
4 October 1966

L9 October 1966

30 Octob_,r 19e_6

the.EL8 SequenCer COntroller "

Pressure StXmuli Generator

(CL4-451) would have interfered

with hatch closb-out.

D. The purpose of. OCP_K-OO21. W_$

changed to add, "C. To Verify

astronaut emergehcy egress pro-

cedures (unaided egress)."

E'. On this date, review comments

from 21 September were sent to

keypunch for a second set of fltmscyS.

-Third set of ftimseys printed for

mark-up._

- Distributed printed pretlmlnary

hard copi_s of procedure for revtew.

Had been submitted for printing on

14 October.

- For.-mnl revte_ meetinK held. Attended

by all system_ _ xc_,p! (_N.

31 October L966 - IN .l('c,_rL|_tl}(-e with A'._Ll'E_n.i_lt and

check¢,_t te'.i_ d,"_it*,,_, atld f_||r'_v,tlld

• technical in',t,sttgat tot_, It wa_

ablreod to dell, t,, the ELS 5eqtlf'ncer

Controller Pre.ss_re Stimuli Genera-

tor fro_ the re.st thus all_)itng th,,

L) "4)
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T November 1966

k5 November 1966

2L November Io_

T December 19_6

following test philosophy changes:

A. Allow perf,,*mance Of normal flight

crew countdown..(OCP-K-$117) (This

lm the astronauq procedure from wake_

,,p to arrival at the launch complex.)

_. Back-up crew to p_fOrm their nor*

m_I launch day functions.

C. Prime crew t_ ingress and run

en) tre test as on launch day.

D. Emergency egress test to be

performed by prime crew after simu-

lated landing.

E. Normal cabin hatch close-out and

running of the test on 02 wer¢ results
from these dccistons

- Crew Systems Stowage was added to

be pPrformed as part of the test se_

up_ per request of local _ISC crew

support pPrsonnel.

- G_N Informatlon available. Coordb

nation with L/V procedures in progresS.

- Received the mats for printing the

basic issue of OCP-K-OO2t.

Six copies Of the final _ster

flimsy were presented to Systems

Engineering for final review.

TI.....
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10 December 1966

13December 1966

13 January 1967

- Final mats approved, cover sheet

eigned, sent to print shop.

-Procedure published and released

torsally.

- Meeting held at KSC attended by the

prime crew Pilot (MAC), Lou l_Wolf

(lq_SD), Tom Grier (FCSD_, Don Nichols

(KSC), and F. J. Powell (NAA), the

tollowlng items were discussed and

tentatively agreed to:

A. Back-up crew was to perform a

panel-by-panel check of all C/_

controls during "BaCk-up Crew

Pro-Launch Checks." (See sequence

8.S, 8.6, and 8.7 of OCP-K-O021.)

Theoe'checkllsts were to be con-

ducted on a switch-by-switch ba_Is

over the intercom.

B. After Ingress, the pr.i_ c_ew

was to perform a panel sweep of the

display console and associated panels

which can be reached from couches

(lower equipment bay not to be re-

checked). This checkl'qt was not to

be called out over the intercom.

C, The information to be contained

in the switch lists in Items A and

I

D751
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and B above, were diac_ssed and

mutually agreed upon. This infor-

mation was sublequently provided to

FCSD tor incorporation in Section 1

and Section _ of the Crew Abbreviated

Checklist.

D. Panel nomenclature was calledout

in all switch lists, in a case where

simplification of call outs. could

be made, the Test Conductor was to

combine Such call outs as "Main A",

"Main B", and other similar switch

nomenclatures.

E. Plugs In, Plugs Out, Flight

Readiness, and Countdown test pro-

cedures were revamped to a standard

minus time operation f_om approxi-

mately T-2 hours to llftoff..

F. _ll S/C 012 OCP's ha_ been

written utilizing the 14 November 1966,

S/C 012 Crew Checklist ($M-2A-03) as

• reference document.

From this date (1/13/67), NAA was

in the process of updating procedures

to the 5 January 1967, version plus

D.7.52
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23 January 1967

26January 1967

27 January 1967

the changes that wbuld be supplied

by FCSD in their 16 J_nuary 1967,

:evilion0

Preliminary Launch Countdown, OCP- -

K-O00?, was published. Thi_ proce-

dure provided • baseline from

approximately T-3.hour_ to T-Zero

for use in the Plugs Out Test.

- (5:30 p.m.). Rev. -i consisting of

209 pages was released with u_dnte

from OCP-K-O006, Plugs In Test

experience, plus 4 weeks Informa-

tion accumulatlons and incorpora-

tion of agreements made in the

13 JanuarF meeting. See Attachment

7-3 for details and dates related to

the reasons for the -I Revision of

OCP-K-O02I.

-(I0:00 a.m.) -I Revisioh A detiverod.

All changes affected plus tlme

Sequences only. (FoJr typed pa_-s

in lieu of having to write on-sta-

tion deviations.)

D-7.53



TYPICAL 012 PROCEDURE DEVELOPMENT FLOW PLAN.

CONTRACTOR
PROCESS SPECS
(NA_ DOWNEY)

NAA DOWNEY OCP'S
(FORINFO)

MSC OCP'S
(FORINFO)

\
\

\

TEST OUTLINES
(NAA FLA KSC)

PRELIMINARY TEST

PROC£L)uRE (OCP)
(NAA FLA tKSC)

PROCEDURE REVIEW
(NAA FLA KSC)

tCOORDINATION AS REQD.

41_ FLIGHT CREW
-,-, (MSC)

SAFETY REVIEW TO
IDENTIFY HAZARDS
(NAA FLA SAFETY)

COORDINATION AS REQD.

KSC
SAFETY

AFETR
SAFETY

KSC
$AF E TY

AFETR
SAFETY

_FORMAL APPROVAL
OF HAZARDOUS
OPERATIONS

ORMAL APPROVAL
OF ALL REVISIONS
EF FECTING

HAZARDOUS
OPE RA TIONS

RELEASE &
DISTRIBUTION .

REVISION (IF REQD.)

PRE-TEST BRIEFING
(ALL OPERATIONAL

ELEMENTS)

MSC
REVIEW

NAA
DOWNEY

FLIGHT
CREW

NAA'KSC
• EST TEAM

AS

DISTRIBUTION
AS BASIC

TEST OPERATION

ENCLOSURE 7-4

D.7-55
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SUB_C'r:

• vVs _ i+t ¢Pe +et-II i

UNITPD STATF.5 GO%'EKNMENT

Memorandum

: ApoLlo 204 Rcv;L¢,_ Board Panel - Task No. 7
Tee1: P,-oced=e. Review/Aorta: HlehoZs. Cha_ma_

Chief. Safc_ Of_,ce.

DATZ: Febru_y 13. 1967

867_97a

Test Procedures ,%eview for Hazazdous O_ot:iot_s

Z. The requ_en ant for the Y_SC Safer70£Tice and the ALr Force Ra_e
Safo_y rev_.ew of test Drocoduxes for hazardous operations is epeci£_ed ¢n
Sect:ion Z, [>_u_a_aph 3_ page A-Z of _I 1710.i; A_cach_,,ent A; da1:od

October 4_ 1966_ and Section C_ paragraph 3, page C-S of AFETRH 127.1

Range Safe_-y _nual da1:ed 1 Novac:_er 1966..

2. Some operation4 that have been specef'led as hazardous in nature ate

as follc,,_s:

e. l_opeLl_r¢ 8ervic_

b. P_eseure _esting

¢. _o_echn_¢ (=_nce) work

d. Radioactive and toxic mategta! opoJ:ations

eo 0_-atior_ wi_h hazardous gases

3. The respons_bLttt_ of sub_£_t:ing haza.rdous tc_ proced_cs for Safat'_'

approval _s with the conWactor, A tes_ to bc conducted on Cape Kermody

_equires 5 copies o£ the Test Procedure _o be sub_it-_ed to the Y.SC Sade_--y

OTf'lcc, One o£ these copios is ro_ainod by the ._SC Sa£eW O_£ice and one

is sent _:o Bendix Systems SafeW for coc_ont; tin'co copies are then _or-

wo_tded _:h_ou_h the Apo1.1o/$at"_'n _-V Reclt't't't't't't't't't_mc_'_sRranch_ DK-3# "co Air

FO_c0 Range $a£eW (£TOSH) for review and approval,

4, Commands from _1'(_11 and Bendix Systems Safe_y _-o submicced to _he KSC

Safe_y O-_=_ce_ who in tuxn t-_ans_ts the cor._nts to the cont_auZor.for

¢ncarporatlon i_=o the 0CP..

$, It should be noted that the A_P_ 127-i Range Saree7 Hanual r quires

a =in/nu_ o@ 30.days for rcviow o_ doct_onts, ApoLl.q _ocedu.re sub..-.£t_,aAs

have been vor7 delinquent :in mce_in_ this t/me requ_-a_ont, The la_e

eubmlt-cal o_ p_octdures has repeatedly bean brough_ I:o the at'_cntion of

Nox_h A=oxLcan and SpaCecraft O,_a_ions in w'.,-iousmce_L_;_ and co._-_espon-

d_nce, Some _ocOd_¢es have been sub._/t_ed with "as little as ewe days

_+t.,m

ENCLOSURE 7.5

D+7,57
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ORIGINAL PAGE 19
OF pOOR QUALITY

allowable SafeLy rcv'iew t.L,ne. A.l_o, eha:':_st:o an approved procedure
have .been publ_,shed on t:he day of t:he to:.:;, 1:he.reby el.t.minat£r_ ar_, a.'L.l.ot'ced
_e _ SafeLy review.

6. 0CP-0021, $/V Plug Out Integrated ".,'s_ was reviewed _ $/¢ 009 and
was clas$£i_led aa a non-hazoxdous _c..'., thereby eliminating required

Safe1:_ approval, Th£e type procedure £s not: again submi_:ed to KSC
Safety for review w_.ess it is _ar_od. _._ such a wa_"as to make' _he
_orat£ng hazardous. 0_-00".1 fo_ $/C 01"- was not subm_.V_ed 1:o the I_SC
SafeTy Off'Leefar approval,

Jp_n R, k_klns

- - I .......... li I I 1-
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PROGRAN CONTROL OF PRE LAUNCH TEST REOUIRENENT$

MSC

SPACECUAFT

co.,_ t _ac TO_S

"0O_E

Pt.A'_T

APOLLO

• SPAC ECRaF T.

_SC• ,_,SC

1----

SPACFC UAFT

CON TR_._ TO_S

FLOriDa

I ........ 2t
APOLLO SPACECRAFT

I CENTRALIZED AUTHORITY RETAINED AT M_C

A SLO w RESPONSE LOOP

B MSC APPROVAL CONSTRAINS NORMAL

pRE LAUNCff ACTIVITY

2 INTER CENTER AGREE.uENTS NOT FORMALIZED

A INTERFACE OF CENTERS ROLES AND

t'_ISSIONS NO T CLEARLY DEFINED

GENINI

_$PACECR& FT

_0o •TON

GEMINISPACECRAFT

1 LAUNCH SITE AUTHORITY WITH QUICK RESPONSE

CAPABILITY TO MEET DYNAMIC NEEDS DE REAL

TIME OPERATIONS

MSC CONTRACT.UAL LOOP NON RESTRAINING WI'TH

AFTER THE FACT CLOSURE ON QUARTERLY BASIS
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" FLIGHT VEHICLE TEST DOCUMENTATION

SATURN LAUNCH VEHICLE APOLLO SPACECRAFT GEMINI SPACECRAFT

PRELAUNCH CHECKOUT REQUIREMENTS

PURPOSE: Defines and Levies General Checkout and Operatio,_s Requirements.

PRELAUNCH TEST AND GROUND OPERATIONS

AND CHECKOUT REQUIREMENTS REQUIREMENTS PLAN

1. Class I Document (KSC)

2. Prepared by MSFC Stage Cont-ractor

for MSFC

3. Approved by MSFC Stage Manager

4. Content

A. System Oriented

B. Treats System Functions not

Methods or Sequences
C. Launch Site Oriented

1. Class ) Document (S/C Contractor)

2. Prepared by
A. S/C Contractor (Home Plant)

B. KSC Informal Inputs to MSC

3. Approved by MSC Contracting
Officer

4. Content

A. Operations Outlined in Detail

B. Specific System Operation Defined

C. Flow Oriented - Factory thru

Launch Site

,

6.
Format - Tabular

Delivery Schedule

A. Origi.al - 1 to 2 Months

Prior to Vehicle Delivery

B. Revisions- as Required

SUMMARY: Requirements are Levied

without Restraining Sequence or

Method of Implementation.

5. Format - Tabular

r6. Delivery Schedule

A. Original - 18 Months Prior

to Delivery Due to Its
Utitization as a GSE

Provisioning Document
B. Revisions'- Continuous

SUMMARY: Optimum Effectiveness

not A,:E loved as a Test Requirements
Document Due to its Utilization as a

GSE Provisioning Document and the
Excessive Level of Detail in its Contents.

SEDR 9982

1. Class I Document (S/C Contractor

2. Prepared by

A. S/C Contractor (Florida)

(with KSC Inputs for MSC)

,3. Approved by MSC Contracting
Office (after GPO Agreement)

4. Content

A..Program Document with Table
Showing Requirements per Vehicle

13. Treats" Test Objectives, not

Methods or Sequences
C. Launch Site Oriented

5.. Format - Tabular

6. Delivery Schedule

A. Original - 1 to 2 months Prior

to Delivery

B. Revisions - Updated'at 3
month intervals (,Includes after

the Fact Changes)

SUMMARY: Prepared at launch Site

with Real Time Approval Allowing

after-the-fact Contract Revision.
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TEST SPECIFICATIONS AND CRITERIA

PURPOSE: To Furnish Specs and Criteria Applicable to System Performance

During Prelaunch and Launch Operations.

PRELAUNCH CHECKOUT SPECIFI-

CATIONS AND CRITERIA (KSC)

PROCESS SPECIF ICATION

MA0201-XXXX (BLOCK I)

1 class I Document (KSC)

2- Prepared by MSFC Stage Contractor

for MSFC

3. Approved by MSFC
4. Content

A. Systems Information by System

B. Field Tolerances by System

5. Format - Tabular

6. Delivery Schedule 1 to 2 Months

Prior to Vehicle Delivery

SUMMARY' One Integrated Document

Per Stage Scoped to Cover Normal

Testing, Troubleshooting, And/or De-

toiled Testing,

1. Class I1,1 Document

2. Prepared by S C Contractor (Home

pla_t) Engineering For External Use

3. Approved by Contractor Proj. Engr.

4. Content

A. Step-by_-step Like a Checkout

Procedure

B. One Integrated Document Per Test

5. Format - Written Like Launch Site

Checkout Procedures

6. Delivery Schedule Four Months Prior

to Test

SUMMARY" Scoped by Test in a Format

Which Makes Its Use, As a, Reference

Document for Specific System Values,

Difficult.

PERFORMANCE AND CONF IGURAT. ION

SPECIFICATION, (MAC REPORT A-900)
I

1. Class J Document (S,(C Contractor)'

2. Prepared by S/C Contractor (Home

Plant) for MSC

3. App-0ved by MSC Contracting Office

4. Content

A. Mission Performance Specification.

by System

B. Configuration by System
5. Format - Narrative _Tabular

6. Delivery Schedu.le Two Months Prior to

Spacecraft Delivery

SUMMARY: One Integrated Document Per

S/C, Scoped to Cover Normal Testing Level.

Troubleshooting And/or Detailed Testing

Required is Referenced to Lower Level Doc-

uments.

/
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CHECKOUT PLAH

PURPOSE: To Provide an Out_i ne of the Testing and Checkout to be Performed.

CATALOG OF LAUNCH

VEHICLE "TESTS

1. Class I Document (KSC)

2. Prepared by KSC Stage Contractor
for KSC

3. Apprc_ved by MSFC Upon Submission

4. Content
A. Test Objectives

B. BHef Test Description

C. Test Support Requirements

S. Format - Narrative

6. Delivery Schedule

A. Original - 6 Months Prior to
Vehicle AFrival

SUMMARY: KSC Response to the

MSFC Prelaunch Test and Checkout

Requirement s.

FLORIDA FACILITY

TEST FLOW PLAN

1. Class III Document

2. Prepared by MSC S:C Contractor

(Florida) for KSC

3. Approved by
A. S'C Contractor (Florida)

B. KSC

4. Content
A. Test Objectives

I_. Brief Test Description

C. Detailed SC/GSE Configuration

Matrices
D. Detailed Outline of Each Test

and Operation

E. Safety Requirements

5. Format - Narrative and Tabular

6. Delivery Schedule

A. Original - 2 Months Prior to
SC Arrival

SUMMARY: Locally Generated at

KSC To Define Scope and Method of

Spacecraft C heckout at KSC.

TEST OPERATIONS PLAN

(SEDR 301)

1. Class I!1 Document (S/C Contractor)

2. Prepared by S/C Contractor (Fl'orida)

for KSC

3. Approved by
A. SiC Contractor (Florida)

B. KSC

4. Content
A. Test Objectives

B. Brief Test Description

C. SC/GSE Configuration

D. Brief Test Outline

E. Hazards (Safety)

5. Format - Narrative

6. Delivery Schedule
A. Original - 7 Months Prior to SC

Arrival

SUMMARY' Document Replaced After

First Manned Lau.nch By Test Matrix

Containing Skmilar Information.



CHECKOUTPROCEDURE

41b

PURPOSE: To Provide Detailed Step-by-step Procedure for Performing

Each Test and Operation.

DE TAILED OPE RAT ING OPE RAT ION CHECKOUT

PROCEDURE !DOP) PROCEDURE (OCP)

1. Prepared by Local Contractor for Local

NASA

2. Approved by Local Contractor and Local
NASA

3. Content - Detailed, Step-by-'step

Procedure

4. Delivery Schedule -
A. Preliminary - 30 Days Prior to Use

ft. Final - 5 Days Prior to Use
C. Rev0sions - As Required

I

SAME

SERVICE ENGINEERING

DE PARTME NT REPORT (SEDR)

SAME



DOCUMENTS REQUIRED IN DIRECT sUPPORT ON THE _ LUGS OUT TEST

I. _p,tcecr,tlt Pht._ ()ut Procedures I.'()-K.II021 • C L)|20l.J,

•2 [.,ranch \'ehich" l_htgn ()ut Procedure

_..%p,tce Vehich' l'Iug_ ()tit procedure. I.X_)IIIS-_.\;-_I4
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iNTERNAL LitTER
North American Aviation. Inc., Oatl

TO Apollo Supervision FROM
Address 42-8_0. 816, 41-698/697 Address

A0-67-32

33 February 19G7

J. L, Pearce. 42._18 ZK1A
8. M. Tremsn, 41-_96-697 HC_

Subi_t

Phone 867-6151
923o1121

Melorandum of Understandln8 - Coordination of

Preparation of, Engineering Test Specification
sad Major Test Outline Document for Florida

Facility BlOck I! Apollo Spacecraft Test
Operations

The purpose of this memorandum ts to r_cord undcrstar.ding of

re:ponslbilttles for coordinated preparation between the Florida
Facility and Downey Spacecraft t_stgn of the test specifieati,in
and criteria and FF %tajor Test Outline documents for Block It

Apollo spacecraft operations at KSC.

Specifically, C/O InteKratton and Combined Systems (D/697-100)
ts t'esponstble for the preparation of a document to provide

requirements for Block II -_pacecraft fUnCtional test and
sorvtetng operations to be pet.formed at KSC. T_e document t_
to be modular in form and generally system-oriented. "It ,_hall

be consistent with the requiremetits of the applicable Block ti

S./C GORP.

The decrement will be prepared with th_ direct ,_uppt_vt ot Fl,,rt,ta

Facility Apollo #,hgitteering (D'tt?O) and Apollo Operations (!) ,:t.,t).
lctive coordination channel,s will be L::Dtabli_hcd to as,.:uve t:.,tt

the form, Content. slid detatl,_ cif ltl_ de_ctlinOqt '_.,et tlie n.'*'r*s "{
Apollo S/C operations as planned and scheduled by the Florida

F._ciltLy oriantzatton.

i,l_rtda Facility Apollo r)p,.t'atL,-_,i (D/_I_) i._ r.._p,)lt_tble (.-,t'

the pt-_'paratlon of the Major r,.st (_.ttltno d_c'.i_ont at, pltcatile
i,, i"ll,,_k il _/C K_t: Opel'.ltiOA*-I Ill ,.,)lll',:i ...i-I I,lil .ith 13 _(i3.

_lltt,1 iIoc-ilmont ',sill .'_,-cct rC|ilLi',--it'li_ t ,,,i'._i'..d ill t_lt.' f,."IL

• ,'lfL.aLiOII arid t.,i{.i'ii _..,,et..i_L ,t,iti *ill bt" ill -ttdt.'tJi'UJIIUtl

w'ith thO applicable Block II 5/C GOP.P. The document till be
submitted to D/820 for review and concurreuce, The document
slit iimultaneouqly be provided to 0/696 and 697 for review.
and COmments. TheSe comments will b_ provid_.,d to D'820.

D/697-40U will provide technical support to D'BI8 as noeeSsai'y

during d6cument preparation. A summary of the contontS of the

FF qador Teat Outline docuaent is enclosed [See Atta¢_:aent l),

D'820 is responsible for assurtnK that OCP outlines iatiSfy the

,-equiremonts of the test Specification and criteria document.
D 820 illl take necessary action to a._suee that thcs," d_cu-_ent_

ave compatible. D 820 till. in thtq capacity, d|l-_ctl) _,_ppot-t
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A0-61-32

J. L. Pearcs/S. M. Treman

23 february 1967
Pqe 2

D/697_40G in the tamely On-the-spot as_urancv of ,test
epecit, tcatl_n/OCPoutltne compattbtlxty.

Followint initial EO release of the test specification, l_ney
changes must be implemented uttltatng existing Engxneering

procedures. Copies of EDC's will be supplied to FF for advance
information. Changes tnlttated by FF must be implemented
utilizins the FEO/FCA system.

k flow chart doptcttnK the channels of communaL'stress and,
coordinat|on is enclosed (SeO Attaei_ment 2),

To facilztate coordtnatton and implementation of the provisinns
of the memorandum, stngle point contacts _tll be named tn
E_epartments 818, 820. a_d G97-.I00. The prime coordination

contact It K_C for tntOrfacing with D'G96 and G97 w£11 be.
proVkd.,d by D 820,

.jJ. L. P_,_rcc
//Utr_'ctor CSq
V Florida Factttty

_,c: G. W. Jcffs

R. L. Benncr
_. R. K,'hlvt

G. R. _'_,rrtck
!,. G. Roch_'-,tPr

tl. Karp
;. P. Pi, o¢,tor

R. E. Ration

3. M. l'rL, man
OirOctor

SpaO,,cr_ f t De,* tKn

...... I ...........

D?.6S
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4tta©hmcnt I

DEFINIT|ON OF SEa.IONS OF i ltF
FLORIDA FACILITY MAJOR TEST OUL_LIN[; UU(2UME_r

SECTION A.

Internal Power ConfiaurttiOn Plan

A chart showing usage of batteries, battery subst_tttt_
units, fuel cells, fuel cell simulator• and fuel cell

substitute unlt8 as • function of various major KSO
tests.

SECTION B

GSE Utilization Plan

A chart sho_in K usage of GSE _odet• and DF_'s on a

per test basis.

SECTION C

Spacecraft Test Plan

I. A chart showing types of mts_io.• a.d aborts on

a per test basis.

A prose description of oath test d,_ftntng the t,,-t
obJecttv0s arid Cl_vifytt_ the goal_ of the d=yS
activities,

SECTION D

Test Limitations

I. R#t0rOnces appt'oprtatc pl_'at,l_ a,z,l lt_ttatio,1_
Kulde.

2. Rut_'|'v,IC,'_ :lVL_tOpt'l_t_ _3C _;;J _LK ,1{ely
ItmttatZ_,_q.

3. Describes the limitations of the allocations of

aettvitiO_ per lost to tJ_ui.o that total KSC

teattn8 dpe_ not excevd limits.

SECTION E

SpaceCraft Flow Plan

A sequentlml listing of the dr,tails of the test flow

plln tnt_.d_d a_ a Kulde to checklist prepat'mtto1_.

D.7-69
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&ttsCtment t

SECTION F

Plan of System Testing

Either • prose description or • matrix, as appropriate,
showing the plan for all KSC test on a per system
b&elo. It is intended to be a convenient, guide to all

parochial interests tO e:,arnlne the plot of each syatem
in Florida. This section also includes a table of

neasuresents tested and on-board display correlation
stth telesetry on a per test basis.

3ECT ION G

_lizsion Test Sequence .

A sequential listing of all normal or" backup event
blocks, l_es not confocm to the t lt_l_t plan. The

intent is to dutatl all ite,=s ,_c_.'tit'ving _;itle go_ng

thru an exercise. Test outlinL, s wonld then pick out
selected blocks for pet'formance as app=',_pt'tate
considering the prlmat.y tt,..,t objectives.

Test Outlines

A detailed _tvp by stOp outline ,_f ,,a,'h OLP from

beginning to cad. Each Lt_ l.t the o_tl_e wtJuld b_

the same as • block title in either" ",he 1ppondice,_
or the Mission T,'st Otatlin_,s.

k ........... II- _-I
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INTERNAL LETTER
North American Aviation, Inc. Date

TO _olIo supervision FROM
AOOress 42-820, 818, 41-696/697 Aaat'ess

AO-67-3_

2 March 1967

J. L. Pea.roe, 42_-818 ZK1A
S. M. Treman, 41-696/697 HC30

Subject

Ph0ne 867-6151

923-1121

Mm_orandun Of 5hderstanding -

Cc¢io_rn/J1g the Fozm, Content, and Intent of the Block II

Florida Facility .Engineering Checkout Process Specification

(a) Memorandum of Understanding, J. L. Pearce and S. H. _,

Coord/nated Preparation of E_gi/_eering Test SpeCification

and Major Test Outline Document for Florida Pacility

Block II ApOllo Spacecraft Test Operations, dated

23 February 1967

(b) Meeting at Florida Facility, 28 February 1967, Atter_led

by E. E. Dale, W. F. Cahill, W. L. Eckmelcr, W. P. Edson,

H. E. Heilman, R. H. Jones and T. H. Linsday

The purpose of this m_norandum ks to describe the format and objectives o£

Sections 4.0 and 5.0 of the CSM Checkout ."rocess Specification belng prepared

for Florida Facility Block II spacecraft prelaunch cl_ckout operations by

D/697-400, Checkout, Integraticc and Combined Systems. This memorandum is an

addendum to Reference (a) in oz_er.to provlde the details of the Process
Specification.

The proposed specification, in consonance with the Vehicle Plan (GORP) for

Block II Apollo spacecraft, is the logical e.xr.ansion of Part II of the

Contract E_d item Specification i_, that the latter document contalns only

Downey located post_manufacturing checkout operations.

Florida Facility D/820 Systems Engineers and £)/818 Operatlons Integration

Engineers and Publications Analysts require firm, accurate, a_d tunely

engineering documantation frc_ Downey Spacecraft Design in order to plan

and prepare mission oriented Operatlonal Checkout Proceduxes (OCP's) for

those Apollo CSM spacecraft Intended for checkout _nd launcn from the KSC.

The folloWing stipulatlons and definitlons defuned at t_,e Reference (b)

_et/ng will produc_ a readily usable doctment to _at_sfy t_us requiruT_nt:

A. Stipulations -

i. The specificatlon should provide Downey Enginc_rlng CS.M
checkout requlrements; ar, d these should b_ c_r-.v_atlble_

with the appl_cable GORP. Tests subsequently ;de_ntlficd

at the Flor_da Facility as special or a_dlt_onal r_qu_rc-

ments will be ccordinatL-d with F_ngL_c_ur_ng and EO's

generated for permanent specificatlon changes.

ENCLOSURE_ 7 - 10
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For KSC checkouts requited, it should provide requir_nents

a_d plaulning Constraints in Section 4.0 and specifications
and criteria including operatioSal constraints in S_cti_n

5.0. These data should be in the form of hardware

Perfort_anc_ values and tolerances relative to a s_clficc_rating c_nclition.

3. The specification should be subsystem oriented and rm_t be
aRpr_ved by Subsystems [_sign Groups.

4. It should include a definition of relationsb.ip to other

d_cuments and will take P_ce over subsystem level

process specifications. Subsyst_n specs are not eff_t.ive at F/F.

5. It s_Duld be controlled by the E_gineering chang e system
includ/ng field change procedures.

6. An EO cn a subsystem process specification will not be

effective on this specificatlon. HOWever, changes

applicable to this specification must be generat_d

immediately to keep the specifiCatzons _tible.

7. Initial issue of Section 4.0 should be five (5)months

before CSM arrzval at KSC. Initial issue of Sectio_ 5.0should be four (4) months.

8. It shOuld be updated 30 days before CSM arrival at KSC;
s1_seque_t updat/ng at 30 day intervals should
until a _znal EO znoo_--ratzo- . be accomplished

-r- _, _s acccmpl_shed after launch.

9. A tabular form should be used for stimuli a_d r_aS_n t

tolerances, torque values, etc (wit/_ respeet to systemcxmd/t/on).

i0. The Launch ,Mission Rules wzll take precedenee for launch.

Definitions .

Sect/on 4.0 - "Checkout R_ur_en .........
__ --- _ -_ _ (uUrlnltlon of the

•_r_.n_s per subsyst_ for checkout at Ksc.)

Presents the follow.g: (See F_it No. I attached)

i. '_t. Oode number

2. Brief description of tlle r_re_ subsystem checkout.
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3. State_-nt of major Checkout planning c_nstraint_ (e.g.

ks a prerequislte to another checkout; t_Te/cy_le

limitations).

Release date for this p0rtlon of the specificatzon will be five (5)

months prior to spacecraft delivery. Subsequent Upda%u_ at 30 day
intervals.

Section 5.0 - "Specifications" (A statament of hardware performance

values pe_ subsysten with respect to a specific input or operating

condition. )

Presents the following : (See Exhibit No. 2 attached)

i. Brief syst_n functional performanc_ description.

2. Meas_t number and title.

3. Stimuli characterist/cs (e.g. amplitude, frequency,

duration, pressure, etc. ).

4. Performance (output c/%aracterlstics with tolerance expreSSed

as n_n/nal +/-_._, in engineering units; also may invol_

other characterist/cs such as acceptable leakage rate, as

applicable and should be compatible with LaunCh Rules.)

5. Operational oonstraints affecting specified performance
walues.

6. C_itical Spacecraft (x_nfigurati_ and interface req%_raments.

Releaae date for this portion of the specification wzll be four (4)

m_nh_ prior to spacecraft delivery.

_'nis mEir_randum states the mutu_l ag_-_ment of the undersigned to the form,

_te_t ar_ ir_te_t of a single checkout process spec_f_catzon for each Block

II A_IIo C_ that will r_Iv_ a prelaunch checkout at KSC.
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EXAMPLE

E_LL_IT_ NO. I

(SeCtion 4.0 of C/O Spec for Florida Facility)

TF0001 _WI_ CONtrOL SYSTEM

SERVICING, A_'TIVATIC_, AND VERIFICATION

Perform an ECS servicing, activation, and verificat.ion of the primary and

se_ndary water-glycol l_ops, o_gen system, and suit log9 system..

Performance of this checkout is a prerequisite to C_4 system activation and

verification operations.

TH0012 STABILIZATION AND CO_TRDL .SYSTEM

FR_Um_Y PaSP_SE

Perform an SCS frequency response checkout to da_onStrate capability to

gimbal the SPS engine, usu_g both primary and seccndary gimbal motors,
with the proper magnitude, rate, and direction.

F_equency and step z_sponSe must be _rified in both the LFIM OFF and

L_4 ON opera_ir_ conditions.
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_LE

_X_IBi"T NO. 2

C_E_._ SPECIFICATIO_,_
o

(Section 5.0 Gf C/O Spec for Florida Facility)

mWLq0_TAL CONTR3L _S_

_Te specifications ar_licable to ECS servicing are a.s follows,

FFS026P W/G Supply Pressure 55 ÷/- 15 PSIAFFSO27q W/G Flow
200 +/- _g Uo/Hr

F_'5028P W/G Oiff Pressu_ . 35 ++/-i__ PSZD
FFSO29T W/G Return T_ /- ,O Deg. F

_030T W/G S_RplY T_np 35 ÷/- _ Deg. F

a_ specifications apply after syst_inStabilization.

STABILIZATIO_ AND OIV_OL SYST_

as_follow_.specificati°nsapplicable to SCS/SPS engine frequency res_rme are

n_vr _ "_.) _____

3.0 0.318 15 CH3517 GLobal l:_os, (XXX+/-X)
Pitch
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

APOLLO 204 REVIEW BOARD

TO:

FROM:

SUBJECT:

NASA Manned Spacecraft Center

Houston, Texas 77058

Arm: Dr. joseph F. Shea

Apollo Program Manager

John F. Kennedy Space Center

Kennedy Space Center, Florida 32899

Arm: General John G. Shinkle

Apollo Program Manager

Mr. Rocco A. Petrone

Director of Launch Operations

MA/Apollo Program Director

Minutes of Meeting at KSC, January 26, 1967

Attached for necessary action is a copy. of the minu:es of the meeting held at

Kennedy Space Center on January 26, 1967 to consider possible improvements

in spacecraft checkout based on experience of the past year.

Attachments (3)

DISTRIBUTION:

See attached list

/S/ Samuel C. Phillips

Major General, USAF

ENCLOSURE 7.11
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MINUTES OF MSC/KSC/OMSF MEETING AT KSC

JANUARY 26, 1967

1. In accordance with an OMSF TWX 362 2204, dated December 22, 1"966, a meeting was held

at KSC (attendees listed in Attachment 2) to review spacecraft checkout experience over

the past year and discuss actions that might be taken to improve checkout of subsequent

spacecrak. Items discussed were those submitted by MSC and KSC prior to the meeting

(Attachment 3).

2. The discussion of the agenda items resuhed in the following agreements or actions:

a. MSC and KSC to continue to track the 7 configuration verification discrepancies found

by KSC on a spot check of 30 odd pieces of hardware to assure that the configuration

control paperwork eventually reflects the "as is;' condition and review the time.lag be-

tween the hardware reconfigurafioa and the time this reconfiguration is reflected in the

paperwork. A similar type spot check will be made on S/C 020.

b. MSC and KSC will review the Cape receiving inspection records on 017 and consider

the preparation or modification of inspection criteria for those items where the presence
of well written criteria would tend to reduce inspection variances among Qual!ty Control

personnel.

c. KSC will provide a Quality Control inspector to partic!pate in the final inspection of

subsequent spacecraft at Downey through spacecraft 102. MSC will also provide a NASA

Quality Control inspector to participate in spacecraft receiving inspections at the Cape

through 102. Data collected during these inspections will be used to refine and improve

inspection methods and criteria.

d. MSC will provide direction to see that all contractor and GFE non-flight hardware is

clearly marked and so identified in the spacecraft paperwork.

e. KSC will bring to the appropriate Program Manager's personal attention any non-flight

hardware that is installed on a space vehicle and not clearly marked.

f. KSC and MSC will arrange a subsequent meeting to discuss the other actions recom-

mended in the KSC handout to improve overall quality and review the use of the En "

ing Disposition Book.

g. MSC indicated that PAR closeout action by NAA reflects the engineering order number
or. other specific written corrective action that has been taken to correct the problem.

h. MSC will check to determine why EO number E15-420603 and 604 were not incorporated

in spacecraft 017 before delivery to the Cape.
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MSC will check recurrence control applied to the cabin relief valve (part number ME -

284-0149-0021) to assure that the system is operating as it should.

j. KSC will provide MSC a specific list of areas where it would be helpful to consolidate

several process specifications into a single process specification which summarizes

requirements.

k. MSC will review MSC and NAA non- metallic crew bay material requirements documents

to update them and assure they are compatible.

I. MSC w ill review NAA documentation on functional checkout and/or PIA time cycles on

spate components and provide written guidance to KSC.

m. MSC will review the list of hardware problems presented by KSC in discussing design

problems .(electrical switch, communications cables, bi-metallic interfaces, DSE re-

corder, signal conditioner fuses, hand controller cable.covering, water glycol and 0 2

line installation) and assure that appropriate corrective action is in process.

n.

o.

p.

°

r.

MSC is preparing a revised flow plan.and is reviewing the technical requirements to

which the system and subsystem is tested as it progresses from assembly through

checkout at the Cape. This system will be implemented for Block 2 spacecraf', and will

provide a better overview of the total testing done on flight hardware before launch. It

will also assist in providing better visibility into the test status of hardware when the

DD 2_0 is signed.

MSC will recheck the list of items indicated under Part VI, Level of Testing, in KSC

handout to assure that the problems indicated ha_'e been fed back into NAA for appro-

priate corrective action.

MSC and KSC will take action to arrange for a joint review of the classes of proMems

found during checkout of each particular spacecraft after it has flown and discuss cor-

rective action that can be taken to reduce the same type of problem on subsequent

spacecraft.

MSC is taking action to assure closer control over the listing of.engineering orders in

the Configuration Verification Records of the apptepriatespacecraft in accordar, ce with

the effectivity point in the EO.

MSC and KSC will have a meeting the week of Februaq" 13 and formally coordinate the

Block II CS_i, the LEM and the integrated Ground Operation Requirements Plans

(GORP). Any unresolved problems will be presented to the KSC Program Manager and

the _,ISC Program Manager for decision or submission to higher management levels for

resolution. KSC wilt formally sign the basic GORP documents and approve all sub-

sequent changes in writing. Coordination and sign-off on the GORP will be binding on

both parties. Additional testing of the WPesPecifiedintheGORPwilin°t be added at
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the Cape w khout formal coordination. Changes recommended by either party will be

officially submitted to the otherparty for approval. Contractual direction to the con-

tractors will not be provided by CCA until coordination hag been accomplished. As

a part of the meeting durit_g the _.eek o¢ February 13, MSC and KSC will develop ,,

written change procedure to permit expeditious revision of the GORP. During this

meeting cottsideration will al.qo be given to reviewing a proposed system for Controlling

operational checkout procedures (OCP's) including the necessary interface wit_ en-

gineering orders.

MSC (M_. Kapryan_ and KSC (Mr. McCoy and Mr. W. Williams_ will develop a proposed

procedure for integrating into a _ingle Board the present MSC Configuration Control

Board at the Cape and the KSC Spacecraft Change Implementatioft Board. This pro-

posal v_-ill include membership, responsibilities, appeal procedures, documentation.

signatures, and other appropriate items. This proposal will be prepared for coordina-.

tion and approval of the KSC Program Manager and the MSC Program Manager.. After

completion of FRT approval to remove or replace spacecraft flight hard_'are (compo-

nents, pa,tels, cables, etc.) _'ill require approval of appropriate KSC and MSC personnel

KSC will develop _,'ritten procedures to implement th,s basic polio:y, and coordinate it

_'ith MSC (Mr. Kapryan_.

t. A discussion of the procedure for processing of failed hardware led to reconfirmation

that MSC makes the decision as to where failure analysis is to b¢conducted.

• MSC will review the paperwork associated with the expeditious return of failed hard-

ware to a vendor for repair and return to the Cape and make appropriate changes to

facilite, te the process.

v. The return of ACE Station No. S from GAEC to the (:ape will not take. place be.fete

August 1, 1o(,7. Tht.rei'or_: checkout at the Cape through the summer of 1067 v¢ill be

limited to ,l ACE stations. KSC _¢ill res, i¢,w ACE program develop_ent verification.

nt, mber arid experience ot maintenat_ce personnel and other factors associated w itli

utilization of their ACE equipment and will develoD by March l, 1967, an)' neces-

sary rt.comiuendation'_ to assure checkoui schedule _'ill support the OMSF official

working schedule. MSC (Dr. l.am,.kron_ will provide necessary assistance in consider-

ing the use of MS( ACF, equipmt'nt to assi,_t in ,_oft_are development.

v.'. "l'he Apoll,, Program Office IO_Bt:) is developing revised ,,,chedules _h ich _;-ill sho_." a

_orking s_hedule based on an earliest possible launch date and assuming ch.an hard-

ware is delivered front tile factory. These dates arc' to serve as objectives for everyone

to work tov.-ard in an effort to launch as carl)' as hardware will permit attd still assure

mission success..This schedule _'ill rect.i_*' further revie_ and discussion during tht:

time period February g-10.
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S Samuel C. Phillips

Di.rcctor, Apollo Program

OMS F

John G. Shinklc

Manager, Apollo Programs Office

KSC

/S ' Joseph F. Shea

Manager, Apollo Spacecraft

Program Office, MSC

S' Rocco A. Petrone

Director. Launch _Opcrat ion_

KSC
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..... -_, . . _.. . , ,r,3s =t=mWljempm,,er

SPACECRAFT CONFIGURATION

.\httudc (:h;tmlJet (Kt)034.\) \'er,,t,., Pad 34 Plug,, ( )ut (Kt14)21)

.\I. 1 I'IUI)L C! t.\MBH_

Umbilical Ill

(:arr._-on l)i_,conntq:ted

_,ah.t_lycol • lmcrtm| ( :irt I'[atiolt.

11:2 "i'ank Prt_. _utized _ it h ( ;N 2

t:r_,ogenic (1:2 Supplied b) (;%E
\%'aLoe "l'ank_ Filled

hmcr |latch Installed

)utcr I latch .Not Installed.

I.V _imt, kttor .\ttached

(;.%E Power Supphed Throrgh ._ (: Umbdical
Boont Protecte,c (:over Not hl._talled

P \1) :) !
L'nd_ihcal In

( :arry-on l)tsconnet'ted

_V.lter-(;Ivcol - (.;i:culated "l'hrot'gh hpaceclaft Ftonl GSE

t ;a_,eot,., (_ .Nupplied by (;hl'_

_,$'ater "l'ank_ Etnpty

Itlnet llatch In,tailed

()rtev |latch Installed

.%l,ttcd to Booster

|:t'rl (:ell ht, bstitute Unit L'tilized

GENERAL INFORMATION (ALTITUDE CHAMBER RUN)

l)t.lmg the ,dtttutle clumhcx xt.,n, the -pacectaft ,,_as powered up and all systen_ verified print

t|; err'v, itlgle'_. After are'.., lII_l'e_.._uit integrity te_t,, ale made and tile inner hatch is closed.

The following tunttlote_ were l.a'rftJrmed in tile li_ted o.dct after inner hatch clost, re.

a (:alma purge and leak check.

h bleep switches inntalled in cobra cable_lnot applicable to plugs ot, t. pad 34)

c Po,_t mgre_s ,,,,_ltch Ibit performed

d I.ogic and pyro bt.s_es armed

t. _,lll I M . (:,b,md trannpotlder and S band checked.

I (;_l.mt tetupelature lo_,,ered to !'_ , "J degte_ F and the water glycol ttimhled

g, (ias chrontatogtaph ,dgn,d cilccketl.

h. |_atter_, bt,,_ ttcr_ placed [rotlt tilt to at.to.

t Battery rel,t_ |lu.i. battcr_ .\ and B. cilcuit bleake|_ clo.,,ed.

K (;utd,ll|te sVr,tenl put in g Vl'O t;orllp,t_:tlng mode

k ['|le ,_patet:ralt v,a,, takelt up to ahitt'de .\ll testing and ntt_:tff3n ft.nctions I'rottl here on _,ere

pt'ttt_t'll_t'd hlldel ahttbde ronthrton._ (tahiti prr,rture _'171 psia. st'tt pressure h. 14 psia).

lh,s !annts out that dr, ring thc altttrde rutr_, nuntmum te3tmg in accomplished at _ea level pre_t, res.

t*Sherea_ during the pad o_ ratton all te,ittng t_ accontpi_shed ,tt ._a level pre_ure.

I!:r l:Jllo_'-mg le_t ltelnlzr'_ ._y,_tetu tests perfotnwd on KIll)t4 and KIII)21 prior to hatch eh35ure

EHCLOSUR|?,12
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ii I I

\t_(:t)p{'tailon,d'|'_'._i X X
I}.%K% l'v_hhum_n t:lw_k X X

t "phnk I)m_nhnk t 'hi', k X X
B,mk ._rm t :hock X

( :-R_,'l,l_ .\l,u'm t :hcck_ X X

t; N (}pcr,mon._"l'l'_i X X

( )pik(_ Po_ or-on'Ik'st X X
GMf,: I:|.o_k .Xhgnmcnt X X

Ncgatm'.Deh,I I' X

hi"h,_t._ .X,.m.m' X X

HXI.\L; %%.urnUl:, X X

R|"
RI .s,,,,k'm \ I11" I'\1 I_'-I X X
I : II,md l'c',! X X
R_',.L',_.c.'l,, ll,_',,c,:,ri X
VIII: .\.M l'c,i X X
Ill" I'c'_i X

t_ ll,ind .uld l'l" X X
LDI. l111." ._i

ILlll X,
l-'nd to t'nd

Ik_ IItL'MI .X I.\ llt _n,
ll.Sl-: N %

l:hl4tll (,_lu.iI Rcrllrdcr X X

t]{ "_
_'_" t h'nt'_ al lit "'_ t Xultilll'i,lllon )

I'hr tlilhmull4 li_l itl'ilill_"_ _%'_ll'ili ll'M'_ .uld _l" il'i.il tOlltilll'lilllOll l.ll"]l,l.'i Ilcl_lcl.'n i,,i,0t1,t.I ,iild I'{tltlTl

.llt_', h.itch t'hl,_l'll' and prior Io hit lilt 1"111 Illlllliil l'llll (]odcd l.,i) I.|i_tll/.ll,lll'_ i_l I_ tii'rtollilell ,it

,lliilt'd¢"

I :,ihiti I'i,rll" .Inll l.l',lk 1 e_i

lild,, li{ .ill'i lk_lkiil!l

%1'_ \lltltl ,ilid Rl._l't

i;1)_ Ir,i
_%til Ili,il %|i_,_lilll I'il'tl'_

kh,rl_ _tl_illtll'_ Ih_l,illvd III Illihihl,ll,t

%|1_ I,lltllnl' I hilih,ih'd I _i ! It'( )

Rtt:n _l,llll I'llilll_

I"lllodhilhi_ I In

I.'l'nM I.,_\ Mode

I_l i% PlOp I_ll.ilillil I ul'tiit Ilir.ikl'i,_ ( ihl_l'¢l

I Ill' ['lll_ri | 0uill _tln

Iliilli I{I • liil

_t _ I h.lnltrl It I Mod,"
/ I.liililil" I li 1 ill ltl.hl %l,,dr

K(11)34 Kt_l_ 1
X X

X(.l)
X t ,iI

Xt,O
X

X

X
X
X
X

X
X

X
X
X
X

X

I............
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|.\' |,LLm,m Auto modL"
_%',LLc".\c_..v|,_t,hm_r in Auto .XhJd_'
Non-l'Sssrmi,d"l'dr_on t_n.\l : |
NoLl-l._.,cnti,tl l'_.h'conoil .\( :
I_rvogt'nit" (_L,anllty .\nIP|tIll'r- ( )II
l)linking _Vait'r hvpPly I)n
(_iI_ ( :hi OIll;.llO_,l'il_)h l_iUl_"| ( )ll

( Not h:_,tallcd lot I',i0021)
|41_llc|'yC to .M_LinBus .\ • ()pca_
14aitc|y C to .Main |4t,n B • I )Pen
|411llely Vent i1_'_'cl_l
i),_llcaters in Auto

14'.' Fans in Auto

X

X

X
N
N.

X
X
X
X
X

X

N

X
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ECS PREPARATION PROCEDURE.AND SYSTEM TEST .

Comparison of ECs configuration in the manned altitude
34 OCP KOO21 Plugs Out Test.

GSE WATER GLYCOL ADJUSTMENTS

ECS Prep (GSE)

Trim Unit No. 1 and 2 Verification (GSE)
Refrigeration Unit 1 and 2 Verification (GSE) ,
Adjust R1 on $14,140 (GSE)
Transfer Trim and Refr Units to ACE control

Transfer accum, quantity to remote (GSE)
Transfer Trim and Refr units to manual (GSE)

chamber run OCP KOo34 and L/C

K0034 K0021

X X
X
X

X X
X
X
X

S/C SYSTEM VERIFICATION

Cabin .,Mr Fan Checks
Suit Compressor Checks
ECS Pump Check
ECS Coolant Loop Check
Pressurize H2 Tanks with N2
Cabin Temp Control Checks
Glycol Pump Deadhead Check
02 Tank Purge
Suit Circuit Purge 98% 02 (Note I)
Cabin Press Using S14-079 at Hatch Adap
02 Press Relief Valve Crack Press
02 Press Relief Valve Re,eat Press
02 Purge 20 Min at 14_7 psia
02 Purity (Note 3) % in Cabin
Increase 02 Pressure to (Note 2) Press and

Perform Leak Check
install Hatch Plug
Install Outer Hatch

X X
X X
X X
X X
X
X
X
X
X X
X X
X X
X X
X X
X X

X X
X X

X

ECS CONFIGURATION PRIOR TO LIFT OFF

ECS Raditttors On

Battery Vent
Glycol Compressor Pump I on AC
Cabin Air Fans On

Suit Compressor Pump 1 on AC 1
Gas Chromatograph Cabin Auto
Gas Chromatograph Start
Waste Tank I nlet Auto

Potable Tank Inlet Open
Press Relief Both

Waste Tank Servicing Valve Closed
Cabin Repress Closed
Direct 02 Flow Reg Off
Pot 1120 Heater Off

X X
X X
X X
X X
X X
X
X
X X
X X
X X
X X
X X
X X
X X

¢
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Cabin Temp Auto (R4) Full Decrease

Cabin Temp (S12) Manual

Steam Press ($23) Auto

Steam Press ($24) Incr/Deer Enter (OFF)

Temp in ($25) Manual (Note 4)

Glycol Evap H20 Flow ($22) OFF (.Sme..5_

H20 Ind (S10) Potable

Suit Evap ($8) Manual

Waste H20 Tank Refill ($36) OFF

H20 Accum ($26) Auto 1

H20 Accum ($22) OFF (CTR)

H2 Fans OFF

02 Fans OFF

02 H_aters OFF

02 Pressure Ind Surge Tank ($28)
H2 Heaters OFF

Suit Ht Exch Gly.Evap

Demand Reg Selector 1 and 2

Demand Reg (Suit Test) OFF

Oxygen Surge Tank ON

02 SiM Supply ON

02 Entry ON

Glycol Reservoir Inlet Open

Water and Glycol Tank Press Regulator and

Relief Normal

Glycol Reservoir Bypass Close

Glycol Reservoir Outlet Open

Glycol to Rad Open

Safety,Latch OFF

Cabin Press Relief Right (Boost Entry)

Emergency Cabin Pressure OFF

PLSS Fill Valve Closed

02 Main Regulator Normal

Suit Evap OFF

Evap H20 Auto

Glycol Reserve OFF
tt20 Accumulator 1 and 2 Remote

Glycol Evap "I'emp in Full Cool

Suit Flow Relief OFF

Suit Evap Glycol ON

Glycol Accumulator ON

Glycol Evap It20 ('ontrol Bypass OFF

Suit Circuit Return Air Manual Vah'e (]lose

Surge Tank Press Relief Valve Auto

Glycol Press Bypass 1 and 2 ON

Louvers Cabin Open

Drinking Water Supply ON

Cabin Temp As Is Battery Vent

X, X

X X.

X

X X

Auto X

X X

X X

X X

X X

X X

X X

Auto X

X X

Auto X

X. X

X X

Note 6. X

Note 6 X

X X

X X

X X'

X X

X X

X X

X X

X X

X X

X. X

X X

X . X

X X

X X

X X

X

X X

X X

X X

X X

X X

X X

X Bypass
X X

X X

X X

X

X No lnfo

X No Info

NOTES. 1. Suit loop purge ts performed twice prior to crew ingrer, s in tK_34.
2. 3-3.5 PSIG OCT 1_)21 and 5-+.2 PSIG in OCP _R134.

3. 75% 02 purity required ()CP 1_)34 and 95% 02 purity required OCP _121 prior to crew

i t'tgr t."s.s.

4. Difference is at 180 K altitude performing water boding.
5. On for 3 minutes and then off in OCP K0034.

6. Removed b_ devia:mn 13-01 to update OCP to latest SW list configuration,
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A. TASK ASSIGNMENT

The Apollo 204 Review Board established the Materials Work Panel, 8. The task assigned for ac-

complishment by Panel 8 was prescribed as follows:
AS.getable and summarize data and analyses related to flammability of spacecraft materials.

Results of other programs as well as Apollo shall be considered. Requirements for additional test-

ing shall be recommended. Review Apollo test conditions for adequacy. Make recommendations
for materials or configuration changes to alleviate fire hazard. Perform analyses as appropriate to

determine overall energy balance, Correlationt with temperature and pressure buildup, etc.

In addition to,the above briefly summarized Work Statement, a detailed Work Statement was pre-

pared and submitted to the Board on Febtuary 1, 1967, which contained the following salient features in

keeping with above Work Statement:
1. Assemble, summarize, compare and interpret requirements and data describing the flammability

of nonmetallic materials exposed to the crew bay e.nvironment of the spacecraft and in related appl!-

cations.
2. Specify and authorize performance of tests and/or analyses to furnish additional information as
to flammability characteristics of these materials alone, and.in combination with fluids known or

postulated to have been in the Spacecraft 012 cabin.
3. This panel, in support of Panel 5 - Origin and Propagation of Fire shall interpret and imple-

ment the requirements for analyses of debris removed from the spacecraft.

B. PANEL ORGANIZATION

1. MEMBERSHIP
The assigned task was accomplished by the following members of the Materials Work Panel:

Mr. W. Bland, Chairman, Manned Spacecraft Center (MSC), NASA

Mr. A. Busch, Kennedy Space Center (KSC), NASA

Dr. A. Staklis, Manned Spacecraft Center (MSC), NASA

Mr. W. Riehl, Marshall Space Flight Center (MSFC), NASA

Mr. A. Archer, North American Aviation, Inc., KSC

Mr. R. Olsen, North American Aviation, Inc., Downey

Mr. E. Welhart, McDonnell Company, St. Louis

'2. COGNIZANT BOARD MEMBER
Dr, M. Faget, Manned Spacecraft Center (MSC), NASA. was assigned to monitor the Materials

Work Panel.

C. PROCEEDINGS

1. APPROACt I
The activities of the Materials Pane _-were divided into three major categories in implementing the

panel work statement (Ref. 8-74, 8-75, and 8-76):
a. Determine. the nonmetallic materials configuration of Spacecraft (S/C) 012.

b. Determine combustion characteristics and properties of these materials.

c. Conduct special tests and investigations.
The special tests and investigations conducted are separ.ated into four broad areas:

a. Fire Initiation

b. Fire Propagation
c. Materials Criteria and Controls

d. Displays and lnformatiot_
Within the fire initiation investigation, several studies were undertaken. These dealt with poten-

tial spark ignition sources, spontantxms ignition sources, and impact ignition sources.
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The fire propagation investigation was divided into six subcategories. These included the usage

and properties of flammable materials on S/C 012 and a theoretical analysis of materials com-

bustion. Temperature mapping of S/C 012, the flammability of water/glyCol, simulated mockup

testing of materials configura_iom similar to S/C 012 and an evaluation of substitute materials for

flammability were also included.

The criteria and controls investigation was directed tO an evaluation of existing acceptance
criteria for spacecraft nonmetallic materials located in the crew bay and to a determination of the

effectivenes_ of controls of materiah usage in design and fabrication.

The displays and information activity was directed to a determination of methods for presenting

materials location and usage information, alternate nonflammable materials and materials proper-

ties and characteristics in graphical and usable form,

Status of the Materials Panel investigation program ar.d special displays were maintained at

KSC for use by Materials Panel Members and supporting personnel and by other Apollo 204
Review Board activities.

2. SCOPE OF THE REPORT

The scope of this report includes the following major categories of investigations:

a. Configuration of nmwnetallic materials, including changes, in S/C 012.

b. Results of routine materials tests to determine combustion properties.

3. DETAI LED TASK PROCEDURES

The following sections present technical results of Materials Panel investigations. The presentations

include the objectives of the study, methods utilized and details of the results. The proceedings pre-

sented in this report are in general abstracted from more detailed reports referenced in Section. E, Sup-
porting Data.

4. NONMETAI,IAC ,\IATERIALS CONFIGURATION OF S/C 012 COMMAND MODULE

a. OBJECTIVE

The nonmetallic materials configuration of S/C 012 was an essential element to evaluate mater-

ials combustibility data, potential ignition sources, propagation paths and intensity. A review of

existing documentation was undertaken to develop a list of S/C 012 materials and test data.
b. A PPROACt t

A format containing required data was, prepared. Data covering as:designed materials config-

uration, as-installed materials configuration from Discrepancy Report Squawks (DRS's)and Test
Preparation Sheets (TPS's) and test data were included in compiling the S/C 012 nonmetallic
materials list.

c. DATA FORM.VI"

The format is divided into four major sections: material description, location in the S/C, test

information and quantity of material, used. A sample data page is provided in Enclosure 8-2,
Section E.

d.SOURCES OF DATA

(I) Design configuration data. Supporting References 8-1 through 8-13 were utilized.

(2) Test data. Supporting data References 8-14 through 8-27 were utilized. In addition, data

available from the activities described in 5,, "Routine Materials Tests", were added as they be-

came available. Test data at oxygen (02) pressures to 21 psia covering the major combustible mat-
erials which contributed to the fire were available (Reference 8-91).

(3) Tt_t conditions for existing data are shown in Table 1.

(4) Configuration changes. Documentation coveting materials added to S/C 012 at KSC was

reviewed. The documents reviewed included Di_:repancy Reports (DR'sL DRS's, and TPS's. The

nonmetallic materials were identified and the amount used was noted. Photographs of the S/C as re-
ceived at KS(: and photographs of the SIC shortly before the fire were also reviewed for materials

location and quantity.



(5)The crew bay materialsusage lis'.sof allcontractorsand supplierswere assembled into a

master usage list.This listcontains allofthe materialsthat could have been used on S/C 012 but

is not an as.builtconfigurationlist.This means that some of the materialson the listmay not

have been used and others may appear more than once. (Reference 8-28).See Enclosures8.11 to

8.17 forlocation.

TABLE I. SOURCE AND TEST CONDITIONS FOR EXISTING MATERIALS DATA

Note:
I "

All vertical tests are downward.

Collins

(5.64)

Source

Mass. Inst. of Tech.

(1-67)

Hamilton

Standard

NAA (Hughes)
(to 1-67)

NASA

(to 12-66)

Brooks

Grumman

Test

Flash

Fire

Autogenous

Ignition

Flash.

Fire

Combustion Rate

(Vertical)

Flash

Fire

Autogenous

Ignition
Combustion Rate

(Horizontal)

Spark Ignition
to 400°F

Combustion Rate

(Vertical)

Combustion Rate

(Vertical)

(Horizontal)

Autogenous
ignition

Combustion Rate

(Horizontal)

i" - [

O_ Pressure

(psia)

15

15
15

15

Number of
Tests

61

31

2OO

102

112

66

48
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e. MATERIALS USAGE SUMMARY

A summary of the nonmetalfic materials reed or suspected of being reed in the Command
Module (C/M) of S/C 012 is presented in Table 2 (ReL 8,28).

TABLE 2.

Generic Type

Solvents

Lubricants

Foams

Thermal Insulations
Fabrics

Tapes

Encapsulants
Electrical Insulations
Plastics

Elastomers / Rubbers

Paints and Coatings
Laminates

Adhesives
Glass

Command Module, Coolant
Miscellaneous

Total

f. MATERIALS ADDED AT KSC

MATERIA LS USAGE SUMMARY
• n " "

Products Identified

18

86

82

7

395
123

164

185

394

238
222

78

322

39

i

174

2,528

Of the listing in Table 2, the following materials shown in Table 3 were added at KSC. (Ref.
8 - 55 and 8- 64).

TABLE 3. MATERIALS USED IN THE C/M AFTER DELIVERY

Material Category

i

Adhesives

Lubricants

Paint and Coatings
Encapsulants

Tapes
Solvents

Miscellaneous

i

Number of

Material Types
T

9

8

6

6

13

4

29

ii

Quantities

(Approximation)

32 ounces

10 ounces

9 ounc_

12 ounces

80 square inches
Unknown

Several instances of large quan-
tities, Ex: 960 in 3 polyurethane

foam, 7 lb. Velcro, etc.

The complete documentation of all DR's, l)RS's, I'PS's used in preparing this compilation are
available and were bound int. vo .,tes by categories.

g. F_STIMATED TOTAL QUANTITIES OF MATERIALS

In addition to the document review a determination was made o[ the apptopriate mass of major
¢ondmstible matertals which were directly expo,_ed to the cabin environment cnot in closed boxes or

stowage compartments) m S C I)12 at the time of the accident (Ret. 8-57, 8.6t) _ee Table 1.
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TABLE C-4, ESTIMATED QUANTITIES OF MAJOR COMBUSTIBI_S EXPOSED TO CABIN

ENWIRONMENT ON S/C 012 AT THE TIME OF PLUGS OUT TEST

T I I I " Im II

Total Portion In- Portion

Material Function Weight smiled at which

(lbs) KSC (lbs) was non-
flight (lbs)

II

Velcro Pile

Velcro Hook

Uralane 577

Trilock

,Green Nylon

Raschcl Knit

(nylon)
Cotton Cloth

Plcxiglas

Nylon Webbing

,Nylon oxford
cloth

Nylon cord

Nylon tape

Paper (non-

flight)
Paper (flight)

Velo_tat

Silicone foam

Cotton cloth

Lcxan

Nomex fabric

Nylon Oxford

NON - GFE MATERIALS

Zero-G attachment

mechanism

Zero-G attachment

mechanism

ECU Insulation

Pads on floor

Couch Pads

Covering for02
suithoses

DebrisNet

Remove-before-flight tags

Display panels

Flood lamp covers

Tic-down straps

Couches

Storage Compartments
GSE Window covers

Electrical cable

tie wrap
Crew provisions

equipment

Binding for debris
nets

OCP, Note paper

Flight / Preflight
checklists

Covering for Uralane

floor pads
ECS Line insulation

I I

I

Garments

Visors

Garments

Garments
| I mill

3.9

5.9

5.2-

2.7

0.2_

2.4

0.5

1.8

3.9

1.0

9.1

5.7

1.1

4.5

2.4

1.0

6.9

1.0

0.1

[11

18.8

2.4

0.5

1.0

6.9

0.1

10.9

D.8.7



Displays have been prepared showing the location of Velcro, Uralane Foam, Raschel Knit and

Space Suits used in S/C 012 and their location (See enclosures 8-11 to 8-17).
h. Nonmetallic Materials Status

A review of the acceptability and test status of materials identified On this list tO the NAA

MC999-0058 criteria was accomplished. The approved and waiver status of materials in Govern-

ment Furnished Equipment (GFE) to MSC-A-D-66-3 (Rd. 8-85), was also determined. The results

are reported in a subsequent section on Criteria and Controls.

i. SUMMARY
The nonmetallic (potentially combustible) materials configuration for the major elements of the

as-designed configuration of S/C 012 and for the modifications actually installed at KSC was ob-

tained (Rd. 8-28). Results have been tabulated in a standard format and reviewed for status. Tests
have been initiated where data were not available. (See Paragraph 9). The precise nonmetallic

materials configuration of S/C 012 was not obtained. There is some uncertainty about the materials

used in the black boxes and materials applied during assembly at Downey.

5. ROUTINE MATERIALS TESTS

a. ADB| ECTIVE
As the compilation o[ data described in Section 4, "Nonmetallic Materials Configuration of S/C

012 Command Module" proceeded it became evident that test data were not available on the majority

of materials used. A routine testing program was. implemented to develop test data on some of

these materials at one atmospbere or 16.5 psia oxygen (Ref. 8-31).

b. PROCEDURE
Procedures for testing were prepared and accuracies determined using Nomex cloth as a stand-

ard (Ref. 8-80). The following procedures were t_repared:
Nonmetallic Materials Combustion {Propagation) Rate Test

Autogenous Fire Point Determination
Flash and Fire Point Determination of Nonmetallic Material

Combined Thermogravimetric Analysis and Spark Ignition Test

Electrical Wire Insulation and Accessory Spark Ignition Test

Electrical Wire Insulation and Accessory Flammability Test

c. STATUS OF MATERIALS TESTING AS OF MARCH 8_ 1967

(Ref. 8-80 and 8-98)
2,527 Materials identified and tabulated

665 Materials determined to require testing

474 Materials orders

446 Materials shipped by.supplier
429 Materials received at MSC

280 Tests in progress --

245 Tests completed

d. REPORTS
Additional test results applicable to this Section of the report will be contained in Appendix

G. Test data are logged in to the Materials List (Ref. 8,28) as they are reported.

e. RESULTS
Results obtained on several samples of materials used in large quantities in S/C 012 are listed

in Table 5. Prior test data at 5.0 psia oxygen are also shown for com[,arison (ref. 8-33 and 8-91).

o •
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Material

TABLE 5

" • T II I r

Average Downward Flame Propagation Rites (In/See)

Oxygen Pressure

Raschel Knit (Blue)

Velcro Hook (Blue)

Velcro Pile (Blue_ .........
Trilock

Polyurethane Foam
I

5.0 psia 16.5 psia
I I

0.4 1.0

0.5 0.8

1.4 2.5
I.I 1.8

2.1 4.5

k_

Ratio of But'ning
Rates

2.5:1

1.7:1

1.8:1

1.7:1

2.2:1

As stated, the above data are downward rates, i.e., the slowest rate possible at 1 g in 16.5

psia oxygen pressure. Upward rates are much higher. The average overall rate for materials as in-
stalled in S/C 012 will be much greater than those shown above.

f. SUMMARY

The materials which probably contributed heavily to the fire burned at least twice as fast at
the accident conditions (16.5 psia) than that at which they were evaluated for space flight (5 p.sia).

6. SPECIAL INVESTIGATIONS AND TESTS - FIRE INITIATION

Early tests were primarily concerned with materials (solvents and liquids_ that might ignite with

electrostatic sparks or with low energy arcs.

The extremely low energy reported to ignite solvents and gases in 15 psia of oxygen prompted

a search for possible presence of solvents in the spacecraft especially as they might be absorbed on

flammable solids thereby sensitizing them to ignition and promoting propagation. The approximate

spark ignition thresholds of flammable solids with and without absorbed solvents and glycol coolants
were evaluated in laboratory tests. The electrostatic charging of materials and the space suit were stud-

ied. Arcing of audio circuit connectors in various concentrations of a solvent in 16.5 psia oxygen atmos-

phere were also tested.

Impact ignition in gaseous 16.5 psia oxygen was suggested from liquid oxygen experience and is

being tested.

Water'glycol spillage and cleanup simulations on wire bundles and connectors are in progress to

study cor__rosion, induced short circuits and electrical heating or arc ignitions.

Spontaneous ignition was also evaluated as a potential source mechanism (Re L 8-33).
a. RETENTION OF SOLVENTS

OBJECTIVE

Investigate the contribution tos_ards the fire of any solvent absorbed by the more ss'idespread
non- metallic materials in the cabin by evaluating solvent evaporation data and analysts.

PROCEDURE 1

Air-dried samples were weighed, saturated with liquid solvent, and allowed to air-dry until

essentially free of solvent while being weighed.

RESULTS 1

Veicro hook samples soaked in methyl-ethyl-ketone (MEK) for ten minutes absorbed 3.2 x
10 ..5 "lb in2 of solvent. "When evaporated into 50.percent relative humidity 75"F room air, they

retained as much as 40,percent of the solvent for 5 hours (Ref 8-103).
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PROCEDURE 2
Tests with samples of Velcro pile, Uralane, Velostat Covered Uralane, and couch material satu-

rated with MEK for approximately ½ minute, air.dried for either 15 minutes or for I hour and then cov-
ered so that evaporation from the material had to take place by diffusion under the edge of an inverted

20 cc conical Cover were conducted as described in Kef. 8-41. These tests were designed to deter-

mine the likelihood of vapor entrapment by equipment placed on saturated materials.

RESULTS 2
Diffusion of MEK and air under the edge took place rapidly. Vapor concentration fell below

the 1.9.percent lean limit of flammability in less than 1 1/2 hours (Rd. 8-103). However, the
results would be modified (1) if the edges of the material were sealed, (2) if the material_ were

not allowed to dry 0r (3) if the ratio of edge area to volume Were very small. In these cases evapo-
ration would be reduced and trapped pockets and/or heavy film layers of flammable mixture

solvent vapors could have existed at the time of the fire.

SUMMARY
Velcro hook material can become saturated (after 10 minutes) with small amounts of MEK

(3.2 x 10"51b,'in2) • When exposed to a 50.percent relative, humidity, 75"F environment the solvent
retention in the sample decreases after 5 hours to 40.percent of the total amount absorbed.

Combustible concentrations of MEK solvent were not released into air from wetted Velcro

pile, Uralane foam and couch material except for a short 1 1/2 hour period under conditions
which restricted diffusion of vapor and air through the material to an area under the edge of the

covering object.

The presence of significant volumes of concentrated solvent vapor in the spacecraft is unlikely.

However, the retention of solvents in the surface layers of solid flammable materials could possibly

contribute to their ignition (Ref. 8-103).

b. MATERIALS ODOR EVALUATION

OBJECTIVE
Odors resembling "sour milk" and MEK (see Materials Time Line, Enclosure 8-8) were

reported. The objective of this analysis was to identify potential sources of these odors.

RESULTS
The evaluation of the "sour milk" odor involved the review of the K.bottle 02. analyses, the

Beckman Analyzer analyses, a gassample.taken at the crew mouthpiece and earlier sample analyses

from August 29, 1966 to january 23, 1967. The review of the K-bottle analyses revealed no unusual
.... as analyses met specifications as required. The analysis of .gas from the two
tmpurmes and the g " ...... :_-:r,,,_nt information on "sour milk" odor.
Beckman Oxygen Anatyzers reveaieta nu _'s' ......

The gas sample taken at the crew mouthpiece on January 27, 1967 revealed approximately

400 ppm of unidentified hydrocarbons which could, contribute to an odor condition (lab report

Number TS75381 indicated odor to be of human originL

A summary of previous analyseS including earlier manned altitude testing samples revealed

no significant information to identify any "'sour milk" odor.

Re.Interrogation of witnemes revealed the following:
(1) There were no reports to the contrary that "only very minor amounts of solvent were

introduced to the cabin on January 27, 1967" and these were by way of slightly dampened,

wipitig materials. No "'spillage" or "dripping" of solvent_ was recalled.

(2) There was agreement tha: no one smelled anything of significance in the cabin dur-

ing hatch eloseout activity.

D.8.10



(3) There was general agreement that the strongest odors were detected at initiation Of

the first (20 niinutes) cabin put'ge operations, approximately 3:32 pm EST, and decreased

toward a "'slightly detectable" level at completion of the second (10 minute) cabin purge
operation approximately 4:18 pm EST. The odor was detected both within the white room
and outside on Level A-8. There is also evidence which tends to indicate that this odor was

was emitting from the steam duct just below the lower edge of the cabin hatch. An on-site

review revealed that .the configuration could allow some of the flow of gas from the steam
duct tO be deflected u'p into the white room and some of it could also be deflected downward

into the general area of Level A-8. T!._ other emission points 6f this Odor were at the gas
analyzer inlet bleed port arid at the analyzer squeeze bulb exhaust port. OdOrs were de,
tected at these points during environmental sample extraction.

(4) DeScription of the odor by the persom interrogated was that it was (1) MEK, (2)
smelled "'like'" MEK, or (3) smelied like a solvent.

It appears that a fair degree of uncertainty is associated with identification of odors. Data .

indicate that the first threshold of smell for solvents such as MEK and isopropyl alcohol is ap-

proximately 0.01 percent to 0.03 percent by volume. The concentration that might be described
as strong, irritating, and/or _ickening is in the range of 1 p.ercent to 4 percent by volume.

Samples of gas taken from the Ground Support Equipment (GSE) prior to the accident and

also from the reassembled GSE system at the site provided negative results on significant hydro-

carbon content. Solvents initially in the GSE would have been purged dry in the process of cabin

purging. There is no reason to expect that further investigation will uncover a proof of solvents
in,roduced by the GSE system.

SUMMAKY

No particular suspect item was identified as emitting a "sour milk'" odor although some of

the Room Temperature Vulcanizing (RTV) potting compounds have distinct, pungent odors that
probably come closest to fitting this odor description.

It is possible that accumulated solvent vapors could have been expelled through the steam duct
during cabin purge.

Since the Contmand Pilot opened his faceplate for approximately 4 minutes at 6:19 pm EST
and did. not. report significant odor concentrations it is likely that there were. no solvent mixture

concentrations itt open areas (areas where tile cabin fan produced reasonable flow). It should be

noted that outward flow from the facep!ate opening doe,. not preclude cabin odor detection.

There is no evidence that significant concentrations or organic vapors existed in the spacecraft
at the time of the accident (Ref. 8-M).
c. EI,ECTROST.\TIC SPARK iGNI-I'It)N

OBJ ECTI V E

The objective was to investigate the possibility of generation of sufficient electrostatic energy
by movement of a suited astronaut to ignite combustible fuel-oxygen mixtures and materials of the

type found in the S, ('. Solid materials with remnant solvent had to be evaluated to detcrmit_e
required rnerg 3, for ignition (Ref. 8-29).

PROCEDURES AND RESL'I,]'S

(1) Nylon fabrics, Raschel knits, polyethylene attd neoprene were tested by rubbing with

nylon. Only the nylon materials had appreciahle charges generated on them at 50 percent

relative huntidity. Those th:tt did not develop charg_ at 50 percent were tried again at 8 per-
cent relative humidity and found to be still without appreciable charge (Ref. 8-32).

(2) In the latmrator, a suit oo a subject was charged by rubbing with nylon, tie sat and

then reclined on a hnoleum covered metal t;tble used to simulate spacecraft couches. Voh-
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ages and energiesinduced were somewhat higher than the values laterobtained in the space-

craftitself.

Capacity measurements were made using a 60 cps capacitance bridge and a radio fre-

quency capacity meter. For the recliningsubject they ranged from 500 to 600 picofarach.

For the metal parts6fthe suitan increaseover the theoreticalvalues isexplainableby coupled

capacityofotherobjectssuch asthe suitneoprene bladder and other metal parts.

Item

[ r I 1" Ii "'1 i|lf

Neck ring

Exhaust fitting

Inletfitting

Zipper

Wrist ring

Subjectand EKG lead

- , ml

TABLE 6
i it --

Maximum Voltages Induced and Energies Calculated

I

Potential, Energy,
KV MiUijoules(mj)

l I "111 |l

2.1 1,36

2.2 0.15

2.2 0.15

1.7 0.56
1,9 1.1.

3.3 3,75

It tt

Resistancesto ground which wcrc measured at I09 to 10II ohms would resultin some loss

of electrostaticenergy during the processofmeasurement.

(3)A suitedsubjectin C/M 014 at 8 percent relativehumidity showed itwas possibleto

obtain comparable capacitances to ground as in the laboratory.The subject'smotion on the

couch resultedin the generationofone (I)KV (Rcf. 8-104 and 8-105).

(4)Capacitance spark testsshowed that certain materialsarc ignitableby spark energies

asfollows(Ref.8-79):

-I l

Material

T"

Uralane foam

Cotton (constantwear

garment)

Ve|cro

Dry

t

190 mj

a

• i .....

Damp
1

I I

40 mj (MEK and isopropyl alcohol)

210 mj (dampened with faceoil)

200 mj (ethylene glycol)

. ttt r

" No ignition up to 300 mj
tt

-- ml - -

SUMMARY

Sugficient electrostatic energy (about 4 mj) can be stored on a suited astronaut to ignite MEK

vapor and methane in 14.7 psia 0 2 (0.002 to 0.004 mj required) (Ref. 8-42). Samples of suit and

other spacecraft materials were not ignited by this energy level even when soaked in combustible
fluids which were then allowed to evaporate for about 5 hours in a laboratory environment before

being subjected to the spark test.
d. COBRA CABLE SPARK IGNITION TEST

OBJECTIVE
Reports of Cobra Cable connect-disconnect actions immediately prior to the fire were received.

A.test was designed to investigate the possibility of igniting flammable MEK mixtures in high con-
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centrationsof gaseous oxygen. This was accomplished by breaking and mating spacecraftconnectors

with power applied. For the test,two cableswere fabricatedusing spacecraftapproved materials
and spacecraftqualifiedDeutsCh Connectors.

PROCEDURE

The testsetup consistedof three power Circuitsrouted through the Dcutsch Connectors in the

pressure chamber to loadsoutsidethe chamber. The loads were identicalto the circuitloads used

ir_C/M 012. The communications load was an identicalimpedance (600 ohms) to that of a pressure
suithelmet hcadse,.The biomedical load Was a physio-simulator.The simulatorhas a DC-DC con-

verierwhich is%ght-qualifiedand identicalto the three used by astronautsin S/C 012. The con_
verterhad an i:_putimpedance of300 ohms when loaded.

The spacecraft microphone amplifiers were powered from a 28-volt DC battery through a series-

dropping resistor. Therefore, the spacecraft power source did not present any significant inductance.
The test power supplies ,did present some inductances, since no dropping resistor was used. This,

test, therefore, presents a more severe arcing condition than the spacecraft system which was simu-
lated.

Three separate AC to DC rectifier/transformer power supplies were used, ,one for the right
microphone 16.8 VDC, one for the left microphone 16.8 VDC and one for the biomedical con-
verter 28.2 VDC (Ref. 8,48 and 8-49),

RESULTS

With the circuit previously described increasing concentrations of solvent were established in

the pressure chamber.During the first test the chamber was filled with air at ambient conditions.

In the ambient condition the Deutsch Connectors were separated three times under circuit load.

During the connector breaks 200-frame-per-second 16 mm pictures were taken to record any sparks
or ignition. No sparks or ignitions were noted either visually at the time or on the film.

The second test setup was run with 97-percent oxygen at ambient in the chamber. The oxygen
concentration requirement was 96-percent or greater. Chemical analysis revealed the oxygen concen-

tration to be greater than 97-percent. With power on the circuit the connectors were separated a
minimum of two times. No sparks were generated with sufficient energy to ignite the connector.

Other. tests were performed with MEK concentrations of 2.0-percent, 4.0-percent, 8.0-percent,
and saturated (less than 15.4-percent with the remaining atmosphere havlng an oxygen concentration

of greater than 97-percent. A minimum of three separations and remates were pe.rformed at each
mixture level. No sparks were initiated with sufficient energy to ignite the mixtures.

,Modification No. 1 reconfigured the circuitry so that the current was increased to 150 ma.

This is 2.5 times maximum operating current which approximates the worse case. Namely, the
maximum current drain encountered if the biomedical power were shorted in the spacesuit umbilical.

The connectors were separated several times with 4.0-percent gaseous volume of MEK in the
chamber. No sparks were generated of sufficient energy to ignite the mixture.

Modification No. 2 configured the circuitry so that single wired pins could be pulled at 60 ma,
28 VDC (normal operating conditions). The pins were pulled twice at MEK concentration of

4.0-percent and once at 15.0 percent. No sparks were generated with sufficient energy to ignite the
mixture. No sparks were seen by an observer or recorded on the high speed film (Ref. 8-48 and
8-49).

SUMMARY

Separating simulated Cobra Cable audio and biomcd 16.voh circuits produced neither visible

arcs nor ignition. Separations of connections at maximum nominal power _vith .XlEK,saturated 0 2
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and at 2.5 times nominal power in MEK Concentrations to 4 percent, all in 16.4 psia oxygen

produced no ignition. Tests using flight type Cobra Cables with audio center loads and battery

po_yer supply will be reported in Appendix G.

e. IMPACT SENSITIVITY OF MATERIALS IN GOX

OBJECTIVE
It is known that many materials in contact with liquid oxygen (LOX) are capable of exploding

or igniting when subjected to mechanical shock or some other sudden energy surge. Organic mater-

ials of the type used in S/C 012 such as netting, lubricants, foams and Velcro are examples of

ignitable substances.

Whether such materialsform impact-sensitivehazards in low-pressuregaseous oxygen was un-
known. Thus itwas decided to investigatethe feasibilityof thismethod of fireinitiationin gaseous

oxygen at 16.5psiaand with typicalflammable materialsin S/C 012.

RESULTS

A standard method of evaluating the compatibility of materials with LOX has been used by

Marshall Space Flight Center. The test equipment is shown in Reference 8-30. The test equip,
ment was modified to permit impact of materials in contact with gaseous oxygen at slightly above

atmospheric pressures. This corresponds to spacecraft conditions. Impacts are applied by a 20 lb
plummet falling 43 inches and delivered through a 1/4-in. diameter striker pin face (less than 72
foot,pound). The chamber was purged with sufficient oxygen to maintain a 5psig differential
for fifteen minutes then bled off to 16.7 psia prior to impact.

The following materials were tested under impact in contact with gaseous oxygen (GOX).

Each was applied to a 1-inch diameter disc of aluminum for test purposes:

Velcro Hook (pressure-sensitive adhesive backing)

Velcro Pile (pressure.sensitive adhesive backing)
Velcro Hook and Pile together (pressure-sensitive adhesive backing)

Velcro Hook - Cross,cut grooves to expose adhesive

Velcro Pile - Cross-cut grooves to expose adhesive
Velcro Hook - Creased intentionally during application

Velcro Pile - Creased intentionallyduring application

Raschel Knit

Six Velcro hook samples were run. No fires resulted but in two of these burnt odors resulted.

Three samples of Velcro pile on the hook were run. In these one burnt odor was detected and

one sample ignited and burned vigorously. Of three samples of Raschel Knit impacted to date two

ignited and burned (Ref. 8-30).

SUMMARY
These tests have shown that mechanical impacts on Velcro or Raschel Knit in contact with

16.5 psia 02 can produce ignition and burning. A survey of spacecraft loose and movable objects

revealed no possible high-impact condition on flammable materials.
f. AUTOGENOUS IGNITION SCREENING TEST OF S/C 012 MATERIALS

OBJECTIVE
Tests were undertaken to determine if combinations of solvents and materials could lead to

unusually low spontaneous ignition temperatures in the oxygen atmospheres used in the S/C 012 test.

PROCEDURES
The tests were run in stainless steel pressure vessels equipped with a viewing port, thermo-

couple and a method of maintaining a 16.5 psi 02 atmosphere together with a heat source. All

samples were exposed to programmed heating, culminating at 400*F for ten minutes. The)" were
then examined. Samples for gas chromatographic analysis were taken.
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Materials which have a significant capacity for absorption of solvents such as foams and fabrics

were tested in the as-received condition. This was done after soaking in methyl-ethyl-ketone, iso-
propyl alcohol, 50-50 ethylene glycol/water and in varlous combinations of these fluids.-Samples

were allowed to dry for appro.ximately 5 hours prior to testing. Materials exposed to ttaese tests
were as follows:

Uralane Foam

Velostat

Velcro (various colors), Hook and Pile
Raschel Knit

Trilock

Materials tested without solvents were as follows: (Ref. 8-46 and 8-93)

Epon 828

Mystic Tape
DC 4 Lubricant

Rayclad Sleeving
EC 1469 Adhesive

Aero Shell Grease

AiResearch Grease
DC 30-121

Epon 828 + Vcrsamid
115

Stycast 1090

Epon 934
EC 1469

SUMMARY

No autogenous ignition of materials

samples treated with cleaning solvents.

Mirm Hon 6745A Oil

Bray Oil Lube. 812
PR 240 AC Lubricant
Versilube 300

DC 33 Lubricant

NOPCO Foam A 206

3M, No. 27 Tape
Nomex-HT-1 Suit Fabric

RTV 90 Encapsulant

RTV 577 Encapsulant

RTV 560 Encapsulant

Organoceram
** .

tested was detected at or below the 4000F test limit, even

g. EFFECT OF WATER/GLYCOL ON WIRE BUNDLES

OBJECTIVE

This .task was undertaken to determine the effects of spacecraft cabin environment on electrical

wire bundles of S/C 012 types which had been exposed to water/glycol at some previous time.

It has previously been observed that flammable aircraft wire insulation such as polyvinylchloride

(PVC) and nylon may burst into sustained flames in air even though adequately protected with

circuit breakers. This can occur provided the following conditions are present:.
(1) Insulation on adjacent wires is damaged to the conductors.

(2) Sufficient moisture is present to bridge the damaged areas.
(3) An electrical potential exists between the conductors of the damaged wires. (Ref. 8-38,

8.39 & 8-78).

These wet,-wire fires were observed without tripping circuit protective devices because the

current through the wires may be as low as 10 percent to 20 percent of the regular wire cur.

rent at the time of ignition. The above results were recorded in a Lockheed Company film
(Ref. 8-92 and 8-94).

The present task was undertaken to determine whether spacecraft wire bundles were suscept-

ible to fire initiation and propagation as observed in the Lockheed tests.

e
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PROCEDURE
Tests are in progress at NASA Manned Spacecraft Center on wire bundles. The test procedure

includes a method for keeping the wire bundles moist with the water/glycol solution. Several wires

in each bundle have intentlonally-damaged wire insulation. The tests will be continued for at least

several months to verify whether or not the effect of the water/glycol is appreciable.

In a special test Teflon covered shielded wire that had been purposely cut through to the con-

ductor and exposed to ECS coolant caught fire. The fire occurred after about 8 hours in ambient

atmosphere with less than 5 amperes passing through the conductor. The coolant was applied as

droplets into the damaged area (Ref. 8-107).

SUMMARY
Initial test results show that fire initiation is possible. Additional test results applicable to this

section of the report will be contained in Appendix G.
h. EFFECT OF WATER/GLYCOL ON CONNECTOR ASSEMBLIES

OBJECTIVE
Water/glycol coolant spillage occurred on a number of wire bundles and connectors used in

S/C 012. The objective of this test program, is to evaluate the effect of water/glycol and of the

cleanlng.procedures used on S / C 012 on connectors similar to those used in S/C 012,

PROCEDURE
A series of tests have been defined to determine the effects of water/glycol spillage on wire

bundle assemblies with connectors. A total of twenty-nine harness assemblies.were ordered from

NAA Downey for this testing. The assemblies are as follows:
V16-420337, CO5W5-P91 5 assemblies

V 16-420303, CO 5_'VS"P167

V16.420308, C03WI 5-P50

V16-420307, C03W15-P58

V16-420316, C01W1-.]94

836598-1-1

836600-1"1
836602-1-1

5 assemblies

5 assemblies .

5 assemblies

5 assemblies

I a_embly
1 assembly

1 assembly

I assembly
836599-1-1

These wire harness assemblies were selected since they represent harnesses that have been sub-

jected to water/glycol (MBO 110-006, Type II) spillage.on S/C 012. These harnesses are ECU
cable harnesses, SCS-ECA cable harnesses and spacecraft harness assemblies located under the ECU.

The test environment is 75°F, 100 percent oxygen at 14.7 psia. These types of tests will be

carried out as follows: (Ref. 8-83)
(1) Test A - Dip the cables and connectors in water/glycol for 30 seconds and allow to

drip dry. Disassemble the connectors and clean per the procedures used on S/C 012. Rejoin
the connectors and apply spacecraft voltages and currents and monitor the results.

(2) Test B -Test B is the same as Test A except the connectors are not cleaned and dried.

(3) Test C - Immerse the cables and connectors in a bath of water/glycol in the 02 atmos-

phere. Apply spacecraft vohage and currents and record all readings. Allow the wire bundles
and connectors to remain immersed in the water/glycol solution and continuously record circuit

resistances.

Tests A and C will be run at KSC while Test B will be run at White Sands Test Facility.

SUMMARY
Test resuhs applicable to this section of the :eport will be contained in Appendix G.



i. REVIEWOFKSCCONNECTORTESTWITHWATER/GLYCOL
OBJECTIVE
A test conducted during October and November 1966 at KSC On a connector which had been

subjected to ethylene glycol in which shorting occurred under DC load came to the attention of the
Panel. This test was investigated for a_lity ot the fire investigation.

RESULTS
A review as contained in Ref. 8-66 and 8-67 of test requirements, objectives, test techniques

and results related to the special test show that test personnel were properly COncerned about the

effects of water/glycol spillage on spacecraft electrical equipment. To evaluate the effect of water/

glycol On S/C connectors they chose to apply a worse-eaSe condition to a worse.configuration space,
craft-type electrical connector in a set of laboratory tests to check the effectiveness of a proposed
vacuum-environment cleaning technique. Accordingly, a spacecraft-type connector partially equipped

with pins and wires but without plugs in unused pin holes or potting applied to the exposed ends
of the connector was dipped in a water/glycol solution of the type used in the C/M. This resulted

in water/glycol being introduced directly into the components of the connector. After a number of

operations involving resistance measurements, vacuum drying, room air storage, disassembly, clean,

ing, washing in water/glycol solution, reassembly and "drip. drying," the connector was tested with
active AC and DC circuits. The DC circuit failed, because of an internal short. A later test at less

voltage (28 compared to 35) was run for about the same length of time without failure. .

SUMMARY
In analyzing test techniques, test results and statements made by the main participants in this

test, it appears that the environment and the hardware were not representative of spacecraft equip-
ment or environment but represent an extreme set of conditions which have not been known to

exist in S/C operation. Thus, the results are not directly applicable to Apollo S/C equipment. Cur-

rently planned laboratory tests of real spacecraft connectors and cables wetted with water/glycol
constitute a better source to judge the hazard of such events.

7. RESULTS OF SPECIAL INVESTIGATIONS AND TESTS - FIRE PROPAGATION
This section of the report deals with investigations and tests to evaluate the propagation of the

fire.

The effect of'foam insulation burning in 16.5 psia oxygen on aluminum oxygen supply lines in

causing failure to these lines was evaluated. Investigations of the leakage of water:glycol solutions and
residue were also undertaken. Temperature mapping of S/C 012 based on the condition of materials in

various locations was investigated. The correlation of Command .Module mockup tests with the S/C 012

configuration and condition was also investigated.

An analysis of combustion characteristics of materials was undertaken to evaluate the S/C 012 non-
metallic materials configuration from a combustibility standpoint.

a. EFFECT OF BURNING FOAM INSULATION ON OXYGEN LINES

OBJECTIVE
The objective of these tests was to determine if burning foam insulation on aluminum oxygen

supply lines in 16.5 psia oxygen could cause failare of these lines.

PROCEDURE

Uralane foam insulation was placed in separate tests on and under oxygen lines and ignited

in 16.5 psia oxygen. Foam thickness and weight was selected to duplicate the amounts used on
S/C 012. The oxygen lines were selected to represent lines used in S/C 012 (1/4-inch outer diam-

eter, .035-inch wall thickness).

Normal oxygen flow was maintained in these lines throughout the test. The following specific

tests are planned:

1
!
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(1) Foam.insulation around a 100 psia aluminum line.

(2) Foam insulation placed under a 100 psia aluminum line.

(3) Foam insulation near a soldered joint of a 100 psia aluminum line.

(4) Foam insulation placed under a 900 psia aluminum line.

(5) Insulation and lines configured as in S/C 012 per test request.

RESULTS
Tests number 1 and number 2 are completed. No failure of the aluminum lines occurred when

the foam insulation was burned (Ref. 8-98).

SUMMARY
Foam insulation representative of a single insulated line as installed in the S/C 012 ECU when

burned in a 16.5 psia oxygen does not cause failure of a 1/4-inch, .035,inch wall thickness, 100

psia aluminum oxygen line.

Results from the remainder of the tests pertinent to this section of the report will be reported

in Appendix G.

Additional tests are planned to determine the effect of a burning foam on soldered joints and

900 psia oxygen lines and lines configured as in S/C 012. These additional test results applicable

to this section of the report will be contained in Appendix G.

b. WATER/GLYCOL LEAKAGE IN SPACECRAFT

OBJECTIVE
It was postulated that water/glycol (Ref. 8-96 and 8-97) leakage in S/C 012 could have con-

tributed to the propagation or initiation of the fire. This study was initiated, to determine the in-

stances of water/glycol.spillage in S/C 012, 009, 011, 017, and BP 014.

Vehicle

Number

RESULTS
G_.neral: A review of documentation was conducted to determine the extent of water/glycol

leakage in S/C 008, 009, 011, 012, 017, and BP 014. The records disclose that the water/glycol
was MB0110-006 Type II. The following summary is a result of the review:

Instances Total Leakage
(Oz.)

1- 16S/C 008 -
S/C 009 1 2

S/C 011 6 - 52

S/C 012 6 90
BP 014 14 96 - 160 (est)

S/C 017 7 Unknown

No failures of spacecraft or boilerplate cables, harnesses, components or connectors have been

attributed to the effects of water/glycol leakage.

S/C 012 The following instances of water/glycol leakage have been recorded against the ECS ,

of S/C 012.
(1) ECU Removal at Downey - 2 pints Approximately 2 pints of water/glycol leaked dur-

ing ECU removal at Downey on August 12, 1966.
(2) Glycol Diverter Valve at KSC - Few tablespoonsful. On September 15, 1966 the glycol

diverter valve was noted to be leaking at the rate of "approximately one drop/minute" (DR

S/C 0188]. This situation was corrected by adjusting the valve mounting bracketry to relieve

the side loading effects which apparently were causing the leak. The DR was closed on Sept-
ember 26, 1966. The leaxage had not caused other components or wire bundles to become

wetted with water ,'glycol.
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(3) Cold Plate IMU Supply Line, Weld Joint at KSC - I pint. On September 28, 1966

"three water/glycol leaks" were noted to be in existence "behind inverters - LOwer Equipment

Bay" (DR S/C 0289). The leakage was corrected by. the replacement of existing solder unions

with B-nuts and u1_ion. Followlng leak check and re-insialation of the affected lines the area

exposed to water/glycol, including electrical connectors, was wiped with distilled water applied

from a squeeze bottle, blown dry with GN 2, flushed with "denatured alcohol" from a squeeze

bottle and dried again With GN 2. The electrical connectors were cleaned "inside and out".
The subject DR (0289) was closed on September 30, 1966. DR-0305 was initiated against

the water/glycol contamination to electrical connectors and wire harnesses which resulted from
the leak documented on DR-0289. DRy0305 was closed by referencing the cleaning steps which
were taken on DR-0289.

(4) Transducer CF0550 Removal/Rotation at KSC-2 pints . (Oct. 11, 1966). The spillage

of water-glycol which occurred during the operations documented on DR S/C 0436 was con-

trolled to the extent that no water/glycol contamination of components or wire bundles was
incurred.

(5) Pump Leak (Ist) ECU Servicing at KSC --I/2.cup (Nov. 30, 1966). Following ECU

removal and subsequent investigation at AiResearch it was found that some. e_idence of leakage

existed on the water/glycoL pump flanges. Although leakage at this point in the system could
not be verified the isolation of the leakage point to the pump flange area was the "best guess"

available. (Reference DR S/C 0737).

TPS S/C 418 documents the tests which were performed on the ECU at AiResearch. The

only leak source which could be determined was in the area of the pump filter housing. The

observed leak Was very minor (documented as "one drop" IDR 001, TPS S/C 418).

(6) Pump Leak (2nd) Servicing at KSC - 1/4 cup (Dec. 20, 1966). DR S/C 0811, which
is still open, documented a water/glycol leak which "seeped down I,beam and extended to
the wire harness on the C/M floor". The area was dried and the water/glycol did not

reappear. The DR was to remain open until after the FRT (OCP-K-0028) at which time
it would be closed.

The leak source was documented as being "exclusively associated with (water/glycol) set-

vicing". Through 1830 on January 27, 1967 no failures on S/C 012 cables, harnesses, or con-
nectors were attributed to the effects of water/glycol leakage. Total leakage 90 ounces (estimat-

ed).

From a review of the referenced documentation it may be concluded that the only water/

glycol leak which, wetted nearby electrical connectors and components was,the leak at the
solder joint at the I,XIU coldplate water/glycol- supply line. The other leak-¢ apparently did

not contaminate electrical components or wire. bundles. The water/glycol from the IMU cold-

plate leak wetted several connectors. These connectors were demated and cleaned to eliminate

the possibility of water-glycol contamination inside the connector. The affected connectors
were:

Yaw ECA: J-96, j-95, J-94, J-93, J-92

Auxiliary ECA:. J-97, J-98, J-99, J-100

Pitch ECA: J-101, J-102, J-lO3, J.lO4,.J-105

Each of these connectors was cleaned by water flush.gaseous nitrogen (GN2) dry-denatured.

alcohol flush-,GN 2 dry method. Each of the referenced connectors was potted.

During the inspection, of the area in the C/M which could have been contaminated by

the coldplate leak, black boxes were removed in sequence unul the inspection of connectors

and cables revealed-that water/glycol had not reached the specific area being inspected. At

that time the EC:\ units noted were determined to be the only units affected by the leak

(Ref.8-70).
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SUMMARY
There have been 35 instances of water/glycol leakage on the Spacecraft listed with a total leak_

age of approximately 320 ounces including the 6 instances and 90 ounces on S/C 012. There have
been no failures of cables, harnesses, connectors or components attributed to water/glycol leakage.

The 14 connectors which were wetted with water/glycol on S/C 012 were demated.and cleaned.

c. FLAMMABILITY OF WATER/GLYCOL RESIDUES

OBJECTIVE
It was desired to determine whether a thin film of water/glycol on a surface (from a drip or

stream along the floor or wall) could be ignited at room temperature or slightly above by a flame

impinging directly on the liquid surface.

PROCEDURE
Tests were made in which a flame was applied directly on the surface of a thin film of water/

glycol/inhibitor mixture, pure glycol and films of the C/M coolant mixtures after exposure to vac-
uum. All flammability tests were conducted in 14.7 psia oxygen.

RESULTS
(1) Fifty drops of C/M coolant spread onto a 3-inch x 3-inch glass plate and a 1/8-inch

x 3-inch x 3-inch aluminum plate would not propagate a flame in 14.7 psia 02 when ignited

by a 1/2-inch diameter 1-1/2-inch long paper cylinder. Burning of the coolanX immediately

adjacent to the paper produced small flashes and sparks for about a one-inch radius around the

fire.
(2) The same test using C/M coolant fluid was performed using stainless steel plate with a

1/16-inch deep "V'" groove. Ten drops of coolant were placed in the groove and five drops

on the paper cylinder. The paper burned for 90 seconds and there was some progression along

the groove as the plate heated.
(3) A test similar to (2) but using pure ethylene glycol took 3 to 5 seconds .to propagate

along the groove.
(4) The same test using C/M coolant fluid was performed on aluminum and stainless steel

plates after 18, 24, 46, and 48-hour storage in room air. The fire burned out in both cases
in about 10 seconds leaving about two thirds of the coolant on tl_e plate. There was some

sparking around the flame in all cases.
(5) When the 50 drops of standard coolant fluid on an aluminum plate was held under

reduced pressure about 80 hours and then ignited the fire spread to the residue and was
visible over the entire surface. The residue burned completely within 15 seconds after ignition.

The same test on a stainless steel plate with a_coolant exposed to dynamic vacuum for 9,1/2

hours shows partial burning of the coolant film.
(6) Tests performed by Raychem Corporation also showed that the evaporation residue

from water/glycol will propagate a flame (Ref. 8-100).

(7_ A test was conducted to determine if Teflon insulated wire soaked with water/glycol

would propagate a flame. This test simulated the wiring in the SCS junction box which was
burned in S/C 012..None of the samples would propagate a flame when ignited (Re/. 8-40

and 8-77).

SUMMARY

in 14.7 psia o.'9'gen:
(1) A pure ethylene glycol film on a stainless steel plate will propagate a flame at room

temperature.
(21 Water content in the C/M coolant will prevent flame propagation on thin films. Air

dD'ing for 48 hours does not produce a combustible mixture.
(3) Films of C/M coolant placed on horizontal stainless steel or aluminum plates and ex-

posed to vacuum" for e,.tended periods at room temperature will propagate a flame if ignited.
(4) Residues from previous G/M coolant spills in S/C 012 could have provided a fuel.

(5) Single wires and three.wire bundles were soaked with water-glycol and either air.dried

or vacuun_-d_icd and did not propagate a flame.
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d. T.EMPERATURE MAPPING OF S/C 012

OBJECTIVE

A study was initiated to determine the major heat zones in S/C 012. Samples of nylon Velcro

were used which had been heated to variou-_ temperatures. As part of this study the materials in

the S/C _,'re evaluated to determine which ones would aUow ready comparison of hot and cool
zonds in the spacecraft.

PROCEDURE

Combustible materials were used throughout the spacecraft including nylon Raschel Knit and

some plastic buttons or knobs on panels. Some of these were damaged but not entirely consumed.

The rderence material selected was Velcr0. Samples of nylon Velcro were heated in an oxygen

atmosphere at 16 psia at the Whi,,. ,sands Test Facility Laboratories. Each specimen was stopped

at its assigned temperature, preserved, and photographed for degree of damage and color. Speci.
ments were obtained for each 50*F increment between 300*F and 600*F.

RESULTS

The evidence that the fire was more intense on the left side than on the right side is summar-
ized as follows:

Material

Aluminum Panels

Velcro

"l'eflon Insulation

i

Type/Degree of Damage.
Jr I

Left Side

Blistered and whitened

Mostly burned off. Some

of the patches are only

partially burned.

Extensive damage. On some
wires the insulation is com-

pletely burned.

Right Side

No blistering. Some panels almost
undamaged.

Largely surface burning. Patches

melted and dripped more than they
burned.

Mostly surface damage.

In general combustible materials were burned, throughout the spacecraft particularly on the
floor and around the sides. The materials listed subsequently which were in the S/C at the time
ofthe fire were evaluated and an estimate of their role in the fire is as follows:

I)EBRIS NI';TS - Virtually consumed or melted. These were probably instrumental in

propagating the fire around the S/(;.

VI'LCRO - This was another major material for flame propagation. Combustion varied

from complete burning to only surface burning.

VI'IA)STAT PLASTIC SIIEETS -These were consumed in nearly all areas. The material

was a fuel but did not appear to be instrumental in spreading the fire.

F().\MS - :\ major fuel in the fire. The foam on the floor and on the ECU was nearly
consumed.

C()UCII .M.VI'H_,IAI.S - These pads and cover materials were partially consumed in the
fire.

TEFIA)N WIRE INSUI.ATI()N It did not appear to act as a fuel for the fire by it-

self and was intact in most areas of the spacecraft. The wire insulation was damaged by ,the
fire in those areas where fl,|[IR" impinged directly on the insulation. Areas _hcre the _sirc_
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were bare of Teflon reached temperatures in excess of 800°F.

The data from the above summary were combined with the condition of the Velcro observed

in the S/C to obtain the temperature chart presented in Enclosures 8-4 and 8-5 (Ref. 8-43). It

was observed that the number of conditions in the S/C fire were not all reproduced in the test

plan. As a re._ult the temperature ranges in the diagram are approximate (Rd. 8,34, 8-35, 8,36,

8-37, 8-43, and 8-44).

S U M M A RY

An estimate wag made of temperatures attained at various locations in S/C 012. This was

based on burning, meltirtg, and other effects observed on aluminum alloys, Velcro and Teflon wire

insulation coupled with calibration type exposures of Velcro materials to various temperatures and
times. The most intense heat was in the lower left front area. Over 1000°F was attained on surfaces

on the left side. However, in some isolated pockets temperatures did not exceed 400"F,

e. CORRELATION OF C/M MOCKUP TESTS

OBJECTIVE
These tests were made to (1) evaluate the integrated .combustibility of materials as they inter-

act in a fire representative of the S/C 012 accident, (2) to correlate test results with observations

made on materials in S/C 012 after the accident, and (3) to compare the observation of (1) with

tests at lower partial pressures of 02 .

RESULTS
_ ii

Test Description Status

Engineering Simulation of S/C 012

16.5 psia 02

All-Up Simulation of S/C 012

16.5 psia 02

3 S/C 012 Materials Configuration

5 psia, 02.

New Materials Configuration

14.7 psia Air

Complete Feb. 26, 1967

Complete Mar. 4, 1967

Complete Mar. 8, 1967

Scheduled .Mar., 1967

5 New Materials Configuration Scheduled Mar., 1967

5 psia (I2 (Ref. 8-98)

Comparison of the measured rate of pressure rise and the minimum rate calculated from mater-
ials characteristics is discussed in the subsequent section 7 g. "'Thetmochemical Adiabatic Analysis

of Fire Development". The test results are available in documented form. A test report covering

material usage and placement forms a portion of the backup data for this report (Ref. 8-11 through

8-17. and 8-28/, and in .the form of motion picture films (Ref. 8-87 and 8-88). Additional itfforma-
tion is contained in fihn (Ref. 8-99).

The 5 psia tests utilized approximately the s,une nonmetallic materials configuration except that

Velostat-covcred foam and nylon coverings on the suit hose were not included. Also, no oxygen
was added during the 5 psia tests as was done in the 16.5 psia tests.

SU,M M.\I_,Y

Judging from an initial review of test results and comparing the external appearances of mater-

ials from S C 012 and the mockup tests an effective reproduction of the S/C 012 accident was

accomplislwd
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Review. of the films of the 16.5 psia test indicates that after about a 10-second period the

fire was propagated very rapidly by the Raschel Knit. Velcro and Uralane foam aim were major

fuels in the conflagration.

Fire simulation mockup tests at 5.0 psia resulted in a much lower fire propagation rate, less

extensive fire damage before 02 supply exhaustion and a cabin pressure rise from the fire that was

limited by the cabin pressure, relief valve. The intensity of the fire in 5 psia 02 although less than

at 16.5 psia was still incompatible with crew safety and could be fatal to an unsuited crewman.

The results of additional tests applicable to this section of the report will be contained in Ap-

pendix G.
fi FIRE PROPAGATION TEST OF RASCHEL KNIT AS INSTALLED.

OBJECTIVE

Determine fir_ propagation rate for Raschel Knit material in a configurationas installedin

C/M 012 Mong the floorand sidewall inter_ectionnear the ECU.

PROCEDURE

Raschel Knit was installed in the test chamber with tile long dimension (about 2 feet) hori-

zontal and the narrow dimension (about 8 inchez) aligned about 20 degrees from the vertical. Ig:

nition was accomplished by a Nichrome wire element touching the Raschel Knit at about the mid-

point of the vertical dimension and a measured distance from the end point. The chamber atmos-

phere was about I00 percent 02 and near ambient pressure.

RESULTS

Preliminary results from two tests, reference 8-106, obtained with a visual observation and stop

watch technique gave average rates of about 2 inches per second.

SUMMARY

t lorizontal flame propagation rates of fairly large pieces of Raschel Knit material as used ill

C/M 012 below the ECU ill oxygen at ambient pressure have been measured at about 2 inches

per second. This rate is about twice as fast as the downward rate obtained with small samples
in nearly the same environment during materials screening tests. This large increase shows the

importance of ttmting materials in the intended-use arrangement.
g. TItF.RMO('ttE.klIC,.\I, ..\DI.\BATIC ANALYSIS OF FIRE DEVELOPMENT

OB] ECI'IVI"
The objective of this analysis is to correlate S/C 019 and boilerplate temperature and press-

urc changes with time. This will establish energy balance correlations with the combustion char-
acteristics of materials.

SUNINI.XRY

:\ supporting task showed that the total energy available from complete combustion of the

Raschel Knit, \:elcro, Trilock, and Uralane foam present in .S/C 012 was over 300,000 Btu. Only

about '33(R1 Btu Ibased on an adiabatic process) would be required to raise thc interior pressure

of tile (:/M from 16.5 psia to 36 psia. Thus many times more fuel was available than nccessat T

to provide sufficient heat on burning to reach estimated burst pressure (approximately 20 psi posi-
tive differentiall. The minimum energ T (approximately 331_) Btu) could be obtained from only

about 4 ounc_ of Raschel Knit, Velcro, or polurethane foam, or 1/2 pint of Command Module

water glycol coolant (ref. 8-61).

15mired theoretical calculations indicate that burning of either Raschel Knit or Velcro alone

would probably release a sufficient quantity of heat to raise the cabin pressure from 16.5 to esti
mated burst pressure 136 psi,t_ in less than fourteen seconds from initiation. By this time a quantity

e, luiv,dent t- a hole of over 14 in. radius would have been burnt in the Raschel Knit and ap-

proximately 11 in in the Velcro consuming at least 3.11 ounces of either material and less than

2 percent ot' the .tv,tilable t'l.'_'gt_ll.
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Based upon a number of known and estimated conditions and assumptions the mir;mum rate

of pressure rise as a function of time was calculated (enclosure 8-6). This curve is based primarily
on the slowest rate of combustion of Raschel Knit, i.e., in the vertical downward direction and

its heat of combustion. For reference purposes pressut'e measurement from S/C 012 and the esti,

mated curve (from Panels 3, 5, and 10) are also shown for comparison on the same plot. Press-

ure mcasurenlcnts during tile 16.5 psia mockup iest (SMD_2B) at MSC (normalized to a zet'o time
base and 16.5 psia starting conditions) are also ploued.

Fire development characteristics vary with initial starting conditions. Thus, similar theoretical

analyses we.,'e nmde for space conditions, i.e., assuming external vacuum and internal 5 psia pure
02 and using Teflen and Raschel Knit materials as limiting cases. The maximum or most favorable

conditions were assumed for the burning of the Teflon.

The approach consisted of calculation of the minimum amount of heat necessary to raise the

crew bay pressure from 5 psia to that under consideration. The amount of Teflon or nylon nec,.

essary to produce this amount of heat and the times nec_sary to consume, these amounts were
then calculated. The baseline burning rate of Teflon (5 mil film) was taken as 0.38 in/see mea-

sured in the upward direction and burning in a semicircular fashion in 1 g. Admittedly, such
a favorable condition for Teflon burning probably will never occur. However, even under such

conditions at least 80 seconds would be required to reach the estimated burst pressure. In this

time frame normal adiabatic expansion of the gas would not occur because the heat sink capa-

bihty of the structure would be utilized partially. This heat.sink capability would give additional.

time to take corrective action. For example, it would take in excess of 95 seconds to heat the

cabin gas to 160o1: (assmning that the ECS was inoperative). Thus, the burning of Teflon sheets

is not likely to cause ovcrpressurization and structural failure of the Apollo C/M. (Ref. 8-56,

8-59 and 8-47). However, as indicated proviously Teflon can propagate a flame so that its use
over wide areas of tile S/C should be limited.

h. TItEORETICAL COMBUSTION ANAI,YSiS

OBJECTIVE

The objective of this investigation is to evaluate combustion processes and data from other fire

incidents to acquire further insight into initiation: and propagation of fire in spacecraft. A second

objective is to evaluate proposed remedial approad,m involving materials selection and placement.

I'ROCEI)URE

These analyses arc b/:ing carried out by the Atlantic Research Corporation.

R ESU LTS

In preparation.

SUM,XlARY

Test resuhs applicable to this section of the report will be contained in Appendix G.

8. RESULTS OF SPECI:\I, INVESTIGA'I'IONS AND TEST • DESIGN AND INSTAI.I,ATION
CRITERIA AND C()NTROI,S OVER ,MATERIALS

This action presents investigations undertaken to evaluate design and installatiou criteria and con-
trols over ntaterials used in S/C 012.

a. NAA GRi'I'ERI.\ .\:,;D M.VITRIAI.S PROCEDURES

( )B,I ECTI \'E

The objective of this investigation was to evaluate existing criteria and controls covering flant-
inability of ntaterials in effect by the prime contractor.

sik',MMARY

With respect to the .% C 012 fire, tire N.\A Specification MC.q99-005"8 (Re(. 8-84) and MAO

155-1_)8 covering the selection and usage of nometallic niaterials for flight had the followit_g in-
adequacies.
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(1).The criteria did not require any combustion rate testing.
(2) There were no restrictlians on total quantities of combustibles which could be placed

in the cabin.

(3) The criteria did not require any restriction on quantitiez or location of particular
materials.

(4) Material selection flammability criteria were not stringent enough.

(5) Requirements for flammability control of nonflight materials, including the usage of
flammable solvents, were not established.

With respect to the implementation of controls, the following inadequacies , were determined:

(1) The existing system for controlling installation and usage of materials to the established
criteria was not effective.

(2) Cor_trols were deSign-oriented but were not restrictive.

(3) Control and documentation of subcontractor materials usage was rmt adequate (Rd.
8.71, 8-72, 8-89, 8-55 & 8-63).

b. NASA/MSC CRITERIA AND MATERIALS CONTROL PROCEDURES COVERING THE

SELECTION AND USAGE OF NONMET-\LLIC MATERI-XLS FOR FLIGHT OBJECTIVE

The objective, of this investigaton was to evaluate existing criteria and controls in effect for

government furnished equipment.

SUMMARY

With respect to the S/C 012 fire, the NASA MSC-A-D-66-3 and MSC-A-D-66-4 criteria had

the following inadequacies:

(1) The criteria did not require evaluation of ignition and combustion rate at 16.5 psia

oxygen. The criteria were oriented toward flight conditions of zero g and 5 psia oxygen.

(2) The criteria which specified combustion rate tests (downward) yielded results at the

lowest rate possible in a one-g environment.
(3) The total quantity of combustible materials which could be used in the cabin was not

limited.

(4) The materials selection flammability criteria and restrictions on individual quantiti_..

and locations were not stringent enough (Ref. 8,85 and 8-86).

(5) Requirements for flammability control of nonflight materials, including usage of flam-
mable solvents were not established.

With t'espect, to the implementation of controls, the following inadequacies were deter-
mined:

(1) Many materials used were qualified only by successful usage on prior programs.

(2) The existing system for controlling installation and usage of materials to the established
criteria was not effective.

(3) Control of flammable materials installation was exercised by several organizations which

tended to act independently.

(4) Control and documentation of contractor materials usage was not adequate. (Ref. 8-8,
8-9, 8-73 & 8-90).

(5) NASA criteria was not contractually imposed on the S/C contractor.

A physical "walk-through" inspection of S/C 012 was condacted at Downey o:, August 20,
1966 as part of the CARR activity. As a result of that inspection, nylon-Velcro chafe guards
were removed from the electrical harness assemblies on the S/C floor and those around the sides
and beneath the crew insertion hatch.

Subsequent to that inspection and after delivery the materials identified in tables 3 and 4
_ere added. Materials added included Raschel Knit debris nets, a large amount of Velcro, and

Velostat plastic sheets and foam pads.
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A "walk-through" inspection for S/C 012 was schedule for January 29, 1967 to review the

arrangements of the large usage materials in the crew bay. (Ref. 8-89). While the results of this

planned but not accomplished inspection can only be speculated, it is anticipated that the team

made up of the same experienced people who had previously inspected S/C 012 at the factory
and S/C 008 at MSC would have been concerned with the extensive use of Velcro and Raschel

net (Ref. 8-60).

A similar inspection was made of the S/C 008 crew bay area before the altitude chamber

tests were conducted in the Space E,lvironment Simulation Laboratory at MSC. This inspection
resulted in a number of changes including removal of the nylon-Velcro chafe guards, polyvinyl

bags, a wooden wire bundle stiffener ar.d the.rework and qualification testing of a sealed Teflon

and beta cloth for the polyurethane floor pads.

"Walk-through" inspections of spacecraft with NASA/NAA personnel have been utilized to

perform a check of the installation of the nonmetallic materials visible in the cabins. During such

inspections it. has been possible for the team to judge on the basis of the NAA .criteria and NASA
criteria.

As noted the NASA effort to update the .existing NAA Nonmetallic Materials criteria and

control procedures _had not been completed prior to January 27, 1967. Some of the more .significant."
milestones on the updating efforts are listed in Ref. 8_101. Many of the contractor responses to

NASA requests were in the form of status reports presented at regular NASA/NAA management

meetings. The NAA responses culminated in a January 10, 1967 letter (Ref. 8-102) which was not

acceptable to the NASA. Later, agreement was reached as confirmed in NASA TWX's of January

17, 1967 in item 15 and 18 of Ref. 8-101. This resulted in the January 27th revision of MC999_

0058(E) which reflected the adoption of NASA criteria (Ref. 8-50 and 8-51).

The adoption of the NASA criteria through change to the contractor's nonmetallic materials

criteria (MC999-0058) would not necessarily have prevented this accident because the cause has not
been identified and because the NASA criteria also had some shortcomings as noted. However, the

relative effectiveness of these two criteria is shown in Enclosure 8-97 by a comparison of the status

of the major flammable materials attached to the spacecraft relative to these criteria. The two most
significant differences were the restrictions given to the application of Velcro and the Uralane. foam
in the N.\SA criteria. Such restrictions would have prevented the installation of these materials

any closer than, 12 inches to electrical leads. This would have made a significant difference in the
amount of both of these materials installed in the spacecraft at the time of the accident. The differ,

ence in the amount of permissible Velcro on and by the hatch and on the floor is shown by com-

paring the Velcro installation in Enclosures 8.17, 8-8 and 8-9. Only the Velcro shown in red in
Enclosures 8-8 and 8-9 would have remained.. Much of the Velcro used to support.the Raschel

would have been prohibited. Under. the same enforcement assumption, most of the foam would
have been removed.

c. REVIEW OF WIRE BUNDLE TESTING

OBJECTIVE

The objective of this analysis was to review the results of government and industry tests on
the subject of ignition and flammability of spacecraft wires.

PROCEDURE

Available test and evaluation data on spacecraft wire bundles were reviewed (Ref. 8-95).

SUMMARY

Although flammability by itself may not be in every case the deciding factor, silicone rubber
and polyolcfin are so flamnmble that they appear to have limited usefulness at least in an oxygen

atmosphere. On the other hand, II-film appears to be relatively fire resistant. Teflon insulation on

electrical wiring propagates a flanw in high concentrations of oxygen only .when heated.
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d. AVAILABILITY OF ALTERNATE MATERIALS

OBJECTIVE
The more prevalent flammable materials in the cabin are nylon debris netting, nylon Velcro,

polyolefin couch padding, polyurethane foam and suit material. The objective o1_ this task was to .
determine if nonflammable "or less flamrnable alternate materials are available for replacement of

combustible materials in the spacecraft.

RESULTS
The following material_ are suitable for str6ng[hening, insulating, cushioning and filling to re-

duce combustion rate of a bonded product. They are documented in various government, industry

and manufacturers' reports as being nonflammable:

Fiberglass Potassium Titanate
Beta Fabric Eccospheres

JM Microfibers Asbestos
Q felt Silica
Min-K Cabosil.

Govermnent and industry documents present a great deal of data concluding that fluorinated

plastics and elastomers have a very slow burning rate and are difficult to ignite in 5 psia oxygen.
It is known that fluorinated polymers will produce harmful gases when subjected to temperatures
over 600°F. Gases produced during flaming are not as harmful. The following are candidate fluor-

inated plastic and elastomeric matrix materials:
Teflon (TFE) Kynar

Tefon (FEP) Fluorel

KeI-F (CTFE) Viton A

Fluorosilicones

Typical commercial materials with low burning rates comparable to Teflon or which are non-

flammable are presented in the following table (Ref. 8-58, 8-59, and 8-69).

Material Type

Kel-F n-CF2-CFC1

Aluminum Screen Silicate coated

Metal Net n-CF2-CF2CI-n
Fluorocarbon

Elastomers

Fiberglass Teflon
Armalon Felt

(PBX-7700B)

J.M. Microfiber Felt
Ceramic

Min-K Felt Aromatic

t t- Fihn Polyimide
Seller

Inorganic Paper Ceramic

Crystal M, MP, or MG
Sauereisen Ceramic

Cement No.'s 28, '29 (Cold Set)

or 51

Displays of ava,lable materials are shown in Enclosures 8-18 and 8-19. Attachment methods as

replacements for V_'lcro are shown in Enclosure 8-2(/.

St.' M MARY
Nonflanunable (or significantly less flammable) materials which probably will meet-the use re-

quirements for most of the-flammable mate:'iais used in S,'C 012 were determined to be available
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from commercial sources (Ref. 8-59). For example, fiberglass screens or fabrics are essentially non-

flammable items which probably can serve as debris traps. Ceramic fiber batts in nonflammable
covers are available for use as cushions, insulations, etc. Final choices of materials should be verified

by test approximating their applied configurations.

e. CREW COMPARTMENT PROCESSING AND ENVIRONMENT TIME LINE

OBJECTIVE

The objective of this analysis was to determine the history of the materials proc_ses and envir_

onment time line for S/C 012 crew compartment during January 1967.

PROCEDURE

A detailed review of certain C/M related documentation, including DR's, DRS's, and TPS's,
was undertaken to define those nonmetallic materials, which were installed or utilized within the

crew compartment of the C/M since its receipt at KSC. Interviews with personnel who were in.
attendance during the performance of OCP FO-K-0021-1 (Plugs-Out Test) were undertaken to fur- .

ther describe the actual C/M nonmetallic configuration at the time of the accident. Cabin environ-

ment conditions, i.e., 02 partial pressure, temperature, flow rate of circulating air were determined

and plotted to display a profile of these parameters from the end of OCP FO,K0034a (Manned

Sea Level Test) December 30, 1966 to 6:31 pm EST on January 27, 1967.

RESULTS

The tabulation of materials added by DR, DRS, and TPS action in January 1967 (Ref. 8-45,
8-62, 8-63 & 8-64) is shown below:

Water/glycol (leakage)
Pressure-sensitive adhesive-backed aluminum foil

Freon (cleaning)

RTV 560 (potting)

Methyl-ethyl-ketone (cleaning)

Sealing Compound (MBO 130-019) and primer (MBO 125-038)

Napthalene - Carbon tetrachloride mixture (cleaning)
White Paint (MBO 125-019)

Epon 828 with Versamid 125 (potting)
Glass fabric tape

Epon 954 (bonding)

Teflon tape

Naptha (cleaning)

PRC 1538 (potting)

Teflon heat shrink sleeving

RTV 577 (potting)

Loctite Grade ltX', primer (sealing)

Isopropyl alcohol (cleaning)
Leak check soap solution

..\cid paste

Review of these materials against the NAA control specification MC999.0058 showed that 6

were accepted, 4 were rejected but waived, and 10 did not appear (Ref. 8-55).

Solvent usage in S/C 012 is estimated as follows for this time period:

methyl-ethyl-ketone
Freon

Leak check soap solution

lsopropyl alcohol
Acid Paste

2 quarts _
1 quart

I pint

1 quart"

0.1 pint

" Used as a basis for analysis reported in Section 6.a.
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A graphic time line on solvent usage was prepared.based on the preceding data. Pertinent ex-

cerpts are included in Enclosure 8-7, which depicts the last utilization of solvents, the detection of
odors and the basic environmental parameters in the spacecraft cabin. (See "Materials Odor Evalua-

tion", 6.5.). Although etchants were not used in the crew compartment a summary study of the

potential effects of various etchants was compiled and is presented in References 8-52 and 8-53.
Evaluation of the results reveals that many process materials were added in January, 1967. The pro-
cess materials noted were either installed in such a manner or in such minute amounts that their

contribution to the fire intiation even though possible is considered remote.

Approximately 4.5 quarts of solvent were used in the spacecraft through January, 1967. How,
ever, results of a cabin environment air sample taken at 10:15 pm EST on January 26, 1967, indi- .

cated less than 1 ppm total hydrocarbons. This result tends to r_luce concern that solvent vapors

could have been a fuel for the fire.

9. RESULTS OF SPECIAL INVESTIGATIONS AND TESTS .TECHNICAL DATA AND INFOR-

MATION AVAI LABI LIq.'Y

This section deals with investigations of the feasibility of methods for improving technical informa-

tion availability to primary activities having materials selection, installation and control responsibilities.

a. MATERIALS MAPPING AND CREW BAY DISPLAY OBJECTIVE

The objective of this analysis was to develop S/C 012 materials usage displays and to evaluate

the feasibility of maintaining displays of nonmetallic materials usage with the LM and C/M crew

bay. The purpose of this display was to locate the nonmetallic materials that may become flamm-
ability hazards due to their close proximity to ignition sources. The intent of this display was to.

graphically, illustrate the individual materials, location, approximate amounts, identity of the

materials and their status.

RESULTS

The types of displays that were considered arc as follows:

(1). Photographs for schematics.

(2). Overlay on schematic.

(3). Display board of actual material samples.

(4). Scale model of crew compartment interior.

A system that worked wcll during the Apollo 204 accident investigation has been to photo-

graph thc interior of the crew bay exhibiting by color photographs the location of the various
pieces of associated equipment. This system involved one overall crew bay enlargement with indivi-

dual "'closcup" color photos of pieces of equipment and localizcd areas (Ref. 8-65 and 8.68).

SUMMARY

Maintenance of spacecraft nomnctaltic materials usage displays is feasible and useful.

Preparation of the full-scale mockup of S C 012 revealed the continuous fire propagation

path presented by the placement of Raschcl Knit andtor Velcro in the crew bay.

b. MATERI.\I,% INF()RM.VFION CENTER

Objective
The activities of the ,Materials Panel illustrated the need for:

(1) The rapid av,filahililv of material,', inlormation inchMing usage and propert.v data.
(2) The availability in graphic form of location and usage of nonmetallic materials in manned

spacecraft.
(3) Increased awareness of pcrsotmel at all levels of characteristics of nonmetallic materials.

(4) Provide test data and means for getting new materials tested to appropriate criteria.

The objective of this stud.v was to evaluate the feasibility of implementing a more active information

interchange system.
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RESULTS

An objective review of the materials information program has resulted in .a plan for its reorien_
tation toward a more active role in acquiring and distributing vital materials information. The
targets for receipt of this information are program management, corRractors, and field sites.

Displays covering materials usage in S/C 012 have been l_repared. A feasibility study of
maintaining individual spacecraft usage data in graphical form has also been prepared.

The existing computerized materials file maintained at MSC was reviewed. The expansion
of this system to accommodate test data, usage locations and spacecraft effectivity and material

status, including waivers is feasible and is being implemented. The target date is June 1, 1967
(Ref. 8-68, 8-81 & 8-d2).

SUMMARY

The results of this study indicate the feasibility Of a central data murce for acquisitiorL storage,
display and distribution of materials information.

Materials configuration can be maintained in a centralized document. This can be accom-

plished On each vehicle and reviewed during each Customer AcceptanCe Readines._ Review (CARR),

and Flight Readiness Review (FRR). During fabrication and test of each vehicle, configuration

control .and status can be maintained. Materials information on the use and applications of
hazardous materials can be distributed tO Program Management, Apollo contractors and field-
sites. This can be accomplished through workshops, film strips and formal presentations.

10. UNFINISHED BUSINESS

The following items of unfinished business arc open.

ITEM SECTION EST. COMP. DATE

Routine Materials Testing
Electrostatic Spark Ignition -

Suited Man in Spacecraft Tests
Effect of Water/Glycol on Wire Bundles
Effect of Water/Glycol on Connector

Assemblies

Effect of Burning Foam Insulation on

0 2 Lines
Command Module Mockup Tests

Theoretical Combustion Analysis

5 May 26

6.c April 15

6.g June 23

6.h April 21

7.a April 15

7.e April 15
7.h April 7

D. FINDINGS AND DETERMINATIONS
. 1. ,MATERIALS CONFIGURATION

a. FINDING:

Complete documentation which identified potentially combustible nonmetallic materials used

in S/C 012 is not available in a single readily usable format. A total of 2,528 different potentially
combustible nonmetallic materials which were probably used on S/C 012 were found by a review
of available documentation.

I)tYI'I';R M INATION:

The program for identification and documentation of nonmetallic materials used in the S/C,
including their weights and surface areas, was not adequate.

There is no system in effect through which nonmetallic materials configuration changes are
tracked, reported, evaluated, and controlled in an integrated manner.

b. FINI)ING:

Test data providing individual combustion properties in environments of 5 psia to 21 psia
oxTgen were available for 550 of tto potentially combustible nonmetallic materials identified as

possibly being used. Data on higher procure testing were available only on suit materials, Velcro
and K-10 flight paper.

DETERM NATION:

Flammabil'ty test requirements were not standardized at the time the referenced tests were
accomplished.



Largenumbers of potentially combustible nonmetallic materials were used in the fabrication

of S/C 012 without specific correlated combustibility test data. Test data were available at high
0 2 pressures (to 21 psia) to define the combustion characteristics, of some of the major _naterials
which contributed heavily to the fire.

c. FINDING:

Installation records including photographs and redlined drawings were" maintained at KSC
which contained descriptlons,of materials added to S/C 012.

DETERMINATION:

Methods for identifying configuration changes related to materials were operational at KSC.

2. ROUTINE MATERIALS TEST
FINDING:

Raschel Knit, Velcro, Trilock and polyurethane foams burn about twice as fast (in the down..
ward direction) in 16.5 psia as in 5 psia 0 2.

DETERMINATION

The primary fuels for the fire. burned over twice as fast in the early stages of the fire in .

accident conditions (16.5 psia)than in space flight atmosphere for which they were evaluated
(5 psia).

3. FIRE INITIATION SPECIAL INVESTIGATION

a. Retention of Solvents
FINDING:.

Laboratory analyses indicated that solvent retention by test specimens was significant. The

analyses also indicate that the evaporation characteristics of the solvent is such that vapor con-
centration fell below the lean.flammability limit after 11/2 hours.

DETERMINATION:

The presence of significant volumes of concentrated vapor in the spacecraft is unlikely. How-

ever, the. retention of solvents in the surface layers of solid flammable materials could possibly
contribute to their ignitability.

b. Materials Odor Evaluation
FINDING:

Odors similar to that of sour milk .and methyl.ethyl-ketone were reported before the fire during
suit and cabin purge operations.

Thresholds of methyl-ethyl-ketone and isopropyl alcohol detection by smell are approximately
.01 percent to .03 percent by volume and concentrations described as strong, irritating or sickening
range from 1 percent to 4 percent by volume.

DETERMINATION:

There is no evidence that.Significant concentrations of organic vapors were, present in S/C 012
at the time of the fire,

c. ELECTROSTATIC SPARK IGNITION
FINDING:

The maximum electrostatic spark energy generated and measured on a man suited in a space
suit was about 4 millijoules.

FINDING:

Ignition of the more flammable S/C 012 solid materials tested required spark energies of
190 millijoules or greater.

FINDING:

Ignition of solvent vapors in oxygen can take place at spark discharge energies as low as
0.002 millijoules. Ignition of methane vapors in oxygen can take place at spark discharge energies
as low as 0.004 millijoules. Ignition of solid materials damp with solvents can take place at spark
discharge energies as low as 40 millijoules.

DETERMINATION:

Ignition of solid materials by electrostatic discharge is not a probable cause of the S/C 012 fire.
DETERMI NATION:

It is possible from an energy consideration that methane and solvent vapor can be ignited
by electrostatic discharge. Nevertheless, this is not believed to be a pouible cause of the fire.

d. COBRA CABLE SPARK IGNITION
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FINDING:
Connecting and disconnecting of spacecraft qualified Cobra connectors at normal loads did

not create sufficient energy to ignite concentrations up to saturation (approximately 12 percent) of

methyl-ethyl-ketone in 16.4 psia oxygen. An increase in loading to 2.5 times operating amperage
in 4,0 laereent of MEK yielded no ignition.

DETERMINATION:

Ignitionofflammable concentrationsofsolventvapors by connecting and disconnecting

Cobra connectorsisan unlikelyignitionsourceforthe S/C 012 fire.
c.IMPACT SENSITIVITY.OF MATERIALS IN GOX

FINDING:

Preliminary high energy impact testson Vclcro and Raschcl Knit in 16.5 psia oxygen produced

ignitionand burning.
FINDING:

A survey of similarspacecraftand mockup failedto disclosethe possibilityof any high impact

conditions.

f.SPONTANEOUS IGNITION OF S/C012 MATERIALS.

FINDING:

Results of testson S/C 012 materials considered to bc most flammable with and without

solvents(,ncthyl-cthyl-kctone,isopropylalcohol)and coolants(water/glycol)did not resultin spon-

taneousignitionator below 400°F in any case.
DETERMINATION:

Spontaneous ignition is an unlikely ignition source for the S/C 012 fire,
g. EFFECT OF WATER/GLYCOL ON WIRE BUNDLES
FINDING:

Conditions required for wet-wire fire ignition through electrolytic action are damaged wire

insulation, presence ot an electrolyte and electric potential between damaged wires and a flammable
substance in the proximity, A test has shown that ECS coolant applied to a purposely damaged

wire of a type used in the C/M caused a fire,
DETERMINATION:
The required conditions.could have been present in S/C 012.

h. REVIEW OF KSC CONNECTOR TEST WITH WATER/GLYCOL

FINDING:

An unpotted connector with some unused pin channels subjected to water{glycol and placed
under DC stress developed a short circuit.

DETERMINATION:

Water/glycol electro-corrosion products and residue are conductive and capable of acting as

an electrolyte,
4. FIRE PROPAGATION SPECIAL INVESTIGATION

a. WATER/GLYCOL LEAKAGE IN SPACECRAFT

FINDING:

There have been 35 instances of water/glycol leakage on Block i Spacecraft involving approx-

imately 320 ounces.
DETERMINATION:

The water/glycol distribution system requires corrective action to eliminate leakage,
FINDING:

Prior to the accident there had been no electrical system failures attributable to the water/glycol
leaks.

DETER M I NAT ION:
The electrical system has some tolerance to water/glycol spillage,
FINDING:

There is no standard cleaning procedure in effect to remove water/glycol spills or residue.
I)t'TEI_,.M I N:\TION:

There is a probability that watcrCglycol residue is present in areas of all Block I Spacecraft.
FINDING:

Six instances of water/glycol leakage were recorded for S/C 012. Of these, one maned several
SCS connectors and wire bundles. Some corrective action was taken to clean all known spills in
S/C 012.
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DETERMINATION:
Water/glycol residues may haye been present in areas of S/C 012 including on wire bundles

and connectors.

b. FLAMMABILITY OF WATER/GLYCOL RESIDUES

FINDING:
Tests in a 14.7 psia oxygen atmosphere on horizontal surface show films of C/M coolant

will not propagate a flame before or after air drying for up to 48 hours, Films of coolant will

propagate a flame after exposure to reduced pressure for periods of 60 to 80 hours. Pure ethylene

glycol will propagate a flame in a similar atmosphere,
DETERMINATION:
Residues from previous standard, coolant fluid spills in S/C 012 might have provided a path

for flame propagation on materials that were wetted. Spills or leaks in the early stages of the fire

would burn when heated.
c. TEMPERATURE MAPPING OF $/C 012

FINDING:
Surface and bulk damage of materials in S/C 012 varied from melting and blistering of

aluminum alloys, combustion of Velcro and melting and burning of Teflon wire insulation to

slight surface damage and melting of nylon fabrics.
DETERMINATION:
The fire filled the S/C interior. The most intense heat was in the lower left front area around

the ECU. Surface temperatures in excess of 1000°F were reached in areas such as the front and

left. side of the spacecraft. Surface temperatures were less than 400°F in isolated pockets above

the right-hand couch.
d. CORRELATION OF C/M MOCKUP TESTS

FINDING:
The condition and appearance of individual materials after the 16.5 psia oxygen boilerplate

test approximated materials conditions observed in S/C 012. The pressure rise measured in the
boilerplate test approximated that in the S/C 012.

DETERMINATION:
A reasonable simulation of the S/C 012 accident was achieved by the boilerplate .tests.

FINDING:
The rate of flame propagation, the rate of pressure increase and the maximum pressures

achieved and the extent of conflagration in 5 psia oxygen boilerplate tests was much less severe
than observed in the 16.5 psia oxygen boilerplate tests. Burning or charring w,., ,imited to ap-

proximately 29 percent of the nonmetallic materials by oxygen dtpletion.
DETERMINATION:
The conflagration which occurred in S/C 012 at 16.5 psia would be far less severe and slower

in a spacecraft operating with an environment of 5 psia oxygen if additional large quantities

of oxygen are not fed into the fire.
DETERMINATION:
A fire in a spacecraft configured as S/C 012 operating with a 5 psia oxygen environment

could be fatal.
FINDING:
The early stages of fire propagation in the boilerplate tests were observed to be dependent

upon the combustion rate and location of the materials. The observed rates appeared to have
been much greater than the factor of two increase measured .downward in the laboratory tests

when the oxygen pressure is increased from 5 psia to 16.5 psia. The additional increase in rate
in the boilerplate tests most likely occurs because of the combined effect of burnin_ upward and
along the continuous paths provided b,v flammable materials. This is substantiated by preliminary

results referenced in 8.106,

I)I'TERMINATION:

The spread of fire at 16.5 psia operating pressures is too rapid for effective remedial action

in spacecraft with combustible materials arranged as in C/M 012. The spread of fire at 5 psia

operating pressure_ is probably too rapid for effective remedial action by an unsuited crewman.
e. TIII'RMO-('IIE.MIC.\I, ANALYSIS OF FIRE DEVELOPMENT

FINDING:

D.8.33



The energyavailablefrom about four ounces of Raschel Knit or Velcro could raise.thepressure

in a closed C/M from 16.5 psia to 36 psia in lessthan 14 seconds afterignition. (Calculations

assume complete CombustiOn and adiabaticconditions).
FINDING:

TeflOn materialsdid not burn appreciablyin S/C 012. Calculationsbased on laboratorydata

indicate that Teflon could not have contributed appreciably to the rate of pressure rise. The
total energy available from the Raschel Knit, Velcro, foam, Trilock and polyurethane materials

was much greater than necessary to raise the cabin pressure from 16.5 psi a to 36 psia.
DETERMINATION:

Teflon provides an insignificant fire risk.
DETERMINATION:

There was considerable excess COmbustible material available with which to raise the C/M

pressure to the estimated burst pressure.
5. MATERIALS INSTALLATION CRITERIA AND CONTROLS

a. NAA CRITERIA AND MATERIALS CONTROL PROCEDURE
FINDING:

The NAA materials selectionspecificationMAO 155-008 requires only that a material pass

a 400*F spark ignitiontestin 14.7 psiaoxygen.
DETERMINATION:

The NAA criteriaformaterialsflammabilitycontrolwere inadequate.
FINDING:

A system for controlof nonmetallicmaterialsusage existedat NAA during the design,fabrica-

tionand assemblyofC/M 012. The NAA materialscontrolsystem isdesign oriented.

DETERMINATION:

The system is permissiveto the extent that controlsover the installationor use of flammable

materialsarc not adequate.
FINDING:

There were non/light items containing combustible,materialsin C/M 012 during thistest.
FINDING:

No flammability criteriaor control existed covering nonflightitems installedin C/M 012.

fortest.

DETERMINATION:

Lack ofcontrolofnonflightmaterialcould have contributedto the fire.
b. NASA-MSC CRITERIA AND MATERIALS CONTROL PROCEDURES

FINDING:

The NASA materialsselectioncriteriaMSC-A-D-63 and MSC-A-D-66-4 requiresthat.a material

pass a 400*F spark ignitiontest and a 0.5 in/seecombustion rate (measure downward in 5 psia

O2). Raschcl Knit and Vclcro (hook)pass thistest.

DETERMINATION:

The NASA criteria for materials flammability control are not sufficiently stringent.
FINDING:

The system for control of nonmetallic materials usage at MSC during the design and develop-
ment of government furnished equipment used in C/M 012 depe**ded on identification of non-

compliance with criteria by the development engineers.
DETERMINATION:

The NASA materials control system is permissive to the extent that installation or use of

flammable materials were not adequately reviewed by a second party.
FINDING:
The NASA criteria were intended to limit the use of Velcro and L'ralane foam to distances

greater than 12 inches from wire bundles.
FINDING:

Nonmetallic materials selection criteria utilized by NAA and NASA arc not consistent. The
NASA criteria, although more stringent, were not contractually imposed on the S/C contractor.

DETERMIN:\TION:

Materials sverc evaluated and selected for usage in C/M 012 using different criteria. -_pplica-
tion of the N:\S.\ criteria to the C .M would have reduced the amount of the more flammable
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materials (Vclcro and Ur,dauc li_:_u_

I'[NDING:
";isuaI "walk.through' inspections had rt'sultcd ill removal of coml,u_tiblcs iu the prOximity

o1_ wire bundles on ('[M 012 hcfol:c i|elivt'ry and on C/M 008before manncd tcsting_ Such in-

spt,ctiou had not Iwen made bcf_3rc t)(_l _ |:t).K 0021: |
l)l'Tl'b _,Nl IN .V l'l( )N:
Visual iuspcctions haw" resulted ill rcmov_fl of (xmlbustiblc materials from potential ignition

souffles (wirt" huudlcs_.
c. AVAII,.\|ilI,iTY (}F Ai.TFRN..\T[" MATERIALS

FIND1N(_:
.\ltcrnAti, m,ltcrial,g which ,u'c nonflammable or significantly li'ss t;lammable than those used

on C, NI 012 at'i" av,tiI,tblt" for t.tart\" applicatioals.

I)E" I'F,t¢, Nl 1N .IT 1ON :
The amount of comhustihlc mati.ri,ll used ilk l;ouuuaud Modules cau hc limited.

6. TEC11NIC.\!. DATA AND INFORNI.XTIt)N AVAI I..\|tlI,ITY
MA'ITRIAI.S INI:CJRM.XTI()N CENTER

FINDINt_"
('ui:rent i,lforlUatkm and displ,lys ot the potcntiallF fIauuualflc materials cotffiguration of S/C

012 was not ,wailablc prior to the firc.

I:INI)INt,:
.\.ccntr.di.,cd sourcc lot nu,crud- d,u.: _,ts c,t,d_h_hcd Ior tlw I_o,u'd i'.ulcl 8 (N|,|tt'ri,ll.n llt'x'it'xt'L

and

i)[.'.'I'ER.M 1N.\ I'I()N:
Nl,dtucuancc of data and displavs at central locations ,tud It-s! sitcs for in,maget:lent visibility
control of fl.unuufl)h' m,ttt'ri,ds is t't',lSihlc ;uld useful.

l:. SL'PI't)IC, TIN(; I)..\T.\

This sect|ira contains rcfct'cnct_ It) supporting-data in the form of .'cpotts, lists and other

dOClltllcnts. Also included ;It'|' |)holOgraphs, t:lhh_ and graphs css('ntial tt_ provith" t'otllpl¢'li'tit_.':4 ot

this final rcptu't.
Itctu.', arc xlttlllbtrt:d 8 1, t'l. st'q., for thosc displays ¢xicloscd iu this section. Supportiug rc|+orts

_IIWI I'¢ftWt'liCt'S riot im'hMcd iu flU., report arc nluubcrcd cousccutivch'.

Su|)portiug d._,t,i ini'ludcd arc listed hob)w:

I:uclo.surc Dcscription

ill

8'2
8 '.4

tl.t

_'li)

g7
14,14

149

at2

tl l:l

._tll IISt'd

Sautvh' pa.gc |mtu (' X! 012 Nl.ttcri,tls t.kulti.gur_tion. ,March t,, l.qtff
(_ XI 1112 I't'tlqq'l',ltltlt" Nl.qq_iug .uld Nl.ttcrmk l',,l_C I)i_t)l._ _ Prior to Fire (Ncg,
N,,. ltd_ 238t :.'2)

t: ,XI OI2 "l'cnywr,ttun' Nlht_l)ii_g and Materials Us, lgc l)islflay- .\(tcr Fin" tNcg. No
il_l_ 238ti :4)

t'. X! 012 I't'uq)cr.lturc ._l.tt)pulg I )vcrl.tv (NoR No. 2a.l I.qat:-!)
(: NI I)12 pl'rc'_.,mrc ,,"_Ihtt'nint: 'l'imc - Vch'ro or R._,,chcl Ku,I
_' kl _112 \l.ttcrml, ittuc l.mc

Expo_,cd Nmllnt't.llllc _latcrl.llS I.t_c,itltu:, -. \'l-hrt_ and l,$'Irc lhlnd]t's 12 lnth,'s .\part
on l"hxu' tNcg No '.4_,_t71:it'. '.l)

I','q,om'd N_umwtalll_' M.m'ttak l.o_',ltton Vclcro .rod _Tu'c lhutdle'_ 12 itlciw., .\t,,u't
Oil .\It Ilulkiw,td % l i.,tdl_ Nc!_. No 12_171'.it :.1 ]

.Mal,,t I,Niw.'_ed Nt,utuct.dh_ .M.ttcri.lls in (:. XI 012 INcg. N_ It,t_ 2.lgt:.t)

I':ni'_,_cd N,,nam't._lh, .M.ttt'i'mls I.,_'.llion (kmun.eud Module (lull|no" tNc'g N,, 211_.
It,At : I )

I'.xl,_,,cd %t,tutWt,llh_ .M.Hclt,II_ l,oc.tlmn X'clcm tNrg N,_ 21t_ it_'il: 4)
I:._,pt,'_cd N,,nilici,ilh. \l.ltrri.ll.I lait.itillii li'lqii'll ,llid ['r.il.lnr I:ll.iili tNcg. N..I 2ll_

il,]'t i, I

D 8.35



8-14

8. lli
817

8 18-

8-20

8-21
8-22

8 :'-3.

.25
8-:26

8-27

l:xposcd Nomuctallii" _lau,ti,ds l.ocatiofl - Vclcro and Itralane F6am and R¢lschel Knit

(Ncg, No, k16-467C-3)
l.'xposed Nonmetallic Mhtcri,ds l.ocation . Vclcr6 and (Iralhnc lYoam and Rasehel Knit
;ind "l'rilock/Raschel Covering (Ncg. No. 21_i-467C-2)

I'xposrd Nom'_ictallic ,_l,ucri,ds l,ocatiou - ,'quit,_ Added (No-:, No. 216 4(i6C-5)
Exposed Nonmctallit ,Materi:d.,, 1,w _tion Aft Bulkhead .\ddcd (NeB, No. 216-466C,I)
Ca,tdidate Nonflammable Materials- Cushions Insulation, \'elcro,Debris Net and Mis-

ce|lancous(Ncg. No. t!',_'._..185C.3)

(',mdid,Lrc Nouflauuuablc .Matcri;ds • Felt,,,, C_,uings, i.ubricants, AdheSives and Coolants

(Ncg, No. 238-487C-2)

Possible l.;quipmcnt :\tt,whmcm ,'¢uhstltutions (Ncg. No " '_ 485C2)
C,mdidatc Noufl,uulu,dflc ,Materials - t:omm:md Module t)utlin(, (Ncg. N0. 221-470C-3)
C,mdidatc Nonflammahh" M,nt'rials - Vclcrb Substitutes (Neg. No, 221_470C-4)
(.'andid,ttc NotflLmunabk. ,Xl,tlt, vials ,"¢uhstilulcs tor \'t lcro,. Fo, uu,. and 'l'ril_ck l_.aschcl

(lovcring {Nt'g. No, 221.-'t70(:-5)
(kultdidatc Nonfl,unm,d_h" ,_latcci,ds Substitute, lor Raschcl Knit and Stilts .\ddcd l,Ncg.
No. 221-47(K'.2)

(_andidatc Noufl:tmtu:flflc ,Xl:llcri,d.,, ,_uh_,titutes on Aft Bulkhc,ld (Neg. No. 221-47¢)t:. I)

l.ist of l_,t'ft'l't IWCS

,_i,llll_ ¢'11',_|,ljOf Nonlnct,dlic ,Xl,llCci,ll,s l,'s.'d in t: .XI 012
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Apollo 2tB Review Board Panel 8,
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.\polio m,}4 Review Board Panel 8,
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Apollo 204 Review Board Panel 8,
W. A. Riehl
Apollo L"tl4Review Board Panel 8,
Materials Task 2.6
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Lewis Research Center February 2, 1967
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February 22, 1967

Apollo 204 Review Board Panel I0,
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W. A. Riehl March I0, 1967

Apollo 904 Review Board, Panel 8
March ?. 1967
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l

D.8.86



8-65

8-66

8-67

8.68

8-69

8-70

8-71

8-72

8-7'.t

8-74

8-75

8-7(_

8-77

8-78

8-7.9

8-8O

8.81

8._'i2

8.8_

Rdconciliation of Matefial._ Usage

Geometry in PIB Mockup and Panel 8

Display

.\ Special Assessment on Materials

Analysis l_ranch Report of 12, 2/66

6n Hughes C,o. C,onrtector A_sembly

Materials Evaluation, Connector

Assembly ttughes Aircraft C,G. P, N
1004250 and P/N 1004251 • MAB-1392-66

Materials Information _ervice Plan

Alternate Materials Follow-up

In[ormation Display

Water/Glycol Leakage ttistory of S/C

iX)9, 011, and ()12

NAA's Criteria and Materials Control

Procedures Pi'ior to Jan. 27, 1967

Contractor Nonmetallic .Materials

\Vaiver Status

GFE Nonmetallic Materials Waiver Status

Interim Summary Report

Responsibility and Schedule for

.\ccomplish,nent of Panel 8 Materials

Tasks, Rcv. A

Responsibility and Schedule for

Acco,'nplishnwnt of Panel 8.

Materials Tas'Ls, Rev. B.

Study of Flanunabilitv Properties o[

Water (;lycol .Mixtures

Testings of the Effect of Water Gl.vcol

on .X.pollt_ S t: Wi,'e Insukltion

.\ctivity Rel_rt as ot Februar.v 27. 19fi7,

Spark ignition Tests l.x'r February {_,

1_"_7. l.cttcr hy .\ Bust2h

Input to P.tnel 8 - .\I,itcrials l:mal

Report. Routine .Xl.ttcrial.', Test _;tatux

and 14oth'rplatr Test ._t.ttus

%electlotl (kmtrol el ._ontltcta;hc

.Materi,d', m S (: (l'rrhniinar.x

¢ )utli,w)

Mawrlals hflortnatton .'_rrvtcc Plo.gr.ttn

Plan

"l r-,ttn_ of _V,ttt'l t,l._tol 1 rr,ltcd }t_'ilt"

Bundles (Connectors) at KSC

Approved Materials for Use in the

Apollo S;G, General Specifications

Apollo 21)4 Review
Board Panel 8,

Materials Task 2.38

Apollo 21)4 Review
Board Panel 8.

February 28, 1967

Matecials Analysts

Branch Technical

Services Division

A[_ollo 204 Review
Board Panel 8.

Materials Task 2.41

Apollo 204 Rewew
Board Panel 8,

Materials Task 2.44

Apollo 204 Rewew

Boated Panel 8,

Materials Task 2.50

Apollo 204 Revmw

Board Panel 8,

Materials Task 2.51

Apollo 204 Rewcw

Board Panel 8,

Materials Task 2.52

Apollo 2(14 Rewew
Board Panel 8,

Materials Task 2.54

.\polio 2(14 Review
Board Panel 8,

February 16, 1967

Apollo 204 Review

Board Panel 8,

February 28. 1967

Apollo 21.}4 Review

Board Panel 8,

March 2. 1967

.\polio 2(14 Review
Board Panel 8

Nlatcrials Task 2.27

.\polio 2(14 l;[eview
Board Panel 8,

February 27. 19()7
Dr..\..\. gtaklis

Memo to W. Bland

from.l. 1).. icier, Chief,

.Material._ Analysis

Ih-anch. KS(:.

February 27. 19(i7

.\Icmo to W, .M. Bland,

P.tnel 8. ir0n|.]. N.

Kut,mchik, .\ISC.

Marth 8. 191_7

W. \I. 141tnd. ASP().

R. I _,_ 1..March 8. 19(_7

.\p,)lh, ,'_1 Revic'._

14o,, d I'.mcl 8.

M,ltt'riab,..March h.

I q{_7

\polio .qll I/,ex'tt'x_
Board, Panel 8,

Materials. March lO,

I._)7 (Task 2.12)

North At'aeeic-_n Aviation,

iric., Specification

No..q9.0058

D.8-87



8-85

8-86

8-87

8-88

8-89

8-._)

8-91

8-92

9.93

8-94

89,5

96

8.98

8-.q.q

8,1tx)

8 I02

8. I o3

8.14)4

Procedures aml R6quir_'meuts for tile

Evalu/uion of Apollo Cress' Bay Materials

Crew Bay Nonmetallic Materials Status

Report of L'n/lcc/_ptablc, \(_cdp/ib e
Materials Re,'. F

Boilerplate Flanmlability "l'ests in

5 psia oxygen

Boilerplate Fl_tmmability Tests in

16,5 psia Oxygen

ltaZardous (Nomuctallgc) M_ltcl'i,ds

Control Program

..\/:ceptable S C: 012 GFE

Materials Lisi, Tab Run, 2.16 67

Flammability Chat actcristics of

Materials in (,)xygcn

hn'e_tig,ltion Report - .Xircrah
Wire l larncss Fire

£pontat'icous Ignition of S C
012 Matcrials

The l.ockhccd .\ircr,tft (k)rl.xw,itioll
Film oil \Vct \Vit-i_, t:irc

.Nlatcxi,lls l.itcr.tturc Stt,,,¢_. ol Wt.-c

Bundle Tests I l,l_ mg .\pl.)hc,ltiotl to

.\tx_llo 2(14 .\ccidcni. I nx ¢stigation

Fl,munahtlitv ol tilt. I li,l.tlwr Boiling

l.tquids ,md thcir .%li:,t,,,

l'hx sic,d Propcrt it,,,, ol l"t h', lcnc

t ;l.x col

"I'est .Xctivitics by Structure,,,

and .\h'chanics Division..Manned

_l:),lcrtrdft Ct'ntt'r

Bolltrplatc Fl,unnl,l|)ilit,, lc.st:, in

16._) psi,i (_xygt, n (lst T_t}

"'%,)me l".xpernncnt,, ¢)11 (k'K)l,mt .Nlixturc"

l,i,,t ot ,"4on1¢ Slgnihc, mt (k)rrc._p,,)lld-

ttlt'¢ Rel,ltivc to .Notmwtallic .Materl.d,,

(]ontrt')l dt N.\.\

(:()lltt,ltt N.\,%(') • l.')t). R&I) Ior Project

.\polk) S (: l'oxt,'tt_ ,tnd

|:l,luun,lbihtx l)ro.tlr,ltn

Final Rcp,.)rt-Nol',,ent lX.q_(u,ltiot_ Rates

tl'oIII IlOlllllt't,llllt' Ilh|ll'l'hll$ I11 rill

,IIlI})R'Ill t'll'% IICltllltlt'llt

Rc_uh_ ol Eh't'trt),.l.ltlt' ll4tltlttlll

I iv, t'stt,14atlon. \[,ttch 31. ltlt)7

NAS.\,MSC, R, Q&T Div.

May 13, lt,Ri(i, MSC-

A-D-66-3

N.\SA-MSC, R. Q&'I" Div.
l)ccembci; 30, I.t166,

MgC-A-D-(i(i-4

N.\S.X-MSC (Film)

N AS..X- .MS( 1 (Film)

II, .%1. L, unpcrt. GE,ASD

February 17, 19(i7

TRIS 028075

.\polio kR)4 Rcvicw

Bo:u'd. Panel 8.

.Materials,

Fcbruar.v '2'2, 1967

l.ockh¢cd Film

No, 3 (4-I.q6'3)

.\pollo 204 Review
Board. P,mel 8,

Matcri,tls.Task 2.7

•_lclnt) to PD Chief,

_vslt'lil._ l']ngi lt'cril g.

froiii I'D4 Eiigillt'tTilig

|ll'aiich, Pt'brodrv t),

l.ti()7. IT)4 M8()4

•\l)olb,) 21,)4 Rt..vie_

lloard, P, mcl 8.

.Material.,, ;I'a_k '2.24

I ndtl.qri,II dlld

1¼tigint'crhig (;ht'illisirv.

|)t't't'illlit'l' 1947, p. Ilitl_" .-

t ;I ?ft:( )I ,S, / _tll'llit" ,iild

,] ohn._tou, .\( k'4

•_|ontigr,ilih 114

it'lllho[d Pahl. (k).

.\polio 204 Review
Board, Panel 8,

.'March Ill, E.)()7

NASA .MSC (Film)

Raychcul Corp..Mctuo to

It. \I. |l,llpt, rin fi'Olfl

1lcsltip & Fri.wo

d,licd .%l,u'ch 11, 19(i7

.\polio '-_i4 Rcvit,_i.

]lodrd, P,int'l 8

March 17, 1%7

I.¢ticr to R. %%'

%¢tlhatll,,,..%l,";t: from

G. W. Jeffs. NAA.

.laiati,ir} |(I. I,IR)_"

l.ciicr it) Panel 17

Ironi (]h,iirilldil, |),liicl

I_, M,ilt'rl,II Ri'vit'%_.

1ask 2.1)

Memo Imta| E. .

[,itfhficld to (:h,itriilati.

P,lilrl 1_, _ iili ,lil,idl-

IIWlll

D-8-_8

I I | <,. :'



6g-g,(]

L¢)6I

•H.:q-'_-U'l_"1,1lam'd"P.U¢oH

',',,_!,',aHI"llr,OllOdV

"_lam:d'pu_..'lH

"IX'?,_"L961"ll:qa.u.q_

'lJcwlaH,Lu:u!Uqla.1d

Ja_IVll!qA_

'$)'lI.NtuoJ]'_lathed

*u_tu.l!l:tl")OlonlOl_

I"°.KISJl."_.U:IaJ!.%_1,_.%_

I!u.N

l,_tlaSlrHuo_V_a.l"It'!a._d._t(_sllnra'_I

_,1_:(1luatuaan_.tra|_

a!lmmoJla,WAlm._Io.(.n'tttllm._

_01-r

L'nl-l_



E

STATUS OF MAJOR NONMETALLIC MATERIALS USED IN

S/C 012 CREW BAY

Introduction

The objective of this evaluation was to deterinine the status of the major com_,_tible materials used in

the S/C 012 crew bay.

Results

The table below lists materials status as determined from a review of NAA MC 999-0058 and

MSC-A-D-66-4 documents which list acceptable and unacceptable materialS.

• r

MATERIAL
DESIGNATION

i

Nylon Rachel Knit
[ i

Nylon Velcro

TABLE

STATUS OF MAJOR NONMETALLIC MATERIALS USED IN
S/C 012 CREW BAY

i

STATUS PER

MATERIAL NAA.MC-999-0058

TYPE Key. D
iii

Poly amide Acceptable
r '

Poly amide Acceptable

Trilock

Cushions

'- 7I

Utalane 577-1

- - _1] Ill

Woven

Cushion.
Rubber

Based

Thread.

Polyurethene
Foam

Acceptable

i

Acceptable

STATUS PER

MSC-A.D-66-4
Rev. F

J

Acce ptable
rl

Restricted - 12

inches from
electrical leads

Unacceptable

ii

Restricted - Not
to exceed 18

inches lengths
or closer than

12 inches from
electrical leads
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DESIGN REVIEW PANEL REPORT

A. TASK ASSIGNMENT

The Apollo 204 Review Board established the Design Review Panel, 9. The task assigned for

accomplishment by Panel 9 was prescribed as follows:
Conduct critical design reviews of systems or subsystems that may be potential ignition sources

within cockpit or which might provide a combustible Condition in either normal or failed condi-
tions. Consider areas such as glycol plumbing configuration, electrical wiring and its protection,

physical and electrical, as well as other potential ignition sources such as motors, relays, and co-
rona discharge. Other areas of review include egress augmentation and basic cabin atmosphere

concept (one versus two-gas). Document where applicable pro's and con's of design decisions made.

B. PANEL ORGANIZATION

1. MEMBERSHIP:
The assigned .task was accomplished by. the following members of the Design .Review Panel:

Mr. R. W. Williams, Manned Spacecrft Center (MSC), NASA,. Chairman

Mr. J. Janokaitis, Kennedy Space Center (KSC), NASA
Mr. Aaron Cohen, Manned Spacecraft Center (MSC), NASA

Dr. John F. McCarthy, North American Aviation (NAA), Downey, California

Mr. R. Pyle, North American Aviation
Mr. F. Sanders, McDonnell Company, St. Louis, Missouri

2. COGNIZANT BOARD MEMBER:
Mr. G. White, NASA Headquarters, Board Member, was assigned to monitor the Design Re-

view Panel.

C. PROCEEDINGS

I.APPROACH:
Panel 9 efforthas encompasscd the fourmajor sub-divisionsas follows:

a. Rcview ofsubsystemsfor sourccsof ignitionor flammable materials.

b. Review of the selection of the cabin atmosphere.

c. Review of the egress process.
d. Review of the flight and ground voice cc_mmunications.

The object of the review was to:
a. Identify problems and potential problem areas that may provide guidance in determining the

cause of the fire.
b. Identify potential problem areas in the desisn for which design changes may be_required.

The review process has been expedited by informal assignment of subtasks to knowledgeable groups

of people (Reference 1).

it must be noted that the contemplated spacecraft configuration for the next manned flight (Space-

craft 101, Block If) is different to a significant extent from spacecraft (S/C) 012 (Block I) in which the
fire occurred. As a consequence both configurations are involved in the design reviews; the Block I

configuration as an aid to determining possible sources for tbe fire, and the Block II to evaluate the

system design characteristics and potential design change requirements to pre.vent recurrence of fire.

2. DETAILS OF INVESTIGATION
A description of the process leading to the results of the detailed analyses of each of the four

major subdivisions listed in Item 1 is presented herein.
a. Ignition and Flammability

(1) SUMMARY
A team of NASA and NAA Subsystem Managers and Systems Engineers conducted a

thorough review of the subsystems housed in Block I and II Command Module (C/M) crew

compartments. The purpose of the review was (1) to ascertain if any of ttle subsystems con-
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tained ignition sourcesthat mighthavecontributedto _tleApollo204 incident and (2) to

identify similar anomalies that might exist in the Block II S/C and document them for input .

to the overall spacecraft design review activity.

This extensive review culminated iia the conipilation of a firt_tl report (Reference 2)to
the Chairman of Panel 9 substantiated by the Design Review sumtnary sheets (Reference

3). Results of the r,-view delineate ignitioh sources (Blocks I and II) and contiguous non-
metallic ntaterials-(Block 1I) for each ._,bs_te:'_i. Tt-e ccW of packaging and qualification.

history was exat_xined and is listed for caci" ' "_"¢' ..... t (F_k,,-_ ! I'i A _ummary of this review
is included as l_ficlosure 9-I to this rcpot't.

(2) CRITERIA FOR REVIEW
(a) IGNITION SOURCES

Search for and identify possible ignition sources of the folMwing types:

Corona discharge
Electrical arcs or sparks from damaged insulati4 n. motor brushes, exposed relay con-

tacts, switches, etc.

Overheating caused by circuit failurt_
Overheating due to inadequate or improper lubrication
Chenfical _urc_

Miscelhmcous (impact, etc.)

(b) COMBUSTIBI,E MATERIALS
Identification and locatam by subsFstem of all flammable materials within the

crew conlpartnwnt.

(3) SYSTEM/SUBSYSTEMS FOR REVIEW
(a) Guidance and Navigation (G&N) (including Block II rendezvous radar)

(b) Stabilization and Control System (SCS)
(c) Electrical Power System (EPS) and Sequential E_ents (.Mntrol System (SECS)

(d) Controls and Displays
(e) Caution and Warning System (C&WS)
([) Environmental (5ontrol System (ECS)
(g) Emergency l)ctcction System (l'D5)

(h) Telccommunications (T; C)
Operational instrumentation

Spacecraft cotl_nlunicalit_n

Cre_ communication

Television (TV)

System il_strumentation
(i) Experiments and Scientific Equipuwnt

(j) Crew l'ersonal Equipment

(4) ME;I'tlOI) ()F OPERATIC)N
The task _as cxecutcd in t_vo phases. The first phase consisttd of concurrent independ-

ent reviews of ttle C/M sttbsystems by Subsystem Managers and Systems Engineers at Manned

Spacecraft Center (MSII:) and by contractor pet-sonnel at the North American Aviation (NAA)
plant in i)ownvs. Caltfotnia. These independent reviews were conducted in the time pe-
riod February ti-16, 19ti7. The second phase comisted of working sessiom, involving both
MSC and NAA personnel, conducted at MSC during tilt" period February 17-20, 1967. Dur-

ing these sessions, the MSC and N.\:\ inputs were combined to constitute the subpanel re-

port. The t_.o.phase method ot" task execution was used for many reasozm, the principal
t)eing Ol)timum utihtatt()n or" I)('t_otm('l and [a(tlitics at both the (.ongtactor'b and MSC plants,

and thotoughue.',_ ,dlot(h'd I)_ t_o indcpcndt'nt [cvi('_ _)[ the _uh_,y.,,tcms whi(h separately

refle_t the font[d(lt_l ,lnd { tl._lt )lllt'l r,ltiot|alc.

(5) SI'EC.I:\I, DESIGN CONSIllI'R.XTIt)NS
The configuratitllls of both Block 1 and Block II v:'hicles were exilmined _,dth it view
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towat_d idetitifyi.fag deficieucies in design and compatibility of design with Criteria (specified

requir¢;'naents). Matw dd'icicncits in the design <_-ould be traced to crltetia which chat:ged

in the course of the progranl. "l'ht" tleficietu',if/'s can b(" cat_'gof'ized imo those affecting wiritig

and F,CS plumbing.

A number of Criticisms Of the wiring and ECS plumbing joints for Block I vehicles hfwc

resulted from examination of S;C 012. 014, and I)i7. The ('riticisms include instances of:

lmerfercnce with access for ntaitltcnauc¢

htsufflcient physical protection

Undcstritblc r0utifig aild tc_'iilitxating

Lack Of flexibility for change

Frequent leakage 6f watei', gl_'col joints

Poor workntattsh;p

l,;tck of neattlt'K'_ aiid craftsnt;Ittship

The l)roct"ss of siiac_,'cr,tft tu,ixittl'acturc, test, _ltitl ntaimcnancc, wllich resuhs in tht" above

criticisms, derives, from the tti..'sigils ttl which th('.sp,l¢/2craft art" built. The criteria establish

the reqtlircmetits for the design.. Thes'c ct:itt,ria cox_.titiued to evolvi" afti'r the. dt's'igti ltad beeti

st,trtetl and .in soluc, inst_uwcs ch,ulgt'd after release of tk'sigu to lll,muf, lcturiil_e _ig-

tti[icatlt ex:.tnlplt:s follo_,v:

_a) WIRING

{,1) l.'nnl,mm'd flights weft" imroduccd which rcquh'¢d retrofit of the Mission Coll-

trol l_n_gratnnter and ;tssoci,Ltcd wiring, ,tttd intclconilecti,ig witl_ C. M flight cotttrol

,lttd other sttbsvstcm circttits. This ,tdditional complexity applies to S/C t)17 but tier

to S, C 012 ;llttt 0!.t.

(,i) Bt,t-attst, of lbC t, xt_cricilt'e tit' Awitt-r condcilsing oil t'iech'ie_il equipill0ilt t|til'ing

the flight of a Mt'rcurv stl,lt'ecraft, Ihc cleclrit'al alid elcctronic coinlloileilts wcr0 required

to lit, tlu,ilified ill .i ctiiilbilit,d etIvit'otlliit'tlt of 14';ltt, r. o.xyg0n ;tlltl ,,_tlt ittstciId of ox)'gt'tt

alotte. As il rt's'ull, ihc cnvii'tliuiiciital-sea[ .COllcetll was iltlroduccd which ¢ltallgt-d the

packaghig dcsigit of the clccll'oitic ctluitliiteitl.

(',i) Th0 in-l]ight ltl;lilltetl;tlit'¢ t'otlt'etlt, ell _vhicll tbc initiill dosigtt w;i._ bast-'d, was

dropiled ill favor of bttilt-iil l't't|lltttl;.iltt'y aftt'r dt'sigit cotntllt'tion till Block 1 bnt priotr

to the itiitiatioti of tilt" dcsigil tic Block II.

(4) The rcqliirctucuts for ;u-flight sciciitific extRq-ituents %ver¢ added zlfter dcs'igils were

relt",_sed to ntanuf, tctltrc or test.

(5) Addititmal dc:'clot_ili¢iit attd .otlt'r,itional instrltiitctttation requiri:nlt'nts wdi'_ in

troduced ,Iftcr the wiriiig desigil was rcle, iscd ,ttld ill niatittfat'ture or te_t,

(tl) 'l'hc dt'sigit of dist)lays alld COlitrols leas bascd .tlli.rt'qtliret|ti?nt$ c.,itablislit'd by a

flight-crew group. Sttllsequcrtl)', tiliilOf t'h;iilgt'S tvt'i'_" iit,td0 to tlleet the t'0qtlii'rltteitts

of thr a_sigucd flight t-t't'w.

(7) Tile ,ludio coninttlnit'atiott t'otltrol eqiiilltiit'nt tin S C 012 stifft'l't't[ front, a st'vies

of chailges in llcrforill,tilct' i't'tlliii'ctllt'iits resultillg ill a iitattillet' of fixes. The final con-

figtii',liioii t'ontailiCtt iliali)" ch,iligctL ,llit[ iilltTrt'lalctl slvitch ftiilt'tioits which rcsullf'd in

a t'Ollil_It'x llilttl'i'_ of sv, itcb |lositiollS [_)r t)i'oilct" st'h't'tiolt tic thc difict'etit ntodet.

"l'he iliiiial drsign for .the Block 1 veltielcs failed to ,it'cotlliliodate gl'owlh ,iild t'li,lligt.'s

typically cxt_ericttcrd ill iTS¢,irt'h aild ticvt'iollfiienl t)i'ogl'aiiis, The i'es'ull was iltat the flex.

ibility for tliailgt" was tlttickl', saltlrah'd, ,ilitl it was ne_cessar) • to iililli'ovise ;it lilt" I'x|10ilst- tic

lilt" factors t'xtlosed hv tlic crilil'isius ,dlovt'. (llo_cvrr, Ill'," initi,il, desigii of lllock I1 ,illowt'd

for ,l 511 pcrcent growth in wiriilg.) The Block 1 wiring rtiiis Ivt'i'e l,iid Otll without the rise

of all cnghiccriiig ilitlt'kiill dnd _virr llaritt.'sst's WtTl' f,llu'icated iii iwo-diliiensiolt:il rather lhan
thinge- d iiltonsiotl,t I fixitirt's.

l_os'.-firo itts|li't'titltt ot" S (; t112 rrve,ilctl th'ficit'llcit_ ill the wire installation detiltlit,4tr,lt-

ing poor ilr:ieticcs ill dt.'sigii, iuanufaclurilig ,uid flU,lilt Y coiitrol. The _irittg ill thf' sitar'e-
craft tlurvived the fin' with ,i small drgrct' ill d,uuale liver,ill. ]'lit" ]i'flon insulatioil was found

to lit, tl;iili,iged Iltily Ill hw,llized hot Sll_ti._. Tilt; Ill,liorttv of the lt-'iflKige ctnisisted of insula-

liolt ltl._ thlr to he,it; ltt_cvt'l', ill lU',ictit.llly ,ill iiisialiCCS lilt'el" icln,tined sufficient iilaiila.
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tion or distance between the affected wires_ that shorting was not apparent. All enclosures

pertaining to this seCtiOn are photos of S/C 012 after the accident.

During the wire inspection, the following design deficiencies were noted:

(1) The wiring in the Lswer Equipment Bay (LEB) was routed through narrow chan,
nels having many 90 degree bends. This could cause mechanical stress on the Teflon
insulation, Some wiring in these areas was found with damage to the slee_:e which cov-

en the shielded wire (Enclosure 9-4).
(2) Wire color coding practices were not always adhered to as evidenced by EnclOs-

ure 9-5.

(3) Some areas of wiring exhibited what would be referred to as "rats nests" be-
cause of the dense, disordered array of wiring. In some instances excessive lengths of

wires were looped hack and forth to take up the slack. Also, there were instances where
wires appeared to have been threaded through bundles which added to the disorder (En-

closures 9-6, 9-7, 9-8, 9-9 and 9-10).
(4) A circuit hreaker panel was pressed so close to a wire harness, that w_ring in-

dentions were left in the circuit-breaker potting (Enclosure 9-11).

(5) There were wi_'es routed across and along oxygen and water/glycol lines.
(6) The floor wiring and some connectors in the LEB were not completely protected

from damage by test personnel and the astronauts. This is evidenced by mashed 22-

gauge w_res found in some of the wire harnesses.

The following Manufacturing and Quality Control deficiencies were noted:

(1) Lack of attention during manufacture and/or rework is evidenced by foreign
objects found in the spacecraft harnesses. Enclosule 9-12 shows a wrench socket in one
of the connector channels, and Enclosure 9-13 shows a metal washer inside a wire bundle.

(2) Some wiring did not have identification tags.
(3) A Hughes connector on communications equipment wa_ broken prior to the fire

as evidenced by soot in the crack, Enclosure 9-14.
(4) A chipped Hughes connector was found in a condition exposing female inserts

(Enclosure 9-15).

(b) ECS PLUMBING JOINTS
(1) The ECS design criteria, emphasizing minimum weight, resulted in the selection

of aluminum piping with soldered joints (Enclosure 9-3). The design approach utilized
accounted for the normal operati;lg stresscs but failed to account for the loads and stresses

introduced by handling and installation.
(2) The preper fabrication of joints requires that the initial alignment of the tubes

to be soldered must be established without stress and without benefit of a holdiiag tool.

The tool provides support to the joint only during the heat-up and cool-down phase.
(3) The couplings were made too short to provide the joint with strength greater than

the tubing. As a result, unanticipated axial, bending'or torsional loads cause the joint

to develop leak paths.
(4) The installation design does not permit adequate inspection and does not protect

the plumbing and the joint from accidental damage, or from use as hand holds. In.
some areas access of tools is difficnlt without stressing or springing jointz already made.

The development _.nd qualification testing of the ECS extended beyond the original schedule.
Units were produced and installed in spacecraft which required modification to eliminate

problems later identified during qualification tests. The design1 failed to provide easy access
for removal and replacement of components in the assembled condition. Consequently, .the

process of rework is difficult, and the design criteria for soldered joints is violated under re-
work cnnditiom. The leakage of soldered joints in the C/M cabin is traceable primarily to

these conditions.
b. CABIN ATMOSPHERE

(1) INTRODUCTION'
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The process of selection Of the cabin atmosphere has been reviewed and a comprehen-

sive bibliography (Reference 4) of all material leading tO the decisi0n to use_xysen 0 2

in space and at the pad has been-compiled. A summary of this material is contained in En-
closure 9-2 to this report. Tl_e rr.ferences contain a retra:ing of all the steps and consiciera-

tions leading to the choice of the cabin atmosphere for the spacecraft. Pertinent data are in-

cluded from cognizant NASA organizations, Other government agencies, Mercury, Gemini,

and Apollo contractors _md subcontractors, other aerospace companies, the medical conunurd_

ty, universities, and other research organizations.
(2) DISCUSSION:

Selection of a spacecraft cabin atmosphere involves human physiology constraintS, space-
craft and space suit design considerations, flammability characteristics of materials, ground

considerations,and considerations0friseextlngu!shingand suppression.

(a)HUMAN PHYSIOLOGICAL CONSTRAINTS

H_man physiology imposes a requirement for a minimum partialpressureof oxygen

for respiration,a minimum absolute-pressureenvironment for respirationand controlof

body water-vapor partialprcssurc,and limitsto the rateof dcpressurlzationto prevent

bends from gases emanating from solutionin the body. A one h_mdred percent oxygen

atmosphere isphysiologicallyacceptableforcontinuoususe up to thirtydays.

NASA physiologistsspecify that a minimum oxygen partialpressureof 3.5 psia and

a minimum absolute pressure of 5 psia be maintained as spacecraftcabin atmosphere.

Reduced levelsarc acceptable for short periods of time (up to eight hours). One hun-

dred percent oxygen pre.brcathing is specifiedfor a minimum of three hours prior

to launch.

Dysbarism (bends) is avoided by a minimum partialpressureof diluentgas in the

spacecraft. The desirablepartialpressurc of nitrogen in a mixed-gas spacecraftatmos-

phere has not been formally cstablishcd.It has been establishedthat thc disadvantages

willmore likelyexceed the advantages at .-itrogenpartialpressuresgreaterthan 3.5 psia.

Oxygen toxicity is prevented by avoiding oxygen partial pressures significantly greater

than those experienced at sea level (3.5 psia).

Consequently, from the physiological standpoint, acceptable cabin atmosphere ranges
from a 5 psia oxygen single-gas environment to a mixed-gas environment with 3.5 psia

oxygen and 3.5 psia nitrogen partial-pressures.
(b) SPAGECRAF'F AND SPACE suIT DESIGN CONSIDERATIONS

The design patramet.ers for spacecraft involving cabin atmosphere are concerned with

the strength of. the structure to contain the cabin pressure and the varying complexities

of atmosphere-control systems for one hundred percent oxygen or mixed gases. The de-
sign parameters for space suits are the same as for the spacecraft with the addition that
the effort associated with movement increases with increasing differential pressure.

The Apollo .spacecraft atmosphere control System design is based .on providing a one

hundred percent oxygen environment. Duplication of the atmosphere-control components
._s well as addition of a mechanism for oxygen partial-pressure control is required to pro-

vide diluent gases. These additior, s introduce additional crew-safety failure modes into

the flight systems.

The state.of-the-art in space suit .design establishes 3.8 psi as the desirable maximum

differential pressure. Freedom of movement is constrained with further increases in diL

ferential pressure.
(c) FLAMMABILITY CHARACTERISTICS OF MATERIALS

The flammability characteristics of materials involve interrelationships with chemical

and physical properties of the material, the total pressure of the atmosphere and partial
pressure of atmospheric constituents, the temperatures of the material and the atmosphere,

and the process of ignition utilized to initiate combustion.
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There are three flammability, characteristics that are generally measured to determine

relative flammability of materials:

(1) Linear burning rate in inches per second,

(9) Temperature at which serf.ignition occurs,
(3) Temperature at which ignition by spark is achieved.
The tests are performed in the atmospheres of particular interest. These have in-

cluded oxygen alone at various pressures and oxygen mixed with nitrogen at various

pressures with various ratios of partial-pressure.
The linear burning rates and auto-ignition temperatures measured in tests are shown

in the tables below:

Relative Propagation Rates (inch,/see, downward)

Atmosphere Mater ial

psia/gas Cotton Yelcro Nomex Teflon

3.5/0_ 2 .49 .4 .3

5.0/0o .5 - .48 .34

16,0/02 .55 .7 .t3 .003

3.5.0ol.51_No .4 .33 oo• m

m

Air .1 .3 .1

Auto- Ignition Temperature (°F'_

Atmos phe r e

psi a ,'gas Cott on

3.5,/02 1160

5.0/'02 . 1180

16.0/02 1280

3.5 t021.5/N 2 IQ40

Air I 0f_)

Downward bui'ning rates of the mine material are shown to vary over a range of

only 1.4 to I with atmosplhere changes from 5 psia oxygen, to a 7 psia atmosphere of ....

3.5 psia oxygen arid 3.5 psia nitrogen. Downward burning rates in a particular atmos-

phere vary over a range of 100t) to 1 with material changes from cotton to Teflon. Gon-
sequently, the potential for fire in the C/M is much more strongly influenced by the
selection of materials than by accepta.ble variations in atmosphere,

It may be concluded that the selection of 5 psia oxygen as a cabin environment

for space flight operations was a reasonable choice. The physiological requiren_ents are
totally fulfilled. The requirements on spacecraft structure and systems are minimized.
Based on tests of downward-burning propagation, the difference in fire potential between

various p|wsically acceptable atmospheres is not large, .particularly if easil)" combustible
materials are eliminated.
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(d) GROUNi) CONSII)ER.\TI()NS
At ally pres,_ute tlw _uitloop must cimlair, only oxygen to a_'oid the "bends". I[

cabin atmospheric constituents other than oxygen are used. they should be isolated from

the suitloop and expelled kern tht' cabin [_riot to crew emergency from the suited conditions

to avoid anozia. The_,e requirements wer_ fulfilled for Apollo 204 by the use of oxygen

without diluents.

i)ownward burning rates of Some materials vary by a [',actor of 1.3 to 1 for an at-

mosphere of 16 psia oxygen compared to a 5 psia 0.xygcn atmosphere. If the decision
had been made to use the extreme atmosphere for space operation of 3.5 psia oxygen

and 3.5 psia nitrogen partial pressur'es, the burning-rate ratio between 16 psia oxygen
and this cnvironnwnt would be only 1.8 to 1.

Tests carried out subsequt'nt to the Apollo 21,)4 accident with full-scale tnockups at

both 16 psia attd 5 psia, one hundred percent oxygen atmospheres have demonstrated
that differences in downward burning rates of materials are not indicative of actual fire

hazards, th'opagation rat_-_ and overall fire damage were much greater at the higher

pressnre. Thus, it appears that the geometric arrangement of .the combustibles in their
actual installations are much ntore significant than tests on isolated samples.

If air were used instead of oxygen on thc _,wottnd (recognizing that spacecraft de-

sign changes would bc rcqttired) a ratio of burning rates of I to '2 over 5 psia or 1 to
4 over 16 psia oxygen would be, achicvcd. This reduction in burning rate would provide
a reduced hazard for ground operation over space operation, except, within the suit loop

where 15 psia oxygen is required. These relations are based on downward burning rates
for isolated specimens under controlled conditions. The conclusions have not been veri-

fied by tests in air with full scale mock-ups.

It must be concluded that hurtling rates of materials arc significantly reduced only

when large amounts of diluent are used. The limited quantity of diluent acceptable

by physiological criteria contributes very little to the reduction of burning rate over that

in pure _xygen.
(e) I'I RE EXTt NGU ISI IING AND. SUPPRESSION

The established process for extinguishing a cabin fire in space is to ex:acuate the

cabin of oxygen by vetoing to space. Limited flanmmbility tests indicate that burning

generally ceases _vh¢'n oxygen pressur_ is reduced to a half (0.5) psia. The cabin-ventlng
mechanism design results in cabin pressure reducing from 5.0 p_ia to 0.5 psia in ap-

pt,_ximately ont" lninute .fotty-fi_ e _et'ottdr;.

Cabita depressuri/.ation requires that the crew be in their space suits. Tiff" donning

tittle is 10-15 minutes.

Alternative extinguishitlg techniques have beet: examined, but no really satistklctory

technique has so far been found. Effort in this area is continuing. Recent experiments
have shown truly water to be effective. A better ttnderstanding of tile burning and ex-

tinguishing phettotnena is required to properly assess the ad6qtulcy of the present ;tnd

,dtcrn,ttive extingui'_hing processes.

l'_limination o[ cont,|tntthlnt_ in the cahin by tneatls such as suit purge and cabin

venting nntst be provided. Prior to tile venting process, crc,0, protection should be pro-
vided h_. settle In¢itllS such its oxygell t|hlsks supplied by a separate fire-pnxff oxy-

grll sttpplV.

c, REVIEW OF Tile EGRI:-%S I,R{_(:E,%,_

(1) INTRt)l)t'tTi'lt)N.
A critical revie_ of th," t'_wrss situation investigated tht" element_ of both l,aunch (_tn-
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plex (LC) 39 and Launch Complex 34, including the environmental chamber, access arm,
elevator, personnel carrier (M-113) (Launch Complex 34 only), escape chute and hardened
room (Launch Complex 39 only), lighting, communications, and fire suppression. This re-
view was supplemented by conferences and responsive written reports 6n suggested design
criteria from the following permanent Apollo Saturn Inter-Center Coordination Panels: Apollo

Launch Operations Committee (ALOC) Emergency Egress Working Group, Apollo Launch

Operations Panel (ALOP) Emergency Egress Subpanel, and Crew Safety Panel, as well as
the Ground Emergency Provisions Review Panel No. 13 of the Apollo 204 Review Board.

The Panel No. 9 review and the reports of these associated organ_zati6ns are contained

in the supporting data which has been transmitted to the Apollo 204 Review Board files (Ref-
erence 6). This review utilized time lines, simulations, review of drawings, inspection of the
Ground Suppot't Equipment (GSE), and a methodical analysis of the egress process all the

way from C/M exit to safety.
(2) DISCUSSION:

Based on tests in mock, up configurations, the following times for crew egress were mea.s-

ured. (Average times are used; best times ate in parentheses.) Sixty (41) seconds are re-

quired for unaided crew egress from the Command Module. Ten (7)seconds are required
for all three crewmen to disconnect and for the center crewman to turn around and face

the hatch prior to opening. Forty (26) seconds are required for the center crewman to re-
lease and stow the inner hatch and release and open the outer hatch and boost-protective-.
cover hatch. Ten (8) seconds are required for all three crewmen to exit. The hatch can-

not be opened with positive cabin pressure above approximately 0.25 psi.,

The access arm to the Command Module contains flammable materials, and the doors

are not designed to accommodate rapid emergency egress. Correction of these conditions

would significantly improve emergency egress capabilities.

Removal of the access arm to allow the escape mode changeover from crew egress to

Launch Escape System (LES) pad abort is necessary for maximum flight-crew safety just prior
to launch. In the event of a C/M fire in this time period, the access arm could be returned

to the C/M in time for safe crew.egress if reduced flammability characteristics of the Com-
mand Module would greatly increase the allowable time for the egress escape process.

d. REVIEW OF THE FLIGHT AND GROUND VOICE COMMUNICATIONS

(1) INTRODUCTION:
Since the Operational Checkout Procedure (OCP) Plugs-Out Test during the Apollo ')04

accident (OCP FO-K-0021-1)experienced communications difficulties, an examination of the

design and performance of the total communications network was undertaken. This effort
included: a comprehensive review to establish, the configuration and operating characteristics
of the Apollo 204 s)_tem; a system and circuit analysis, a.test of the total ground system

utilizing detailed measurements (February 21.24, 1967), and analyses of. recordings made dur-

ing the OCP FO.K-0021-1 test.

The supporting data (Reference 7) transmitted to the Apollo 204 Review Board files con-

tain: a description of the on-board system, its test performance, and a discussion of the prob-
lems encountered; description and conclusions concerning the ground network; and detailed

iindings and determinations.
(2) DISCUSSION:

During the OCP FO.K-0021-1 test (Plugs-Out Test during Apollo 204 incident), diffi-

culties were experienced maintaining voice communications. These difficulties included

the following:

(a) Voice unintelligible due to very low levels at the listener's position.
(b) Voice unintelligible due to distortion, or "garbling."

(c) Syllables or words not received.
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(d) Inability to contact another individual.
(e) Inability to communicate because of noise or other interference, including

ualdesired voice.

These p,-obiems d_d not occur at all stations, or at any one station all the time;
however, thcre were instances when several of tt_e troubles occurred simultaneously. The

source of theproblems can be divided into two pat'ts, viz., spacect_aft and ground.
SPACECRAVT:

The spacecraft experienced a "live _ike" situation, first noticed by the crew

app_'oxinlately 0ne hour and five minutes before the accident. The records indicate
that the VHF and S-bai_d RF downlinks (exclusive of spacecraft audio and control

circuit wiring_ from spacecraft to ground operated ._atisfactorily during the OCP

FO-K-0021-1 t_,st.
GROUND:

The Communications Astronaut Console (CAST) on the ground was configured

to patch the three voice links together(Astro 1 - Unified "S" Band, Astro 2 - VHF,
and Astro 3 Umbilical). With this configuration any d0wnlink transmis-_ion is

retransmitted back to the spacecraft on all three links.

The Spacecraft Test .Conductor (MSTC) in_ the Automatic Checkout Equipment
(ACE) Control Room in the Manned Spacecraft Operations Building (MSOB) was

u_mble to contact the Command Pilot, Senior Pilot or .Pilot at one time because
of thc Voice Operated Relay _VOX) in the ground .link. The back-to-back V OX

circuits lock out operation in the reverse direction when a signal appears, in the unit.

Any signal coming from the (:ape Kennedy Air Force Communications Termi-
nal Building, Eastcrn Test Range, such as the MSTC or Superintendant of Range
_AFETR_. going into Launch Complex 34 has priority, with interrupt capability,

over a sigalal originating in the Complex. However, even though it gets into the

Complex Operational hatercommunication System (OIS) and the CAST console,

it still has no priority to the spacecraft on any link.

Systcm and circuit analyses showed that the difficulties experienced were due

to system design deficiencies in the ground communications sy._tem, unfamiliarity with

tile system limitations and unsatisfactory procedures.

The ground communication system is one that has e_oh'ed during a series of
modifications and additions. Rather than establishing an overall system .design, hard-

ware was merely added as new rcquirement_ were identified. The result was an
overloaded system, with different types of subsystems which were inadequately interfaced.

D. FINDINGS AND DETERMINATIONS

I. A listing of findings and determinations from the information generated in the processes described in

in Section C above are listed in Section D.2.

'2, To be comi_atible with Section C above, the finditlgs and determinations are listed according to the ma-

jor clas._ilicatiou_; viz.. Ignition aud Flammability, Cabin Atmosphere, Review of Egresg Process, and

Review of the Flight aml (,r_und Voice Communications.

a. IGNITION AND FI.AMMABILI'IS"

(.I) FINDING:
Flammable. non-metallic materials are used

I and Block II spacecraft design, combustible

nition sources.
I}I.]'II.'.R _IIN VII[ IN:

lu tl_e I_1o_k 1 attd Bh_ k I! spacecraft design, combustible materials are exposed i, .,_uf-

throughout the spacecraft. In the Block
materials exist contiguous to potential ig-
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ficient quantities to constitute a fire hazard.
(2) FINDING:

Malfunctions and failures can produce ignitio,_ sources in the Command Module.
DETERMINATION:

An ignition source in the presence of a combustible in the cabin atmosphere constitutes
a fire hazard.

(3) FINDING:

Packaging design for Block II c0mponents differs from Block I in that nearly all compo-
nents in Block II are hermetically or environmentally sealed.

DETERMINATION:

The Block If packaging design practice reduces the probabilityfor the coexistenceof

an ignitionsourceand flammable,material.
(4) FINDING:

The space suit contains power wiring to elect,'oniccircuits;also,the astronautscould

be electricallyinsulated.
DETERMINATION:

Both the power wiring and potential.forstaticdischarge constitutepossibleignitionsources

in the presence of combustible materials. The wiring in the suitcould failfrom working
or bending.

iS)FINDING:

Eighteen electricalcircuitsin Spacecraft 012 did not adhere completely to wire size/

load/circuitprotectiondesigncriteria.
DETERMINATION:

The condition was examined from the standpoint of overheating, and no problem was
found to exist.

(6) FINDING:

Residues of RS89 (inhibited ethylene glycol/water solution)aftel drying are both corro-
sive and combustible. RS89 is corrosive to wire bundles because of its inhibitor.

DETERMINATION:

Because of the corrosive and combustible properties of the residues, RS89 coolant covkl

in itself provide all of the elements of a fire hazard if leakage occurs onto electrical equipment.
(7) FINDING:

Water/glycol is combustible, although not easily ignited.
DETERMINATION:

Leakage of water/glycol in the cabin increases the risk of fire.
_B) FINDING:

Deficiencies in design, manufacture and quality control .were found in the post-fire in-
spection of the wire installation..

DETERMINATION:

There was an undesirable risk exposure which should have been prevented by both the
Contractor and, the GovernmenL
t9) FINDING:

The cnviron,nenta! control system is plumbed with aluminum tubing in both the water/
glycol and oxygen circuits. Joints in the plumbing are made by nickel plating the aluminum

and joining the nickel-plated surfaces with a tin-lead solder. Leakage of ECS coolant from
these joints has been experienced in the Apollo spacecraft.

DETERMINATION:

The design of the soldered joints is inadequate to cope with all the conditions experi-
enced in the spacecraft.

b. CABIN ATMOSPHERE
(I_ FINDING:

NASA physiologists specify that a minimum oxygen partial pressure of 3.5 psia and a
minimum absolute pressure of 5 psia be maintained as spacecraft cabin atmosphere.

DETERMINATION:

Acceptable cabin atmosphere ranges from a 5 psia oxygen single.gas environment to a
mixed-gas environment with 3.5 psia oxygen and 3.5 psia nitro._en partial pre._ute.
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(2) FINDING:

The spacecraft atmosphere control system design is based on providing a pure oxy-

gen environment.
DETERMINATION:

The complexity Of the technology is such that, t.o prOvide diluent gases, duplication of

the atmosphere-control components as well as addition of a mechanism for oxygen partial-
pressure control is required. These additions introduce additional crew-safety failure modes

into the flight systems.
'(3) FINDING:

FlammabIlity characteristics of non-metallic materials are varied by only a factor of 3

or 4 by diluents in atmospheres containing oxygen at 3 to 5 psi partial pressure.
DETERMINATION:

Previous analyses leading to the decision to use 5 psia pure oxygen cabin environment

in space are still valid.
c. REVIEW OF THE EGRESS PROCESS

(I) FINDING:

Sixty seconds are required for unaided crew egress from the Command Module. The
hatch cannot be opened with. positive cabin pressure above approximately 0.25 psi. The

vent capacity was insufficient to accommodate the pre_ure buildup in the Apollo 204 Spacecraft.
DETERMINATION:

Even under optimum conditions emergency crew egress from Apollo 204 Spacecraft could

not have been accomplished in sufficient time.
(2)'FINDING:

The access arms to the Command Module in Launch Complexes 34 and 39 comaln flam-

mable materials, are removed thirty minutes prior to launch, and their doors open the wrong

way for easy egress.
DETERMINATION:

The access aim could constitute a fire hazard and imposes delays to emergency crew egress.
d. REVIEW OF THE FLIGHT AND GROUND VOICE COMMUNICATIONS

(1) FINDING:

The control circait from the Command Pilot developed a condition of continuous keying

during the test.
DETERMINATION:

An anomaly existed in the spacecraft communication system.
(1) FINDING:

During the Apollo 204 test, difficulty was experienced in communicating from ground

to Spacecraft and among ground stations.
DETERMINATION:.

The ground system design was not compatible with operational requirements.
E. SUPPORTING DATA

The following is a list of cnclosutesto this section of the report.
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ABBREVIATIONS USED IN APPENDIX D.9

ALOC

ALOP

AS

C&WS

CM

ECS

ECU

EPS

ECP

EVA

O&N

T/C

KSC

LC

LES

LH 2

MC

MSC

NAA

02

OCP

OCP. 0021

RF

RS89

S/C

SCS

SECS

SM

TV

VHF

Apollo Launch Operations Committee

Apollo Launch Operations Panel

Apollo Saturn

Caution and Warning System

Command Module

Environmental Control System

Environmenta I Control Un it

Emergency Detection System

E lectrica I Power System

Extravehicular Activity

Guidance and Navigation

TelecommunLcations

Kennedy Space Center

Launch Complex

Launch Escape System

Liquid Hydrogen

McDonnell Company

Manned Spacecraft Center

North American Aviation

Gaseous oxygen

Operations Checkout Procedure

Space Vehicle Plugs Out Overall Test

Radio Frequency

Inhibited Ethylene Glycol/Water Solution (AiResearch Specification)

Spacecraft

Stabilization and Control System

Sequential Events Control System

Service Module

Television

Very High Frequency
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SUMMARY OF RESULTS OF IGNITIOH

AND FLAMMABILITY REVIEW

This enclosure contains the significant findings of the Ignition Source Review Team for both Block I

and Block If equipment installed in the Command Module interior. The possible ignition sources are
grouped by subsystem. The information which follows was derived from a detailed review of the approx-

mutely 2000 pages contained in.the basic ignition source report.

It is important to bring out the fact theft neither the MSC, not the NAA review teams nor the
integration team were able to 16cute any possible sources of ignition in the subsystems under normal

operating Conditions. In all cases in Order to have an i_nition s0urce, there must first be some type of

failure of the component in question.

When a single failure mode for each compotLent was postulated, twenty-one and fourteen potential

ignition sources were identified for the Block I and Block Ii crew compartment subsystems, respective-.

ly. The number of ignition sources noted above does not represent a tally of total individual compart-
ment subsystems, respectively. The number of ignition sources noted above does not represent a tally
of total individual components that are suspect, because all identical components such as switches and

indicators on the display and control panels, all electrical connct'tor.'_, atltl all harnc.,_sc.'_ or cubic tun._,
etc., were treated generic_dly', i.e., each group of suspect items in a category was considered as one

potential ignition source. Delineation of ignition sources identified in Block I and If subsystem follows.

BLOCK I

ELECTRICAL POWER SUBSYSTEM

The following components of this subsystem are considered possible sources of ignition under a
failure condition:

• General Usage Connectors

Special Purpose Connectors
Modular Terminal Boards

Electrical Wiring

The above listed possible sources are generally generated by procedural and l:uman error problems
such as broken wires, damaged insulation, bent connector pins, damaged or lack of, conformal coating
on terminal boards, etc. Evaluation of the detailed data in thebasic report revealed that there were

several cases on S/C 012 where there were deviat_.ons taken to the basic criteria for circuit-breaker

computability with wire size. The basic ignition source repor_ contains an analysis of each o'f the cases
of deviation, and evaluation of these analyses reveals a very :.-w pt_obability that these deviations could

have been contributory to the S/C 012 accident.

DISPLAYS AND.CONTROLS SUBSYST.EM

The following compon.ents of this subsystem are considered possible sources of ignition under a fail-

ure condition:

Main Display Console (MDC_ Panels
(Wiring and Terminal Strips )

Lower Equipment Bay (LEB _ Panels

(Wiring and Terminal Strips

Excessive handling and human error problems associated with these components can lead to damage

of wiring and conformally coated terminal strips. This damage could, in turn, lead to an arcing or

shorting failure mode.

CAL_I'ION AND WARNING SUBSYSTEM

The following component of this subsystem is considered a possible ignition source under a failure

condition:

Elapsed Time Indicator

ENCLOSURE 9.1
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"Fhis devlce is removed prior to flight and is, theref6re, only a potential ignition source during
ground operatiom. The Block I program has experienced one problem with this indicator on S/C014
during Downey checkout that could have led to it being an ignkion source. Smoke whs observed
in ',h__particular case when over-heating of a spike-suppression capacitor occurred.

ENVIRONMENTAL CONTRebL SYBSYSTEM

The following componen,,s of this subsystem are considered possible ignition sources under a fail.tire condition:

Glycol Evaporator Back Pressure Controller
Cable Assemblies

Waste, Management System Blower
Valve Seats in Oxygen Lines

The Controller was considered as a potential source only in that there is some probability that
overheating of the controller under an internal failure condition could ignite the encapsulating material.
h is not known, whether such a condition could result in ignition of the insulation, so it must be
classified as suspect.

The cable assemblies are listed since breakage or abrasion, could provide a. source of ignition in
that some harnesses are in direct contact with the Environmental Control Unit (ECU)foam insula-

tion. The foam insulation was not covered with silicone rubber and thus did not meet the Apollo
criteria for ignition tomperature characteristics of nonmetallic materials.

The Waste Management System Blower is considered suspect because failures of a shorting or
arcing nature within the blower motor have been experienced during the program.

Overheating of regulator and valve seats can occur in high-pressure oxygen lines due to compres-
sion wavea. Became of this phenomenon, ignition of flammable plastic seats is possible.

GUIDANCE AND NAVIGATION SUBSYSTEM

The following components of this subsystem are considered possible ignition sources under a fail-
ure condition:

Display and Keyboard ( DSKY )Electrolumincs._ent Panels

Guidance and Navigation _G.g..Y)Interconnecting Harness
Inertial Measuring Umt (IMU)Control Panel Switches
E?q.ptec ¢, Heaters

A failure of the sealing for the Electroluminescent lights on the DSKY Panel could allow mois-

ture to provide a shotting path for 250 volts used to excite the luminescent material. These seals did
experience failure in qualification t,._ting during 10w-temperature storage.

Breakage or abrasion of the(,t.N harness could lead to a possible ignition source.

The IMU Control Panel pushbutton lighted switches which contain hulbs do not constitute an

hermetically or environmentally sealed device. These are possible ignition sources in the case of cracked
bulbs or. poor contact due to corrosion.

An equipment or component is considered hermetically sealed if it is sealed, either via a bonded-

metal cover, or a gasketed cover (a molded-in-place elastomer gasket)which is designed to hr. capable
of remaining pressurized or evacuated for the specification life of the equipment or component.

An equipment or component is considered environmentally sealed if it is not hermetically sealed,
and is potted, foam,xt and/or conformally coated such that it will withstand the Apollo qualification

environments, particularly with regard to the humidity and salt fog em'ironments. This type of pack-
aging generally "breathes" and is normally enclosed in a metal.package.
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The Eyepieces _'ontain rt_istaflce heaters which operate at 28 volts and 0.1 amps. These eye-

pieces are subject to mu_h bafidiing before and during flight and are therefore subject to a greater

probability of damage thart fixed :lectric/d cotuponefits. Such danlagr could result in arcing or shorting.

STABILIZATION CONTROt. ,qUBSYS'I'EM

The following componeut's of this subsystem are _omidered po_ible ignition _ut'ces under a fail.

ure condition:

Rotational Control

Velocity C,,hange Indicator I Deha V

These two conlponents of the Stabilization Control Subsystem contaill non-hernteti{:ally seMed

_witehes. If a failure _x'curs in tile af'c-suppre_ion diodes, there could be a short to ground causing

arcing of the contacts.

SPACECRAFT CO_:MUNICA'I'ION,q SUBSY'STEM

The following compont;ttts of this subsystem are considered possible ignition _urces under a fAil-

tare condition:

Radio Frequency ( RF _ Connectors

Overheating of Equipment due to Loss of Cooling

l-:l,t|)st'd l itnt' [l|d it ,tt_,t _ t%t't' (',|tit t,_l| af|d _,tt Illll_ %tlb_y'qclll)

Hughes Connectors

Arcing of RF connectors and pin-to-pin shorting of tile Huglws connectors are potential ignition

murct_ under a failure condition. There is a general cotxcern with regards to potential ignition _ources

if all communications system cooling should be lost. Whether or not igt'dtion temperatures of adjacent

non-metallics could be attained is not known.

TELEVISION SUBSYSTEM

The following components of tltis subsystem are considered possible ignition murces under a fail-

ure( procedur,_D condition:
Television Bulkhead Connectors and (kible Assemblies

I( the TV power s_,_'itch is left in tile "'on'" position during connectioft or disconnection of the

qX' power cable, arcing could occnr thereby providing an ignition source.

SUBSYSTEM CONTAINING NO PROBABLE IGNI'FION SOURCES

Based on the ground rules established for this evaluation, the following subsystems are considered

nOn-suspect from a probable ignition source Standpoint:

Sequential Events C,omroller

Mission Control Programmer

Crew C,ommunications

l mtt umentation

Expt.rimentS and Scientific Equipment

BLOCK 11

The nulnber of Block 11 components considered to be possible ignition sources under [allure con.

ditions is fourteen, "l'hi_ is seven fewer components than were listed i,t the Block i subsystems. The

reduction in number is due in all cases to either one of two conditions:

(a)The Block I component is not used in Block II or

t b_ The Block If components have been redesigned to eliminate the problem that existed

in the Block l component. In many cases non-h_'rmetically sealed components in Block I had

been previously redesigned to incorporate hermetic seals due to concern over moisture penetration.

The following is a hsting by su[:syst,':'rl_, of the Block !I components that are considered possible

i_tition _ouree_ under failure conditions. The reamus that the._ are suspect can be found under the

previous Block 1 susystem discu_ion of the cotlt|x-_nent

ELEC71"RICAL i_WER SUBSYSTEM

General l.'_ge Connector,_
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Special Purpose Connectors
Modular Terminal Boards

Electrical Wiring

DISPLAYS AND CONTROLS SUBSYSTEM

MDC and LEB Panels (Wiring and Terminal Strips)

ENVIRONMENTAL CONTROL SUBSYSTEM

Glycol Evaporator Back Pressure Controller
Cable Assemblies .

GUIDANCE AND NAVIGATION SUBSYSTEM
G&X Intcrconnctting ttatn_'.,,s

Eyepiece Heaters

STABILIZATION CONTROL SUBSYSTEM.
Rotational Control .

SPACECRAFT COMMUNICATION SUBSYSTEM
RF Connectors

Overheating of Equipment due to Loss of Cooling

TELEVISION SUBSYSTEM

Television Bulkhead Connectors and Cable Assemblies

The following lists subsystems in which there exists no probable source of ignition:
Caution and Warning

Sequential Events Controller

Entry Monitor
Crew Communications

Imtrumemation

Experiments and Scientific Equipment

Table I of this Enclosure is a convenient listing of the ignition sources and identifies changes from
Block I to Block If.

Tlfe-.type of packaging ahd qualification history was exafnined for the components k'hich were

reviev.ed for possible ignition services. The components were treated categorically so the total number
po, trayed is greatly reduced from the total number actually reviewed (I.e., switches, circuit breakers,
terminal boards, etc. )

Total number of components 188

Number envh'onmentally _aled 95
Number hermetically sealed- 78

Number not protected by either 15
hermetic or environmental packaging

Table II of this Enclosure is a listing of all the Block II components which are neither hcrmeti-
call)' nor environmentally sealed.

Table 1II of this Enclosure is a listing by subsystem of non-metallic materials contiguous to the

components in Block 11 which have been identified as possible single-failure ignition sources.

i
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TABLE I OF ENCLOSURE

SUMMARY OF POSSIBLE SOURCES OF IGNITION UNDER A FAILURE.CONDITION

BLOCKI ITEM

- BLOCK I & BLOCK II -
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BLOCK II COMPONENTS HOT HERMETICALLY OR ENVIRONMENTALLY SEALED
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SPACECRAFT ATMOSPHERES

BACKGROUND

The use of 100% oxygen for Spacecraft atmosphere in the U. S. manned space program has been
based on extensive research and development in both the fields of biomedical science and engineering.

The selection of a pure oxygen atmosphere at a pressure of 5 psia for the Mercury. Gemini, and Apollo

Programs resulted from careful consideration of the physiological, safety, and reliability requirements
of manned space flight.

The engineering, medical, and safety aspects of the one-gas (100% oxygen)atmosphere have been
the subject or' widespread investigation in the United States and abroad, by government, uffiversity,
and industrial research. While the bulk of the research has been over the past ten years, consider-

able work relating to the dse of 100% oxygen in aircraft was done much earlier. Probably one of

the most authoritative compilations of this research is contained in a four,part series on "The Selec-
tion. of Space-Cabln Atmospheres," prepared for NASA by Dr. E. Roth of the Lovelace Foundation
for Medical Education .and ReSearch, Albuquerque, New Mexico. The Series, which was prepat'ed

under NASA contract, is comprised of four volumes: (1) "'Oxygen Toxicity," (2)"Fire and Blast
Hazards," (3) "'The Physiological Factors of Inert Gases," and (4) "'Engineering Trade-offs of One-

Versus-Two-Gas Systems." Volumes (1) and (2) have.been publishect; Volumes (3) and (4) are in the
publication process. These studies have been further expanded by the work of the Douglas Company
for NASA contained in, "'Engineering Criteria for Spacecraft Cab:n Atmosphere Selection," Douglas

Missile and Space Systems Division, Douglas Report DAC-59169, November 1966.

GENERAL CONSIDERATIONS IN THE SELECTION OF SPACECRAFT ATMOSPHERE

Before discussing the specific aspects of the spacecraft atmospheres used in Mercury, Gemini, and
Apollo, the general considerations relating to spacecraft atmosphere should be reviewed. Selection

of the atmosphere must consider at least the following factors:
1. Sufficient oxygen content to support life. This requires a minimum partial pressure of oxygen

equal to or greater than 3.5 psia.
2. Dysbarism (bends) caused by pressure deercases in a. multi-gas system, or in transitions from

normal atmosphere to pure oxygcn enviromnent at reduced pressures.

3. Total operating pressure, which affects spacecraft structural design as well as dysbarism poten-
tial in dvent of spacecraft decompression in normal or emergency operations.

4. Space suit operating pressure (gauge) which has significant effects on suit design, crew mobility

in unpressurized cabin and extra-vehicular, activity (E\_\) physiological stress levels. In general, suit
pre.ssure lcvels exceeding 3.5 psia rcsult in increasingly sever.c spacc suit rigidity.

5. Difl'erence in cabin atmosphere constituents and suit atmosphere constituents which affcct thc

possibility of dysbarism in decompression, or would dictate extended time for crew purging for EVA
activities as wdll as potential leakage problems between suit and cabin atmospheres in redundant op-

erating modcs.
6. Puhnonary atelectasis (collapse o[ hmg tissue), which could be caused by inhalation of pure ox-

ygen for cxtcilded periods of time which is a function of absoiutc oxygen pressure level.
7. Diffcrences b/:twcen cabin atmosphere and suit atmosphere constituents which could produce

the possibility of h,_poxia! lack of sufficicnt oxygen! in thc event of minor system malfunction
or interaction.

8. The hardware complexity of the cnviromncntal control system design which is a function of

its atmosphere constituents. This extends to consideration of oxygen uses for put'poses other than life

its atmosphere constituents. This extends to consideration of oxygen tts_ for purposes other than

life support.

9. The reliability of measuring and controlling the partial pressures of constituent elements of a

multigas system. In general, more compl_x measurcmcftt and control systems must. be used for a
two-gas atmosphere as comp;tred to simply controlling the pressure of an oxygen atmosphere.
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10.Crewcomfort on a long mission which is significantly affected by continued suit operat[0n in

either a pressurized or an unpressurized cabin. This consideration is also a function of Confidence

in cabin integrity and expected emergency decompression rates.
11. Effect of the atmosphere chosen on ignition temperatures of cabin materials. In general, the

ignition temperatures for solids vary only slightly with oxygen partial pressure.
12. Effect of the atmosphere on combustion propagation rates after ignition has begun. Again,

in general, the propagation rate is affected by Oxygen partial pressure. However, at the rel.atively low

pressures used in spacecraft, this effect appears to be of no signifiCance:

MERCURY AND GEMINI FLIGHT ATMOSPHERES

The guideline for the selection of the atmosphere used in the MerCury Spacecraft was to employ
the least complex and lightest approach consistent with reasonable safety. The 5 psia, 100% oxygen
environment was selected as the best compromise to preclude anoxia and oxygen toxicity. Another
consideration was the selection of a pressure level which, in the event of a cabin decompression, would

result in a minimum decrease to the suit pressure, and therefore, the least incidence of dysbarism

[bends!. It should be noted that prior to the inception of the Mercury Program, aviators flying high-
performance aircraft were breathing 100% oxygen. This aircraft experience was the natural prede-
cessor to the Mercury environment; in effect it constituted the "state of the art" w.ithin.the aerospace

medical community.

Early in the Mercury Program, a NASA Life Sciences Committee, chaired by Dr.. W. R.. Love,

lace, II, reviewed the medical requirements and approved the approach taken by the prog!;am.

As a part of the development of the Mercury Environmental Control System _ECS) manned al-
titude chamber tests were conducted in a boilerplate spacecraft. The first of these manned tests was
conducted at McDonnell Aircraft Corporation on April 21, 1960, with Mr. G. B. North, a McDonnell

test pilot, as the test crewman.

Mr. North was prepared for the test by pre-breathing oxygen before ingress to the test vessel.

The pressure suit circuit had already been purged with oxygen. After the ingress operation was com-
pleted, the suit circuit was again purged with oxygen for a time period and rate previously deter-
mined to assure an essentially pure oxygen environment in the suit circuit. The .hatch was closed and

sealed. No oxygen purge of the cabin was conducted, since the space suit was isolated and the En-
vironmental Control System design provided an 80% cabin purge during .spacecraft ascent by adding

oxygen to the cabin as the cabin relief valve permitted total pressure to reduce from one atmosphere

to space operating level.

The altitude chamber was evacuated to 27,000 feet equivalent altitude, and the Environmental

Control System operation during the chamber pump down (simulating launch ascent) was as planned.

After approximately forty (40) minutes of operation at 5 psia, the test was aborted because Mr.
North became unconscious. This condition was attributed to hypoxia t(lack of sufficient oxygen).

Subsequent inves.tigations revealed that leakage of nitorgen from the spacecraft air into the pres-
sure suit circuit .had gradually decreased the partial pressure of oxygen below physiologically accept-
able limits. This decrease in oxygen partial pressure could occur since certain portions of the suit

circuit were at negative pressures relative to the cabin pressure.

Three additional manned tests were conducted on June 2, 2, and 6, 1960. All three tests were

aborted because of rapid decreases in the suit circuit oxygen levels.

As a result of these incidents, the prelaunch procedure for all Mercury spacecraft, both astronaut

and chimpanzee, was changed to require that the cabin be purged with oxygen prior to launch..This

change eliminated The possibility o[ nitrogen concentration in the suit circuit.

The requirement for purging the cabin with pure oxygen at approximately 15 psia during the
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prelaunch period of several hour_ has been continued for all manned spacecraft launched in this coun-
try. This same procedure has been uged also on all manned spacecraft vacuum chamber tests in the

hlercury, Gemini and Apollo Programs.

The Gemini spacecraft atmosphere was selected to be the same as Mercury (5 psia, 100% oxygen).
This selection allowed the Gemini progt'am to develop an environmental control system largely based

on the Mercury design, and to benefit from the years of previous experience in procedures, specifi-
cations, and Standards. The Gemini system proved extremely reliable, and performed successfully

in I0 manned flights, and in a large number of manned and unmanned altitude chamber tests and

preiaunch operations.

APOLLO FLIGHT ATMOSPHERE

Early studi_s based on NASA's own research and also on a large body of other experimentation
on artificial atmospheres, e.g., aircraft and submarine, resulted in a recommendation for a 7 psia oxy-

gen-niu'ogen atmosphere for Apollo. This first recommendation was in 1961. The primary reason
for this .recommendation was concern by physiologists that two-week Apollo missions in a 5 psia 100% ...........

oxygen environment (used in the Mercury Proga'am) could cause pulmonm T atelectasis (collapse of
lung tissue). This condition had been observed after extended inhalation of pure oxygen prior to that
time. However, a counter-balancing physiological question concerned dysbarism (bends) in the recom-

mended two-gas system if a rapid cabin decompression should occur.

An extensive test program was, therefore, initiated to resolve these physiological questions for both

the Apollo and Gemini atmosphere selections. (5 psia, 100% oxygen) atmosphere was planned, for the
Gemini spacecraft). The tests showed that a preoxygenation period of at least three hours was required .

to prevent bends in the event of cabin decompression during, or immediately following launch. Test-
ing in the 5 psia 100% oxygen atmosphere indicated that atelectasis would not be a problem in the two-
week Apollo or Gemini afissions. (Satisfactory crew performance has not been demonstrated for 30-

day periods in 5 psia 100% oxygen atmosphere, including dynamic and static conditions). Based on
the results of this test program, NASA decided in 1962 that the Apollo spacecraft would also use the

5 psia 100% oxygen atmosphere used in the Mercury and Gemini Programs. This sele,'tion of cabin

atmosphere in space has enabled:
I. Continuation of the Mercury and Gemini experience.

2. :\voidance of potential dysbarism problems in avrious modes of space operation.
3. Relatively simple environmental control system hardware with attendant high reliability.
4. A "'shirt-sleeve'" cabin environment which has enhanced crew comfor.t and e.ffectix, cncss.

5. Minimum operational restraints to EVA initiation.
6. Maximum crew mobility within the constraints of present space Suit design by utilizing lowest

practical absolute pressure.

FLLGlrI" AT.MOSPI IERE FOR TI iE -\POI,I,O APPLICATION PROGRAM

The -\polio Applications Program (AAP) prt,_cntl.v plans to use a 5 psia two-gas atmosphere (60%

oxygen; 31% nitorgcn) only in the airlock module (S-IVBspcnt stage workshop)for planned mission
durations in excess of 30 days. The 5 psia pressure level selected for the long duration missions was

dictated by present Apollo pressure vessel capahilit.v and system compatibility considerations.

Present program plans continue the utilization of the standard :\pollo pure oxygen environment
in the (Iommand Service Module and Lunar Modules, which may be associated with A.XP missions.
'_Vhilc the airlock module will have the capability for a two-gas system on the first A..\P mission.

present plans arc to utilize the two-gas system for the second mission (45 days). Pure oxygen atmosphere
woukt be tLsed on the fir,_t mksion (311 davs'h

The primary consideration in utilization of the two-gas system for long duration missions is a

degire to.avoid ph.vsiological uncertainties and the possibility of atclectasis.
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FIRE HAZARDS IN THE SPACECRAFT ATMOSPHERE

The possibility that fire could occur in any atmosphere capable of life support has been under-

stood throughout the program. In general, neither iguition temperature nor combustion rate is a *trong
function of oxygen partial pressure in the range from 3.5 psia to perhaps 7 psia. Mixed gas systems

operating with a minimum of 3.5 psia oxygen partial pressure apparently do not have significantly
different fire hazard potentiat,s as compared to a pure oxygen atmosphere at the_same pressure.

Limited zero_G aircraft testing has indicated that there is a tendency for combustion in a low-

pressure pure-oxygen environment at zero-G to be self-limiting. This may occur because of the lack
of natural convection to remove products of con',busti, m which no longer contain oxygen from the vici-
ity of the flame source, ttowever, forced convection in the cabin could nullify this effect.

In orbit, fire on board the ._pacec:aft could be extinguished by venting the cabin to space. This
mode of operation would require the crew to be suited prior to the decompression period because

physiological constraints dictate that a miniinum body pressure of 3.5 psia be maintained, Suit-donning
times are on the order of 10-15 minutes. Since the probability of fire was considered sufficiently re-
mote, this mode was not given strong consideration because crew comfort and crew effectiveness in

long,duration missions require that the suits be off for extended periods.

Attempts to design fire extinguishers for cabin deluge systems have not been particulary success-

ful. The "fire pockets" between instrument panels and structures complicate the design of any effec-
tive fire-extinguishing system for spacecraft use. In addition, there is the potential interaction with

crew safety, e.g., toxic fumes. The difficulty of timely detection of a fire and reliable operation of

an extinguishing system must be carefully weighed against the potential dangers when.considering
such a system for spacecraft use.

SUMMARY REMARKS

In summary, the selection of a 100% oxygen atmosphere for manned spacecraft has resulted from
the careful consideration of all factors relating to crew safety andmission success. This choice has

been based on extensive research, which has included single and multi-gas atmospheres with their at-
tendant advantages and disadvantages.

The 100% oxygen atmosphere has been used successfully in all U.S. manned flights to date, and
is considered suitable for missions of 30 days or less.
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EXAMINATION OF SOLDERED JOINTS
F.OR ALUMINUM TUBING

A. Design Selectio_ Rationale

The decis{on to use alutl_inum tubing in the Environment_al Control System (ECS)for both the

water/glycol and oxygen circuits was made on the basis of stringent mission requirements and design
limitations (weight, vibration, fluid compatibility, pressure, ect.). These required that:

(1) All joints were to be essentially leak free. The maximum leak rate allowed .was 5.6 x 10-6

std. cc of helium/see.
(2). The joints were to be compatible with the various spacecraft .fluids without a loss in Strength,

particulate formation, or fluid degradation.
(3). The joints, and the line._, were to withstand an acoustic environment sustained at a sound

pressure level above 143 decibels for 150 seconds.
(4). The joint.s were .to sustain a dynamic in-flight environmental stress of 17,000 psi for 5,000

cycles.
(5). The maximum design pressure was not.to exceed 900 psi in the ECS aluminum lines.

Another consideration was that the plumbing system be of minimum weight. The aluminum
tube wall thickness was established at .035 inch for strength and to facilitate handling, 304L stain-

less steel lines would also require 0.035 inch tube wall. On this basis, assuming the various joint -con-

figurations would be similar for both steel and aluminum, the steel system would wcigh approximately
3 times the aluminum system, a weight penalty of approximately 103 pounds.

Welding of the aluminum joints was also considered, but early in the program it was evident
that an extensive and costly development program would be necessary. Therefore, aluminum tube

welding was limited to manual welding on the bench and in readily accessible areas on the spacecraft.

,Mechanical fittings were utilized, but limited in number for obvious reasons. Mechanical fittings

are susceptible to loosening under vibration, and generate the greatest amount of particulate matter
during tightening. Therefore, these joints (B-nuts and quick disconnect fittings) were limited to dis-

similar metal joining, closeout lines, equipment connectors, etc.

Based upon these considerations, a metallurgical joint was indicated and a soldered union for
joining aluminum tubing was considered. The soldered tube-union joint permits the assembly of a

plumbing system of minimum weight generates the minimum contamination, has adequate strength
to withstand system pressures, is compatible with system fluids, and will sustain spacecraft environments.

When the decision to use solder joints was made in 1962, a program was immediately initiated

to select a soldering alloy. This alloy was required to be compatible with the spacecraft fluids, readily

available, and applicable to existing processing techniques. This phase of the program involved an
intensive literature search, mechanical property determinations, flow and compatibility testing.

The literature survey rcsulted in 31 candidate alloys from which twenty were selected for fluid

compatibility testing. These tests screened out all but two potential alloys. These two alloys were

subjected to the following tests:

[1!. Compatibility with N204
[2!. Alloy wetting and flow characteristics
[3!. Optimem platc thickness (nickel base for solder)

[4!. Optimum gap for capillary flow

[5!. Peel resistance
[6!. Metallurgical analysis (diffusion, erosion of tube)
[7!..Mechanical properties (shear. stress rupture)

[8!. Effects of reheating

Subsequent to these tests, containment of N204 was not req_.|Ec.d.J.)y th.e,_luminutn.tub.in.g.. ,This .........
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necessitateda re-evaluationof the solderingalloy, Baseduponprior developmenttesting,production
experience,strength,,availabilityand exceptionallygoodcorrosionresistance,it wasdecidedto test
and usethe 60 Sn - 40 Pb solderalloy. Thissolderconformedto FederalSpecificationQQ-S:571,
Type SN 60 RARP2(activatedrosincoredflux), Thisalloywas,_ubjected to the following tests:

[1!. System and Material Compatibility Tests

a. Exposure and weight loss
b. Metallographic examination
c. Salt spray .- 240 hour._ at 95°F in 20% N,".CL

d. Humidlty - 240 hours at 120°F in 95% humidity

e. Simulated system exposure to water-glycol for periods up to 8 months
f. Leak tests prior to and subsequent to exposure

g. Joint strength change prior to (control specimen) and subsequent to exposure.
[2!. Mechanical Property Tests

a. Joint shear strength
b. Stress rupture under tensile loading (38% to 90% of joint shear strength).

c.Creep (35% to 95% of joint shear strength)
d.Burst pressure (Hydrostauc)

e. Flexure - Impulse fatigue- hnpulse fatigue (pressure 40,60 psi, 17,000 psi fiber stress for.5,000'

cycles minimum),
[3!. Structural Environmental Tests

a.Acoustic vibration (143 decibels minimum for 150 seconds).
b.Vibration-flow (Sinusoidal and random vibration - time 5 minutes, Orientation: Both or,

thogonal axis perpendicular to the longitudinal axis of the tube).

[4]. Leak Testing

a.Mass Spectrometer

1.Internally pressurized joints

2.Evacuated lines and joints

[5!.. Effect of Resoldering Joints

PROCEDURE

a.Solder up to 3 times (joints pulled apart between each resolder operation).

b.Check joint by X-Ray for presence of voids.
c.Leak rate with mass spectrometer

d.Determine change in joint strength.

[6!. Alignment

Where required, a tube alignment fixture shall be attached in such manner that the tubes are
held together with a maxinmm allowable gap of 0.060 inch. The maximum premissible axial

misalignment shall be three degrees, and displacement of either tube end from the center of
the union shall not exceed 0.060 inch.

TEST RESUI,T SUMMARY

[I!. Corrosion and Compatibility Testing

a.No evidence of deleterious corrosion or corrosion products were noted in sinmlated partial ECS
systems with inhibited water, glycol after eight months exposure. Aluminum soldered joints

removed from SC 011 after flight and recovery revealed only a slight white deposit in
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the joint area, but no evidence of tube or solder alloy corrosion. The white deposit is
believed to be an anhydrous A1 (OH)e, but is not considered detrimental in an active

system as it is present as a gel and does not clog the system.

b.No deleterious corrosion was evident due to the salt spray and humidity testing. The " ,,.k

integrity of the joint was maintained with ,no appreciable loss of strength as measured

by the burst tests.

[2!. Mechanical Property and Environmental Stress Testing

a.The joint shear strenght (tensile) is more than adequate for the low pressures used on the
Apollo. The tensile load applied by the system pressure is only a fraction of the joint

strength. Avg joint strength [1/4 dia.! - 681 pounds Axial load due to pressure [900

psi! - 36 pounds
b..The vibration, flexure-impulse, and burst-test results indicate that the joints do withstand

• the environmental stresses by at least a factor of 10.

(3). Structural Environmental. Testing (Spacecraft.Test Sections)
Several test sections of the service module containing numerious soldered joints of all sizes

and configuration were acoustically tested with only one leak (out of 51 joints) in a water/

glycol tubc tee assembly. This test was part of the auxiliary plumbing and not a test
item This joint was repaired and the test repeated successfully.

[4!. Leak Testing
The lcak tests were performed with a mass spectrometer sensitive to 10-6 std. cc of helium/
second using helium as the dctcctable gas. The leak checks were performed prior to and
subsequent to vibration, flexturc-impulse, and resoldering tests. Out of 47 joints tested,
fivc leaks wcrc observed. Two of the leaks wcrc in thc tubes at the fixture, two did

not exceed the allowable limits (3.54 x 10-7 and 1.27 x,l.0-7 st. cc of helium/see.) and

the fifth had a leak rate of 8.9 x 10-6 std. cc of Hc;scc.

(5). Burst Testing
The average hydraulic fluid pressure rcquircd to burst the aluminum soldered joints ranged

from 13,000 psi for the 1/4 inch lines to 5,300 psi for 5/8 inch lines. These fluid pressurcs
arc more than adcquatc for the maxinaum system prcssure of 900 psi. Based on these re-

sults the factor of safcty at operating pressure is at least six.
(6). The sclection of solder for joining aluminum tubes was evaluated furthcr by establishing the

magnitudc of thc midspan deflection of a simply-supportcd tube specimen stressed in bend-
lug to 17,000 psi. This stress was considcrcd to be a minimum safe allowable value.

The span was sclcctcd by assuring that the natural frequency would be greater than 120
,:ps. Based on the outer fibcr stress of 17,000 psi achievcd during the test, the following

midspan deflections wcrc obtained.

Tube Diameter (In.) Sp,m (In.) .Midsp_m I)cflecti6n (In.)

1/4 13.5 0.239

3/8 16.5 0.226
5/8 22.0 0.232

It was assumed that in normal manufacturing and assembl.y handling these deflections would

permit assembly without any undue problems in tubc alignment and line movement during

equipment installation and removal. These deflections wcrc substantiated by the vibration
test which imposcd a fiber stress of 17J_)t) psi for a minimum of 61,200 cycles.

Based upon the foregoing data, the implementation of soldering for joining aluminum

tubing is considered to a sound decision provided the proccdures for alignment arc met, good

design practice is exercised, and appropriate criteria for systcm installation and field main-
teuance are generated.
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B. Program Experience

(1). Union on coupling design.
The union, as presently used in the program, has been designed to minimize weight.
In practical use and especially in conjunction with the use of the 6061-T6 hardeaed alu-

minum tubing, these unions have proven to be unsatisfactory, Considerable number of
leaking joints have been found on all spacecraft. Substantial improvement of this union

is required in_ order to accept normal handling associated with spacecraft checkout and
field repairs.

(2). Joint Assembly

Initially, considerable difficulty was experienced in the n_ckel plating process; however,

thi._ problem has apparently been resolved by establishing and maintaining rigid cleaning
process specifications.

The present specification allows an additional heat if the joint is unsatisfactory. Criteria
for a satisfactory joint has been reduced to leakage only. Joints not meeting the other

criteria are often accepted as a result of engineering action it they meet. the leakage re-
quirements.

In spite of the allowable reheat and reduced criteria, a ten percent rejection rate
still exists.
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A. TASK ASSISNMENT

The Apollo 204 Review Board established the Analysis of Fracture Areas Panel, 10, The task assign-

ed for accomplishment by Panel It) was prescribed as follows:
Inspect spacecraft for strueturM failures resulting from the fire. Analyze these failures from

standpoint of local pressure, temperature levels, direction of gas flow, etc.

B. PANEL ORGANIZATION

I. MEMBERSHIP:

The assigned task was accomplished by the following members 6f the Analysis of Fracture Areas

Panel:

Mr. P. C. Glynn, Chainnan, ,\lanned Spacecraft Center (MSCO,_IS_ASA

Mr. N. Koenig, Kclw, edy Space Ceuter (KSC), NASA

Mr. g. E. Johnson, MaunedSpaeecraft Center (MSCL NASA
Mr. S. Glorioso, Manned Spacecraft Center (MSCL NASA

Mr. I,. J. Korb, North AmC-rican Aviation,lnc. (NAt'x)
Mr. D. Root, North American Aviation, Inc. (NAA)

Technical support was provided by the Manned Spacecraft Center (MSC) Structures and Mechanics
Division (SMDI and North American Aviation structural analysis personnel. The major portion of the

on-site task cot_sisted of detailM metallurgical inspection and laboratory analysis. Metallurgists Korb,

Glorioso, Root, and Johnson performtxt the majority of the inspection while Koenig monitored or per-

formed all the laboratory analyses.

2. COGNIZANT BOARD MEMBEE.:
Mr. E.B. Gcer, l,anglty Research Center (I,aRC), NASA, Board Member, was assigned to monitor

tile NAnalys'is of Fracture Areas Panel.

C. PROCEEDINGS

In response to the direction of the Apolh_ 204 Review Board, the Panel derived detailed objectiyes.

These objectives were:
lt_spect tiw spact'craft structttr¢-s to determine the extent, origin, mnde, and failure sequence

of signifieatlt structural damage.

Estimate the cabin ctwirolmlCnt during tlw fire. Analyze all applicable data and examine the

sl,acecraft fist- evidefwe of local temperature and pressure extremes.

Provide t;:,,talhtrgic,d sttpport to the systems engineers during spacecraft disassembly. Define

nwt,tllurgical test requircnlemS to determine the cause of system damage.

1. PANEl, ACTIVIi'Y

The inspection of the spacecral't structures was conducted in a systematic manner starting with the
C_mmhmd Xlodule ((1 .Xl) and ,_elxicc Module IS ,M) while located at l,auneh Complex 34 and con-

titutcd through C XI heat shwhl removal. Structural damage reports were made coincident with the

spacecraft disa_scnll_l,v phast,'s. As tn,_lor sub-systents were removed from tile spacecraft, they were vis-

ually inspected Buckles, fractures, cracks, nwhed areas, localized arcing or pitting in metal components,
and obvious dtrect svire, shorts were noted and documented. Those items which required laboratory

,|tt,tl,.'ses _'ere identified and detailed test requirements were ddfined. Equipment removed from the

,_p,v-,,cra|t I'ollo_ittg heat shield removal _,ts imperted in detail at tile requ_t of the applicable system

engittrer .Xtt:dvse'_. o[ results of tile nlonitored laboratory work were provided to Panel 18 Integration
,\nalysis Met.d degt,td,ttion title to extretne structural temperatures was documented and analyzed. An
t'_llllhl|e tie the lelnperature attained in hwai areas as determined ft'onl exatnination of the metallic

t-t-Dlnp_)nentS _,as provided to P.mel F M,lterials Review'. Suptmrt concerning tile spacecraft strength
alld strurtur,Ii t'ollliguration _.ls provided, to l'.tilel 4. Ilisa_ctflbly Activities Panel. Structural and mech-

atucal sllbsvsleltl ,-qqa_rt _.ts provtded to the Equipment .',icreening Conmiittee.

D-10-3



2. INTRODUCTION

The crew conipartment of C/M 1)12 was a pressurized shell fabricated of bonded aluminum boney-
comb sandwich structure. The cabin structure wag pressurized to a positive pressure of approximately

2 pounds per square inch differential (paid) pressure at the time of the fire. As a result of the fire,

portions of the intc_'ior and exterior were burned and the primal T cabin structure was ruptured.

At the tit'ne of the accident, all cofflponents of the StruCtural and mechanical subsystem were in-

active. No evidence was foulld which would support a hypothesis of mcchanically induced ignition ot_

combustibles within the C/M. Thc crew cquipmetit subsystem contained combustible material which

burned. Examination of fihn and data from the SMD-2B boiler plate fire simulation test (Reference

I0-1) verified that the rupture Of the C/M cabin accele'rated the propagation of the fire by inducing
forced convection.

3. INVI"STIGATIVE ACTI VITI ES

a. CABIN RUPTURI"

(I) TIME OF RL'I'TURE

The time of cabin rupture was concluded to be betweeu 6:31 : 19.3 pm EST (23:31:19.3GMT.)

and 6:31:19.5 pm EST. This couclusion is supported by analysis.of aft heat shield thermo-

couple data and Stabilization and Control System (SCS) spacecraft angular rate data. The'ther,_-

ocouplc data indicated an open circuit at approximately 23:31:19.5 GMT. Inspection of the meas-

urement wire leads near the origin of cabin.rupture verified that the leads had been burned

through. The indiccd structural motions at rupture, indicated at 23:31:19.3 GMT by the SCS

rate measurements, were analyzed aud correlated with the origin of the fracture.

(2) CABIN PRESSURE I IIS'I'ORY

Atmospheric pressure at the time of the accidet_t was 14.68 pounds per square inch absolute

(psia). Direct measurcmcnt of the cabin pressure was valid until approximately 6:31:16 pm EST at

which time the cabin pressure measurcmcnt indicated full scale, l-lowcver, the Guidance and Navi-

gation System did rcspoud to cabin pressurc as discussed in Rcfcrcuce 10-2. AC Electronics Di-

vision analyzed the applicable data from t)CP F()-K-0021-1 as well as data from a previous C/M

012 cabin pressure trot. This aud supporting test data obtaincd by simulation using Spacecraft
008 (Reference 10-3) verified the cabin pressure measurement and provided the additional data

points shown in Euclosurc 10-2 ....

An estimate of the minimum cabin pressure history for the time period 6:31:16

to 6:31:19.4 pm EST was c,dculatcd. "12hc heat absorbed hy thc cabin gas was calculated up to the

time of pressure trax'tsducer saturation. The, x:atc of heat absorbed by the cabin gas was linearly

extrat,:_lated aud the r_ultiug pressures and average gas temperatures were calculated. Venting

of the ca!fin pressurt' relief valve and the addition of oxygen to the cabin were included in the
aualysis (Reference I0-.t and 10-5). ()peration of the cabin pressure relief valve was shown to have

negligible effect upon the time until cabin rupture. The method of analysis used was judged to

yield a minimum pressure history. The estimated minimum pressure at rupture was 29 psia.

Enclosure 1t)-2 presents the estimated cabin pressure from 6:31:06 to 6:31:22 pm EST.

Pressure wducs plotted for the time of rupture arc:

l)csign uhimatc pressure 12.9 psi differcutial (27.6 psia)

Estimated minimum pressure at rupture 14.3 psi differential (29 psia)

Estim,itcd maximum pressure at rupture discussed iu Section C3c(1))
2',] psi differential _37.7 psia)

Average gas temperature at the time of rupture was t_timated to be in excess of 7iX)

degrees Fahreuheit _*I:). The SMD-2B fire simulation tc_t data (Refcrcttce 10-1) and analyses _-

timatr a structural tempcr,lture at the time of rupture in the vicinity of the origin of fracture of
lt',ss than 130 ° F.
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b. C/M PRIMARY STRUCTURAL DAMAGE

(1) C/M EXTERIOR
Inspection of the C/M exterior indicated extensive primary structural damage to the +Y,

-Z quadrant exterior structure. Evidence of degradation of the external thermal control coating
was most severe in this region. Evidence of C/M crew compartment exterior structural damage

was noted in the ,egion between access panels 15 and 17, (Enclosure 10-3) and of the helium

pressurization panel bracketry as illustrated in Enclosure-_ 10-4 and 10,5. Inspection following heat
shield removal indicated burned and melted secondary structure in thig region.

(2) C/M CREW COMPARTMENT

Inspection of the interior oF the C/M cabin determined that the primary structure was

damaged in several locations. Burned penetrations of the bonded aluminum honeycomb sandwich
cabin structure were observed in the aft bulkhead beneath the Environmental Control Unit (ECU)

and Water Control Panel and in the aft sidewall behind the Water Control Panel. Rupture of

the aft bulkhead was observed as illustrated in Enclosures 10-6 and 10-7. Melting and erosion of

the fracture surfaces was evident and is illustrated in Enclosure I0-8.

,Much of the fracture.surface was not initially visible from the interior of the C/M due to

equipment and secondary structure installations..The fracture surfaces are defined in detail in.En-
closures 10-9 and 10-10. Exterior definition of the fracture is illustrated in Enclosure lO-11a, lO-11b,

and lO-11c.

(3) C/M AFT HE,aT SHIELD
The aft heat shield brazed stainless steel honeycomb sandwich _tructure was melted and

eroded in the +Y, -Z quadrant as shown in Enclosures 10-12a, 10-12b, and 10-12c. Evidence of

high temperatures and high velocity gas flow is further illustrated by the charred and missing in-
sulation which is installed between the aft heat shield and cabin aft bulkhead. Evidence of im-

pinging hot gas through penetrations in the cabin aft bulkhead in the +Z quadrant was observed.
Little evidence of impinging gas was observed at the location of the burned-through area beneath

the ECU and Water Control Panel.

c. ANALYSIS OF PRIMARY FAILURES

(1) BACKGROUND
Nondestructive pressure testing of the C/M crew compartment structure performed during

the qualification tests of the Apollo Spacecraft structure predicted the observed mode of aft bulk-

head rupture. The aluminum sheets forming the inner surface of the cabin me _elded to form a

pressure tight compartment. Thicker chemically milled sections at the circumferential joint of the
aft bulkhead (Enclosure 10-7) arc provided to facilitate the welding process and allow for the

reduced unit strength of the weld. The junction of the aft sidewall aft bulkhead forms a discon-

tinuity in the shell" surface. The critical region of the. cabin structure for internal pressure loading
occurs in the aft bulkhead inner face sheet at the transition of the weld land to the thinner inner

face sheet near this discontinuity.

The predicted failure mode is rupture due to meridional tensile stress of the inner face
sheet. Calculation, using ,_rain gage data from the qualification test, yields an estimated upper limit

of. burst pressure of 37.7 psia.

(2) ORIGIN
Detailed inspection of the bulkhead was correlated with the observed aft heat shield and

cabin exterior structural damage. The motion of the structure due to cabin rupture, deduced from

the Stabilization and Control System rate data, was consistent with the observed evidence. It was

concluded that the cabin ruptured at point A shown in Enclosures 10-9 and 10-10 at the junction

of the weld land to the inner face sheet. Enclosures 10-8. 1(I-9, 10-10, 10-11a, 10-11b, and 10-11c
define the total fracture. Most of the fracture surfaces were burned and melted; little metallurgical

analysis was attempted.

(3) FAII.L'RE SEQUENCE
h was concluded that the tensile failure of the inner face sheet at point A (Enclosure

11)-9) was followed immediately by tensile failure of the outer face sheet at point A (Enclosure
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I0-10). Rupture then propagated to points B and C. Failure of the inner face sheet to point H

and failure of the outer face sheet along lines IJKL and CIJ were deduced from inspection and

structural analysis to have occurred following the initial rupture and to have been of secofxdary

significance. The bonded doubler at point K was added as a result of manufacguring process control

testing performed during structural assembly. Failure of the inner face sheet along DI_FG and

delamination of the outer face sheet from the core with burn-through holes in the -Y, +Z quadrant

occurred subsequent to the initial rupture at a pre_ure-struCtuml-temperature combination less than
that required to cause failure 6i' the outer face sheet. Burn-through in the area beneath the ECU

did not occur until the late stages of the fire at a time when cabin pressure was approximately

ambient. Face sheet defects adjacent to this area are a result of the _tructural temperatures attained

in this vicinity. The penetration in the aft sidewall, shown in Enclosure 10-13b, was concluded

to be a result of locally impinging hot gas behi[ad the Water Control Panel, occurring in the late

Stages of the fire.

(4) SECONDARY DAMAGE

Detailed inspection of the C/,XI inner.secondary structure revealed buckled aluminum panels.

and burned and delaminated aluminum honeycomb sandwich panels. Typical damage is illustrated
in. Enclosure 10-14 and 10-15.

Aluminum melts at approximately 1201PF. With the exception of the aft bulkhead fracture,

melting of aluminum was confined to the left hand (-Y) side of the inner cabin. Melted aluminum
was observed in close proximity to plastic which was unmelted, indicating local flame impingement

in specific areas.

Damage to the inner face sheet of the aft sidewall adjacent to the melted and deformed

CO 2 Absorbers isshown in Enclosure 10-16. The structure shown is located in the -Y, +Z quadrant
of the C/M. Significant structural damage was noted to plumbing beneath the ECU and in back
of the Water Control Panel. The lines are identified and shown in Enclosures 10-13a, 10-13b,

10-13c, and 10-13d..\luminum and stainless steel lines were melted in this area. It was also ob-

served that soldered joints at couplings on the alunfinum lines had parted.

Melted nickel-p!ated copper wire was observed in the vicinity of the ECU. Copper melts

at approximately 1980°F whereas stainless steel and nickel melt at approximately 2600°F. These

materials are distributed throughout the spacecraft and are unmelted at other locations.
d. SERVICE M()D.ULE D:k.M.\GE

The Service Module (S, ,Xl). _tructure was inspected for evidence of structural damage. No
evidence of structural failure was observed. Nondestructive t_ts were defined to determine, any

degradation in design strength. It wa._ recommended that these tests be accomplished within the

normal Apollo program activity.

D. FINDINGS AND DETERMINATIONS

1. FINDING

The structural and mechanical.subsy_tem-wa_-inactive-at-the tinw of the fire.

I)ETI(RM IN.\'I'I()N

The structural and mechanical subsystem did not cause the fire.

2. FINDING

Visual inspection of the Service Module structure revealed no structural failures.

I)I'TERMINATION

Verification of the structural adequacy fro" the th-sign loads would require non-destructive

testing.
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3. FINDING
The crew compartment structure was a pressurized shell structure during the fire.

a. The resulting fire environment initiated the following sequence of major structural damage:

(1) Rupture of the C/M cabin aft bulkhead.
(2) Melting and erosion of C/M cabin and heat shield honeycomb sandwich face sheets adjacent

to the origin.
(3) Penetration of the cabin structure beneath and adjacent to the ECU.

b. Minor structural damage resulting from the fire included_
sandwich(1) Honeycomb ' ' delamination

(2) Panel buckling

(3) Melting of metallic components

4. FINDING

Spacecraft data acquired during the OCP-FO-K-0021-1 test gave indications from .which a spac_r_t

cabin pressure history could be estimated.

DETERMINATION
a. The C/M cabin structure ruptured at 6:31:19A (-*-0.1) pm EST at an estimated minimun cabin

pressure of 29 psia.
b. The C/M cabin structure sustained cabin pressure in excess of its design ultimate pressure of

12.9 psi differential (27,6 psia). It is probable,that the cabin pressure at rupture reached a range

of 29 to 37.7 psia.
c. The estimated average gas temperature at rupture exceeded 700*F.

5. FINDING
The C/M cabin ruk_t,_*red in the aft bulkhead adjacent to its juncture with the aft sidewall.

DETERMINATION
The failure occurred due to excessive meridional tensile stress in the inner face sheet at the weld

land to thinner face sheet junction. The fracture was determined to have originated on the right-hand

side of the C/M in the vicinity of coordinates Y=+45 inches Z=-30 inches.

6. FINDING
Penetrations of the C/M cabin structure- occurred in the aft bulkhead beneath the ECU and in

the aft sidewall.

DETERMINATION
a. The loss of structural integrity at these penetrations occurred after the primary rupture.

b. Failure of the water glycol and oxygen lines in the vicinity of the ECU resulted in local burning

and melting of the adjacent structure.

7. FINDING
The aft heat shield stainless steel face sheets were melted and eroded.

DETERMINATION
The flame and gas temperature exiting from the fracture origin exceeded 2500"F.

8. FINDING
With the exception of the aft bulkhead fracture surfaces, melting of aluminum was confined to

the Ich--hand side of the C/M. Nlelting of copper wire, stainless steel and aluminum occurred in the

vicinity of the ECU and Water Control Panel on the left side and at the foot of the lch-hand couch.
These materials are distributed throughout the spacecraft and (excluding aluminum) are unmelted at

other locations
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DETERMINATION

a. The left-hand side of the inner cabin attained the maximum temperatures.

b. The hottest part of the C/M cabin.occurred in the vicinity of the ECU and Water Control
Panel.

9. FINDING

Melted aluminum wag observed oil the left-hand side of the C/M inner cabin in very close prox-
imity to plastlc which was unmelted, although the pl_tic had a much lower melting point than the
aluminum.

DETERMINA'['ION

A "'blow torch" effect occurred where narrow "tongues of flame" impinged on certain areas at
the same time as the general bttrning.

10. FINDING

Several aluminum tubes were parted at soldered joints at couplings_

DETERMINATION

The soldered aluminum joints at unions will fail if the solder is raised to .its melting point of.

approximately 360"F. The soldered aluminum joints at couplings were not adequate for the temperature,
attained during the fire.
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E. SUPPORTING DATA

LIST OF ENCLOSURES

Not Used.

Cabin Pressure

Heat _hield Access Panels

Helium Access Panel ,Number 15, +Y, Axis

Crew Compartment Structure, +Y Axis
Location of Cabin Fracture

Origin of Cabin Failure

Inner Fracture of Crew Compartment in Vicinity of Point B

Inner Face Sheet of Mt Bulkhead

Outer Face Sheet of Aft Bulkhead

Aft Bulkhead of Crew Compartment, +Y View

Aft Bulkhead of Crew Compartment, +Y Axis

Aft Bulkhead of Crew Compartment, -Y Axis

Aft Heatshield Damage, View I

Aft Heatshield Damage, View Ii

Aft Heatshield Damage, View III

Tubing Codes for Use with Enclosures 10-13b, 10-13c, and 10-13d

Inner Sidewall Penetration Behind Water Control Panel

Tubing Beneath ECU

Melted Tubing Beneath CO 2 Absorbers

Buckled Food Storage Compartment Doors

Damaged Food and Garment Storage Locker Doors

Damaged Inner Sidewall Below CO 2 Absorbers

List of References
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ACCESS PANEL NOMENCLATURE.

CM 1

CM2

CM 5

CM 8

CM 10

CM !1

CM 13

CM _S

CM 17

CM 19

CM 23

CSM 7

CREW HATCHES

PI'I:CH ENGINE ACCESS

ROLL ENGINE & URINE DUMP PANEL

ROLL ENGINE ACCESS

YAW ENGINE & He FILL ACCESS

FUEL PANEL ACCESS

OXYGEN PANEL ACCESS

YAW ENGINE & He FILL ACCESS

ROLL ENGINE ACCESS

ROLL ENGINE ACCESS

PITCH ENGINE ACCESS

CM TO SM UMBILICAL

NOTE: SHADED, PANELS REPRESENT AREAS
OPEN AT THE TIME OF THE ACCIDENT

-Y

-Z

v

-Z

HEATSHIELD ACCESS PANELS
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CODE

A

B

C

D

E

F

G

H

K

NOTE:

GAS OR FLUID. CONTAINED

OXYGEN

OXYGEN

AIR

AIR.

NITROGEN

OXYGEN

OXYGEN _

OXYGEN

NITROGEN

WATER GLYCOL

OXYGEN

PRESSURE

SAME AS CABIN

SAME AS.CABIN

AMBIENT

AMBIENT

AMBIENT

7GOPSI

700 PSI

100 PSI

AMBIENT

50 PSIG

20 PSIG

RED ARROWS ON ENCLOSURES 10- 13b, 10.13c, AND 10.13d INDICATE

DIRECTION OF FLOW IN TUBE

TUBING CODES FOR USE WITH ENCLOSURES 10-13B, 10-_13C, & 10-_13D

ENCLOSURE. 10-13A
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