

,%itlllti.lt{OtI I..d+t_r,ttorv <._l-;'q.I..MSt:. irottl ()clo|+er '...J{'l.Itt(Rt through Nt_vt'tllllt'r |. I+||R) I'he COil

figur.ttltm fur thi,_ test ,,_..|,_ ,,eh't-tt'd ft)l r t'Olll|htri'_tl _.'.ith the cotl[iRUl'.ltioll of .% (i {)12 .It the tltlle

of tile .Ict'idellt .\ spet'hl[ tOllli_tllel I.Ibul.ltit_ll _,+ls ol_t.lint'd h_ t t_lllDIte tile t'OIt[IgllF.ItIOII tel'll'i

C.lttt)tl ret'otd'_ ttf tilt' tx_,t_ .%p,ltett,lll (:t_i'lR'_ :_| lilt" .% (: |N)_ Ir,_t it'i_ll-tS ,lll¢t itl|)pOl'tltlg tl.tt.I _ere
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obtained.Thesedatawerereviewedand a summaryreportwasprepared (Reference 1-'24). Sig-

nificant extracts from the stll'tllnary report are:

(1) Spacecraft 008 wire harnesses did not have the modification kit (Teflon wrapping) installed

which provides additional protection to crew compartment wiring. A special pad protected the wir-

ing on the aft bulkhead during the S/C 008 test.

(2) Spacecraft 008 bad additional wiring that was not in S/C. 012 .to implement limited remote

control during uunlalmed altitude chamber tests, Additional wiring for. test instrumentation was,

{totalled in S/C 008. The right-hand C/M window of S/C I,)08 was utilized for anumbilical

pressure bulkhead penetration to bring out the additional control circuit_ and.instrumentation,,

(3) Command.Module floodlights of.improved configuration were employed on S/C 012. S., C

008 utilized the basic configuratiox_ for all thermal vacuum testing, "Ehe provisions for portable

floodlights were established as a requirement from the S/C 008 tests and installed on S/C 012,

but the portable lights were uot aboard for Space Vehicle Plugs Out integrated Test.

t4) Noise filter adapters for the crewman umbilical electrical cables were not utilized on S,'C

008, but were used on S,'C 012.

(5) Spacecraft 008 instrumcntatio_ and sigtaal conditioners for test monitoring were not flight

qualified instruments in al! cases, but had been tes'ted to the actual test environment. Flight in-

strumentation was installed on ,% C {)1'2.

(6) Design modifications were incorporated in the Environmental Control Unit (ECU) otl tile

S_C 012 unit as compared to the S:C 008 ECU.

(7) .\ production prototype mission events sequencer was used on S/C 008. S/C 012 had pro-

ductiou sequencers that were flight qualified.

(8) Cress" couches were modified for the Iotas duration of thermal vacuum test on S. C, 008.

Crew compartment stowage and special TcHon covered _,arfoam pads on the aft bulkhead were

used on S C 008, differing from the S C 012 flight configuration. The cress" comparttnent hatch

on S t; t_)8 thermal vacuntn test rtm No. '.4 had the airlock incorporated for scientific cxpcrinaents.

(9) Beta cloth over Teflolx covering was used extensively on the aft bulkhead (covering the

special Sarfoal'tl pad_ aud couches duriug the Spacecraft 008 test. This is a fire-resistant material.

Also, fire extinguishers were available inside the crew con:paruuent duriug the S/C 008 test.

(10) A large number of differences existed ill the GSE and supporting facilities. These differ-

enccs were ilot significant to tilt" Sp,_cecral't 012 accident.

D. FINDINGS AND DETERMINATIONS

Review of data presented iu {hi, rcpolt results ill stmunar3' findings arid determinations as follos_'s:

1. FINDING
()rte hutldrett and sixty-four (164) Engiucccing ()rdet._ (l.X)'s) were not accomplished at the time

,'qp.wecra[t {11'2 ss-as received at l,_St'. Six huudred ;uld twenty-three (623) EO's were released subsequent

to receipt at [_SC. O1" these, twetlty-two ('2'2) were reeetll releases which were nut recorded ila con-

figuration recordsat KS(: at the tiuleof the arc{deut.

I H:.TI._R.M l N,\'l'l_ _N

('.outimfitlg engineering changes indicate progressive development of the Spacecraft coufigltration

through the time Lfl the ,_pacc Vehitle Pht_s _)ut Integrated Test, At the time of the test. the otto-

figuration c_uht m_t have beet1 ¢onlph'te _ilh respect to the latmch collftgslrations.

2. I.'INDINt;

l'he required ._p,tce Vehich' l'lu_ _)ut Integrated Test col_[igul"atit'n sva,+ not t'xpliq ills dclint'd hs

tle,q_ll ell_,llleel+ill_ tH Is'st thwtttuentattt+tl, llehlutitm 0_" II'(Itllll'tl test ctulfigtlration xsa,+ lilniled It+ te_t

,_et.ttp ,in<l ct_ntr_d_ confi_zur,llions specified tn (It '.P !"1 +-IK 0_121-1.

DI" I'I,R M IX .VI'i( _N

I'hc ,dr+elite _+{ rxphclt defimltots o1' _i_acecraft test confibTur,ltiOll reqltireuwuts reich,{It'd such

deftnttioll !_, the test _t_,lttt/',ltt_l_ I-'ttrthet. it ts lit," Opllli_l_ o| this l',ulel that tile lack o{ ti_t,,'lv .Hid
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explicit design definition ot_ the required test configuration precluded complete assessmc:_t of adverse

configuration aspects as constraints to the test.

3. FINDING

Eighty.(80) EO's effective on S/C 012 were not accomplished at the. time of tile accident. Of these,

twenty (20) were specified to be accomplished subsequent to the Space Vehicle Plugs Out Integrated.
Test. Four (4) of the open EO's were ot" a nature not affecting configuration. Three hundred and.

eighty-four (384) Parts Installation and Removal Records (PIRR's)and Temporary Installation Records

(TIR's) were open, of which one hundred and tweilty-five (125) _'ere in compliance with requirements
of the test documentation.

DETERMINATION

It is concluded that test requirements had no defined relationship to the open statur_ of fifty-six

(56) EO's and two hundred and fifty-nine (259) PIRR's/TIR's. It is the opinion of this Panel that
all work items and EO's were not closed because of late receipt of changes or further work scheduled

to be accomplished prior to launch.

4. FINDING

Items were placed on board the Spacecraft during preparation for the Space Vehicle Plugs Out

Integrated Test which were not documented by quality inspection records.

DETERMINATION

Procedures for controlling entry of items into the Spacecraft were not strictly enforced.

D.1.19
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SPACECRAFT CONFIGURATION

LAUNCH ESCAPE SYSTEM _. _

COMMAND MODULE

SERVICE MODULE

SPACECRAFT

LM ADAPTER

©
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VIEWOF SPACECRAFTLAUNCHVEHICLEIN SERVICE STRUCTURE
WITH ACCESS ARMS.EXTENDED

LAUNCH ESCAPE SYSTEM

ACCESS ARM TO

COMMAND MODULE

SERVICE MODULE

SPACECRAFT LM ADAPTER ".

INSTRUMENT UNIT J i

J

-i
SERVICE STRUCTURE

I
UMBILICAL TOWER

I

N
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SPACECRAFT 012 CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

The attached table lists by area the configuration of stowage items and other loose equipment for
the Spacecraft 012 Crew Compartment. This information is given for the planned launch, Operational
Checkout Procedure (OCP) K- 0034A- 1-Manned Altitude Chamber Test, and OCP K- 0021- 1-Plugs-Out

Test.

The data for planned launch was taken from the Spacecraft 012 Operational and Experimemtal

GFE/CFG Stowage List. Data for OCP's K-O034A- 1 and K-0021- 1 were derived from the applicable
Test Preparation Sheets, Part Installation or Removal Records, Temoorarv Installation Records, Stowage

OCP's and interviews of ground and flight crew support personnel. In the case of OCP K-0021-1 some
data was also derived from physica! inspections of the spacecraft after the incident.

The data includes all items loose in the crew compartment, installed in stowage containers, car-

ried on the flight crew's persons, or items subject to removal displacement by the flight crew. It further

includes all non-flight mate.ials known to be on board the spacecroft. All items are listed under their

normal launch stowage locations, except that non-flight items are listed where actually stowed for the

test. Items stowed in other than normal launch locations or in other than normal launch conditions are

identified by notes in the "REMARKS" coJumn.

The "STOWAGE ITEM NUMBER" is a cross index to the Spacecraft 012Operational and Experi-

mental GFE CFE Stowage List.

ENCLOSURE 1-8
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LEFT HAND EQUIPMENT BAY

CREW COMPARTMENT STOWAGE AND LOOSE

i15¢ folu I,:, (_.Le,_(o,) . .

S']'O',':'.,]"

APY.,',

67

67

6(

67

6"?

67

6

(.

6-

04

O'"

6'o

6.

'[-.

6.

t.

6

_t

l.'b

6_

68

6C

t _

PIA_;:./D OCt' K-

LAL_,:.'H O03hA.1

L

0¢}' K-

002 i -

PAP? hl"..2,_ '.:

V!6- 55,0 ,J,.i. t

EC :dOe :- "

EC 3,'004

EC ,._00".

SEBI liOOJ" o-. ,

SDC; 830OOJ!

V16-6CI l '_O-I ]

TAt*h-.

V16-601 d

i_-Ol: :

$ EB :." 0007 -. O

Ai,_ 1 ,'-0£k_

A. OO7-O0O

A. 006- 0OO

t,_;,OL- O;' "

ME,_O-JS 5-OC,

,_£-".-0- t-O_,

._,)Ol-O: ',-GO:,

5_,)O[-0: >-OG. 3

[_E.u __i0037 .... O -

SDB • • ] .)O_ :'

:_DB .',: l OOO-J

VIe-be! :..O-i :

','t6-t'Ot"_ '

¥ib-601,'O1- (; .-hi,

-)I

i::;6
VL6-60126 _-4 _

V[©-6ol .'e _-

',']t-63" <)C

";o_.-: ;[g.ht

EQUIPMENT CONFIGURATION

NO_[-'NC IA2%_1.F

fcic!;ti:'ic Container "D"

Dew PL i_¢'gror, mter Sensor

:_'ozu:o r Cable

Co::t :'_[ Unit

CouLPol iAcr Cable

)'topas Cable
2ec Handle

Ro I" Tape

Contai:mr (Food £trg $up L,_

Food Set

S I_;,/.(;F

T T='M ._':.9".-- "':"

•Stowed on :',oor O:" ,_.r-[:

C[' h" t,.,EP For CJ, .-'.

-In. ta"._d acroc:" :,Y}:

F:r, t:: hag

,','G

I_: Fit CoveraI!c - (,'ac,,et)

In F:t Coverath_ (pant- _)

Sanda's (_ pr)

:::_:d:<.: (" l,r_

fm,dal: (: Dr)

f'mda:, (" pr)

$_'_Ld:t ] :"

P" at'ti c .hat_

Con_uanders Che ok" _.st

t": ight F'.an
Co:.t'dlmr FLL Data Fil, '

?co }l:md!e

_k_i:',"Lizlter Adnpter C:a_: <

Unbl[icaL Assy

0 5ose Inlet _:o:tz:e

3[ !_se Exhaact Nozzle

Cobra Cable

Cobrn Cable

T-Ad_pte_ _Le,:t

C_F ".,'.. r

" _ _a!.-._.,':,.,;ood .'tow_d

i:l s.b.,'[a" ,-ol_tUil:er Ol t

OO}..A-:

" 3:_ _,bi'.ica]:"

• )r, u..nbillca'.s

- fe_',ter Cre_a:: co} r: _,

:'a_ ]," 2_Y O.'. ',< ]-'.

- ['_. !, :_.:mber:" -.X'J_

',n:'talled :'or 0 ,_ ',-1.

_n-fLight d%::, :.._r._er

,_.!ade o: n_"iot.. F%,'h :.ad

ENCLOSURE 1-80

D-1 -36



t

LOWER EQUIPMENT BAY

/, :" LHfEB..: I _ I .rHFEB_X

f 3 _ " I 13 '%\'t i

' -_.e_.i I _ ' , I_
SIC

, A' I-- 9_ r'lo'_ s_c_c" ]

i , I
LI:! , ,,

CREWCOMPARTMEHT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

ill IOl_ I_1'_ (ml! Sll(Oi)

3TOWACE ¢_tVJ;?] ?Y

PLAt'_,_'D OCP K- OCP K-
AREA

LALff;CH 003hA- 1 0021-i

PAR,T h%%L_E}< NCi.e:NC'JTL_ _

2_.J6.)i G&E Long Eyepiece SCT

2012719 C_U iCT Eyepiece

i0] 30]0 SCT Prism Housing

20[2700 G&N SX? Eyepiece

2012699 JXT Mirror '>lous_ng

SDB_31OOO6g-301 G&N Optics Cover $XT

SEB3_IO0O7_-O_ G&:'; 3ptics Cover SCT

Vi6-6O'.'16 Food Container "A"

V16-601 "_6 Food Container "B"

V16-601 )[7 Food Con_alner "C"
V16-60: <i- Food Container "D"

V16-601".,I<, Food Container 'E"

SEB_31000_!-201 Bing Sight

EEB_,oIOOO, i-/o7/

I SEB33100026-ZO_

SEB33100OS j-?O[

SEB331000'."-JOl

SEBS_IO00; ',- O.
SEB 5=13ooi l-,o l

SEB 5510_?.. -20_,

SEB_DIO00/ #-.Ol

SEB3 :I00032-201

SEB_IO00_O-. O/,

-20, , -.'O-

SI_BD -iOOO_7-201
SEB _3100078-'O1
Ec -01'.'%

SEB12100057-_ Oi

V16-7t2031

V!6-757058-:,I

V16-753110

SEB53100050-201

5bn -t"lIght

_16- $31._,77

16 _ Seq CPJn wlth Film..

!6 b_,l Power Cable

18_4 Lens

_4 Lens
"lOO_i Lens

Mirror Mtg Bracket

]6 _'. Maga.:i,.e

!O _ Camera

2'0 MH Lens

70 MM Magazine

Exp Dial

Spotmeter

Vascular Support
Binoculars

Fo_a Cushion
Foam Cushion

Foam Separator
Filter (or,camera)

Plastic Dust Cap

Gas Chromatograph

Crew Fit Data File Cont,

STOWAGF.

ITEM BEW_*g
NUMB,._,

O]9
016
O16A

017
OITA

_55 ,_oundon eft bulkhead

Iftar 0021-1

,i!.
16

I17

)01 -Stowed on floor of area

8?, LEB for 0021-1
)05 -Stowed on f nor of area

8Z, LEB

102 -I stowed in area _0,

ere% couch, on Od_&_-i
>O6

:1.2

1015

_o16

_ot6s
')'3

,On gas chronatograph p_
connector

,Not installed on _021-I

839 I I

ENCLOSURE 1-Sb
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LOWER EQUIPMENT BAY (CONT.)

/ L.FEB 

!35 7

SEC --

"A' I

 C_uD

I G&N __

E _"I 1o'm

S[C ' B"
It

CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

SDB331OO05"*

SDBj31OO0_8

SDB3310OOh7

SDB331OO0_5

SDB331000_6

SDB331000_ :
V16-601125

V16-6011_5-_I

V16-601_80

V16-60151 O-2 i

V16-6011 _-[l

V16-60148l-II

V16-6011.,:,-il

Vi6-601 _oo

Vl6-6OlL_l-i]

V! 6-601:,0;,

SEB121OOOa9-, o:

EX750>6

EXTOO3T

SEBO31000 _0-.'O1,

-202 or - o-

SEB 33100022 -,_

iSD511076

SEBk210000_-201

I£-I'%9

I tfg
' V16.6Oib.21-101

V16-601526-_i

14-O112

Non- flight

_n-filght

Exper Checklist ' OI2H
Star Chart 0121

Orbital Map O12J

_;avlgation Checklist OI2B
Tool Workshelf Dw_ 803

Tool "A" 803A

Ibul "E" 80?_

Tool "F" 803F

Too! "H" 803H

'iboi "J" 8o_

_oi "L' 803K

£ether 803M

_'r Assy with Workshelf 819

Work/Food Shelf 820

In_pe:tion Mirror 068

Goggles 20_

Mouthpiece '705

:70 b_l Magazine 006

_6 _4blagazine 00¢
MDAS 6O0

P_siolog_ea£ Monltoring._/_ 02_
UCD Clamp OP:,

Urine ReceptacLe 035

Urine Filter Assy O_g

Re_:_acle Assy Relief Tube 861

Wrapper Assy Relief T_be 876

T_wels (Dry Utility) O31

Mounting Hardware for

Panel 150

White Room Tape

One document found on

center couch, on on RH

girth shelf, area _

after 002].-i

-In plastic bag taped to

panel

,Over open ACE connectors

on ]h panels & over eatr

hatte_j terminals

ENCLOSURE 1-8b
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RIGHT HAND EQUIPMENT BAY
i

i

i
I

i ,_ _, /Ul_t

ill L�

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT

t t

.i• , ,.._

r. " '

Vtt_ot,I I.' _t'

I lgE i, L o0,_ ,' _-, _00 l

MI'Y_, i-Of ..-,_0,'"

NOb::'.NCI .A l"dl_ '

CONFIGURATION

:IT,, g',2,I"Y

I't"R

N'Ol"t__ "H

KE.%"d+.i',:"

- Or+ OQ,'l-'t , {"Jth llpel, l'etl

*'ent+ved C_'om ntow,+_o b_

_'_'@W, _3th t'ottrlt| tll UOtlt'I
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RIGHT HAND EQUIPMENT BAY(CON'T)

l

L1

'_;'-7

f
CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

';', I

.?i,

_e
.¢

'_TA

"t,A

•:F, A

';,_

i,,',l_, ''_! OCt' _-

:'d ,¢q O _I, _. I

%? _,o, I

I |

I

I

t

1

,VI' I,,-

1

I'hhi' R','_'."! _

VIt,__,L.I o_ i

V I _,-o011 .'0-', l

V lt,-,,O1 l'O-hl

Vlo-ool ',1')

V Io_(_,'_II,II

8DB _ _IO.X'."i

_I)B _ _I O, _ _ ; :

N,m- I' ', ! K_:°

R_ ...... _, ,_,

pi;I':AA,|:,pt,,r _:abh,

I'1.:*11," pu:_I C.,.q"_

,.=

IV'i<.\i:!'"

I '_!!_,_'_;

:_llP

.'110

,%,'

Ol .'l"

01 ?E

l_l"blAtlk;:

_'h_ pyro nnd _'ll','ttlt

]tXl Ol'l=il_lOI" OOlVto,'? ,'I'P
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION
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.W::. X -,2 :e- _':

*,.):-J '_e.dU ',
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,_. ,31-ti_,:_ CantuJ:',.,r

'_' .,.oom [,,':._

F<'Jn [ Ct%nnl .'tot

_A Stowage B:lg

Crew Waste b.a_et

Cre'_ Re_.L r*t[nt

Pad Fees[ Sannl:;ter

Ska1', Cap A:s}"

$ku[: *a|, Ass}

2aUll C_p ABe S
Head '.:eL

}(e_:._,,tftow_6'." gont _t:;,,r

$leep R.::tr:_l ::t

FqA "'tow_%6: !q_g

?2 .MN FI[m P_,'-
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I,' _ C_r.'r'_ .n.-n....,
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EEM_RKS
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CREWCOUCHESGIRTHSHELF

I

CREW COUCHE5

CREW COMPARTMEHT STOWAGE AND LOOSE.EQUIPMENT CONFIGURATION

PART hL_.:_:z.k

V16-601472-157
v16-6oz_,72- t61

V16.6OiI,72-17 _
V16-601_7 "-lSt

V16-60_hT:-191

V16-60!_72-20£

VI6_60!J*72- 211
Vl 6- 60 '.t,72 -e?

v I6-6OI_,TJ-D3L
V16-60_9 _

VI6.6Ot49 _,

V_6-601 _o6- '_

V16.6Olh_6-2

M_9OI- O2[,7-0007

M_9ol -O2%7-00_)

ME'_I-0257- JOt l

_n-f ligh.t

_%br,-f _tEht

(_n-fliKht

Non-ftiEht

v£6--,_?',o-,'
_on- f Ii_ht

BMK- 10OA

w6.8_osoT-21
v_6._8o2o7-l I

EC_3_O]

ECj320}

V1.6-33116o

V_6-53tT)O-t

Couch Pad Assy

Couch Pa_ Aasy

Couch Pad Assy

Couch Pad Aesy

Couch Pad Assy

Couch Pad Assy

C_uch Pad Assy

Couch Pad Assy

Couch pad.Assy

Wire Bun Cover

Xlre Run Cover

Wlr_ Run Cover

Wire Run Cover

Restraint Ascy

Restraint Ashy

Re_traint Assy

O_P K-OO21-I Chec_tist

)WAGF I
rEM

879 I
I

879

879 I
_79 I
8791
879i

879
879

s6o
88o

88o

0CP K-OOfl-i Checkliat

OCP K.OO21-] Checklist

Mal funetlon procedu_ e

De).:_,c'"t

Arm Re_t, crew- co_¢h

Tub uAar COver

Rotatlon_l Controller

_r&enc¥ b_dlcal Kit

Tr_mslation O_nt. Mt@_ Bkt 86_

.pranalatlon _ont. Mapter 83(

Tr_nslatlon 0ontrollar 87_

q'1|aue Dilpenaer 031
• _ue D%_pen_er 03_

TV C_mera M%6 Bkt 85

16MM C_er_ 14ti 5kt 8_

1.6 HH _q t'_mra l

87_

02_

Bm4A_

-Fo.and on LH couch af%Ir

0021-I - Multiilth

Process paper

- M_Itillth pr_ceaa paper

-M_Itlllth p_eeas p_l_r

-Ze_x aria B_ni_g p*_-

Ce:_ paper in _ni!a

folder.

-On _tatlonal h&n_ com-

troller tm2ne_ a

-Container only mtow_(_ or
0c_1-1

.S%@w__o:ifloor of area
_Z Im IA'I_ for 0¢_1-1,

ENCLOSURE I .Sf
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CREWCOUCHESGIRTHSHELF(CON'T)

CRE%'_ t OUCHLS

Lii , ."'o I !J

CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

PIANNI"D OCt' K*
AREA

LAUNCH _k_ 31_A-I

P/_T NUMBER

SEBS51000' 5->01

SEB 5 J 1000',0-.>01

SEB3_1000 _0- JO',,

-202 or -.'0

CEBJ3100_ i*,'O

SEB _jlOOO .O-. O

VI 0.7',1.." .,,

m,,6i70
ME.'80- OOO,_- 0,),3;

Vl6-6OV, O_-,

!.Vlu*TTl j',8
i

, V { t;- :,l.'O.'l'l:_

; Vi0-7570_4o

, V.I0.5 j_?qO..

_n-f I iEht

Non- flight

(0 MI4 "uix, r Wide Angle Cam

'. t@l Lcm;. 16MM Camera

"(0 Iv_t FI 1.'.: Magazine

Inter:'e rence Filter

Fiilv:'

V._l "G" Foam Cushion

}{a=e Filter (on c_&m_cra)

Go_'_g! ,. s Assy

.¢e:i:-or Unlt-Temp Evaporabct

1_,,o_ "F" Handle Ext.

Floodlight

Floodlight Cable

C_r,,ra Brkt (',051)

A='.i Re,-t, Crew Couch

i Botatlonal ContI_)ller

Dust Ca I,

Foam Bubber Pads

._¢[_)WAGE

NUMBk_

o_8

21;'

;' li

871

RE. 'J,/-I _'-

-:'t.,w:,_e bll#." ._:..,,,' to%_ed
for Jo.'l- i

*Plastic - on SCS _un_'t.i,,_

bOX COli:leetO r

-CovereJ, with ,.'clog'tat .

cleall _oOm t:ipe, lll'{d
over _-_ s{r,i_._;
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CARRIED ON CREWMEN

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

CP E-1 P_dRT NLSt_FR 1 NOh_':NCIAITr'6"_:

3 A 1936-0D0 iPressure Garment Assembly

I A | Constant Wear Garment1912-003

L:" RFB-OP-4-3-O02 | Passive Dosimeter

3 EC 30115 I Penlights
SEBI2100033-201 Sunglasses

SEal 21OOO34-201 Sunglass Puch

3 SEB40100095-201 Life Vest
)._010 _ Urine Collection Device

I LFB.-OP-4-3-O03 _ocket Dosimeter

3 _EB121(>_929-001 Chronograph
3 EB12100030-201 Watchband

6 SEB12100031-001 Marking Pen

6 SEBI2100032-202 Mechanical Pencil

i CSD L_3542 Scissors

2 EC .IOlCO Scissors

3 pr Glove Inserts

3 pr grist Dams

3 Neck Vent Dams

3 Neck Dams

3 Dr A-1901"_01 Heel Plates

3 pr A-1902-OO1 Sole Plates
1 ,EC 30045 Shroud Cutters.

3 Combination Knife

I Non-fl _ght Ratchet Wrench

3 Non-fllght _er._onaI Watchband
Bioinstrumentation Systm_

422

407

RE!%kRKS

-I per cre%A_8:1

•I per crewman

-5 per crewman

.I per crewman

-I per crewman

-i per crewman

-I per crewman

-i per crewman
_n Senior Pilot

•i per crewman

-i per crewman

-2,pe_ .crewman

-2 per erewm_n
-On C_m_and Pilot

-On Senior Pilot and Pilo_

•i p_Ir per crewman

•I pair per crewman

•i per crewman

-i per cre_man

-i pair per crewman

-i pair per ere_m_n
-on Senior Pilot

-i per crewman
-On Co_man_ Pilot

-I per ere_man_

,I per cretan

ENCLOSURE 1-8_
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t

ATTACIBIENTS :

Drawing No.

1-D-0056-1

1 - D-O 0 56- 2

1-D-0056-3

1 -D-O0 56-.1

I-D-0056-5

I-D-0056-6

I-D-0056-7

I-D-0056-8

1-D-0056-9

I-D-0060

1 -D-0062

SPACECRAFT GSE INTERFACE DRAWINGS

Title

SC GSE Status During T-10 Hold - 0021

SC GSE Configuration During T-10 Hold - 0007.

SC Range l,aunch Vehicle Interfaces T-10 - 0021
(2 sheets)

SC. GSE Con[igurat-_on During T-tO llold - 0021
Electrical

I,C-34 EPSGSE Electrical (General)

Altitude Chamber SC GSE Configuration - 0034A

LC-34 ECS Airduct

SC GSE Configuration During T-10 Hold - 0021
Mechanical

LC-3,i ECS Water Glycol,Oxygen GSE

ACE-S C Uplink (Command) Configuration T-IO
Mtnute_ OCP-K-O021 (Shoot 1 of 2)

ACE-S C Downlink (Monitor) Configuration T-IO
Minutes OCP-K-O021 (Sheet 2 of 2)

AS-204 Astro Comm Circuits

ENCLOSURE 1-9
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SPACECRAFTANDGROUNDSUPPORTEQUIPMENT

CONFIGURATIONDURINGT-10 HOLD

ELECTRICAL PO_'ER STATUS

MAIN BUSS POWER ............................... EXTERNAL

BATTERY BUSSES ................................. ENTRY BATTERIES

BATTERY RELAY BUSS ............................. EXTERNAL

PYROTECHNIC BUSSES ............................ ARMED

LOGIC BUSSES .................................. ARMED

EMERGENCY DETECTION SYSTEM BUSSES ............. ARMED

SERVICE _IODULE JETTISON CONTROLLERS ........... OPEN CIRCUIT TO

SM BATTERIES

NON-FLIGHT CONDITIONS

CONDITIONED AIR WAS BEING BLO_N INTO COMMAND .MODULE BASE AREA

CRYOGENIC TANKS EMPTY

NO PROPELLANTS, HEI,IUM, OR NITROGEN ON BOARD

WATER GLYCOL RETURN S,'IUT OFF V,_I,VE (S_D IIEI,D OPEN BY EXTERNAL

POWER

PYROS SHORTED, CONNECTORS TIED BACK

COMMAND MODULE OXYGEN SUPPI,IEI_ TItttOUGII ON}: IT_IBII,I{'AI, I,INF

I-D-0056-I

EHCLOSURE 1-9a
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E. SUPPORTING DATA 

l.IS1' O F  REFERENCES 

The  follo\ving documcr~ts art- rc.!t-rct\ccd in this report and A r c  dvailat~lc Irom the .4pnllo 204 Review 
Board, General Filc. 

1 - 1 "Spacecraft 012 C:onfig~lrntion Index", Jan.  29, 1907. Sorth  :\mcrica~i .\viation. Inc. 
Prncrss Dnt.1 Rclmr~ Yo. 1'487- 16; Prtnc! 1 Rcfc r t t~c .~  S o .  I - I ) . ,  tr loc l  

1-2 "Spncccraft 012 Iutlcn~ured Parts List". . J a t ~ .  28. l!,rii. h o n h  .\l~~criciln :\v.atioll, Inc. 
Proc~5s Data Kcport 10. C'11)i- 14; I'at~c! 1 Rcfcr.etirc ho. 1 -1)-UOOi. . 

1-3 ".\pollo Intcrfacc 1)ocumtnt. .Instrulrient 1'11ir 111 Spaccc.r.lit I'hvsici~l Kcqu~~L:.nerlts", 
Saturn .\pollo hlcclii~tiical I ~ i t e g r a ~ i o i ~  1'.111c.l. I(:!) l ' i  2Oll.lX. r'.~ncl 1 I<efcrcncc No. 
1 .D.00!~7. 

1-4 " I  ntcrfacr (:nri:rol 1)orumcnt I)cfin~tion 01 S ; l t ~ ~ r n  S 1-204. i ~ n d  .\pollo 5 ( : 012 I..!crt- 
rical Interfatc". .-\pollo Silturn Elrctrical Pnnc.1. l(:D 40 11 :ii.5OXA; P;llirl 1 Kcfcrencc 
S C I .  I -1)~oO'~o. 

I -(i "C;!?E Functional Intcgratc-d hy>tctli hrhc~r i .~ .  ic.2. Spa~c~c.l 1.11t 0 1  2 & 014. L1'1< I.<:-94". 
St,rth .\metican Aviation. Irlc. I locumcn~ So. ( ; 1 \-O(W)!)I 2; l'anrl 1 Kcference S o .  1 .  
I-)-0094. 

1.7 "Launch C:ottntcio~\.n. I 'rclimi~~ary Rc~.ic.\v I ~ocumc.rit. I:( ) - t i . l l U O 7 " .  Ian. 17. 1967, 
Sorth  .\rnerican ;\viation. Inc.; I'nncl 1 Kcfrrr.ucc S o .  1 l)-fllOO. 

1-9 "Spiicc \'chicle I?lugs Out I n t r ~ r n t r d  *I'c.it, I.'( ).K.0(121 I ". Jan.  25. 1 ' ) O i .  Sorth .\ni- 
rrirnn .\viation. Inc.: (I'ancl i D3t.1) 

1-10 "Surnm.try of Sp.~rc.cralt ( :ont~~ur. : t i t , r~ I)~tlcrcnrfi  ', .\pollo 204 Kcvirw Board. cip.~rcr;lft 
and GSE C:onfigr~r;tttori, l'ancl 1 Keftrrncr Yo 1 .L).O(Y,8. 

1 - 1 1  "Sparccr;~i! 012 ( ' o n f i ~ ~ t ~ . . ~ t t u r ~  \'CI if~ca;~oti Kccord ( (  :\ K! '. - 1  ntlrlary 28. 1007. Sorth 
.\n~erican . \ v i . ~ ~ t i ~ l ~ .  In(*.. t loric la: Facilitv ( ' \ ' K .  I'.~nrl I Krferenrr S o .  1 .I)-tlO2. 

1 - 14 "S~~ac-crr.~ft 01 2 'I r h r  and \crc.pl,~nc I. I r ~ q ~ * a  I I '  ~n I J  ry~nrt . .!'.\I I' ' , l'ancl h D a t ; ~  I 
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1-15

1-16

1-17

1-18

1-19

1-20

1-21

1-22

1-23

1-24

"'Spacecraft 012 Controls Configuration", Panel 1 Reference No. 1.D-0058.

."Comparison of _'/C 012 Operational and Experimental GFE/CFE Stowed Equipment
for K-0034A-1 and K-0021-1, Letter from CF22/Team Leader, Apollo 204, to Chair-

man, Panel 1, February 21, 1967. Panel 1 Reference No. 1-D-0099.

"Items on. Crew at Ingress", R. A. Mitchell, February 6, 1967, Panel 1. Reference No.

l-D-011.

"'Initial Report on S/C Configuration"., February I, 1.967, by W. F. Edson and C. D.

Gay; Panel 1 Reference No. 1-D.0003.

"'S/C/GSE Configuration Comparison", Panel I Reference No. 1.D-0093.

"'Support Operations Investigation, AS-204 Incident, Panel No. I GSE and Spacecraft

Configuration", submitted by Chief, I,aunch Facilities Division, KSC, Panel 1 Refer-
ence No. 1-D-0095.

"'Inventor 5' of Levels A-6, :%-7, A-8 (I.C 34 Service Structure)", February 23, 1967,
Panel 1 Reference No. 1.I)-0101.

"'Report - Test Configurations of Remote Test Monitoring and Control Equipments",
Panel 1, March 9, 1967; l'anel 1 Reference No. 1-D-0t)91.

"'Crew Abbreviated Checklist - Mission .\S.204"', January 23, 1967, NASA Manned

.%pacecraft Center; (Panel 7 Data).

"',',;ummary Comparison, S'C 008 Thermal Vacuum Tes,t No. 3 and S,'C 012 Plugs
Out Test (OCP-K-O021)", March 10, 1967, Panel 1: Panel 1 Reference No. 1-D-0092.
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REPORT OF PANEL 2

TEST ENVIRONMENTS

APPENDIX D-2

TO

FINAL REPORT OF

APOLLO 204 REVIEW BOARD
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TEST ENV I RONM ENTS PAN EI,

t
A. TASK ASSIGNMENT

The Apollo 20,t Review Board established the Test Environments Panel, 2. The task assigned tor

accomplishment by Panel 2 was prescribed as follows:
Provide history of all test environments encountered by this Spacecraft on a major assemMy-

total assembly basis which are germain to validation of systems from fire hazard standpoint. In-

clude appropriate 'qualification testing of systems and subsystems. Particular emphasis should be

placed on qualification tests in pure oxygen with regard to pressures, temperature, time of ex-
posure, and simulation of equipment malfunction. Indicate any deficiencies in this test program
related to the subject problem. Also, include comparison with previous tests of appropriate flight,

house, or boilerplate spacecraft. Any problems encountered related to fire hazard shall be docu-
mented.

B.. PANEL ORGANIZATION

1. MEMBERSHIP

The assigned task was accomplished by the following members of the Test Environments Panel:
Mr. W. F. Hoyler, Chairman, Manned Spacecraft Center (MSC), NASA

Mr. B.J. McCarty, Manned Spacecraft Center (MSC), NASA

Mr. C. F. Key, Marshall Space Flight Center (MSFC), NASA
Mr. C. O. Baker, North American Aviation, Inc. (NAA)

Mr. A. E. Toelken, North American Aviation, Inc. (NAA)

Mr. H.J. Dunham, General Llectric Company (GE)
Mr. C. M. Nolen, General Electric Company (GE)

2. COGNIZANT BOARD MEMBER

Mr. G. C. White, Jr., NASA Headquarters, was assigned to monitor the Test Environments Panel.

C. PROCEEDINGS

1. GENERAL PROCEEDINGS

This Panel planned and implemented a re\flew of all tests for histories pertinent to the investiga-
tion. Attention was focused primarily upon oxygen test histories of the crew compartment systems, and

arcing and shorting problems experienced during those tests. However, .all environments were reviewed
for rationale used in original deri_'ation, substantiation by ground, and flight vehicle tests, and margins

imposed when implemented into component level tests..The other environments were examined as possibly

being germain to the cause of the accident from an indirect standpoint. These reviews included the
vibration, heating, and humidity environments.

The qualification tests were reviewed at MSC and involved examination of more than 1()t11) docu-
ments. The vehicle level tests were reviewed at NAA. Downey, California. and included a review of

another 500 or more related documents. Summaries of these efforts were reviewed by the Panel at

Kenned)" Space Center (KS(:) to seek out any test program deficiencies.

Other related oxygen fires which have occurred in and out of the Apollo Program were investi-

gated to determine areas of similarity.

The difference in qualification, or component level tests, and flight vehicle tests should be pointed

out before the discussion of testing which follows. In the qualification tests, the component is subjected

to design limit conditions sequentially and, or simultaneously, is essentially worn out by the end of its

test program, and is never flown. In vehicle level tests, a considerable amount of functional testing is
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performed, but always under nominal conditions, rather than.design limit conditions.

2. OXYGEN TEST HISTORY
Summaries of oxygen test history are given by Enclosure 2-1, for Spacecraft (S/C) 008, 009, 011,

and 012, and by Enclosure 2-2 for component level tests. Details of these histories (References 2-4 and

2,5) are in the Apollo 204 Review Board General File.

The Certification Test Specification (CTS), SID 65-1210, recognized that ground operations would

involve short duration high pressure oxygen exposure. It specified 14.7 pounds per square inch absolute

(psia) pressure of 95 per cent oxygen for four hours, _nd 21 psia with 14.7 psia partial pressure oxygen
for two hours. Although few subsystems experienced this requirement in the component level tests (En-

closure 2-2), most cabin subsystems were exposed to this environment in the S/C 008 tests (Enclosure

2-1). About half of the components of the Environmental Control System were tested to the MIL-
STD 810 exposure proof test, which is a somewhat more positive test against fire hazard_ than is

oxygen explosure per se.

The original CCOII ((combined contaminant, oxygen, and humidity) test was established in early

1965. It was unrealistic, being based upon .Mll.-STD 810 which i_ established as an accelerated test .
of tile attn_pheric conditions an aircraft would experience under, years of service in sea coastal re-

gions. The Apollo S,C is maintained in a controlled atmosphere during manufacture and at KSC. Be-.
cause of this, early" in 1966, the test was established as being 8hours of salt spray, 50 hours of dry

oxygen exposure at 5 psia, and 120 hours of humid oxygen, exposur_e. Cold-plate mounted equipment was

temtx'rature c_'cled during the humid oxygen exposure.

Nearly all of the cabin electrical equipment was subjected to the CCOH test, or to the MIL-

STD 810 explosion proof test. Some were not actually tested, but were qualified by being similar in

design to another tested component.

3. VEt IICLE TEST COMPARISON
During S/C 008 testing, the cabin equipment was exposed to approximately 18 hours of oxygen

exposure (6.5 hours unmanned, 11.5 hours manned_ at concentrations of 90 per cent or higher and

pressure of one atmosphere or greater. S/C 012 experienced 8 hours and 30 minutes of manned test-
ing under similar oxygen concentrations and pressures. Neither S/C 009 nor 011 were subjected to

oxygen concentrations above 7,r_percent during either ground testing or flight.

4. ETttYLENE GLYCOL LEAKS IN COMMAND MODULE 012
Command Xlodule (('/,M) 012 experienced, water/ethylene glycol leaks and spillages. This is re-

ported in detail by Panel 8. Panel 2, concerned that the connectors had.been broken open during
the cleaning process, recommended test requirements to Panel 16 to verify the effectiveness of the clean-

ing techniques.-

5. -\RCING AND SHORTING PROBLEMS
The evaluation of anomalies considered relevant to possible causes of,. or contributors to, a fire

was focused on C/hi 012 checkout and test experience, and the certification test program. All discrep-

ancy and failure records at NAA and KSC were reviewed to identify arcing and shorting anomalies.
The review included both resolved and unresolved anomalies so that the corrective action planned or

taken could be reassessed. The significant anomalies were then classified as either likely or remotely

possible candidates relative to possible bearing on a spacecraft f:.e.

Although many hundreds of records were reviewed in the course of this anomaly investigation,

only those considered most significant arc included in this report. Enclosures 2-4 and 2-5 summarize
these anomalies encountered during certification testing and C/M 012 testing, respectively.

6. EQUIPMENT USED FOR TEST ONLY
C/M 012 wa_ configured with some equipment which was installed for test only. This equipment,
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necessary to monitor test parameters or permit system operation, etc,,during ground tests, would be

replaced with flight hardware or removed prior to launch. However, investigation disclosed some equip-
ment of this nature remained in the crew compartment during manned ground tests. Equipment fall-

ing in this category was reviewed for aspects of test history and failures which might reflect a possible

cause of the accident. Two of the items of this type which were.on C/M 012 and perhaps relevant

to the accident were the Elapsed Time Indicators and the Lithium Hydroxide (LiOH) canisters.

Elapsed Time Indicators (ETI) required to measure the total operating time of selected subsystems

were installed on 15-units of cabin equipment. By virtue of their requirement to record total operating

time on limited life equipment, they remain installed at all times until just prior to flight. Test history
of the ETI's indicated that in one case a fire hazard existed. An ETI on the Caution and Warning

System had failed by shorting and was found distorted and cracked due to excessive heat. Subsequent
examination of C/M 012 absolved the ETI as an area of concern.

LiOH canisters installed in the Environmental Control System (ECS) were being utilized for test

only. This type canister had previously failed certification tests due to powdering of LiOH pellets under
vibration.

Equipment which was not required to be on-bo'ard during flight did not. receive the intense and

repeated scrutiny imposed on flight hardware. This was recognized by restricting the use of non-flight
hardware.

7. OTHER OXYGEN FIRES

Data and documentation on four non-Apollo manned experiments in which there were fires were

accumulated and reviewed. Failure and trouble reports on two Apollo ECS explosions and one Apollo
ECS fire were reviewed. This review was summarized (Enclosure 2-6) and forwarded to Panel 5.

8. ENVIRONMENTAL REQUIREMENTS

Environments, other than oxygen exposure, were reviewed to seek out any possible deficiency that

may have contributed indirectly to the accident.

a. Tenlperatures
Temperature requirements were derived from _,ind tunnel data and heat transfer analyses,

then later substantiated and/or modified by ground vehicle test data (S/C 008), and flight data.

Flight data from S/C 009 and 011 boost conditions indicate Service Module (S/M) shell temper-

atures of about 200°F which is within the 400°F design temperature.

The S/C 008 vehicle was tested in a vacuum chamber, w.ith solar heat generators and cold

walls, to verify orbital temperature distribution. These tests confirmed that the equipment in the

C/M will experience temperatures in the +300F to +90°F range. The equipment is qualified to

temperatures from +50F to +14:5°F.
b. Acceleration

Acceleration test levels were defined on the basis of ma.,dnmm conditions expected during

boost, entry, and abort. The peak acceleration during ascent occurs just prior to first stage separ-

ation and is 4.9 g along the x axis: lateral accelerations are much lower (1.85 g maximum at

lift-ofl). The peak acceleration for the mission occurs during abort or entry, and is expected to be

10 g. Test conditions are typically 6 g along each of 3 mutt'ally perpendicular axes for S/M

equipment and 20 g for C/M equipment. Acceleration levels experienced during the S/M 011

flight were well within expected limits.
c. Vibration

In this area of testing for the effect of repeated str_ses there are ttade-o[f'_ between the level

of strens introduced by ,,ibration and the number of times stresses of a given level are repeated.

Thus, a given level for a given time may be a proper simulation of a higher level for a shorter

time period and may give a more useful answer than the latter. These facts are reflected in the

qualification test program for the 012 Spacecraft components.
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(1) Apollo Program Testing
The vibration levels for qualification testing of components were originally established on

the basis of data from other programs. These datawete used to define a spectrum of flight vibration

levels which would be expected along each axis of the Spacecraft throughout the frequency range

of 20 to 2000 cycles per second. The components were qualified by subjecting them to a random

vibration throughout this frequency range at .the expected flight level. The length of these tests,
which was 15 minutes along each axis, was several times the expected duration of vibratory exci-

tation during atmospheric flight. Some component vibration tests were conducted using electro-

magnetic shakers and the remaining components were tested with acoustic excitation.

Ground test Service Module 006 and Service Module and Command Module 007 were

acoustically excited in a reverberation chamber at a level which corresponded to the estimated.
external vibration levels which would be applied to the complete Spacecraft in actual flight. These
tests showed that the interior vibration levels which were experienced by the components were high-

er than the originally established criteria. New criteria, corresponding to the levels obtained in

these ground tests on 006 and 007, were established and all components were requalified to this

higher expected flight level. The duration of the new component qualification tests was decreased
to one-third, that is, from 16 minutes per axis to 5-1/3 minutes per axis. The 5-1/3 minutes dur-

ation is still three times the amount of time the Spacecraft .will .experience significant vibration levels

during the ascent flight out of the atmosphere.

The flight test data frGm Spacecraft 002, 009, and. 012 verified the flight vibration level

criteria used in the ground tests of 006 and 007.

Components used in flight spacecraft are given flight acceptance vibration testing which

is like the qualification testing except that the vibraton level is 25 per cent of the expected flight

level and the duration is only about one (1) minute.

No complete flight spacecraft, including 0!2, was given flight acceptance vibration tests.

(2) Vibration Test Philosophy
There are two basic philosophies regarding flight acceptance vibration testing. Some be-

lieve that flight acceptance vibration tests are an essential tool in verifying that a component or

system of proven design (proven in qualification testing) does not have workmanship defects. Others
believe that flight acceptance vibration tests of actual flight hardware may degrade the equipment

and produce incipient failure. This possibility of potential degradation of flight equipment is very
real. A dilemma is presented, therefore, in deciding how to best insure reliability of flight hard-

ware and to balance the risk .of having undetected defective hardware against the risk of creating

an incipient failure in the acceptance test. This dilemma is particularly acute in manned flight

programs.

At the component level, this risk was balanced on the Gemini program by acceptance

testing at 75% of the expected flight level and on Apollo by acceptance testing ar 25% of the flight

level. Both programs tested the components for a duration of one (1) minute in each axis. The
reduced levels and durations of the tests were such that defective items would likely be noted but

",he risk of creating incipient failure was minimized. In Gemini one complete flight spacecraft(No. 2)

and the first manned flight spacecraft (No. 3)were subjected to 75% flight level vibration testing.

This testing revealed no design or workmanship deficiencies. At that time, it was decided to elim-

inate testing of the follow-on Gemini Spacecraft. In Apollo, no complete spacecraft intended for

flight has been given vibration acceptance tests.
d. Shock

Shock levels for the C/M and S/M were determined analytically and then modified by flight

and landing impact test vehicles. There are no significant flight shock levels for the S/M and the
Service Module/Lunar Module Adapter (SLA). The C/M equipment is tested to shock levels of

78 g's. The maximum shock level measured was 75.8 g's on the main display console during

drop number 104 on S/C 2S.1, which represented a "worst-case" water drop.
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e. Test Levels on Two ECS Components

As typical examples, the following are some of the specific environmental test levels imposed

on two Environmental Control System components during the qualification test program:

i

ii

Temperature

Vibration

Acceleration

Shock

Service Module

(Nitrogen Regulator Used

as Typical Component

0 - 200 ° F.

0.I g2/cps

90- 250 cps, decreasing

to 0.012 at 2000 cps

7 g's along tile longitudinal axis

Not applicable

ii

Command Module

(Oxygen Flow Restricter

Utilized as Typical

Component)

Fluid flow governed temperature

extremes on this item, rather than

the cabin atmospheric temperature

0.06g2/cps,

80 - 400 cps, decreasing
3 dh-oct, to 2000 cps

20 g's, 5 minutes per axis

78 g's (ECS equipment also.

receives tumbling abort shock
test)

f. Results of Environmental Review

In reviewing the environments, and the manner in which they were implemented into tests,
it appears there is a fundamental difference in philosophy in the way Apollo and Gemini programs
treated the vibration enviromnent.

There are two prevailing philosophies concerning acceptance vibration. Some feel that vibr..a-

tion is a very effective acceptance "'tool'" for exposing defective workmanship. They teel that flight
hvrdware should be acceptance tested vt expected flight level vibration for a short period, but

only if the equipment is qualified to flight levels for long periods. Others feel that if the flight
equipment is vibrated at flight levels for acceptance, it will bc degraded.

In the Genfini program the former philosophy prevailed. Equipment wvs qualified to greater

tht,,n flight level vibration for 1'5 minutes per axis, which permitted several one minute acceptance
vibration tests. The Apollo program qualifies equipment to vibration tor only 320 seconds per
axis, which pe,'mits only limited higtl level vibration acceptance tests.

I tigh level vibration acceptance tests expose amplitude sensitive faults in wiring connectors,
such as cold solder joints. These faults, if not exposed and corrected, can eventually bc manifested

as failures by subtle combinations of other environments, such as pressure-temperature.

D. FINDINGS AND DETERMINATIONS

1. FINDING

All crew compartment equipment was not tested to be explosion proof.

DETERMINATION

There was insufficient testing of possible ignition sources.

0-2-7



2. FINDING

Crew compartment equipment of C/M 012 was exposed to water ethylene glycol contamination,

Untested cleaning techniques were employed for that equipment discovered to be wet,

3. FINDING
Some of the C/M cabin equipment exhibited arcing or shorting during either certification or S/C

012 testing. There. is no positive way to determine from the records reviewed whether S/C anomalies

(possibly caused by a short or an arc) are reviewed by systems engineers and the test conductor prior

to a test.

DETERMINATION

Review of possible ignition sources prior to manned testing was inadequate.

4. FINDING

Not all equipment installed" in C/M 012 .at the time of the accident was intended to be flown.

Some components ,were installed for test purposes only.

DETERMINATION

The suitability of this equipment in the C/M for this test was not established,

5. FINDING
Non-certified equipment was installed in the C/M at the time of the accident. The "cobra cable"

P/N V16-601263 and "T" adapter P/N V16-601396 are examples.

DETERMINATION

The suitability of this equipment in the C/M for this test was not established.

6. FINDING

The design required the mating and demating of "hot" electrical connectors as normal crew pro-

cedure, Changing to a spare "cobra cable" is an example.

DETERMINATION

The practice of breaking "hot" electrical circuits introduces fire initiation hazards.

E, SUPPOR_NG DATA

This section contains the following Enclosures to which Section C refers:

Enclosure

2-I

2-2

2.3

2-4

2-5
2-6

2-7

2-8

Vehicle Test Summary

Summary of oxygen test history of component level tests
Not Used

Summary of significant certification test anomalies involving possible ignition sources

Summary of significant C/M 012 anomalies involving possible ignition sources

Summaries of other oxygen fires

Glossary of terms
List of References
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_k

SUMMARY OF OXYGEN TEST HISTORY OF COMPONENT

LEVEL TESTS

Total Equipments in Cabin by Subsystem which lJse, Control or Distribute Electricity

SUBSYSTEM

Pyro Devices

Sequence Systems

Environmental Control

System (ECS)

Crew Equipment

Stabilization gc Control

System (SCS)

Guidance _: Navigation

(G_:N)

Instrumentation

Communi cations

Electrical

Displays and Cont.

Subtotal

GFE

TOTAI.S

NUMBER

2

6

fi8

3

12

19

12

32

47

14

15

215

230

i i

NUMBER RECEIVING EXPLOSION TEST

i

0

0

32

I6

0

11

Received MIL-STDgl0

Explosion Proof Test

Qualified by Similarity

Received 02 Test at 14.7 psia

18 Received O2Test at 14.7 psia

0

14

0

0

Received 0 2 Test at 14.7 _ia

3

I

96

Received MIL-STD 810

Explosion Proof Test
Received 0o Test at 14.7 psia

,15 Equipments receiw'd MII.-STD 810 Explosion Proof "l'est

44 Equtpments received Oxygen Tests at ! t.7 ps;a.
G&N Oxygen Test duration was 22 hours. All other Oxygen Tests were 4 hours duration.

Remaming equipments recetved oxygen tests at 5 psia pressure, with duratton varying from one
hour to fit0 hours. Morst of the ECS component _, w,,re tested for 640 hour_.

ENCLOSURE 2-2
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SUMMARIES f)F OTitER OXY(;EN I:IRE5

A review of one unmanned and four manned experiments in which there were fires shows that the

exact ignition source in four of tide fires was undetermined. They were believed to be electrical in

nature. The only fatalities.occurred in the two accidents in which there was a flash fire. In all five

fires, inadequate safety precautions had been taken to.either prevent or cxlinguish the fire or to protect
the occupants.

BROOKS AIR FORCI:. BASE, SEPTEMBER 9, 1962

A fire occurred in the Space Cabin Simulator at Brooks Air Force Base on September 9, 1962.

Test conditions, were 5 p.sia 10(1 Iwlcem oxygen and the test had been in progress fourteen clays
at the time of the fire. The odor removal system used activated charcoal and the Carbon Dioxide
(CO2) removal system had an aluminum cover and consisted of a 500-pound bed of a mixture of 8¢)-

percent calcium hydroxide and 20-percent bariui'n hydroxide. The Environmental Control System cir-
culated cabin aid" progressively through the hydroxide, the charcoal, through tide. temperature controller

(electric heater and refrigerant evaporator coil), then through an ahuninum duct to the circulation, fan.

From the fan. ducts distributed air. over the area behind the electronic test panel (cyclomotor). The

air then leaked through openings in the panel back into tide cabin. Both occupants wore pressure suits

and one was asleep. Immediately upon noticing a glow behind the cyclomotor, one occupant awoke
the other, grabbed a (:()o extinguisher, and fought the fire until he collapsed horn ._mokc inhalation.

The awakened occupant immediately opened his face plate with the apparent intention of donning, an

oxygen mask, but he collapsed from smoke inhalation before he could get a mask or assist in exting.
uishing the fire. t3oth occupants were treated for smoke inhalation and neither received burns. ]'here

was no flash fire and damage was confined to the end of the chamber in tide vicinity of the cyclo-
motor. Photographs of the aluminum duct immediately downstream of the temperature controller show

definite signs of an implosion-explosion in the duct with a three-inch to four-inch diameter hole

burned through one duct wall at the center of the imploded area. This was never fully clarified during

the investigation and testimony revealed insufficient fucl had been consumed (burned) in the vicinity
of the holc to melt the aluminum. Testimony also revealcd that a small explosion could.have occurred

in the duct without being heard by either of the helmeted occupants. The investigating board con-
cluded that the most likely source of ignition was a short or arc in an undetermined electronic com-
ponent behind the cyclomotor panel.

BI_OOKS AIR FORCE BASE, JANUARY 31, 1967

:\ second fire occurred on January 31, 1967, in the same Brooks -kir Force Baso facility described

in the first accident. Test conditions were 7.2 psia 100-pc:cent oxygen. "/;he test was in the first day
of. a. planned 67-day test to study.hematology of 16 rabbits. Two men had been. in-the simulator 12

minutes at the time of the fire, which was fatal to both. Both men suffered second and third degree
burns over 90 percent of their bodies. An outside obse_,cr _,,;itnessed a flash fire which engulfed the

chamber. A final report by the investigating.board is at present unavailable and details of the facility
design, and its differences with the design at the time of the 1962 fire, are therefore also unavailable.

Ho_,vever, progress reports of the investigating board have provided the following information. Examina.

tion of the blower motor after the fire showed that the impeller was binding against the motor case

and application of power to the motor resulted in blowing the fuses. Relationship of the motor mal-

function to start of the fire has not yet been determined. The motor was downstream of the CO2
absorbent bed. A short has been positively identified in an unspecified electrical fixture. The unanimous

opinion of the investigating board and its observers-advisors and consultants is that the most probable
cause of the fire was the existence of a combustible atmosphere within the chamber. The combustible

atmosphere is believed (by the board) to be primarily hydrogen and possibly included hydrocarbons

as a resuh of the animal experiment. Experiments conducted on-site have conclusively shown that the

CO2 absorbent reacted with water and aluminum and g"ueratcd hydrogen. The ducting and the CO,_

absorber materials are the same as at the time of the 1962 fire; i.e., 80 percent calcium hydroxide an_t

20 percent barium hydroxide in aluminum ducting. There is evidence of intense heat in the Clio ab.
sorbent bed and intense exothermic chemical reactions wcre present in the air conditioning duct." I'his
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can be explained by an additional reaction which would have resulted from aluminum and iron oxide

being reacted in the presence of a hydrogen-oxygen flame which can cause fusing of metals such as

stainless steel, chromium, and other metals. This is known as a "'thermite reaction" and the AF Ma-

terials Laboratory has determined that it can be initiated at 2352°F, the reactants being stainless steel
and oxygen. The reaction is self-sustaining and reaches a temperature of 2550 to 2650°F. The reaction

is suppressed in the presence of steam or about 35 percent CO 2. A possible source of the initiating

temperature is the burning tape which was around the top of the COo absorber-filters. This tape can

initiate theoxygen/stainlesssteel reaction in three seconds, in 14.7 psia oxygen, but its burning tempera-
ture is as yet unknown in 7 psia oxygen. The CO 2 fire extinguishers were not removed from their

holders and examination of the three oxygen regulators show no indication of malfunction. Ignition
sources were considered by the investigation board to include an arc from an electrical short, an elec-

trostatic spark, a friction spark, spontaneous oxidation, heated surfaces (particularly those which might
have been in the C02 absorbent bed), heated surfaces from friction.or hot wire, the electrical motor

downstream of the CO 2 absorbent bed, clothing which might have ignited on.contact with a heated

surface or as a result, of spontaneous oxidation, or ignition of a sponge, chair cushion, or rabbit fur

from either an electrostatic discharge or spontaneous oxidation. A short in a lighting fixture wire was
determined, to be the most probable sourcc of'ignition.

NAVY EXPERIMENTAL DIVING UNIT, FEBRUARY 16, 1965

A fire occurred in the decompression chamber of the Navy's Expcrimental Diving Unit (EDU)

at' Washington, D.C. on February 16, 1965. Conditions at the time of the fire were 28-percent oxygen

36-percent nitrogen, and 36-percent helium at a total pressure of 55.6 psia (92 feet depth) or an
oxygen partial pressure of 15.6 psia. About eleven minutes after entering the chamber (via a lock)

from an adjacent chamber at 126 psia (250,foot depth) one of the divers reported the fire. Two ob-

servers at a viewing port observed a fire four inches in diameter and two feet high coming from the

CO 2 scrubber immediately prior to a flash fire which engulfed the entire chamber. During the next
minute, chamber pressure rose to 130 psia (260-foot depth). Attempts to rescue were unsuccessful and

both occupants died. Thc COo scrubber was portable and was designed for use as an emergency
device for submarine atmospherc control and consisted of a tub containing six cylindrical tubes. The

center tube contained the fan motor and outer tubes contained four CO2 absorbent canisters and

one filter element. Flow of chamber air through the scrubber was down through the four absorber

canisters and up and out throug-h the filter unit. The absorber dements consisted of a cylindrical metal
can with metal screens on each end. The metal cylinder and screen materials are unidentified. The

absorber chemical was the same as that in use at the time of both B_ooks' fires; i.e., 80 percent cal-
cium hydroxide and 20-percent barium hydroxide. The 'hub" which housed, the entire scrubber, assembly

was made of an unidentified metal. The filter eh'ment was made of convoluted paper (probably Kraft)

cylinders supported on the inside by a perforated metal (iron) cylinder and at; the ends with "stamped

aluminum covers cemented to cardboard rings which are in. turn cemented to the convoluted paper.

Each unused unit weighs 2.]. pounds of which paper and cemented end rings comprise 1 pound. In-

vestigation determined that primary use for this filter was in hydraulic systems and in the fuel systems
of jet aircraft, and that common practice is to test every single filter element by immersion in an
organic liquid and, while submerged, blow air through the filter to see if flaws existed at tile seals

of the paper. Tests were performed on two unused filter elements identical in design to the accident-

involved filter. An acetone extraction on one showed that it probably contained about 0.3 to 0.4 pounds

of kerosene-like liquid. This is consistent with the filter specification which lists maximum dry unit weight
at 1.8 pounds. This also shows that the dry weight of the paper and end rings is 0.7 pound, arrived
atby_ubtractingtoml_vieghtc_f metal ¢'2.1-1.0=l.l_fromthe l .S pounds total dry weight. A second filter

was placed in a C() 2 scrubber, without CO2 absorbent installed and operated for 2 hours. From this
test, it was determined that the volatile liquids would be removed from the filter in 5 to 10 hours

depending upon temperature and flow rate through the unit. The accident-involved filter was one of

two supplied with the scrubber which had 1-1/2 to 2 years of intermittent use and the time logged on
each filter is unknown. The used filter not involved in the accident had no "'hydrocarbon" odor and an

acetone extraction of the paper revealed a weight loss of only 10.2 percent compared to 36 percent loss

on an unused filter. ,Samples from the used filter and an unused filter were subjected to high-frequency
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discharge (Tesla coil) in a stream of.oxygen. The unused filter ignited easily and the flame spread

rapidly whereas the used filter required 5 t:_ 7 seconds of continuous discharge, ignited at the edge of .

the paper, and did not burn readily. From these tests, it was concluded.that most or all of the easily

ignitable material (hydrocarbon) had been removed from the filter by use prior to the EDU fire and

that a rather strong ignition source would have been required to ignite it. A bench test of the scrubber
motor after the fire showed that it ran at a reduced speed and rapidly overheated, the condition being

caused by faulty operation of the centrifugal throw-out switch which resulted in the motor running on

starting windings. The EDU had no provisions for odor removal (such as activated charcoal). The fire
caused extensive damage including complete consumption of untreateed cotton terry-cloth bath robes
and about twelve feet of flexible air conditioning duct made of fabric-covered spiral wire. Untreated.

cotton mattresses with flame-proof cover_ were partially consumed. About five feet of the rubber on the

unarmored electric cord to the portable scrubber was consumed as was rubber of armor-covered cables

directly above the CO 2 scrubber, A simplified calculation by Naval Research Laboratory personnel

showed that the pressure rise experienced during the fire would have caused a 761°F temperature rise
and that the temperature rise would require the burning of only about 1.1 pounds of cellulosic material, .

i.e., cotton or perhaps wood-based paper in the filter. The investigation concluded that the most pro--
bable cause of the fire was the overheated scrubber motor causing spontaneous .ignition of the filter

element in a high,oxygen atmosphere. Fire extinguishing equipment consisted of a bucket of sand and
a bucket of water, neither of which was used.

NAVY AIR CREW EQUIPMENT LABORATORY, NOVEMBER 17, 1962

A fire occurred, in the Navy's Air Crew Equipment Laboratory (ACEL) on November 17, 1962.

Test conditions were 100 percent oxygen at 5 psia and the fire occurred on the 17th day of the test.
The fire started on the insulation of the ground wire to a light fixture. The ground wire was loose

and an arc ignited the insulation. One of the four occupants tried to smother the fire with a towel

which also ignited. Further attempts with an asbestos blanket resulted in ignition of the blanket and

clothing worn by occupants. Subsequent attempts by all four to extinguish fire on the clothing of others

resulted in the ignition of the clothing of all four, generally on the sleeves and pants legs. One occu-

pant's hand caught on fire. All occupants escaped in about 40 seconds after first report of the fire
and all were treated for first and second degree burns over 15 to 20 percent, of their bodies. Immedia-

tely after exit of the occupants the door was closed, the" chamber taken to 80,000 feet and purged for
20 minutes with C()o to extinguish the fire. There was no flash fire and there were no extinguishers

in the chamber.

APOLLO. ECS. FIRE AT AIRESEARCIt TORRANCE FACILITY, APRIL 28, 1966

A fire occun'ed in an unmanned qualification test of the Apollo F.nvironmenta4 Control System at

Torrance, California, on Al._ril 28, 1966. Test conditions at, and 23.5 hours prior to the fire, were 100

percent oxygen at 5 psia. Prior to bringing the test up to 5 psia, the test had included 2A56hours

at 10-.t millimeters of mercury (l'orr'_. l'lw investigating board concluded that the most probable_.ause
of the fire was failure of a commercial quality strip heater used to add heat to the steam duct. The

strip heater used polyvinyl chloride (PVC) insulation and the manufacturer's temperature rating was
167"F continuous, 190*F maximum in air. "l'here was a sharp bend in the heater strip bear ing against an ECU

power lead splice at the heater strip entr.v into asbestos tape wrapped over the steam duct in the test set.up.

Under high temperature conditions, the heater tape wire was demonstrated to extrude through the PVC
insulation and a fire was initiated under simulated test conditions. Three other ignition causes were

considered as possibilities. Strip heaters of the same type as above, but covered with aluminum foil,

were on the potable water and dew point line sensor. Deterioration of insulation could have caused a
short between one of the wires and the aluminum foil. Dew point measurements within the cabin showed

that some metal surface temperatures were such that water could have condensed on them causing

arcing on open terminal strips, unpottcd connectors, or the 400-cycle unit, igniting adjacent materials.
One of the ECU high pressure oxygen check valves, which use an elastomcric (DPI_,) seal, was severly

damaged and it was theorized that high pressure "'impact" of the 900 psia oxygen could have ignited
the EPR. AiResearch ran a series of 3000 psi impact tests without ignition, and although the test rc-

suits were not absolutely concht_ive, it wa_ concluded that this was the least probable of the possible
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causes presented. Other damage caused by the fire included excessively burned insulation of the test

set.up wiring, . fusing and burning of ECU wire harness, and burned polyurethane foam insulation on

the oxygen and water-glycol lines. The investigating board concluded that, although 16 components had

malfunctioned prior to and during the test and 18 had failed due to damage by the fire, the ECS quali-

fication unit was not the direct cause of the fire. Also, test equipment and materials were improper for

the environment, there was no fire detection or extinguishing equipment, and there were no emergency
procedures. The board also concluded that improvement in the selection of some materials used in the.

ECS and the Apollo Command Module (C/M) could be made to control fire. Also, the C/M electri-

cal circuits and wiring have potential hazards from arcing or direct short circuits. Also concluded

was the fact that AiResearch procedures and documentation were inadequate, that quality control (QC)

personne? were provided inadequate direction and that a NASA Test Readiness Review might have

precluded the incident. The board recommended that all action necessary be taken to preclude initia-

tion of a fire in the C/M with special emphasis on adequacies of wire bundle derating, circuit breaker/
wire compatibility, and elimination of all possible nonmetallic materials in contact with wire bundles.

The board also recommended the imposition of nonmetallic materials specification requirements on all

contractors and other suppliers of flight equipment, and to strengthen the materials selection-and applica.
tion program.

APOLLO ECS EXPLOSION AT AIRESEARCH, APRIL 13, 1965

An explosion occurred in an unmanned qualification test of the Apollo ECS at AiResearch on

April 13, 1965.Thc explosion occurred after 127 hours of a planned 141-hour test. Conditions were corro-

sive contaminants, oxygen, and humidity (CCOH) per qualification test procedure SS-1224-R, para-
graph 6.8. Failure reports were prepared for four components; a sensor (P/N 820110-1), a fan (P/N

826310-2-1), a valve (P/N 850028-1-1), and an absolute pressure transducer (P/N 837044-1-1). The ex-

plosion was determined to be the result of polyurethane foam swelling underneath a water tank causing
a suspended electrical immersion heater to touch the bottom of the tank. Sufficient localized heat was

generated to ignite the oxygen-saturated foam. Electrical connections did not indicate evidence of short-

ing and it was noted that all units were operable after the test was aborted. Corrective action included

use of Teflon sheets in place of polyurethane foam and neoprene to isolate the units electrically, connec-

tion of the unit mounting frame and tank to a common ground, potting of heater leads, installation
of a commercial submersion heater in the water tank by welding a boss.

APOLLO ECS EXPLOSION AT AIRESEARCH, JULY 1, 1964

An explosion occurred in unmanned qualification test in the explosion proof chamber at AiResearch

on or about July I, 19fi.t. The test had been in progress 30 minutes and test conditions were in accor.

dance with explosion proof test SS-1218-R, paragraph 6.9.2. A cabin air temperature sensor, P/N

820100-1, was damaged to the extent that the glass bead around the thermistor was bubbled andpitted
from the heat. Conchtsion as to the cause of the explosion was that the insulation around the heater

coil broke down from heat inside the explosion chamber while the explosion proof test wasin progress.

Corrective action was to retest the sensor for temperature versus resistance per SS.III3.R, revision 1.

paragraph .t.2. The sensor was rctestcd, witnessed by NAA and Air Force QC, and released for future
testing on July I, 196.t
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GkOSSARY OF TERMS

APS

AFB

AS

BTU

CC

C/M

Cm2

CO 2

cps

CTN

CTR

DR

db

ECS

FPS

ECU

ECA

FR

OF

g

g2 CPS

GSE

GT

112(I

IIZ

Apollo Problem Summary

Air Force Base

Apollo/Saturn

British Thermal Unit

Cubic Centimeter

Command Module ,

Square Centimeter

Carbon Dioxide

Cycles Per Second

Certification Test Network

Certification Test Requirement

Discrepancy Report

Decibel

Environmental Control System

Electrical Power System

Environmental Control Unit

Electronic Control, Assemblies

Failure Report

Degrees Fahrenheit

Acceleration Due to Gravity

Vibration Power Spectral Density

Ground Support Equipment

G_ '-i Titan

",__ter

Frequency In Cycles per Second
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IMO

LB

LiOH

LM

MA

MEK

MIL STD

MSC

MSOB

NA

N2

OCP

0 2

P'N

PSIA

QD

S'C

SI.A

S M

S'N

TORR

VAC

VDC

GLOSSARY OF TERMS (Continued)

Inertial Measurement Unit

Pound

Lithium .Hydroxide

Lunar Module

Mercury/Atlas

Methel Ethyl Ketone

Military Standard

Manned Spacecraft Center

Manned Spacecraft Operations Building

Not Applicable

N itroge n

Operational Checkout Procedure

Oxygen

Part Number

Pounds Per Square Inch Absolute

Quick Disconnect

Spacecraft

Spacecra[t/Lunar Mo(tule Adapter

Ser'¢ice Module

Serial Number

Millimeters of Mercury Vacuum

Volts Alternating Current

Volts Direct Current

_h'ater Glycol
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2-3

2-4

2-5

2-6

2-7

2-8

2-9

2-10

2-11.

2-!2

2-13

2-14

2-15

2-16

2-17

2"18

2-19

2-20
2-21

2-22

2-23

2-24

2-25.

2-26

2-27

2-28

2-29

2-30

2-31

LIST OF REFERENCES

Memorandums generated by Panel 2.

Response from MSC concerning:

a. Unqualified equipment on S/C 012.

b. Significant arcing and shorting anomalies.

c. Explosion proof testing.

Discrepancy reports supporting Enclosure 2-7.

Oxygen exposure and failure data of vehicle level tests.

Oxygen exposure history of component level tests.

Discrepancy reports and failure reports regarding water/glycol leaks in the ECS.
Elapsed Time Indicators qualification data.

Failure survey for possible or highly probable fire initiators.

Environmental Control System qualification requirements.

Acceptance Test Procedure ..\iResearch Rpt. SS-110-R, Rev. 1 dated 10-2-64.
Interim Change Notice A to above dtd. 12-2-64.

Acceptance Test Procedure AiResearch Rpt. SS-1720 !-'. dtd. 9-20-65.
Inter.ira Change Notice E to above.dtd. 5-11-66.

Group 1 Qualification Test Procedure AiResearch Rpt. SS-1274-R, Re,,'. 2 dtd. 10-.i-65.

Group 1 Qualification Test Report AiResearch Rpt. SS-1474-R, dtd. 3-21-66.
Errata to above dtd.. 9-7:66..

Group llI Qualification Test Procedure AiResearch Rpt. SS-1507-R, Re,,'. 1 dtd. 8-30-65.

Group II I Qualification Test Report AiResearch Rpt. SS-1807-R dtd. 4-12-66.
Errata to above dtd. 9-29-66.

Enviromnental Control System Procurement Specification NAA No. MC901-0215, Rev.
G, dtd. 8-31-66.

Goodyear Aerospace Rpt. GER-12246 dtd. 8-21-65.

U.S. Naval Research Laboratory Rpt. 6090 dtd. 7-28-64.

U.S. Naval Research Laboratory Ltr. 6130-56 dtd 3-23-65.

U.S. Naval Research Laboratory Ltr. 6130-41 did. 2-25-65.

U.5. Naval Research Laboratory Ltr. 6180-39, dtd. 2-25-65.

Fire at High Pressure by,] .V. Hatter, dtd, 3-24-65.
Preliminary Report AiResearch Fire dtd 4-28-65.

Final Report :\iResearch Fire dtd 4-28-66.

Report of Fire at Naval Air Crew Equipment Laboratory undated.
Report of Fire at Air Force ..\erospace Medical Division dtd 10-9-62.

13 Photographs of fire at :\,1". Aerospace ,Medical Division undated.

Group of TWX's regarding fire at Brooks AFB on 1-31-67 Progress Rpt. No.'s 5, 6,
7, and 8.

NAA Failure Notification AR-TR-64-242 dtd 2-2-65.

AiResearch Trouble Rpt. 4769 dtd 1-28-65.

Notebook of 40 photographs of S/C 012 in and around 1501! canisters.
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SEQUENCE OF EVENTS

A. TASK ASSIGNMENT

Analyze data obtained immediately prior to and during the fire incident including digital, ana-

log, voice communications, photography, etc. Data should display significant events as they occurred

with precise time tag. Time histories of all continuous or semi-continuous recorded parameters, cor-
relation of parameter variations and events shall be recorded as well as interpretation of the results

of said analysis. Where pertinent, normal expected variations shall be compared with those ac-

tually obtained.

B. PANEL ORGANIZATION

1. MEMBERSHIP:-
The assigned task was accomplished by the following members of the Sequence of Events Panel:

Mr. D. D. Arabian, Chairman, Manned Spacecraft Center (MSC), NASA

Mr. It, Creighton, Kennedy Space Center (KSC), NASA.

Mr. W. Jewel, Kennedy Space Center (KSC), NASA
Mr. W. Eekmeier, North American Aviation (NAA), Kennedy Space Center

Mr. A. Tischler, North American Aviation (NAA), Downey

2. COGNIZANT BOARD ME*IBER:
Dr. M. Faget, Manned Spacecraft Center (MSC), NASA, Board Member, was assigned to mon-

itor the Sequence of Events Panel.

3. PANEL CONSOLIDATION:
Panel 3 served as a separate Panel from January 31, 1967 through February 23, 1967. The Panel

was dissolved on February 23, 1967 and merged with Panel 18. This merger was accomplished to

better support the Apollo 21)4 Review.

C. PROCEEDINGS

1. GENERAL DESCRIPTION OF THE DATA SYSTEM

a. The engineering data used in the determination of the sequence of events was obtained from

the spacecraft instrumentation system and is presented in Enclosure. 3-1. This system, consists

of the following main elements:
(1)The instruments in the Command Module which measured about 400 items such as volt-

ages, temperatures and pressures.
(2) A signal processing system in the Command Module whicl" converts the physical parame-
ters measured into a form suitable for transmission.

(3) The hard:line and radio transmission links which carry the converted data to the ground.
(4) The ground system which provides permanent tape records of the data obtained and also

provides the various kinds of real-time displays of the data required to conduct the test.
(5) The instruments in other parts of the Space Vehicle and Ground Support Equipment

systems. These instruments provide data to the ground recording stations in a similar manner
as for the Command Module.

(6) A communications network for voice transmission between the various groups associated
with the tests inc,luding the Command Module crew.

Enclosure 3-2 is a simplified schematic of the data system in use in Spacecraft (S/C) 012

and on the ground during the Plugs Out Test and shows the general elements within the Space-
craft and the radio and hard-line links to the main ground stations at John F. Kennedy Space
Center (KS('.). Data were also transmitted from the KSC ground stations to other sites such as
the Air Force Eastern Test Range (AFETR) and to the Manned Spacecraft Center (MSC)

in ltou_ton
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