4 October

19 October

30 October

31 October

the ELS Sequencer Controller
Pressure Stimuli Génerator
(C14-451) would havé interfored
with hatch closé-out,

D. The purpose of. OCP=K-0021. was
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 flimseys,
-Third set of flimseys printed for
mark-up..

- Distributed printed preliminary

hard copiés of procedure for review,

Had been submitted for printing on
14 October.
- Focmal review mceting held, Atiended

by all systems except GAN,

- In accordance with Astronaut and
checkout team destres, and following
& technical lovestigation, 1t was
agreod to delete the ELS Sequencer
Controller Pressure Stimult Genera-

tor from the test thus allowing the




7 November 1966

15 November 1966

21 Novenmber 1966

7 Deocember 1966

following test rhilosophy changes:

A. Allow perfcimance Of normal flight
crew countdown.  (OCP-K-5117) (This
is the astronaut vroc?dure from wake=
wp to arrival at the launch complex.)
. Back-up crew to perform their nor<
mo! launch day functions,

C. Prime crew to ingress and run

en! lre test as on launch day.

D. Emergency egress test to be
performed by prime crew after simu-
lated landing.

E. Normal cabin hatch closc-out and

running of the test on 02 were results
from these decistons

- Crew Systems Stowage was added to

be performed as part of the test se%
ups per request of local MSC crew
support personnel.

- G&N information avatlable, Coordd
nation with L/V procéedures in progreéss.
- Received the mats for printing the
basic issuc of OCP-K-0021.

< Six copies of the final masteér

flimsy were prescnted to Systems

Engifieéring for final review,

07%




10 December 1966 - Final mats approved, cover sheet

ltinod, sent to print shop.

13 December 1966 - Procedure published and released
formally.
13 January 1967 - Meeting held at KSC attended by the

prime crew Pilot (MSC), Lou De¥Wolf
(rcspj, Tom Grier (FCSD), Don Nichols.
" (KSC), and F. J. Powell (NAA), the.
following items were discussed and
tentatively agreed to:
A. Back-up crew was to perform a
panel-by-panel check of all C/M
controls during "BaCk-uﬁ Crew
Pre-Launch Checks."” (See sequence
8.5, 8.6, and 8,7 of OCP-K-0021.)
These checklists were to be con-
ducted on a switch-by«switch basis
over the intercom,
B.. After.ingress, the prim crew
was to perform a .panel swcep of the
display console and associated panels
which can be reached from couches
(lower equipment bay not to be re-
checked)., This checkli!st was not to
be called out aover the intercom.
C. The information to be contained

in the awitch lists in Items A and

D7 51




and B above, were discussed and
mutually agreed upon, This infore-
mation was sub;equently provided to
FCSD for incorporation in Section 1
and Section 2 of the Crew Abbreviated
Checklist..

D. Panel nomenclature was called out
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 from approxi-
mately T-2 hours to liftoff.

F. All S8/C 012 OCP's had: been
written utilizing the 14 November 1966,
S§/C 012 Crew Checklist (SM-2A-03) as

& referéence 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

26. January 1967

27 January 1967 .

the changes that would be supplied
by FCSD in their 16 Junuary 1967,
revision, '

<« Preliminary Launch Countdown, OCP- -
K-0007, was published. This proce-
dure provtde? a baseline from
approximately T-3.hours to T-Zero
for use in the Plugs Out Test,

- (5:30 p.m.) Rev, -1 consisting of
209 pages was released with .update
from OCP-K-0006, Plugs In Test
experience, plus 4 weeks informa-.
tion accumulations and incorpora-
tioﬁ of agreements made in the

13 January meeting. See Attachment
7-3 for details and dates related to
the reasons for the -1 Revision of
OCP-K-0021,

-(10:00 a.m.) -1 Revision A délivered.
All changes affected plus time
séquences only. (Four typed pages
in lieu of having to write on-sta-

tion deviattions,)

J

e ah e & .
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TYPICAL 012 PROCEDURE DEVELOPMENT FLOW PLAN.

CONTRACTOR GROUND OPERA TIONS
PROCESS SPECS REQUIREMENT PLAN
! (NAA DOWNEY) (MSC)

\

COORDINATION AS REQD.

\ TEST OUTLINES

FLIGHT CREW
\ (NAA FLA KSC)

(MSC)

.~

—

SAFETY REVIEW TO
4 IDENTIFY HAZARDS

#”] (NAA FLA SAFETY)
NAAEOWNEY OCP’S N ﬁ ’i
(FOR INFO) N . COORDINATION AS REQD.

PRELIMINARY TEST
PROCEDURE (OCP)
(NAA FLA ‘KSC)

MSC OCP'S el ‘

(FOR INFO)

PROCEDURE REVIEW
(NAA FLA KSC)

) Y

MSC
KSC RELEASE &
SAFETY [*— =s$-1  DISTRIBUTION . ——p| REVIEW
NAA
W
l FORMAL APPROVAL ™| oowney 1
: — OF HAZARDQUS . ;
v PERA TIONS ‘
APETR , FLIGHT , ,.
SAFETY sttt CREW _’l
NAA ‘KSC
# TEST TEAM
kse T “ © COORDINATION AS REGDy I
SAFETY REVISION (IF REQD.) [

A

FORMAL APPROVAL

OF ALL REVISIONS

EFFECTING
HAZARDOUS

AFETR
SAFETY

OPERA TIONS

PRE-TEST BRIEFING
(ALL OPERATIONAL
ELEMENTS)

|

TEST OPERATION

SAME DISTRIBUTION
AS BASIC

ENCLOSURE 7-4
D.7.55




el s et 5 nas il SISt uli b

R 2 it ot an 2ttt

B b e o - e ottt

T ¢
oM !
SUBJECT:

Oriromst 100e WD 18
a0 190 101Qn
Y. L NN RIELY )

UNITED STATES JOVERNMENT

Memorandum

Apollo 204 Review Board Panel - Task No. 7 DATE: February 13, 1967
Test Procedures Review/Attn: Nichols, Chairman

Chief, Safety Office, RE .. RE=1/146/Barnatt imx
867=3973

Test Procedures keview for Hazardous Operations

1. The requirenent for the KSC Safety Office and the Air Force Range
Safety review of test procedures for hazardous operations is specified in
Section I, paragraph 3, page A-l of XMI 1710.1, Attachment A, dated
October 4, 1966, and Section C, paragraph 3, page C=5 of AFETRM 127.1
Range Safety Manual dated 1 November 1966. .

2. Some operationé that have been specified as hazardous in nature are
as follows:

8. Propellant servicing

be Pressure testing

¢e Pyrotechnic (ardnance) work

d. Radicactive and toxic material operations
es Operations with hazardous gases

3. The responsibility of submitting hazardous test proceduxrcs for Safety
approval is with the contractor. A test to be conducted on Cape Kennedy
requires 5 copies of the Test Procedure to be submitted to the KSC Sarety
Officc. One of these copies is rctained by the XSC Safety Office and ohe
is sont to Bendix Systems Safety far cormient; three copies are then for=
warded through the Apollo/Satuxn I~V Requirements Branch, DK~-3, to Air
Force Range Safety (ETOSH) for review and approvale

4. Comments from ETOSH and Dendix Systems Safety axe submicted to the KSC
Safety Office, who in turn transmits the corments to the contxactor for
incaxrporation into the OCP.

S, It should be noted that the AFETRM 127-L Rango Safety Mahual r quires
a minisun of 30.days for review of documentse Apollq Procedure submittals
have been very delinquent in meeting this time requirement. The late
submittal of procédures has repeatedly been Lrought to the attention of
North American and Spacecraft Operations in various meetings and coxrespon=
dence. Same procédures have been submitted with ‘as little as two days

Buy US. Savings Bonds Regularly on the Payroll Savings Plan

ENCLOSURE 7.5
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allowable Safety roview time. Also, chai-es to an approved procedure
have -been published on the day of the te:t, thercby eliminating any allotted
\ time faxr Safety reviews

6. OCP-0021, S/V Plug Out Integrated Tnst was revicwed far $/C 009 and
was classificd as a non-hazardous t:.:, thereby eliminating roquired
Safety approval. This type procedure is not again submitted to XSC
Safety for review unless it is changed ia such a way as to make’ the
Jperating hazardous. OCRP-0021 for §/C 0lT was not submitted to the KSC

Safety Office for approval.
753 WA
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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 Operations Requirements.

PRELAUNCH TEST AND

AND CHECKOUT REQUIREMENTS

1. Class | Document (KSC)

N

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

5. Format — Tabular
6. Delivery Schedule
A. Original — 1 to 2 Months
Prior to Vehicle Delivery
B. Revisions — as Required

SUMMARY: Requirements are Levied
without Restraining Sequence or
Method of Implementation.

. Prepared by MSFC Stage Contractor

GROUND OPERATIONS
REQUIREMENTS PLAN

-

. 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

Format — Tabolar

Delivery Schedule

A. Original — 18 Months Prior
to Delivery Dve to lts
Utilizotion os o GSE
Provisioning Document

B. Revisions ‘~ Continuous

SUMMARY: Optimum Effectiveness

not Achieved as o Test Requirements

Document Due to its Utilization as a

GSE Provisioning Document and the

balk

Excessive Level of Detail in its Contents.

SEDR 9882

—

. Class | Document {(S/C Contractor

2. Prepared by

~ A. S/C Contractor (Florida)

(with KSC Inputs for MSC)

3. Approved by MSC Contracting
Office (ofter GPO Agreement)

4. Content ,

A. Program Document with Table

Showing Requirements per Vehicle

B. Treats Test Objectives, not
Methods or Sequences
C. Launch Site Oriented
5. Format — Tabular
6. Delivery Schedule
A. Original — 1 1o 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

> w

| PURPOSE: To Furnish Specs and Criteria Applicable to System Performance

During Prelaunch and Launch Operations.

PRELAUNCH CHECKOUT SPECIFI-

CATIONS AND CRITERIA (KSC)

Class | Document (KSC)

—

' 2. Prepared by MSFC Stage Contractor

for MSFC

Approved by MSFC

Content

A. Systems Information by System
B. Field Tolerances by System

5. Formot - Tabulor

6. Delivery Schedule 1 to 2 Months
Prior to Vehicle Delivery

' SUMMARY ' One Integrated Document
| Per Stage Scoped 1o Cover Normal

Testing, Troubleshooting, And/or De-
tailed Testing.

" PROCESS SPECIFICATION
MA0201-XXXX (BLOCK 1)

—

. Class 1} Document
2. Prepared by S C Contractor (Home
Plant) Engineering For External Use
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 lts Use, As a Reference
Document for Specific System Values,
Difficult. -

w

PERFORMANCE AND CONFIGURATION
SPECIFICATION (MAC REPORT A-900)
|
. Class | Pocument (5/C Contractor)
. Prepared by S/C Contractor (Home
Plant) for MSC
Approved by MSC Contracting Office
4. Content
A. Mission Performance Specification
by System
B. Configuration by System
5. Format - Narrative Tabular

N e

w

6. Delivery Schedule 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. ‘




CHECKOUT PLAN

| PURPOSE: To Provide an Outli ne of the Testin

1.
2.

3.

CATALOG OF LAUNCH
VEHICLE TESTS

Class | Document (KSC)

Prepared by KSC Stage Contractor
for KSC

Appréved by MSFC Upon Submission

. Content

A. Test Objectives
B. Brief Test Description
C. Test Support Requirements

_ Format — Narrative

. Delivery Schedule

A. Original - 6 Months Prior to
Vehicle Asrival

SUMMARY: KSC Response to the
MSFC Prelaunch Test and Checkeut

Requirements.

g and Checkout to be Performed.

FLORIDA FACILITY
TEST FLOW PLAN

. Class lll Document
. Prepared by MSC $-C Contractor

(Florida) for KSC

. Approved by

A. S/C Contractor (Florida)
B. KSC

. Content

A. Test Objectives

R. Brief Test Description

C. Detailed SC/GSE Configuration
Matrices

D. Detailed Outline of Each Test
and Operation

E. Sofety Requirements

. Format — Narrative and Tabular
. Delivery Schedule

A. Original - 2 Months Prior to
SC Arrival

SUMMARY: Locally Generated at
KSC To Define Scope and Method of
Spacecraft Checkout at KSC.

TEST OPERATIONS PLAN
(SEDR 301)

. Class I Bocument (5/C Contractor)
. Prepared by S/C Contractor (Florida)

for KSC

. Approved by

A. S/C Contractor (F lorida)
B. KSC

. Content

A. Test Objectives

B. Brief Test Description
C. SC/GSE Configuration
D. Brief Test Outline

E. Hazards (Sofety)

. Format — Narrative

. Delivery Schedule

A. Original -7 Months Prior to SC
Arrival

SUMMARY" Document Replaced After
First Manned Launch By Test Matrix
Containing Similar Information.




CHECKOUT PROCEDURE

. PURPOSE: To Provide Detailed Step-by-step Procedure for Performing
' Each Test and Operation. ’

DETAILED OPERATING OPERATION CHECKOUT
PROCEDURE (DOP) PROCEDURE (OCP)

. Prepared by Local Contractor for Local
NASA

. Approved by Local Contractor and Local
NASA .

. Content — Detailed, Step-by-step
Procedure ’

. Delivery Schedule —
A. Preliminary - 30 Doys Prior to Use
B. Final - 5Days Prior to Use
C. Revisions - As Required

]

SERVICE ENGINEERING
DEPARTMENT REPORT (SEDR)




DOCUMENTS REQUIRED IN DIRECT SUPPORT

2 Launch Vehicle Plugs Out Procedure

e

ON THE i LUGS OUT TEST

1. Spaceeratt Plugs Out Procedures FO-K 0028 S (012 014
3. Space Vehicle Plugs Out Procedure. 1-20013-83204

4. GSE.Checklist FO.K-1oll s ¢ ol

Cren conntdown FORSEIT S € 012

’

_ _ I .

ENCLOSURE 7.8
D-7.65




A0-67-32
INTERNAL LEITER
North American Aviation, Inc. Date 23 February 1967
10 Apollo Supervision FROM J. L., Pearce, 424818 ZKlA

Address 42-820, 816, 41-.696/697 Address S. M, Treman, 41-896-697 HC»

Phone. 867-6151
, ’ 923.1121
Subject ‘Memorandum of Understanding - Coordination of

Preparation of Engineering Test Specification
and. Major Test Outline Document for Florida
Facility Block II Apollo Spacecraft Test
Operations

The purpose of this memorandum is to record understarding of
responsibilities for coordinated preparation between the Florida
Facility and Downey Spacecraft Design of the test specification
and criteria and FF Major Test Outline documents for Block It

Apollo spacccraft operations at KSC,

Specifically, C/0 Integration and Combined Systems (D/697-100)
is responsible for the preparation of a documcnt to provide
vequirements for Block [T spacecraft functional test and
servicing operations to bé perforded at KSC, The document is
to be modular in form and generally system-oviented. It shall
be consistent with the réquirements of the applicable Block LI
S/C GORP,

The document will be preparved with the direct support ot Florida
Facillty Apollo Eagineering (D’K20) and Apollo Opcrations (0 wiN),
Active coordination chaanels will be ustablished to assuve Lthat
the form, content, and details of thé dncument ~eat the nondg of
Apolln S/C operations as planned and schéduled by the Florida
Factlity organtzation, .
#larida Facility Apollo Opcrations (D/318) s vesponsible foc
tiie preparation of the Major Test Ontline docanent applicable
v Block [ S/C ROC operatioss in woord wat ton sith 0820,
fhis dacoment will Accet vrepmive s coartai ol in the tost
oocdfioavtion and cviterad decwmcnt aud wadl obe in accurddnce
with the applicable Block Il S/C GORP, The document will be
suhmitted to D/820 for rcview and concurrence, The document
aill simultaneously be providcd to D/696 and 697 for vovicw.
and comments. These comments will bé provided to D820,
D-697-40u will provide technical support to D’818 as nccessaly
during ddcument preparation. A summary of the conténts of the
FF Major Test Outline docudent s cnclosned (See Attachmnent 1),

D’820 is responsible for assuring that OCP outlines satisfy the
requirements of the test specification and criteria document,

D 820 will take necessary action to assufe that thuse docutcants
ave compatible, D 820 will, 1n this capactty, directly support

ENCLOSURE 7.9
D.7.67




AQ-67-32

J. L, Pearce’s, M. Treman
23 Pedruary 1967

Page 2

D/697-400 in the timely on-the-spot assurance of test
specification/OCP outline compatibility.

Following initial EO release of the test specification, Downey
changes must be implemented utilizing existing Engineering
procedures. Copiles of EDC's will be supplied to FF for advance
information. Changes initiated by FF must be implemented
utilizing the FEQO/FCA system,

A flow chart depicting the channels of communications and.
coordinatlon ts cnclosed (Sceo Attachment 2),

To facilatate coordinatton and implementation of the provisions
of the memorandum, stngle potnt contacts will be named in
Departments 818, 820, and 697-400, The prime coordination
contact at KSC for intérfacing with D’696 and 697 will Lo .
provided by D 820,

VST T b

o 86 = B LIRS T3 1 TIXN N
/3. L. Peavce 8. M, Treman
ODln‘ctur CSM Diréctory
Flortda Factility Spacecraft Design
ec: G, W, Jeoffs
R. L. Renncr
A, B, Kchlet
G. R, Vorrick
.. G. Rochester
\, Karp
;. P, Proctor
R. E. Barton
—— i - A

PRy
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Attachment 3

DEFINITION OF SECTIONS OF LUK
FLORIDA FACILITY MAJOR TEST OUILINE UUCUMENT

SECTION A .
Internal Power Configuration Plan
A chart showing usage of batteries, battery substitute
units, fuel cells, fuel cell simulators and fuel ccll
substitute units as a function of various major KSC
teats.

SECTION B
GSE Utilization Plan

A chart showing usage of GSE models and LIT's on a
per tcst basis,

SECTION C
Spacecraft Test Plan

1. A chart showing types of missions and aborts on
a per test basis,

2. A prose deséription of cach test defining the test
objectives and clarifying the goals of the days
activitics,

SFECTION D
Test Linitations

1. Réferénces appropriate platardd aadl liattations
guide,

2, Referceaces appropriate ASC aiwd BUR satety
limitations,

3. Describes the limitations of the allocations of
activitics pef tést to ansure that total KSC
test ing does not coxceed limits,

SECTION E
Spacécraft Flow Plan

A secquential listing of the details of the test (low
plan intended as a guide to checklist preparation,

|




Attachacnt 1

SECTION F
Plan of Systea Teating

Either a prose description or a matrix, as appropriate,
showing the plan for all KSC test on a per systcm
basis. It is tntended to be a convenient. guide to all
parochial interests to examine the plot of each system
in Florida. This scction also includes a table of
Reasurements tested and on-board display correlation
vith telemetry on a per test basis.

SECTION G
Mission Test Sequence .

A scquential listing of all normal or backup event
blocks, Dves not conform to the tlight plan., The
{intent s to detail all iteas occureing wiile goting
thru an exercise. Test outlines would then pick out
selected blocks for performance as appyopriate
considering the primary test objectives,

SECTION H
Test Outlines

A detatled step by stép outline af vach OCP from
beginning to cnd. Each itém in the outline wuuld be
the same as a block titlé in cither the \ppendices
or the Mission Test Outlincs,

|
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INTERNAL LETTER AO-67-34

North American Aviation, Inc. Date 2 March 1967
- T0 ?pollo Supervision . FROM - J. L. Pearce, 42-818 ZK1A
Address T 42-820, 818, 41-696/697 Address S. M. Treman, 41-696/697 HC30 ¢
A
‘ Phone - 867-6151
923-1121
Subject Memorandun of Understanding -~

Concerning the Fomm, Content, and Intent of the Block IT
Florida Facility Engineering Checkout Process Specification

REFERENCES: (a) Memorandum of Understanding, J. L. Pearce and S. M. Treéman,
Coordinated Preparation of Engineering Test Specification
and Major Test Outline Docurent for Florida Facility

Block IT Apollo Spacecraft Test Operations, dated )
23 February 1967

(b) Meeting at Florida Facility, 28 February 1967, Attended
by E. E. Dale, W. F. Cahill, W. L. Eckmeier, W. P. Edson,
H, E. Heilman, R. H. Jones and T. H. Linsday

The purpose of this memorandum is to describe the format and objectives of
Sections 4.0 and 5.0 of the CSM Checkout Trocess Specification being prepared
for Florida Facility Block II spacecraft prelaunch checkout operations by
D/697-400, Checkout, Integratior and Camwbined Systems. This memorandum is an

addendum to Reference (a) in order.to provide the details of the Process
\ Specification,

The proposed specification, in consonance with the Vehicle Plan (GORP) for .
Block II Apollo spacecraft, is the logical extension of Part II of the
Contract End Item Specification ir that the latter document contains only
Downey located post-manufacturing checkout operations.

Florida Facility D/820 Systems Engineers and D/818 Operations Integration
Engineers and Publications Analysts require fimm, accurate, and timely
ergineering documentation fran Downey Spacecraft Design in order to plan
and prepare mission oriented Operaticnal Checkout Procedures (OCP's) for
those Apollo CSM spacecraft interdied for checkout and launcn from the KSC.
The following stipulations and definitions cefinei at tie Reference (b) 3
meeting will produce a readily usable document to satisfy Uus requirement: 4

A, Stipulations -

1. The specification should provide Downey Engineering CSM
checkout requirements; and these should be carpatible
with the applicable GORP. Tests subsajuently identificd
at the Florida Facility as special or auditional requare-
ments will be coordinated with Englneering and BO's
generated for permanent specification changes.

Perrm 1318 Res P03
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2. For K&C checkouts required, it should Provide requirements
and planning donstraints in Section 4.0 and ;pegificat;ons

3. The specification should be Subsystem oriented ang must be
approved by Subsystems lesign Groups.

4. It should include a definition of relationship to other
ts and will take Precedence cver subsystem level

pProcess specifications, Subsystem, specs are not effective at F/F.

S. It shouwld be controlled by the Engineering change system
including field change procedures.

6. AnBOon a subsystem process Specification will net be
effective an thig Specification. However, changes
applicable to thjg specification must be generated
imediately to keep the specifications ompatible,

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

before CsM arrival at KSC. Initial issue of Section 5.0
should be four (4) months.

10. The Launch Mission Rules will take precedence for launch.
B. Definitions -
Section 4.0 - "Checkout Regui rement s” (Definition of the )
ineering requirements Per subsystem for checkout at KsC.)
Presents the following: (see Extubit No, 1 attached)
1. Test code numer

2. Brief description of the required subsystem checkout.
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3. Statément of major chéckout planning constraints (e.g.
is a prerequisite to another checkout; time/cycle
limitations) .

Release date for this portion of the specification will be five (5)

months prior to spacecraft delivery. Subsequent updating at 30 day
intervals.

Section 5.0 - "Specifications" (A statement of hardware performance
values per subsysten with.respect to a specific input or operating
cendition.)

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

1. Brief system functicnal performance description.

2, Measurement nurmber and title.

3. Stimuli characteristics (e.g. amplitude, frequency,
duration, pressure, €tc.).

4. Performance (output characteristics with tolerance expressed
as naminal +/-XX, in enginéering units; also may involve
other characteristics such as acceptable leakage rate, as
applicable and should be campatible with Launch Rules.)

5. Operational constraints affecting specified performance
values.

6. Critical spacecraft configuration and interface requirements.

Release date for this portion of theé specification will be four (4)
mohths prior to spacecraft delivery.

This memorandum states the mutudl agreement of the undersigned to the form,
content and intent of a single checkout process specification for cach Block
II Apollo CSM that will receive a prelaunch checkout at KSC.

. v ¥

- "'77//%« Lef (< e
S. M, Treman
Director

lorida Facility Spacecraft Design

ce: G, W, Jeffs
Benner
Kehlet
Morrick
Rochester
Karp
Proctor
[arton
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EXHISIT NO. 1
EXNPLE
CHECKXOUT REQUIREMENTS
(Section 4.0 of C/O Spec for Florida Facility)
TFOQ01 ENVIRONMENTA™. QONTROL SYSTEM

SERVICING, ACTIVATION, AND VERIFICATION

Perform an ECS servicing, activation, and verification of the primary and
secondary water-glycol loops, oxygen system, and suit loop system..

Performance of this checkout is a prerequisite to CSM system activation and
verification operations.

R e A m et mm A L m s mm e e m- @ e mmEm m m m o e amcecme cme e -ta oo a—

THO012 STABILIZATION AND OONTROL .SYSTEM
FREQUENCY RESPONSE

Perform an SCS frequency response checkout to demonstrate capability to
gimbal the SPS engine, using both primary and seocndary gimbal motors,
with the proper magnitude, rate, and direction.

Frequency and step response must be verified in both the LFM OFF and
LEM ON operating conditions.
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EXHIBIT NO, 2

EXAMPLE

QHECXoUT SPECIFICATIONS
— e LAIIONS

(Section 5.0 ¢f ¢/0 Spec for. Florida Facility)

ENVIRONMENTAL CONTROL SYSTEM

The specifications anplicable to ECS servicing are as follows:
FF5026p W/G Supply Pressure

55 +/- 15 Ps1aA
FFS027Q W/G Flow 200 +/- 20 IbMr
FF5028P W/G Diff Pressure . 35 4/~ g PSID
FF5029T W/G Return 55 +/- 10°Deg. F
FF5030T W/G Supply Temp 35 4/- ig Deg. F

The above specifications apply after system stabilization.

STABILIZATION AND CONTROL SYSTEM

The specifications applicable to SCS/Sps engine frequency résponse are
as follows:
(Oeg./3ec) sy Tsec.) ) T W/ 10 L)
3.0 0.318 15 Q13517

Gimbal Pos, (XX+/=X)
Pitch

D.7.77
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
APOLLO 204 REVIEW BOARD

INREPLYREFER 10

TO: NASA Mannéd Spacecraft Center
Houston, Texas 77058

Attn: Dr. Joseph F. Shea
Apollo Program Manager

John F. Kennedy Space Center
Kennedy Space Center, Florida 32899

Attn: General John G. Shinkle.
Apollo Program Managet

Mr. Rocco A. Petrone
Director of Launch Operations

FROM: . MA/Apollo Program Director

SUBJECT:  Minutes of Meeting at KSC, January 26, 1967

Attached for necessary action is a copy of the minuies 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.

/S/ Samuel C. Phillips
Major General, USAF

Attachments (3)

DISTRIBUTION:
See attached list
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. In accordance with an OMSF TWX 362 2204, dated December 22, 1.966, a meeting was held

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

MINUTES OF MSC/KSC/OMSF MEETING AT KSC
JANUARY 26, 1967

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
spacecraft. Items discussed were those submitted by MSC and KSC prior to the meeting
(Attachment 3).

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 reconfiguratio and the time this reconfiguration is reflected in the
paperwork. A similar type spot check will be made on $/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 Quality Control
personnel.

c. KSC will provide a Quality Control inspector to participate 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 teceiving 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 Engineerq
ing Disposition Book.

g. MSC indicated that PAR closeout action by NAA reflects the en gineering order number
or. othet 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.

. 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
requiréments.

. MSC will review MSC and NAA non- metallic crew bay material requirements documents
to updateé them and assure they are compatible.

. MSC will review NAA documentation on functional checkout and/or PIA time cycles on
spate components and provide written guidance to KSC.

_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 contraller cable covering, water glycol and O3

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

. MSC is preparing a revised flow plan and is reviewing the technical requirements to
which the system and subsystem is tested as it progresses irom assembly through
checkout at the Cape. This system will be implemented for Block 2 spacecraft and will
provide a better overview of the total tésting done on flight hardware before launch. It

will also assist in providing better visibility into the test status of hardware when the
DD 250 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 have been fed back into NAA for appro-
priate corrective action. o

_ MSC and KSC will take action to arrange for a joint review of the classes of problems
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 ¢ngineéring orders in
the Configuration Verification Recotds of the apprepriate spacecraft in accordance with
the cffectivity point in the EO.

_ MSC and KSC will have a meeting the week of February 13 and formally coordinate the
Block 11 CSM, the LEM and the integrated Ground Operation Requirements Plans
(GORP). Any unresolved problems will be presented to the KSC Program Manager and
the MSC Program Managet for decision or submission to higher management levels for
resolution. KSC will 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 type specified in the GORP will not be added at

S,
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the Cape without formal coordination. Changes recommended by éithér party will be
officially submitted to the otherparty for approval. Contractual direction to the con -
tractors will not be provided by CCA until coordination has been accomplished. As

a part of the mecting during the week of February 13, MSC and KSC will develop a
written change procedure to permit expeditious tevision of the GORP. During this
meeting consideration will also be given to fev iewing a proposed system for controlling
operational checkout procedures (OCP’s) including the necessary interface witt en-
gineering otders.

MSC (Mi. Kapryan) and KSC (Mr. McCoy and Mr. W. Williams) will develop a proposed
procedure for intégrating into a single Board the present MSC Configuration Control
Board at the Cape and the KSC Spacecraft Changé Implementation Board. This pro-
posal will 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 Managet and the MSC Program Manager.. After
completion of FRT approval to remove or teplace spacecraft flight hardware (compo -
nents, panels, cables, ete.) will require approval of appropriate KSC and MSC persennel.
KSC will develop written procedures to implement th's basic polic¢y, and coordinate it
with MSC (Mr. Kapryan).

A discussion of the procedure for processing of failed hardware led to reconfirmation
that MSC makes the decision as to where fatlurc amalysis is to be conducted.

MSC will review the paperwork associated with the cxpeditious return of failed hard -
ware to a veador for repair and retura to the Cape and make appropriate changes to
facilitate the process.

The return of ACE Station No. S from GAEC to the Cape will not take. place befote

August 1, 1967, Therefore checkout at the Cape through the summer of 1967 will be
limited to 4 ACE stations. KSC will review ACE program development verification,
aumber and experience of maintenance personnel and other tactors associated with
atilization of their ACE equipment and will develop by Mdrch 1, 1967, any neces -

sary recommendations to assure checkout schedule will support the OMSE offictal
working schedule. MSC (Dr. Lanzkron) will provide necessary assistance in consider-
ing the use of MSC ACE equipment to assist in sofrware development.

. The Apolls Program Office (OMSF) s developing revised schedules wh ich will show a

working schedule basedon an earliest possible launch date and assuming clean hard -
ware is delivered from the factory. These dates are to serve as objectives tor everyone
to work toward in an effert to launch as carly as hardware will permic and still assure
mission success. This schedule will receive turther teview and discussion during the
time period February 8-10.
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Samuel C. Phillips
Director, Apollo Program
OMSF

John G. Shinkle
Manager. Apollo Programs Office
K8C

/S’ Joseph F. Shea
Manager, Apollo Spacecratft
Program Office, MSC

N’ Rocco A. Petrone
Director, Launch Operations
KSC
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SPACECRAFT CONFIGURATION
Altrude Chatiibier (KOO34A) Versus Pad 34 Plugs Out (Koo21)
ALTITUDL CHAMBER

Umbilical In

Carry -on Disconnected

Wateillveol - Internal Circvlation

Ho Tank Pressurized with GNg

Cryogenic O Supplied by GSE

Water Tanks Filled

Inner Hateh Installed

Outer Hatch Not Installed.

L\ Simelator Autached

GSE Power Supphied Throvgle S C Umbnlical

Boost Protective Cover Not [nstadled
PAD 34

U'mbihical In

Carry-on Disconnected

Water-Gilyveol - Citculated Throvegh Spaceaaft From GSE

Gaseows (b Supplied by GSE

Water Tunks Empty

Lane Hateh Installed

Ovter Hatch Installed

\lated to Booster

Frel Cell Substitute Unit Utilized

GENERAL INFORMATION (ALTITUDE CHAMBER RUN)

Denng the altitude chamber 1un, the spaceciaft was powered up and all systems verified prio:
o crew ingiess. After crew imgress, suit integity tests are made and the inner hatch is closed.

The following funcuons were performed in the listed o.der after inner hatch closure.

a Cabin purge and leak chech.

b Sleep switches installed in cobra cables (not applicable to plugs out, pad 34)

¢ Post ingress switch list performied.

d Logic and pyro busses armed

¢ Vi IM . Coband transponder and S band checked.

t Coolant temperature Jowered to 15+ 5 degrees Foand the water glycol tiimined

g Gas chromatogtaph signal checked.

h. Battery bus ties placed from off to acto.

1 Battery relay bus, battery A and B. citcuit breakets closed.

¥ Guidance systein put i gyro compassing mode

h The spacecratt was tahen up to altitede Al tesung and mussion functions from here on were
pritoried under altitude condirtons (cabin pressure 3 71 psia, seat pressure 6.14 psia).

This pownts out that duning the alutede runs, munmum testing is accomplishéd at sea lével pressures.
Whereas dunng the pad apcration alf testing 1 accomplished at sea level pressure.
Ihe tolloving Iist teiizes system tests performed on KOO34 and K002l prior to hatch closure

ENCLOSURE 7:12
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AGC Opetational Test
DSKY Peshibutton Chedk
Uphink Dowalink Check
Bank St Check
C-Reby Aarm Chechs
GO\ Operations ‘Test
Opues Power-on Test
GMC Cleek AMignment
Negatve Delta T

NON
SON Aamvate

BMAG W up
RE 11 Sestem VHE A Tet
C Rand Pest
Reconeny Beacon
VHIE AN Test
HIF Uest
S Band and PV
Uil vy

tUnt

End 1o end
INSTRUNMEN FATTON

DSE

Flight Qual Recorder

EOS . . e
See General LOS Conhigeration)

7
<
=
foc
-

SIS LIS

ASSS ST

P2

Ay

Koo21

AN
AN
N
X
AN

AN

g

VA A

/.

Ihe tollowmy list itennzes saatem tests and general coshigrianon déltas between K034 and Koozl
atter hatch closere and prioc o hitott for nussion run Coded () deésignates tese s pertormed at

alitvede

Cabiun Purge and Leak Fest

Anto Water Botlig

SIS Abott and Reset

tON Tew

Notmal Mission Preps

Nteep Suwitches listalled e Unitnhcoalbs
SPS Logme Gubaled (NTTVO)

RON Statne Pinng

l'.l\m\“lghl\ n

TOSNESUN i SUN Maode

FOSN 6N Mnde

ROS Prop bolation € acwmt Breakens Closed
FNC Power Tand 200

gt RESom

SN Channet v C Maode

2 Eangine Ot Ao Muodde

K034 Koo21
AN AN
N(a)
N(a)
hY
Nqa). N
N
N
AN
N
N
N
X
N
\
N
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LA Rates o Aato mode

Water Aecrmulator i Auto Made

Non-Essential Telecon on A

Non-Essential Pelecon ot G2

Cryogeniv Quanuty Amplitiers On

Drinking Water Supply On

Gas Chiomatograph Panel On
(Not Installed tor Kou2l)

Battery C to Main Bus .\ - Open

Baitery C 1o Main Bues B . Open

Batery Vent in Vent

Oy Heaters in Ao

o Fans in Auto

L/

N(a)

PSRRI A ST 7/
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ECS PREPARATION PROCEDURE.AND SYSTEM TEST . s

R

Comparison of ECS configuration in the manned altitude chamber run OCP KOO34 and L/C
34 OCP KOO2!1 Plugs Out Test. :

=

: K0034 Koo21
GSE WATER CLYCOL ADJUSTMENTS

ECS Prep (GSE) X
% Trim Unit No. 1 and 2 Verification (GSE)

Refrigeration Unit 1 and 2 Verification (GSE) .

Adjust R1 on $14:140 (GSE) X
Transfer Trim and Refr Units to ACE control

Transfer accum. quantity to remote (GSE)

Transfer Trim and Refr units to manual (GSE)

LR R

CR R I R

S/C SYSTEM VERIFICATION

Cabin Air 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

O2 Tank Purge

Suit Circuit Purge.98% 02 (Note 1)

Cabin Press Using §14-079 at Hatch Adap

02 Press Relief \'alve Crack Press

02 Press Relief V'alve Reseat Press

02 Purge 20 Min at 14.7 psia

O2 Purity (Note 3) % in Cabin

Increase O2 Pressure to (Note 2) Press and
Perform Leak Check

Install Hatch Plug

Install Outer Hatch

LT g e
bR R

K AR KA RN

ECS CONFIGURATION PRIOR TO LIFT OFF

ECS Radiators On

Battery Vent

- Glycol Compressor Pump 1 on AC
Cabin Air Fans On

Suit Compressor Pump 1 on AC 1
Gas Chromatograph Cabin Auto
Gas Chromatograph Start

Waste Tank Inlet Auto

Potable Tank Inlet Open

Press Relief Both

\Waste Tank Servicing Valve Closed
Cabin Repress Closed

Direct O2 Flow Reg Off

Pot 120 Heater Off

el R o,

ER R I e A

P I g
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Cabin Temp Auto (R4) Full Decrease X. X
Cabin Temp (S12) Manual X X.
Steam Press (823) Auto X .
Steam Press ($24) Incr/Decr Enter (OFF) X X
Temp in (S25) Manual (Note 4) Auto X
Glycol Evap H20 Flow (S22} OFF (Note 5)_ X X
H20 Iad (S10) Potable X X
Suit Evap (S8) Manual X X
Waste H20 Tank Refill (S36) OFF X X
H20 Accum (S26) Auto 1 X X
H20 Accum (822) OFF (CTR) X X
H2 Fans OFF Auto X
02 Fans OFF X X
02 Heéaters OFF Auto X
02 Préssure Ind Surge Tank ($28) X. X
H2 Heaters OFF X X
Suit Ht Exch Gly.Evap Note 6. X
Demand Reg Sclector 1 and 2 Note 6 X
Demand Reg (Suit Test) OFF X X
Oxygen Surge Tank ON X X
02 S;M Supply ON X X
02 Entry ON X X
Glycol Reservoir Inlet Open X X

Water and Glycol Tank Press Regulator and
Relief Normal

Glycol Reservoir Bypass Closc

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

H20 Accumulator 1 and 2 Remote

Glycol Evap Temp in Full Cool

Suit Flow Relief OFF

Suit Evap Glycol ON

Glycol Accumulator ON

Glycol Evap H20 Control Bypass OFF

Suit Circuit Return Air Manual Valve Close

Surge Tank Press Relief Valve Auto

Glycol Press Bypass 1 and 2 ON

Louvers Cabin Open

Drinking Water Supply ON

Cabin Temp As 1s Battery Vent

AAAS A S AAASN

'pass

VA TS AAAAN

No Info
No Info

AAAA A ASAAASAAASAS AL AARAA

NOTES. 1. Suit loop purge 1s performed twice prior to crew ingress in 0034.
2.3-3.5 PSIG OCT (021 and 5%.2 PSIG in OCP (0034,
3. 75 O2 purity required OCP 034 and 95, O2 purity required OCP 0021 prior to crew
ingress.
4. Difference is at 180 K altitude performing water bailing.
5. On for 3 minutes and then off in OCP K0034.
6. Removed by deviation 13.01 to update OCP to latest SW list configuration.
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Reterence docunients used in the preparation of this report are s tollows:

References
' 71 Spacecraft Operational Checkout Procedure FO-K-021 - 8§ C 012 014, updated Jan. 23,

1967 Titled: “*Space Vehicle Plugs Out Integtated Test” . dtd Dec. 13, 1966

7.2 GSE Checkhst FOCKH0LL-S G 0120 Tided: LC 34 Checklist™, did Oct. 25, 1966

73 Crew  Coumtdown  FO-K-3117-5. € 0120 Tided: “Flight Crew Countdown™, did Jan.
26, 1967

\ T4 Vehicle Plain for Spacecraft 012 & 011 Settion [L Part 1. Ground ooperations Réq-

uirements Plan (NAS 9150y, SIDA%-301-2-1 . did June 19, 1966

75 Procéss Specitication NMA 020132140 Titled: "Overall Test No. 2 with Plugs Out Check-
out Requirements for Spaceeraft 012 % 011 Floridi Facility, Launch Complex 347,
did August 19, 1966

0 Spacecratt. Operational Checkout Procedure FO-K-0034- 010 Titled:  CSM Altitude
Chamber Test”". dtd Dec. 200 1966

7 Apollo Pre-Fhght Operations Procedure 5010 Pages 4 5. Tided: “"Work Authorization
< TPS L cd June 27, 1900

78 Apollo Pre-Flight Operations Procedure 0-202. Tided. " Operatignal Checkout Procedure™ .
did May 13, 1960.

Y Interim Diserepancy Report (IDR) No. 001 for OCP-K-0021, did Jan. 27, 1967

710 Duily Status Reports, Titled: “"Status Report Spaceeraft 0127, did Jan. 23, 1967 and Jan.
27,1967 .

11 S C M2 Test Outline, SP-64. Tuled: S € 012 - 5 ¢ 014 Florida Facility Test Flow
Plan. did Aug. 10, 1960

712 Space Vehicle Plugs Out Procedure. 1-20015-S\ 204, Tided: “Space Vehicle Systems
Plug Drop Tuest”". did Jan. 18, 19607

w13 Apollo Crew Abbreviated Checklist Mission AS-204. dud Jan. 23, 1967

T4 KSC Prefaunch Test and Checkout Reqguirements for S-10-200 and Subsequent. NAS
8-14000, did Dec 5. 1966

15 Prelaunch Test and Checkout Requirements for Saturn S-IB Stages, SDES-06-424, did
Aug. 120 1966

710 Catalog of Launch Vehiele Tests. Saturn V. Apollo Saturn 501.. Section 1. of 11
Sections. Standby Procedures, GP-307, did Jan. 15, 1967

717 Catalog of lLaunch Vehicle Tests. Saturn V0 Apollo Saturn 501, Section 1 of [11 Sec-
tions. Test Procedures. did Lan. 150 1967

7-18 Apollo Saturn V' Chechout Plan (ASH00F), K V041 did May 1. 1966

w19 - Test Specification and Criteria. KSC Prelaunch Checkout and Launch Operations. §-
IVEB-200, 1BO7207. did Dec. B, 1906

720 S-TVB-302 Stage End Ltem Test Plan, 1BO3789. did Nov. 18, 1903

721 KSC Prelaunch Test and Chechout Requirements, S-TVB 1B, 1B0o6238, dtd May 24, 1966

722 Annotated Copy OCP FO K-0021 -1

T2 EDS Overall Countdown Test. 'O K-0042

T2 Spacecratt Launch Preparatuon Test: Outhnes. Report No.o 9882, McDonnell Mreraft

Corp . SEDR U882, did Dec 140 1904

PErS) Gemn o Spacecndt Nnber 12 Peronmanes Contiguranon Speatication, A900-12, ded
Julv 300 1903
7-20 Project Genn, Production Spacecratt Fest Plan lor Spaceeratt Number 2, SEDR 301-
2. dtd Feb. 25, 1und
T Test Operations Production Spacecratt av AMR Facditn. SEDR 3081, did July 2o, 1963
728 Project Gemue Test Operatons Production Spacecratt at AMR - Facility, SEDR 304 1
N. did Nug 30, 1963 1
29 Fuan HI Tost Procedure Manual, MO060 20 did Toh 10 1966 j
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REPORT OF PANEL 8
MATERIALS REVIEW
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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:

Assemble 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. Réview 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, correlations 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 February 1, 1967, which contained the following salient features in
keeping with above Work Statement:

1. Assemblc, summarize, compare and intérpret requirements and data describing the flammability

of nonmetalli¢ materials exposed t© the crew bay environment of the spacecraft and in related appli-

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

\r. W. Richl, Marshall Space Flight Center ( MSFC), NASA
\Mr. A. Archer, North American Aviation, Inc., KSC

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

\fr. 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. APPROACH
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.
¢. Conduct special tests and investigations.
The special tests and investigations conducted are separated into four broad areas:
a. Yire Initiation '
b. Fire Propagation
¢. Materials Criteria and Controls
d. Displays and Information
Within the fire initiation investigation, several studies were undertaken. These dealt with poten-
tial spark ignition sources. spontaneous ignition .sources, and impact ignition sources.




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 configurations similar t6 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
critéria for spacecraft nonmetallic materials located in the crew bay and to a determination of the
cffectiveness of controls of materials usage in design and fabrication.

The displays and information activity was directéd 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 ard 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 nonmetallic materials, including changes, in S/C 012.
b. Results of routine materials tests to determine combustion properties.

3. DETAILED TASK PRCCEDURES

The following sections present tcchnical 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 arc in general abstracted from more detailed reports referenced in Section. E, Sup-
porting Data.

4. NONMETALLIC MATERIALS 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 PPROACH

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 Shcets (TPS's) and test data were included in compiling the S/C 012 nonmetallic
materials list.

c. DATA FORMAT

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

(1) Design configuration data. Supporting References 8-1 through 8-13 werce 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) Test conditions for existing data are shown in Table 1.

(4) Configuration changes. Documentation covering materials added to S/C 012 at KSC was
reviewed. The docuritents reviewed included Discrepancy Reports (DR’s), 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 KSC and photographs of the S/C shortly before the fire were also reviewed for materials
location and quantity.
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(5) The crew bay materials usage lists of all contractors and suppliers were assembled into a
master usage list. This list contains all of the materials that could have been used on S/C 012 but
is not an as-built configuration list. This means that someé of the materials on the list may not
have been used and others may appear more than once. (Reference 8-28). See Enclosures.8-11 to

8-17 for location.

TABLE 1. SOURCE AND TEST CONDITIONS FOR EXISTING MATERIALS DATA

Note: All vertical tests are downward.
09 Pressure Number of
Source Test 2 (psia) Tests
Collins Flash 15
(5-64) Fire 15
Autogenous 15
Ignition
61
Mass. Inst. of Tech. Flash. 5
(1-67) Fire _ 5
Combustion Rate 5
(Vertical)
31
Hamilton Flash 5
Standard Fire 5
Autogenous 5
Ignition
Combustion Rate 5
(Horizontal)
200
NAA (Hughes) Spark Ignition 15
(to 1-67) to 400°F
102
NASA Combustion Rate 5
(to 12-66) (Vertical)
112
Brooks Combustion Rate 5
(Vertical)
(Horizontal)
66
Grumman Autogenous 5
Ignition
Combustion Rate 5
(Horizontal)
48
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¢. MATERIALS USAGE SUMMARY
A summary of the nonmetallic materials used or suspected of being used in the Command
Module (C/M) of S/C 012 is presented in Table 2 (Ref. 8:28).

TABLE 2. MATERIA LS USAGE SUMMARY

Generic Type Products Identified

Solvents 18
i Lubricants 86
Foarns 82
Thermal Insulations 7
Fabrics 395
Tapes 123
Encapsulants 164
Electrical Insulations 185
Plastics 394
Elastomers/Rubbers 238
Paints and Coatings 222
Laminates 78
Adhesives 322
Glass 39
Command Module, Coolant. 1
Miscellaneous 174
Total 2,528

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

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

\ : Number of Quantities

Material Category Material Types (Approximation)

Adhesives 9 32 ounces

Lubricants 8 10 ounces

Paint and Coatings 6 9 ounces

Encapsulants 6 12 ounces

Tapes 13 80 square inches

Solvents 4 Unknown

Miscellanecous 29 Several instances of large quan-
tities, Ex: 960 in3 polyurethane
foam, 7 Ib. Velcro, etc.

The complete dorumentation of all DR’s, DRS's, TPY's used in preparing this compilation dre
available and were bound int vo .ues by categories.
8- ESTIMATED TOTAL QUANTITIES OF MATERIALS

In addition to the document review a determination was made of the appropriate mass of major
combustible matertals which were directly exposed to the cabin environment (not in closed boxes or
stowage compartments) it S € 012 at the time of the accident (Ret. 8-57, 8-64) see Table 1.
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TABLE C-4, ESTIMATED QUANTITIES OF MAJOR COMBUSTIBLES EXPOSED TO CABIN

ENVIRONMENT ON $/C 012 AT THE TIME OF PLUGS OUT TEST

Total Portion In- Portion
Material Function Weight stalled at which
(ibs) KSC (Ibs) was non-
flight (lbs)
NON - GFE MATERIALS
Velcro Pile Zero-G attachment 3.9 1.1
mechanism
Velcro Hook . | Zero-G attachment 5.9 4.5
mechanism
Uralane 577  JECU Insulation 5.2.
Pads on floor 2.4 24
Trilock Couch Pads 27
Green Nylon | Covering for Oy 0.2.
suit hoses
Raschel Knit | Debris Net 24 1.3
(nylon)
Cotton Cloth ] Remove-before-flight tags 0.5 0.5 0.5
Plexiglas Display panels 1.8
Flood lamp covers
Nylon Webbing| Tie-down straps 39
Couches
Storage Compartments
Nylon oxford | GSE Window covers 1.0 1.0 1.0
cloth
Nylon cord Electrical cable 9.1
tie wrap
Nylon tape Crew provisions 5.7
equipment
Binding for debris
nets
Paper (non- OCP, Note paper 6.9 6.9 6.9
flight)
Paper (flight) | Flight/Preflight 1.0 1.0
checklists
Velostat Covering for Uralane 0.1 0.1 0.1
floor pads
Silicone foam | ECS Line insulation 5.0
GFE MATERIALS.
Cotton cloth  } Garments 4.3
Lexan Visors 3.0
Nomex fabric | Garments 6.4
Nylon Oxford | Garments 3.5
i i - _ . _ i — — i ——
TOTAL 72.5 18.8 10.9
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A Displays have been prepared showing the location of Velero, Uralane Foam, Raschel Knit and
Space Suits uséd in $/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 ¢riteria was ac¢omplished. The approved and waiver status of materials in Govern:
ment Furnished Equipment (GFE) to MSC-A-D-66-3 (Ref. 8.85), was also determined. The results
are reported in a subsequent séction on Criteria and Controls.
i. SUMMARY

The nonmetallic (potentially combustible) materials configuration for the major elements of the
as-designed configuration of $/C 012 and for the modifications actually installed at KSC was ob-

tained (Ref. 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 $/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..OBJECTIVE
As the compilation of data described in Section 4, *‘Nonmetallic Materials Configuration of §/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 orepared:
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
. 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. .
¢. RESULTS :
Results obtained on several samples of materials used in large quantities in $/C 012 are listed
in Table 5. Prior test data at 5.0 psia oxygen are also shown for comparison (ref. 8-33 and 8-91).
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TABLE 5
Average Downward Flame Propagation Rates (In/Sec)
Material (?xygen Prcssurfe : Ratio of Burning
5.0 psia 16.5 psia Rates
Raschel Knit (Blue) 0.4 1.0 2.5:1
Veléro Hook (Blue) 0.5 , 0.8 1.7:1
Velcro Pile (Blue) e 1.4 25 1.8:1
Trilock 1.1 1.8 1.7:1
Polyurethane Foam 2.1 4.5 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 8/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 psia).

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 encrgy 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-
jed. Arcing of audio circuit connectors in various concentrations of a solvent in 16.5 psia oxygen atmos-
pheré were also tested.

Impact ignition in gascous 16.5 psia oxygen was suggested from liquid oxygen experi¢nce and is
being tested.

Water ‘glycol spillage and cleanup simulations on wire bundles and connectors are in progress to
study corrosion:induced short circuits and electrical heating or arc ignitions.

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

OBJECTIVE

Invéstigate the contribution towards the fire of any solvent absorbed by the more widespread
non- metallic materials in the cabin by evaluating solvent evaporation data and analysis.

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

Velcro hook samples soaked in methiyl-ethyl-ketone (MEK) for ten minutes absorbed 3.2 x
107 Ib in" of solvent. When evaporated into 50-percent relative humidity 75°F room air, they
retained as much as 40-percent of th? 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 }2 minute, air-dried for either 15 minutes or for 1 hour and then cov-
ered so that evaporation from the material had to take place by diffusion under the edge ofan inverted
90 ce conical cover were conducted as described in Ref. 8-41. These tests were designed to deter-
mine the likelihood of vapor entrapment by équipment placed on saturated materials.

RESULTS 2

Diffusion 6f 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 (Ref. 8-103). However, the
results would be modified (1) if the. edges of the material were sealed, (2) if the materials were
not allowed to dry or (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

8.2 x 10'5lb/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 Og analyses, the

Beckman Analyzer analyses, a gas.sample 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
impurities and the gas analyses met specifications as required. The analysis of .gas from the two
Beckman Oxygen Analyzers revealed no significant information on *‘sour milk"’ odor.

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 origin).

A summary of previous analyses including ecarlier manned altitude testing samples revealed
no significant irformation to identify any *‘sour milk'* odor.

Reé-Interrogation of witnesses 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 927, 1967"" and these were by way of slightly dampened,
wipifig materials. No *spillage’ or “*dripping’’ of solvents was recalled.

(2) There was agreément tha: no one smelled anything of significance in the cabin dur-
ing hatch closeout activity.
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(3) There was general agreement that the strongest odors were detected at initiation of
the first (20 niinutes) cabin purge operations, approximatcly 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 révealed that the configuration ¢ould allow some of the flow of gas from the steam
duct to be deflected up into the white r6om and some of it could also be deflected downward
into the general area of Lével A-8. T.: other emission points of this odor were at the gas
analyzer inlet bleed port and at the analyzér squeeze bulb exhaust port. Odors were de:
tected at these points during environmental sample extraction.

(4) Description of the odor by the persons interrogated was that it was (1) MEK, (2)
smelléd “*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 sickening is in the range of 1 percent to 4 percent by volume.

Samples of gas taken from the Ground Support Equipment (GSE) prior to the accident and
also from the rcassembled 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. Thete is no reason to expect that further investigation will uncover a proof of solvents
inroduced by the GSE system. e

SUMMARY

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 Command 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 it open areas (areas where the cabin fan produced reasonable flow). It should be
noted that outward flow from the faceplaté opening does. not preclude cabin odor detection.

There is no evidence that significant concentrations or organic vapors existed in the spacecraft
at the time of the accidént (Ref. 8-54).
¢. ELECTROSTATIC SPARK IGNITION -

OBJECTIVE

The objective was to investigate the possibility of gencration of sufficient electrostatic cnergy
by movement of a suited astronaut to ignite combustible fuel-oxygen mixtures and materials of the
type found in the 8, C. Solid materials with remnant solvent had to be evaluated to determine
required energy for ignition (Ref. 8-29).

PROCEDURES AND RESULTS _

(1) Nylon fabrics, Raschel knits, polyethylene and ncoprenc were tested by rubbing with
nylon. Only the nylon materials had appreciable charges gencrated on them at 50 percent
relative humidity. Those that did not develop charges 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 laborator a suit on a subject was charged by rubbing with nylon. He sat and
then reclined on a linoleum covered metal table used to simulate spacecraft couchés. Volt-
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ages and energies induced were somewhat higher than the values later obtained in the space-
craft itself.

Capacity measurements were made using a 60 cps capacitance bridge and a radio fre-
quency capacity meter. For the reclining subject they ranged from 500 to 600 picofarads.
For the metal parts of the suit an increase over the theoretical values is explainable by coupled
capacity of other objects such as the suit neoprene bladder and other metal parts.

' TABLE 6
' Maximum Voltages Induced and Energies Calculated
»
Iterm Potential, Energy,
KV Millijoules (mj)

Neck ring 2.1 1.36
Exhaust fitting 2.2 0.15
Inlet fitting 2.2 0.15
Zipper 1.7 0.56
Wrist ring 1.9 1.1
Subject and EKG lead 3.3 3.75

Resistances to ground which were measured at 109 to 10!! ohms would result in some loss
of electrostatic energy during the process of measurement.

(3) A suited subiect in G/ M 014 at 8 percent relative humidity showed it was possible to
obtain comparable capacitances to ground as in the laboratory. The subject’s motion on the
couch resulted in the generation of one (1) KV (Ref. 8-104 and 8-105).

(4) Capacitance spark tests showed that certain materials are ignitable by spark energies
as follows (Ref. 8-79):

Material A Dry ~ Damp
Uralane foam 190 mj 40 mj (MEK and isopropyl alcohol)
Cotton (constant wear " 210 mj (dampened with face oil)
garment)
Velcro ° 200 mj (ethylenc glycol)
= No ignition up to 300 mj

SUMMARY

Sufficient electrostatic energy (about 4 mj) can be stored on a suited astronaut to ignite MEK
vapor and methane in 14.7 psia Og (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 flammabl¢ MEK mixtures in high con-
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centrations of gaseous oxygen. This was accomplished by breaking and mating spacecraft connectors
with power applied. For the test, two cables were fabricated using spacecraft approved materials
and spacecraft qualified Deutsch Connectors. ]

PROCEDURE

The test setup consisted of three power ¢ircuits routed through the Deutsch Connectors in the
. pressure chamber to loads outside the chamber. The loads were identical to the circuit loads used
in C/M 012. The communications load was an identical impedance (600 ohms) to that of a pressure
suit helmet headse'. The biomedical load was a physio-simulator. The simulator has a DC-DC con-
vertér which is ".ght-qualified and identical to the three used by astronauts in $/C 012, The con:
verter. had an i put impedance of 300 ohms whén loaded.

-

The spacecraft mi¢rophone 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.

f

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.
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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 having an oxygen concentration
of greater than 97-percent. A minimum of three separations and rémates were performed 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 ignitc the mixture.

Madification 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 i
Scparating simulated Cobra Cable audio and biomed 16-volt circuits produced neither visible .

arcs nor ignition. Separations of connections at maximum nominal power with MEK:saturated Oy

D-8-13

i, e e 1 e




—

and at 2.5 times nominal power in MEK ¢oncentrations to 4 percent, all in 16.4 psia oxygen )

produced no ignition. Tests using flight type Cobra Cables with audio center loads and battery
power 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-
jals of the type used in S/C 012 such as netting, lubricants, foams and Velcro are examples of
ignitable substances.

Whether such materials form impact-sensitive hazards in low-pressure gaseous oxygen was un-
known. Thus it was decided to investigate the feasibility of this method of fire initiation in gaseous
oxygen at 16.5 psia and with typical flammable materials in 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 Ib
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 5 psig 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
Velero Hook - Creased intentionally during application
Velcro Pile - Creased intentionally during 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 0g 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 Oy atmosphere together with a heat source. All
samples were exposed to programmed heating, culminating at 400°F for ten minutes. They 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 various combinations of these fluids. .Samples

were allowed to dry for approximately 5 hours prior to testing. Materials exposed to these tests
were as follows: |

Uralane Foam

Velostat

Velero (various colors), Hook and Pile
Raschel Knit

Trilock

Materials tested without solvents were as follows: (Ref. 8-46 and 8-93)
Epon 828 Minn Hon 6745A Qil
Mystic Tape Bray Qil Lube. 812
DC 4 Lubricant PR 240 AC Lubricant
Rayclad Sleeving Versilube 300
EC 1469 Adhesive : DC 33 Lubricant
Aero Shell Grease NOPCO Foam A 206
AiResearch Grease 3M, No. 27 Tape
DC 30-121 Nomex-HT-1 Suit Fabric
Epon 828 + Vcrsamid RTV 90 Encapsulant

115 RTV 577 Encapsulant
Stycast 1090 RTV 560 Encapsulant
Epon 934 Organoceram
EC 1469 . -
SUMMARY

No autogenous ignition of materials tested was detected at or below the 400°F test. limit. even
samples treated with cleaning solvents.
g- EFFECT OF WATER/GLYCOL ON WIRE BUNDLES
OBJECTIVE
This .task was undertaken to determine the effects of spacecraft cabin environment on eledtrical
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 wiré insulation such as polyvinylchloride
(PVC) and nylon may burst into sustained flames in air even though adequately protected with
citcuit 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 o ridgeé 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.
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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 intentionally-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 purpusely 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
cleaning procedures used on $/C 012 on connectors similarto 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

\'16-420303, CO5W5-P167 5 assemblies .

V16-420308, CO3W15-P30 5 assemblies .

\'16-420307, CO3W15-P58 5 assemblies

V16-420316, CO1W1.J94 5 assemblies
836598-1-1 1 assembly
836600-1-1 1 assembly
836602-1-1 1 assembly
836599-1-1 1 assembly

These wire harness assemblies were selected since they represent harnesses that have been sub-
jected to water/glycol (MBO 110-006,. Type 11) spillage.on S/C 012. These harnesses arc 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 Og atmos-
phere. Apply spacecraft voltage 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 results applicable to this section of the eport will be contained in Appendix G.
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i. REVIEW OF KSC CONNECTOR TEST WITH WATER/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 applicability 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 ¢oncerned 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-cas¢ 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 connéctor was dipped in a water/glycol solution of the type used in the G/M. This resulted
in water/glycol being introduced directly into the components of the connector. After a number of
operations involving resistancé measurements, vacuum drying, rooin air storage, disassembly, clean:
ing, washing in water/glycol solution, reassémbly 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 represéntative 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 repert 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 cvaluated. 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 corrclation 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 $/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 causc failure of these lincs.

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
§/C 012. The oxygen lines were selected to represent lines used in S/C 012 (1/4-inch outer diam-
cter, .035-inch wall thickness).

Normal oxygen flow was maintained in these lines throughout the test. The following specific
tests are planned:




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

(2) Foam insulation placed under 2 100 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 singlé 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 thicknéss, 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 §/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 $/C 012, 009, 011, 017, and BP 014.

RESULTS
General: 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 11. The following summary is a result of the review:

Vehicle Instances Total Leakage
Number (0z.)

S/C 008 - 1. 16

S/C 009 1 2

s/con 6 - 52

S, C 012 6 30

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.

$;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. Approximatcly 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 onc 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-
cmber 26. 1966. The leasage had not caused other components or wire bundles to become

wetted with water/glycol.

D-8-18




(N

g

(3) Cold Plate IMU Supply Line, Weld Joint at KSC - 1 pint. On September 28, 1966
“‘three water/glycol leaks were noted to be in éxistence ‘‘behind inverters - Lower Equipment
Bay’’ (DR S$/C 0289). The leakage was corrected by the replacement of existing solder unions
with B-nuts and union. Following leak check and re-insulation of the affected lines the area
exposed to water/glycol, including eléctrical connectors, was wiped with distilled water applied
from a squeeze bottle, blown dry with GNg, flushed with ‘‘denatured alcohol” from a squeeze
bottle and dried again with GN,. The électrical connectors were cleaned ‘‘inside and out’.
Thé subject DR (0289) was closed on September 30, 1966. DR-0305 was initiated against
the water/glycol contamination to électrical connectors and wire harnesses which resulted from
the leak documentéd on DR-0289. DR-0305 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 documentéd on DR S/C 0436 was con-
trolled to the extent that no wateér/glycol contamination. of components or .wire bundles was
incurred.

(5) Pump Leak (Ist) ECU Servicing at KSC 7 1/2.cup (Nov. 30, 1966). Following ECU
removal and subsequent investigation at AiResearch it was found that some. evidence 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 - 14 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 arca 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) ser-
vicing”’. Through 1830 on January 27, 1967 no failures on S/C 012 cables, harnesses, or con-
nectors were attributed to the cffects 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.thé leak at the
solder joint at the IMU coldplate water/glycol. supply line. The other leaks apparently did
not contaminate electrical components or wire bundles. The water/glycol from the IMU cold-
plate leak wetted several conncctors. 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-103, J-104, J-105

" Each of these connectors was cleaned by water flush-gaseous nitrogen (GN9) dry-denatured.
alcohol flush-GNgy 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 lcak, black boxes were removed in sequence until the inspection of connectors
and cables revealed -that water/glycol had not reached the specific area being inspected. At
that time the ECA 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.
¢. 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
% 3-inch x 3-inch aluminum plate would not propagate a flame in 14.7 psia 09 when ignited
by a 1/2-inch diameter 1-1/2-inch long paper cylinder. Burning of the coolant 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 the 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 (Ref. 8-40
and 8-77).

SUMMARY
In 14.7 psia oxygen:
(1) A pure ethylene glycol film on a stainless steel plate will propagate a flame at room
temperature.
(2) Water content in the C/M coolant will prevent flame propagation on thin films. Air
drying for 48 hours does not produce a combustible mixture.
(3) Films of C/M coolant placed on hotizontal stainless steel or aluminum plates and ex-
posed to vacuum for entended periods at room temperature will propagate a flame if ignited.
(4) Residues trom previous G/M coolant spills in S/C 012 could have provided a fuel.
(5) Single wires and threc-wire bundles were soaked with watér-glycol and either air-dried
or vacuuri-dried and did not propagate a flame.
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d. TEMPERATURE MAPPING OF S/C 012

OBJECTIVE

A study was initiated to determine the major heat zones in S/C 012. Samples of nylon Vélcro
were used which had been heated to various temperatures. As part of this study the materials in
the S/C wrre evaluated to determiné which ones would allow ready comparison of hot and cool
zonds in the spacecraft.

PROCEDURE
Combustible matérials were used throughout the spacécraft including nylon Raschel Knit and
someé plastic buttons or knobs on panels. Some of these were damaged but not éntirely consumed.
\ The reference material selected was Velcro. Samples of nylon Velcro were heated in an oxygen
atmosphére at 16 psia at the Whi wands 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 intensé on the left side than on the right side is summar-
ized as follows:

‘Type/Degree of Damage.
Material
Left Side Right Side

Aluminum Panels Blistered and whitened No blistering. Some panels almost

undamaged.

\'elero Mostly burned off. Some Largely surface burning. Patches
of the patches are only melted and dripped more than they
partially burned. . burned.

Teflon Insulation Extensive damage. On some Mostly surface damage.
wires the insulation is com-
pletely burned.

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

DEBRIS NETS - Virtually consumed or .melted. These were probably instrumental in

propagating the fire around the S, C.

VELCRO - This was another major material for flame propagation. Combustion varied
from cowmplete burning to only surface burning.

VELOSTAT PLASTIC SHEETS - These were consumed in nearly all arcas. The material
was a fucl but did not appear to be instrumental in spreading the fire.

FOAMS - A major fuel in the fire. The foam on the floor and on the ECU was ncarly
consumed.

COUCH MATERIALS - These pads and cover materials were partially consumed in the
fire.

TEFLON WIRE INSULATION - It did not appear to act as a fuel for the fire by it.
self and was intact in most arcas of the spacecraft. The wite insulation was damaged by dhe
fire in those areas where flame impinged directly on the insulation. Arcas where the wire,

D-8.21




were bare of Teflon reachéd temperatures in excess of 800°F.

The data from the above summary were combined with the condition of the Velero 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 result the temperature rangeés in the diagram are approximate (Ref. 8:-34, 8-35, 8:36,
8-37, 8-43, and 8-44).

SUMMARY )

An eéstimate was made of témperatures attained at various locations in S/C 012.. This was
based on burning, melting, 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 09.

RESULTS

Test Description Status

1 Engineering Simulation of S/C 012 Complete Feb. 26, 1967
16.5 psia 09

2 All-Up Simulation of S/C 012 Complete Mar. 4, 1967
16.5 psia 02

3 S/C 012 Materials Configuration Complete Mar. 8, 1967

5psia. Qg

4 New Materials Configuration Scheduled Mar., 1967
14.7 psia Air

5 New Materials Configuration Scheduled Mar.. 1967

5 psia VD) (Ref. 8-98)

Comparison of the mecasured rate of pressure rise and the minimum rate calculated from mater-
ials characteristics is discussed in the subsequent section 7 g. '‘Thermochemical 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 informa-
tion is contained in film (Ref. 8-99).

The 5 psia tests utilized approximately the same nonmetallic materials configuration except that
V'elostat-covered 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.

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

jals from 8 C 012 and the mockup tests an cffective reproduction of the §/C 012 accident was
accomplished. :
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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 propagatcd very rapidly by the Raschel Knit. Velcro and Uralane foam also were major
fuels in theé conflagration.

Fire simulation mockup tests at 5.0 psia resulted in a much lower fire propagation rate, less
exténsive fire damage before 09 supply exhaustion and a cabin pressure rise from the fire that was
limited by the cabin préssure 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 érewman.

The results of additional tests applicable to this section of thé report will be contained in Ap-
pendix G.
f. FIRE PROPAGATION TEST OF RASCHEL KNIT AS INSTALLED.

OBJECTIVE

Determine firé propagation raté for Raschel Knit material in a configuration as installed in
C/M 012 along the floor and side wall interséction near the ECU.

PROCEDURE

Raschel Knit was installed in the test chamber with the long dimension (about 2 fect) hori-
zontal and the narrow dimension (about 8 inches) 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 100 percent 09 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

Horizontal flame propagation rates of fairly large pieces of Raschel Knit material as used in
C/M 012 below the ECU in 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 cnvironment during materials screening tests. This large increase shows the
importance of testing materials in the intended-use arrangement.

g. THERMOCHEMICAL ADIABATIC ANALYSIS OF FIRE DEVELOPMENT

OBJECTIVE -

The objective of this analysis is to correlate $/C 012 and boilerplate temperature and proess-
ure changes with time. This will establish energy balance correlations with the combnunstion char-
acteristics of materials.

SUMMARY

A supporting task showed that the total encrgy available from complete combustion of the
Raschel Knit. Velero. Trilock, and Uralane foam present in §/C 012 was over 300,000 Btu. Only
about 3300 Buu (based on an adiabatic process) would be required to raise the interior pressure
of the /M from 16.5 psia to 36 psia. Thus many times more fuel was available than nccessary
to provide sufficient heat on burning to reach estimated burst pressure (approximately 20 psi posi-
tive differential). ‘The minimum energy (approximately 3300 Btu) could be obtained from only
about 4 ounces of Raschel Knit. Velcro. or polurethane foam. or 1/2 pint of Command Module
water glveol coolant (ref. 8-61).

Limited theoretical calculations indicate that burning of either Raschel Knit or Velero alone
would probably release a sufficient quantity of heat to raise the cabin pressure from 16.5 to esti
mated burst pressure (36 psia) in less than fourteen seconds from initiation. By this time a quantity
erquivalent to 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 3.8 ounces of either material and less than
2 percent of the available oxygen. '

D-8-23




Based upon a number of known and estimated conditions and assumptions the mirimum rate
of pressure risc s a function of time was calculated (enclosure 8-6). This curve is based primarily
on the slowest ratée of combustion of Raschel Knit, i.e., in the vertical downward direction and
its heat of combustion. For reference purposes pressure measurement from S/C 012 and the ésti-
mated curve (from. Panels 3, 5, and 10) are also shown for comparison on the samé plot. Press-

' uré medsurements during the 16.5 psia mockup test (SMD-2B) at MSC (normalized to a zero time
bas¢ and 16.5 psia starting conditions) are also plotted.

Fire development characteristics vary with initial starting conditions. Thus, sirnilar theorétical

\ analyses were made for spac¢ conditions, i.e., ussuming external vacuum and internal 5 psia pure

) 09 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 necéssary to consume. these amounts were
then calculated. The basecline burning rate of Teflon (5 mil film) was taken as 0.38 in/sec 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-
bility 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 25 seconds to heat the
cabin gas to 160°F (assuming that the ECS was inoperative). Thus, the burning of Teflon sheets
is not likely to causc overpressurization 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 the §/C should be limited.

h. THEORETICAL COMBUSTION ANALYSIS

OBJECTIVE

The objective of this investigation is to evaluate combustion processes and data from other fire
incidents to acquire further insight into initiatior and propagation of fire in spacecraft. A second ’
objective is to evaluate proposed remedial approacl.es involving materials selection and placement.

PROCEDURE
These analyses are being carried out by the Atlantic Rescarch Corporation.

RESULTS

In preparation.

SUMMARY 4
Test results applicable to this section of the report will be contained in Appendix G.

8. RESULTS OF SPECIAL INVESTIGATIONS AND TEST - DESIGN AND INSTALLATION
CRITERIA AND CONTROLS OVER MATERIALS
This action presents investigations undertaken to evaluate design and installation criteria and con-
trols over materials used in §/C 012,
a. NAA CGRITERLIAN AND MATERIALS PROCEDURES
OBJECTIVE
The objective of this investigation was to evaluate existing criteria and controls covering flam-
mability of materials in effect by the prime contractor. !

SUMMARY .
With respect to the § € 012 fire, the NAA Specification MCY99-0058 (Ref. 8-84) and MAO )

153-008 covering the selection and usage of nometallic materials for flight had the following in-
adequacies :
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(1).The criteria did not require any combustion rate testing.

(2) There wére no restrictions on total quantities of combustibles which could be placed
in the cabin.

(3) The criteria did not require any réstriction on quantitiés 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) Controls were design-oriented but were not restrictive.
(3) Control and documeéntation of subcontractor matérials usage was not adequate (Ref.
8-71, 8-72, 8-89, 8-55 & 8-63).
b. NASA/MSC CRITERIA AND MATERIALS CONTROL PROCEDURES COVERING THE
SELECTION AND USAGE OF NONMETALLIC MATERIALS 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 $/C 012 firc, 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 quantities
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 tespect 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 éstablished
criteria was not cffective.

(3) Control of flammable materials installation was exerciséd 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 conducted 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 dclivery the materials identified in tables 3 and 4
were 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 usagé 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 experiénced people who had previously inspected S/C 012 at the factory
and S/C 008 at MSC would have beén concérned with the extensive use of Vélcro 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 thé Space Environment Simulation Laboratory at MSC. This inspection
resulted in a number of changes including removal of the nylon-Velcro chafe guards, polyvinyl
bags, a woodén wiré bundle stiffener ard the.rework and qualification testing of a sealéd Teflon
and beta cloth for the polyurethane floor pads.

*“*Walk-through”’ inspections of spacecraft with NASA/NAA personnel havé 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 tcam to judge on the basis of the NAA critetia 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 updatmg 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 8-27 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 NASA criteria. Such restrictions would have prevented the installation of these materials
any closer than. 12 inches to clectrical leads. This would have made a significant difference in the
amount of both of thesc materials installed in the spacecraft at the time of the accident. The differ:
ence in the amount of permissible V'elcro on and by the hatch and on the floor is shown by com-
paring the Velcro installation in Enclosures 817, 8-8 and 8-9. Only the Vélcro shown in red .in
Enclosures 8-8 and 8-9 would have remainéd. 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 goverhment and industry tests on
the subject of ignition and flammability of spacecraft wirés.

PROCEDURE
Available test and evaluation data on spacecraft wire bundles were reviewed (Ref. 8-95).

SUNMMARY

Although flammability by itself may not be in every case the deciding factor, silicone rubber
and polvolefin are so flammable that they appear to have limited uscfulness at least in an oxygen
atmosphere. On the other hand, H-film appears to be relatively fire resistant. Teflon insulation on
electrical wiring propagates a flame 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 of this task was to .
determine if nonflammable -or less flammable alternate materials are available for replacement of
combustible materials in the spacecraft.

RESULTS
The following materials are suitable for stréngthening, insulating, cushioning and filling to re-

duce combustion rate of a bonded product. They are documented in various govérnment, industry
and manufacturers’ reports as being nonflammable:

Fiberglass Potassium Titanate »
Beta Fabric Eccospheres 4
JM Microfibers Asbestos

Q felt Silica 3
Min-K . Cabosil. ‘

Government and industry documents presént a great deal of data concluding that fluorinated
plastics and clastomers 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
Teflon (FEP) Fluorel
Kel-F (CTFE) Viton A
Fluorosilicones

Typical commercial materials with low burning rates comparable to Teflon or which are non- ) |
flammab!le are presented in the following table (Ref. 8-58, 8-59, and 8-69). ]

Material Type
Kel-F n-CF2-CFCl b
Aluminum Screen Silicate coated 5
Metal Net
Fluorocarbon n-CF2-CF2Ci-n '
Elastomers ’
Fiberglass
Armalon Felt Teflon
(PBX-7700B)
J.M. Microfiber Felt
Min-K Felt Ceramic
H-Film Aromatic
Sellev Polyimide
Inorganic Paper Ceramic
Crystal M. MP, or MG
Saucreisen Ceramic
Cement No.'s 28, 29 (Cold Set)
or Hl

Displays of avadable materials are shown in Enclosures 8-18 and 8-19. Attachment methods as
replacements for V' :lero are shown in Enclosure 8-20.

SUMMARY
Nonflammable (or significantly less flammable) materials which probably will meet.the use re-
quirements for most of the- flammable materiais used in §/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 ¢f 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 détermine the history of the materials processes and envir:
onment time line for §/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 .
attendancé 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., Og 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:K(0034a (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)
Scaling 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
RT\ 577 (potting)
Loctite Grade HV', primer (sealing)
Isopropyl alcohol (cleaning)
Leak check soap solution
Acid paste

Review of these materials against the NAA control specification NC999-0038 showed that 6
were accepted. 4 were rejected but waived, and 10 did not appear (Ref. 8-55).

Solvent usage in §,C 012 is estimated as follows for this time period:

methyl-ethyl-ketone 2 quarts”
Freon 1 quart
Leak check soap solution 1 pint
sopropy! alcohol 1 quart®
Acid Paste 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. Pertinént ex-
cerpts are included in Enclosure 8-7, which depicts the last utilization of solvents, the détection 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
poténtial effects of various étchants was compiled and is presented in References 8-52 and 8-53.

N Evaluation of the results reveals that many process materials were. added in January, 1967. The pro-
cess matérials noted were either installed in such a manner or in such minute amourts that their
contribution to the firé intiation évén though possible is considered remote.

Approximately 4.5 quarts of solvent were uséd 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 réduce concern that solvent vapors
could have been a fuel for the fire.

9. RESULTS OF SPECIAL INVESTIGATIONS AND TESTS -TECHNICAL DATA AND INFOR—
MATION AVAILABILITY

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 OB] ECTIVE
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 duc 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 theit status.
RESULTS
The types of displays that were considered are 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 well during the Apollo 204 accident investigation has been to photo-
graph the interior of the crew bay exhibiting by color photographs the location of the: various
picces of associated equipment. This system involved one overall crew bay enlargement with indivi-
dual “*closcup’’ color photos of pieces of ecquipment and localized arcas (Ref. 8-65 and 8-68).

i
SUMMARY
Maintenance of spacecraft nonmetallic materials usage displays is feasible and useful. 4
Preparation of the full-scale mockup of 8:C 012 revealed the continuous fire propagation
path presented by the placement of Raschel Knit and/or Velero in the crew bay.
b. MATERLALS INFORMATION CENTER ]

Objective
The activitics of the Materials Panel illustrated the need for:
(13 The rapid availability of materials information including usage and property data.
(2) The availability in graphic form of location and usage of nonmetallic materials in manned
spaceeraft.
(3) Increased awzreness of personnel 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 study 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 reorién-
tation toward a more active role in acquiring and distributing vital materials information. The
targets for receipt of this information are program management, contractors, and field sites. .

Displays covering materials usage in S/C 012 have been prepared. 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
o status, including waivers is feasible and is being implemented. The target date is June 1, 1967
- (Ref. 8-68, 8-81 & 8.82).

SUMMARY
The results of this study indicate the feasibility of a central data source for acquisition, 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 Readiness Review (CARR),
and Flight Readiness Review (FRR). During fabrication and test of each vehicle, ¢onfiguration
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 are open.

ITEM . SECTION EST. COMP. DATE
Routine Materials Testing 5 May 26
Electrostatic Spark Ignition -

Suited Man in Spacecraft Tests 6.c April 15
Effect. of Water/Glycol on Wire Bundles 6.g June 23
Effcct of Water/Glycol on Connector

Assemblies 6.h April 21
Effcct of Burning Foam Insulation on

Oy Lines 7.a April 15
Command Module Mockup Tests T.¢ April 15
Theoretical Combustion Analysis 7.h April 7

D. FINDINGS AND DETERMINATIONS
. 1. MATERIALS CONFIGURATION

a. FINDING:

Complete documentation which identified potentially combustiblé nonmetallic materials used
in §/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.

DETERMINATION:

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. FINDING:

Test data providing individual combustion properties in environments of 5 psia to 21 psia
oxygen werc available for 550 of tl.» potentially combustible nonmetallic materials identified as
possibly being used. Data on higher pressure 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 refsrenced tests were
accomplished.
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Large numbers of potentially combustible nonmetallic materials were used in the fabrication
of $/C 012 without specific correlated combustibility test data. Test data were available at high
Og pressures (to 21 psia) t6 define the combustion characteristics. of some of the major inaterials
which contributed heavily to the fire.

c. FINDING

Installation records including photographs and redlined drawings were’ maintained at KSC
which contained descriptions.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 Og.
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 i
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 iimit after 1%2 hours, o
DETERMINATION: ’
The presence of significant volumes of concentrated vapor in the spacecraft is unlikely. How-
cver, the. retention of solvents in the surface layers of solid flammable materials could possibly ]
contribute to their ignitability. ]
b. Materials Odor Evaluation HE
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 probablc cause of the S/C 012 fire.
DETERMINATION:
It is possible from an energy consideration that methane and solvent vapor can be ignited
by clectrostatic discharge.  Nevertheless, this is not believed to be a possible 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 vl
in 4.0 percent of MEK vielded no ignition. ~
DETERMINATION: |
Ignition of flammable concentrations of solvent vapors by connecting and disconnecting :
Cobra connectors is an unlikely ignition source for the $/C 012 fire.
¢. IMPACT SENSITIVITY .OF MATERIALS IN GOX . P
FINDING: b
Preliminary high energy impact tests on Veléero and Raschel Knit in 16.5 psia oxygen produced é
ignition and burning. ]
FINDING: ’ _
A survey of similar spacecraft and mockup failed to disclose the possibility of any high impact ,
conditions.
f. SPONTANEOUS IGNITION OF S/C.012 MATERIALS .
FINDING:

Results of tests on S/C 012 materials considered to be most flammable with and without
solvents (methyl-ethyl-ketone, isopropyl alcohol) and coolants (water/glycol) did not result in spon-
taneous ignition at or below 400°F in any case.

DETERMINATION:

Spontaneous ignition is an unlikely ignition source for the §/C 012 firc.

g. EFFECT OF WATER/GLYCOL ON WIRE BUNDLES

FINDING:

Conditions required for wet-wire fire ignition through electrolytic action are damaged wire o
insulation, presence of 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. 3

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 1 Spacecraft involving approx-
imately 320 ounces.
DETERMINATION:
The water/glycol distribution system requires corrective action to climinate leakage.
FINDING:
Prior 1o the accident there had been no electrical system failures attributable to the water/glycol
leaks. .
DETERMINATION: i
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.
DETERMINATION:
There is a probability that water/glycol residue is present in areas of all Block 1 Spacecraft.
FINDING:
Six instances of water/glycol leakage were recorded for S/C 012, Of these, one soaked several 1

SCS conncctors and wire bundles. Some corrective action was taken to clean all known spills in
S/C 012. ﬂ
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DETERMINATION:
Water/glycol residues may have been present in .areas of S/C 012 including on wire bundles
and connéctors.

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.

¢. TEMPERATURE MAPPING OF $/C 012

FINDING:

Surface and bulk damage of materials in §/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 wa. .imited to ap-
proximately 29 percent of the nonmetallic materials by oxygen d¢pletion.

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 $/C 012 operating with a 5 psia oxygen environment
could be fatal. :

FINDING:

The carly 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 incrcasc 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 burning upward and
along the continuous paths provided by flammable materials. This is substantiated by preliminary
results referenced in 8-106.

DETERMINATION:

The spread of fire at 16.5 psia opcrating pressures is too rapid for effective remedial action
in spacecraft with .combustible materials arranged as in C/M 012. The spread of firc at 5 psia
operating pressures s probably too rapid for cffective remedial action by an unsuited crewman.

e, THERMO-CHEMICAL ANALYSIS OF FIRE DEVELOPMENT

FINDING:
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The enérgy available from about four ounces of Raschel Knit or Velcro could raise.the pressure
in a closed C/M from 16.5 psia to 36 psia in less than 14 seconds after ignition. (Calculations
assumé complete ¢combustion and adiabatic conditions).

FINDING:

Teflon materials did not burn appreciably in S/C 012, Calculations based on laboratory data
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 psia to 36 psia.

DETERMINATION:

Teflon provides an insignificant fire risk.

DETERMINATION: _

\ There was considerable excess combustible mateérial 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 selection specification MAO 155-008 requires only that a material pass
a 400°F spark ignition test in 14.7 psia oxygen.
DETERMINATION:
| The NAA criteria for materials flammability control were inadequate.
FINDING:
A system for control of nonmetallic materials usage existed. at NAA during the design, fabrica-
tion and assembly of C/M 012. The NAA materials control system is design oriented.
DETERMINATION:
| The system is permissive to the extent that controls over the installation or use of flammable
materials are not adequate.
FINDING:
There were nonilight items containing combustible. materials in C/M 012 during this test.
FINDING:

No flammability criteria or. control existed covering nonflight items installed in C/M 012.

for test.

DETERMINATION:

Lack of control of nonflight material could have contributed to ths fire.

b. NASA-MSC CRITERIA AND MATERIALS CONTROL PROCEDURES

FINDING:

The NASA materials selection criteria MSC-A-D-63 and MSC-A-D-66-4 requires that. a material
pass a 400°F spark ignition test and a 0.5 in/sec combustion rate (measure downward in 5 psia
02). Raschel Knit and Velcro (hook) pass this test.

DETERMINATION:

The NASA criteria for materials flammability control are not suificiently stringent.

FINDING:

The system for control of nonmetallic materials usage at MSC during the design and develop-

ment of government furnished équipment used in C/M 012 depended on identification of non-

compliance with criteria by the development engineers.

DETERMINATION:

The NASA materials control system is permissive to the extent that installation of use of
flammable materials were not adequately reviewed by a second party.

FINDING: 4

The NASA criteria were intended to limit the use of Velcro and Uralane foam to distances
greater than 12 inches from wire bundles.

FINDING:

Nonmetallic materials sclection criteria utilized by NAA and NASA are not consistent. The
NASA cnteria, although more stringent, were not contractually imposed on the S/C contractor.

DETERMINATION:

Materials were evaluated and sclected for usage in C:M 012 using different criteria. Applica-
tion of the NASA criteria to thée C M would have reduced thé amount 6f thé more flammable
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materials (Velero and Uralane toam,

FINDING:

Visual “‘walk-through™ inspections had resulted in removal of comhustibles in the proximity
of wire bundles on C/M 012 before delivery and on C/M 008 before manned testing:  Such in-
spection had not been made before OCE FO-K 00211

DETERMINATION:

Visual inspections hive resulted in removal of combustible materials from potential ignition
sources (wire bundles).

¢. AVAILABILITY OF ALTERNATE MATERIALS

FINDING: '

Alteinateé materials which are nonflammable or significamly less {lammable than those used
on C; M 012 avé available for taany applications.

DETERMINNTTION:

The amount of combustible material used in Command Modules can be limited,

6. TECHNICAL DATA AND INFORMANTION AVAILABILITY

MATERIALS INFORMNTTION CENTER

FINDING: .

Cugrent information and displays ot the patentially: flammable materials configuration of 8/C
012 was not available prior to the fire.

FINDING:

A centralized souree o materntls date was established tor the Board Panel 8 (Materials Review).

DETERMINANTTON:
Maintenance of data and displavs at central locations and test sites for management visibility
and contiol of flammable materials is feasible and useful

F. SUPPORTING DATA

This section contains references  to supporting ~data in the form of cepoits, lists and other
documents.  Also included are photographs, tables and graphs esséntial o provide conmpleteness ot
this final report.

ltems are nuthbered 8 1, ot. seq., for those displays enclosed in this section.  Supporting teports
anid references not included in this report are numbered consecutively.

Supporting data included are listed below:

Faclosure Description

81 Not used

82 Sample page from C ML Naterials Contiguration, March o, 1967

83 C M O012 Temperatme  NMapping and Materals: Usage Display - Prior to Fire (Neg.
No 1o 23801.2)

8 C M O12 Temperature Maipping and  Materials Usage Display - Ater Fire (Neg. No.
Lot 248 3)

85 ¢ONLOL2 Pemperature Mappimg Overlay (Neg Noo 283 98¢ 1)

80 C M 012 pPressure vs Burning Time - Velero or Rischel Kot

s C M OL2 Maierals bune Bane

8.8 Eaposed  Nommetalie: Materuals Locduon - Velero and Wire Bundles 12 Tnehies Npart
on Floor (Neg Noo 320 713001

89 Laposed Nowmmetalhie Matenals Location Velero and Wire Bundles 12 inches \part
on At Buthbead “ FLuaeh (Neg. Noo 329 713001

8o Major Exposed Nonmetatlic Materials i €M 012 (Neg: Noo Too 238C-1)

811 Eaposed Ncannetathe Materils: Location Command Module: Outline (Ney No 2o
R 1)

812 Eaposd Nonmetathe Matenals Location: Velero (New No o 210 todc )

L R Eaposed  Nonmetadhic Matevials tan ation - Veloo and Uralane Foam (New. No o 216

6ot

08135
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8-14

8-15

x % %
— o —
®x -12

R 19

8-20
8-21
822

823

824

825
R-26

8.27

B A T R S

Exposed Nonmetallic Materials Location - Velero and Uralane Foam and Raschel Knit
(Neg. No. <16-407C-3)

Exposed Nonmetallic Materials Location - Velerd and Uralane Foam and Raschel Knit
and ‘T'rilock; Raschel Covering (Neg. No. 210-467C-2)

Exposed Nonnietallic Materials Location - Suits Added (Nez. No. 216 466C-5)

Exposed Nonmetallic Materials Tocution  Aft Bulkhead Ndded (Neg. No. 216-406C-1)
Candidate Nonflunmable Materials - Cushions Insulation, Veléro, Debris Net and Mis-
cellancous (Neg. No. 233-485C-3)

Candidate Nonflammable Materials - Felta, Coatings, Lubricants, Adhesives and Coolants
(Neg. No. 288-487C-2)

Possible Equipment Attachment Substitutions (Neg. No o 773 485C-2)

Candidate Nonflaminable Matérials - Conmand Maedule Outline (Neg, No. 221-470C-3)
Candidate Nontlamuuible Materials - Velero Substitutes (Neg. No. 221:470C-4)

Candidate Nonflammable NMaerials  Substitutes tor Vidlerow Foam,. and Trilock Raschel
Covering (Neg. No. 220.470C-5)

Candidate Nonflammable Materials  Substitute: tor Raschel Kait and Saits Added (Neg.
No. 221-470C.2)

Candidate Nountlimmable Matertals  Substitutes on Aft Bulkhead (Neg. No. 2214700 1)
List of Referonces

Status of Major Nommetallic Matecials Used m G N OL2

DR
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LIST OF REFERENCES

TITLE

Nonmetallic Materials Used in thé In-
térior of the Apollo Comrmand Module,
Séptember 1, 1966

Subcontractof Material Use List
Ugpdatéd Tab Run of Nonmetallic
Materials

§tabilization and Control System,
Honeywell Inc.. Material List,
October 25, 1964

Partial List of Materials on S, C

012 by Drawing Number

Material Usage G&N 12,50,
February 5, 1967

Apollo Materials Mastér File Index,
December 28, 1967

GFE Equipment - Nonmetallic mat-
erials (Addendum to TRIS 020580)

GFE - Flight Crew Support Division

Farware Onboard, January 27, 1967
Acceptable S, C 012 GFE Materials
List - Tab Run, Eebruary 6, 1967
Bills of Materials, Space Suit
Assembly S987-000 Part 1

Bills of Materials, Space Suit
Assembly, S978-000 Part 11

Bills of Materials, Helmet Assembly,.
A1920-000

Collins Test Data

Hamilton Std. Test Data

KSC Data

MSC Data

MSC Data

MSC Data

WSTF.Data

GAEC Data

S. A. M. Data

MIT G&N Data

NAA, Hughes Data

NAA . Hughes Data

NAA Hughes Data

NAA Hugnes Data

S, ¢ 012, Materials Configuration

Spark Ignition Tests

Determination of [mpact Sensitivity
of Materials to GOX

Muaterial Cataloging and Routine
Testing

Electrostatic Spark Generation
Selected Nonmetallic Materials
Flammability of Materials in Oy
(Preluminary)

Temperature Mapping in 8 o012

Prehiminary Temperature Survey
of S €012

IDENTIFICATION SOURCE

Unidentified (30 pgs. 881 materials)

Unidentified (53 pgs)
NO 1D Number

A6476YA (2)

Unidentified (48 pgs)

Unidentified (86 materials plus hand-written
update of KSC added)

RPT-X50-98-915

TRIS 020583

Unidentified (Survey of cognizant FCSD
personnel)
TRIS.020585

TRIS 020590
TRIS 020591
TRIS 020592

AR-518-1, January 1965

SVHSER 4024,3886.

February 14. 1967

February 2-9. 1967

Tech. Note S136, 1966

February 7-8, 1967

February 2. 1967

LED-520-3A, January 1966

TR-65-78, 1965

Not published, 1967

P64-53, June 1964

P66-06, January 1966

P67-32. February 1967

2748, 06, 56, February 20, 1967

Apollo 204 Review Board Panel 8 Materials
Review March 6, 1967

Apollo 204 Review Board Panel 8 Materials
Task 2.1

Apollo 204 Reéview Board Panel 8 Materials.
Task 2.9

Apollo 204 Review Board Panel 8
Materials, Tasks. 1.1, 1.2and 1.3

Apollo 204 Review Board Panel 8
Materials, March 8, 1967

Apollo 204 Review Board Pancl 8
Materials Task 2.3

Apollo 204 Review Board Pancl 8
Materials Task 2.4

Apolio 204 Review Board Pancl 10,
February 28, 1967

ENCLOSURE 8.26
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Témperatute Changes in S/C 012
Temperiture Changes in 8 € 012

Wire Bundle Insulatioii Test Exposed
to Water  Glycol

Studies Underway on Water; Glycol
Solutions

Flammability of Type I Water Glycol
Coolant

Absorption - Fvaporation Tests

Data on Flammability Limits and.
Ignition Energies for Certain
Substances .
Development of the Maximum Temp-
erature Profile of C/M 012 Inner Cabin
§/C 012 Te.nperature Profile

Concentrations.of MEK in S, C 012

Autogenous Testing of Nenmetallic
Materials-in the C/ M

Updating of Thermochemical Plots
of Pressures vs. Time for 8 C 012

Final Report - Preliminary Cobra Cable
Spark Test, TPS.MA 014

Iavestigation Report - Preliminary
Cobra Cable Spark Test (TPS-MA 014)
Approved Nonmetallic Muaterials .

for C M Interior

Materials Comparison and Recon-
cilliation Between NAN Spee, (058

and MSC Spec. 66-4. March 1, 1967
Deleterious Effects of Ftchants in

S Cand Wire Bundles

MSFC Tests of Teflon Etchant

Material Odor Evaluation for § € 012
{Ref. Action Hem no. 78)

S COL2 Crew Bav Configuratuons
Time.ol Delivers to Time of Accident

1 hermochenucal Analvst, of Fire
Development in 8 C 012 Based on
Materials Characteristics

Faumates ot the Mass of Materials
S G012 .0 Dune of \eendent
Flamimable Matenals Sobstiution
Program

Alternates tar the More Prevalent
Noumctadic i the Cabin, March 1,
1967

Comparson of Noumetallic Distribution
i S C a8 cnd 02

Caloruneter Bomb Lests of Seloeted
Matenials to Deternune buel Eaergy
\vadable

S C 012 Materiaby Oviented Lunehne
Rachup Material

Nunnuany of Solvents, Bonding \gents,
Etchants, ete Usage in 8 012
Quantties of Nonetallic Matertabs
Tostalled an ONME 012 2 KSC

Apollo 204 Review Board Panel 3, Feb.
ruary 28, 1967

Apollo 204 Réview Boiard Panel 1,
February 20, 1967

Apollo 24 Réview Board Panel 8,
Materials Thask 2.5

Apollo 204 Review Board Panél 8,

Dr. A.A. Staklis

Apollo 204 Revisw Board Panél 8,

W. A, Richl

Apollo 204 Review Board Panel 8,
Materials Task 2.6

Datafax to A. Busch from W. T. Olson,
Lewis Rescarch Center February 2, 1967

Apollo 204 Review Board Panel 10, .
February 22, 1967 )
Apollo 24 Review Board Panel 10,
February 18, 1967

Apollo 204 Réview Board Panel 8.
Fébruary 18, 1967

Apollo 204 Review Board Panel 8.
Materials Task 2.7

Memo to W. M. Bland, Panel 8, from -
W. A, Riehl March 10, 1967
Apollo 204 Review Board, Panel 8
March 7, 1967

Subtiitted to Panel 8 by

J. C. Van Hooser, March 1, 1967

Apollo 204 Review Board, Panel 8
February 22, 1967

Apollo 204 Review Board, Pancl 8§
Materials Task 2.11

Apollo 204 Review Board, Pancl 8
Materials Task 2.13.

Apollo 204 Review Board Panel 8,
February 15, 1967 W A, Richl .
Apollo 204 Review Board Puncl 8.
Muarch 7. 1967, Materals Task 2.15
Apollo 204 Review Board Panel 8,
Matertals Task 2.16

Apollo 204 Review Board Panel 8,
March 9, 1967

Apollo 204 24 Review Boad Panel 8,
Materials Fash 2 18

Apolio 4 Review Board Panel 8.
Uissued

Apollo 204 Review Board Panel 8,
Matertals Task 2 19

Apollo 204 Review Board Panel 8,
Materials Tash 2.21
Apotio A4 Review Board Panct 8,
Matertals Vash 2 23

\pollo A4 Review Board Pancel 8,
Materials Tash 2.31

Apollo 204 Review Board Panel K.
Materials Task 2 42

Memo to W N Bland. Panel 8,
ttome A Lorenz, March 9, 1967, re
Tk 2 1o




8-65

8-66

8-67

868

8-69

8-76

879

8-80

881

R-N2

R.83

T )

Reéconciliation of Materials Usage
Geomictry in PIB Mockup and Panel 8
Display

A Special Assessment on Materials
Analysis Branch Report of 12, 2,66

on Hughes Co. Connector Agsembly
Materials Evaluation, Conncctor
Assembly Hughes Airéraft Co. PN

1004250 and P/N 1004251 - MAB-1392:66

Materials Information Service Plan
Alternaté Matérials Follow-up
Information Display

Water; Glyeol Léakage History of 8/C
w9, 011, and 012

NAA's Criteria and Materials Control
Procedures Prior to Jan. 27. 1967

Contractor Nonmetallic Materials
Waiver Status

GFE Nonmetallic Materials Waiver Status

Interim Summary Report

Responsibility and Schedule for
Accomplishment of Panel 8 Materials
Tasks. Rev. A

Responsibility and Schedule for
Accomplishment of Pancl 8.
Materials Tasks, Rev. B.

Study of Flammability Propertics of
Water Glycol Mixtures

Testings of the Effect of Water Glycol
on Apolio § C Wire lusulation

Activity Report as of February 27, 1967,
Spark Ignition Tests per February 6.
1967, Letter by A Busch

Input to Panel 8 - Materiabs Final
Report. Routine Materials Test Stintus
and Boilerplate Test Status

Selection Control ol Nommeta:hie
Materials m S C (Preliminary

Qutline)

AMaterals Intormation Service Program
Plan

Testing of Water Glycol Treated Wire
Bundles (Connectors) at KSC

Approved Materials for Use in the
Apolio $/C, General Specifications

Apollo 204 Réview
Board Panel 8,
Materials Task 2.38
Apollo 204 Review
Board Panel 8,
February 28, 1967
Materials Analysis
Branch Technical
Services Division
Apollo 204 Review
Board Panecl 8,
Materials Task 2.41
Apollo 204 Review
Board Pancl 8,
Materials Task 2.44
Apollo 204 Review
Board Panel 8,
\Materials Task 2.50
Apollo 204 Review -
Board Panel 8.
Materials Task 2.51
Apollo 204 Review
Board Panel 8.
Materials Task 2.52
Apollo 204 Review
Board Pancl 8,
Materials Task 2.54
Apollo 204 Review
Board Panel 8.
February 16, 1967
Apollo 204 Review
Board Panel 8.
February 28, 1967
Apollo 204 Review
Board Pancl 8.
NMarch 20 1467
Apollo 204 Review
Board Panel 8
Materials Task 2.27
Apollo 204 Review
Board Panel 8.
February 27, 1967
Dr. \. .\, Staklis
Memo to W, Bland
from J. D. Jeter. Chief.
Muterials Analysis
Branch. KSC.
February 2¢, 1967
Memo to W, M. Bland.
Panel 8. from J. N.
Rotanchik. NSC.
March 8, 1967
WAL BlLind, ASPO,
R. & 1. March 8, 1967

Apotlo M Review

Bows ok Panel 8,

Muateriaby, March 6,

1967

\pollo 04 Review

Board, Panel 8,

Materials, March 10,
1967 (Task 2.12)

North Arerican Aviation,
Iric., Specification

~ No. 99-0058
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8-86

8.87
8-88
8-89
8-90

891

8-92

9-43

8-94

893

8 V6

897

898

8-94

8- 100

8 1

812

8103

8104

Procedures and Réquiréments for the
Evaluation of Apollo Crew Bay Materials

Crew Bay Nonmetallic Materials Status
Report of Unaceéptable, Aéceptable
Materials Rev. F

Boilerplate Flammability Tests in

5 psia oxygen

Boilerplate Flammability Tests in
16.5 psia Oxygen

Hazardous (Nonmetallic) Maiterials
Control Prograni

Acceptable § C 012 GFE

Matérials List, Tab Run, 2,16 67
Flammability Characteristics of
Materials in Oxygen

luvestigation Report - Aireralt
Wire Harness Fire
Spontancous lgnition of 8 C
12 Materials

The Lockbeed Nireraft Corporation
Filim on Wet Wire Fire

Materials Literature Survey of Wure
Bundle Tests Having Application to
Apollo 204 Acerdent Investigation
Flammabnlity of the Higher Boiling
Liquids and their Nists

Physical Properties of Ethvlene
Gilyeol

Test Activities by Structures

and Mechanies Division, Manned
Spacecraft Center

Boderplate Flammability Tests in
16.5 psia Oxvgen (st Test)

“Some Expermments on Coolant Mixture ™

List of Sonme Significant Correspond-
cenee Relative to Nonmetallic Materuals
Control at NAA

Contract NASO- 10, R&D tor Project
Apollo 8 € Toneus and

Flanunabwhu Program

Final Report-Solvent Exaporation Rates
trom nommetalhe matenals i an
ambient environment

Results ot Electrostatie Tymition
Fvestigation, Mareh 31, 1907

NASA-MSC, R. Q&1 Div.
May 13, 1966, MSC.
A-D-66:3 ‘
NASA-MSC. R. Q&T Div.
December 30, 1966,
MSC-A-D-66-4
NASA-MSC (Film)

NASA-MSC (Film)

H. ML Lampert, GE-ASD
February 17, 1967
TRIS 028075

Apollo 204 Review
Board. Panel 8.
Materials,

February 22, 1967
Lockheed Film

No. 3 (4-1963)

Apotlo 204 Review
Board, Panel 8.
Muaterials- Task 2.7
Memo o PD Chiel,
Systems Engincering,
from P4 Engincering
Branch, February 9.
1967, PD4 M8od
Apollo 204 Review
Board, Panel 8.
Materiab Task 2,24
Tndustrial and
Engincering Chenistey.
December 1947, p. 1007 - .
GLYCOLS, Curme and
Jobnston, ACS
Monograph 114
Rembold Pabl. Co.
Apollo 204 Review
Board, Pancl &,

March 149, 1907

NASA MSC (Fitm)
Raychem Corp. Memo to
R. AL Halperin from
Heslop & Frisco
dated Muarch 11, 1967
Apollo 204 Review.
Board, Panel &

March 17, 1967
Leter to RLW
Williams, MSC from
G. W. Jeffs, NAA,

January 10, 1967

fetter to Panel 17

from Chairman, Pancl
R, Materad Review,
Tash 2.6

Memo trom FL
Latehfield w0 Charman,
Panel 18, with attach-
ment

D-8-88




i e N o N e M R A
\]
ﬁ
i
8105  Sunnnary of Suit Electrostatic Meémo to Chairmin,
Measurement Data Panel 8. lrom KB-o,
Whittaker
8 100 Results of Special Tests on Raschel Preliminary Report, 3
i Knit March 3101967, WL\ : !
N Bland, Panel 8.
) Materials
8107 Wet Wire Fire Test No. | Apollo 204 Review
Board. Panel 8. March 31,
1907
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STATUS OF MAJOR NONMETALLIC MATERIALS USED IN
$/C 012 CREW BAY ) '

Introduction

The objective of this evaluation was to determine the status of the major comhnstible materials used in ;
the S/C 012 crew bay. |

Results

The table below lists materials status as detérmined from a review of NAA MC 999-0058 and
MSC-A-D-66-4 documents which list acceptable and unacceptable matetials.

TABLE
STATUS OF MAJOR NONMETALLIC MATERIALS USED IN
§/C 012 CREW BAY

STATUS PER STATUS PER
MATERIAL MATERIAL NAA-MC-999-0058 MSC-A-D-66-4
DESIGNATION TYPE Rev. D Rev. F
Nylon Rachel Knit Polyamide Acceptable Acceptable
Nylon Velcro Polyamide Acceptable Restricted - 12
inches from
electrical leads
Trilock Woven Acceptable Unacceptable
Cushions Cushion.
Rubber
Based
Thréad.
Utalane 577-1 Polyutethene Acceptable Restricted = Not
Foam to exceed 18
inches lengths
or closer than
12 inches from
electrical leads

ENCLOSURE 8-27 _
D:8.91 1
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REPORT OF PANEL NO. 9
DESIGN REVIEWS PANEL
APPENDIX D-9
TO
FINAL REPORT OF
APOLLO 204 REVIEW BOARD
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DESIGN REVIEW PANEL REPORT
A. TASK ASSIGNMENT

The Apollo 204 Review Board established the Design Réview 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 eléctrical, as well as other potential ignition sources such as motors, relays, and co-
rona discharge. Other aréas of review include egress augmentation and basic cabin atmosphereé
concept (one versus two-gas). Document whers applicable pro’s and con’s of design decisions made.

B. PANEL ORGANIZATION

1. MEMBERSHIP:
The assigned task was accomplished by. the follewing members of the Design Review Panel:

Mr. R. W. Williams, Manned Spacecrit 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
1. APPROACH: .

Panel 9 effort has encompassed the four major sub-divisions as follows:

a. Review of subsystems for sources of ignition or flammable materials.

b. Review of the selection of the cabin atmosphere.

¢. Review of the egress process.

d. Review of the flight and ground voice communications.

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 design 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 mext manned flight (Space-
craft 101, Block I1) is different to a significant extent from spacecraft (S/C) 012 (Block I) in which the
fire occurred. As a comsequence both configurations are involved in the design reviews; the Block 1
configuration as an aid to determining possible sources for the fire, and the Block II to evaluate the
system design characteristics and potential design change requircments to prevent 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
A team of NASA and NAA Subsystern Managers and Systems Engineers conducted a
thorough review of the subsystems housed in Block 1 and I Comimand Module (C/M) crew
compartments. The purpose of the review was (1) to ascertain if any of the subsystems con-

.D-9.3




tained ignition sources that might have contributed to the Apollo 204 incident and (2) to
identify similar anomalies that might exist in the Block II S/C and dotument them for input
to the overall spacecraft design review activity.

This éxtensive review culriinatéd in the conipilation of a final report (Reference 2) to
the Chairman of Panél 9 substantiated by the Design Revicw summary sheets (Reference
3). Results of the review delineate ignition sources (Blocks 1 and II) and contiguous non-
metallic naterials . (Block 1I) for each subsysteni. The type of packaging and qualification .
history was exarhined and is listed for cach comopenist (Block Iy A summary of this review
is included as Enclosure 9-1 to this report.

(2) CRITERIA FOR REVIEW
(a) IGNITION SOURCES
Scarch for and identify possible ighition sources of the following types:
Corona discharge
Electrical ares or sparks from damaged insulaticn, motor brushes, exnoséd relay con-
tacts, switches, etc.
Overheating caused by circuit failures
Overheating due to inadequate or improper lubrication
Chemical sources
Miscellaneous (impact, etc.)
(b) COMBUSTIBLE MATERIALS
Identification and location by subsystem of all flammable materials within the
crew compartment.

(3) SYSTEM/SUBSYSTEMS FOR REVIEW
(a) Guidance and Navigation (G&N) (including Block I1 rendezvous radar)
(b) Stabilization and Control Systeni (SCS)
() Electrical Power System (EPS) and Scquential Events Control System (SECS)
(d) Controls and Displays
(¢) Caution and Warning System (C&WS)
(f) Environmental Control System (ECS)
(g) Emergency Detection System (EDS)
(h) Telecommunications (T Q)
Operational instrumentation
Spacecraft communication
Crew communication
Television (TV)
System instrumentation
(i) Experiments and Scicntific Equipment
(j) Grew Personal Equipment

(4) METHOD OF OPERATION

The task was executed in two phases. The first phuse consisted of concurrent independ-
ent reviews of the €/ M subsystems by Subsystemn Managers and Systems Engineers at Manned
Spacecraft Center (MSC) and by contractor personnel at the North American Aviation (NAA)
plant in  Downey, Cahtornia. These independent reviews were conducted in the time pe-
riod February 6-16, 1967.  The second phase consisted of workiug sessions, involving both
MSC and NAA personnel, conducted at MSC during the period February 17-20, 1967. Dur-
ing these scssions, the MSC and NAA inputs were combined to constitute the subpanel re-
port.  The two-phase method  of task exccution was used for many reasons, the principal
peing optimum utilizaton of personnel and facilities at both the congractor’s and MSC plants,
and thoroughuess atforded by two independent reviews of the subsystems which scparately

reflect the contractor and customer rationale.

(5) SPECIAL DESIGN CONSIDERATIONS
The configurations of hoth  Block [ and Biock Il vehicles were examined with a view

D-9-4




toward identifying deficiencies in design and compatibility of design with ¢riteria (specified
requiréments).  Many déficiencies in the dosign ¢ould be traced to eriteria which changed
in the course of the program. The deficiencies can bé categorized into those affecting wiriig

and ECS plumbing.

A number of criticisms of the wiring and ECS plumbing joints for Block I vehicles have
resulted from  examination of S/C 012, 014, and 017. The ériticisms include instances of:

Interference with access for maintenance

Insufficient physical protection

Undesirable routing and tetininating

Lack of flexibility for change

Frequent leakage of watet, glyeol joints

Poor workmauship

Lack of neatness ahd eraftsmanship
The process of spacecraft manufacture, test, and maiitenance, which results  in the above
criticisms, derives from the designs to which thé .spacecraft are built. The criteria establish
the requirements for the design. . These criteria continued to evolve aftér the. design had been
started and Lin osomes nstances changed  after release of design to manufacturing.__Some sig-
nificant examples follow:

(1) WIRING

(D) Unmanned tlights were introduced  which rvequired retrofit of the Mission Con-
trol  Programmer and  associated  wiring, and  interconnecting with G M flight control
aud other subsystemr civeunits. This additional  complexity applies 10 §,C 017 but not
N, Col2and 04,

(2) Because of the experience of water condensing on clectrical equipment during
the flight of & Mercury spacecralt, the electrical and electronic components were required
to be qualitied in a4 combined envivomuent of water, oxygen and salt instead of oxygen
alone.  As a vesult, the environmental-seal - coneept wits introduced which changed the
packaging design of the clectronic equipment.

(3) The in-flight maintenance concept, on which the initial design was based, was
dropped in favor of built-in redundaney after design completion on Block 1 but prior
to the initiation of the design of Block 1.

(4) The requirciients for in-tlight scientific experiments were added ofter designs were
réleased to manutacture or test.

(5) Addivonal development  and - operational  instrunentation requirements weid in
troduced after the wirtng design was released and in manufacture or test,

(0) The design of displays and controls was based .on . requiretents establishied by a
flight-crew  group.  Subsequertly, minor changes were made to meet the réquiremeits
of the assigned flight crew.

(V) The audio commmunication control cquipment on 8§ G 012 suffered from a series
of changes in performance requirements resulting in a number of fixes.  The final con-
figuration contained many changed and interrelated switch functions which resulted in
a complex matrix of switch positions lor proper selection of the different modes.

The initial  design for ahe Bloch T vehicles failed to accommodate growth and changes
typically experienced in research and development  progrums.  The result was that the flex.
ibility for change was quickly saturated, and it was necessary to improvise at the expense of
the fictors eaposed by the eriticistus above.  (However, the initial. design of Block 11 allowed
for a 50 percent growth in wiring.)  The Bloch 1 wiring runs were laid out without the use
of an engineering mockup and wire harnesses were fabricated in two-dimensional rather than
three-dimensional fixtures.

Post-fice inspection of 8 (0 012 revealed deficiencies in the wire instalkition demonstrat-
ing poor practices in design, manufacturing and quality control . The wiring in theé space-
craft survived the fire with a small degree of damage overall, The Teflon tnsulation was found
to be damaged only i localized hot spots. The majorny of the damage consisted of- insula-
tion loss due to heat; however. in practically all instances there reinained sufticient insisla-
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tion or distance between the affectgd 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 Léwer 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 sleee which cov-
ers the shielded wire (Enclosure 9-4).

(2) Wire color coding practicés were not always adhered to as evidenced by Enclos-
ure 9-5.

(3) Some areas of wiring éxhibited what would be referred to as ‘‘rats nests” be-
cause of the dense, disorderéd array of wiring. In some instances excessive lengths of
wires were looped back 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 breaker panel was pressed so close to a wire harness, that wiring in-
dentions were left in the circuit-breaker potting (Enclosure 9-11).

(5) There were wires 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 wires 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. Enclosure 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 was 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 thé normal operating stresses but failed to account for the loads and stresses
introduced by handling and installation.

(2) The propér fabrication of joints requires that the initial alignment of the tubes
to be soldered must be established without stress and without benefit of a holding 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 theé joint
to develop leak paths.

(4) The installation design does not permit adequate inspection and does not protect
the plumbing and the joint from accidéntal damage, or from use as hand holds. In.
some areas access of tools is difficult without stressing or springing joints already made.

The development and qualification testing of the ECS extended beyond the original schedule.
Units were produced and installed in spacecraft which required modification to climinate
problems later identified during qualification tests. The design failed to provide casy access
for removal and replacement of components in the assembled condition. Conscquently, the
process of rework is difficult, and the design criteria for soldered joints is violated under re-
work conditions. 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 gleciéi'on to use oxygen O
in space and at the pad has been compiled. A summary of this material is contained in En-
closure 9-2 to this report. The references contain a retracing of all the steps and considera-
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 and subcontractors, other aerospace companies, the medical communi:
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 considerations of fire extinguishing and suppression.

(a) HUMAN PHYSIOLOGICAL CONSTRAINTS

Human physiology imposes a requirement for a minimum partial pressure of oxygen
for respiration, a minimum absolute-pressure environment for respiration and control of
body water-vapor partial pressure, and limits to the rate of depressurization to prevent
bends from gases emanating from solution in the body. A one hundred percent oxygen
atmosphere is. physiologically acceptable for continuous use up to thirty days.

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.
Reduced levels are acceptable for short periods of time (up to eight hours). One hun-
dred percent oxygen pre-breathing is specified for a minimum of three hours prior
to launch.

Dysbarism (bends) is avoided by a minimum partial pressure of diluent gas in the
spacecraft. The desirable partial pressure of nitrogen in a mixed-gas spacecraft atmos-
phere has not been formally established. It has been established that the disadvantages
will more likely exceed the advantages at .itrogen partial pressures greater than 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) SPACECRAFT AND SPACE SUIT DESIGN CONSIDERATIONS

The design parameters 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
as well as addition of a mechanism for oxygen partial-pressure control is required to pro-
vide diluent gases. These additions 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 dif-
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 atmospheré,
and the process of ignition utilized to initiat¢ combustion.




There are three flammability characteristics that are generally measured to determine
relative flammability of materials:

(1) Linear burning rate in inches per second.

(2) Temperature at which self-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 (inchés/sec, downward)

Atmosphere Material
psia /gas Cotton Velcro Nomex  Teflon

3.5./00

5.0/09
16‘0:’(-)2

3.5. 001.5/No
Alr

Auto-Ignition Temperature (°F)

Atmosphere
psta ‘gas Cotton

3.5/00 1160
5.0/0a 1180
16.0/09 1280
3.5/001.5/Ng 1040
Alr 1000

Downward burning ratés of the samé material are shown to vary over a range of
only 1.4 to 1 with atmosphere changes from 5 psia oxygen.to a 7 psia atrnosphere of - -
3.5 psia oxygen and 3.5 psia nitrogen. Downward burning rates in a particular atmos-
phere vary over a range of 1000 to 1 with material changes from cotton to Teflon. Con-
sequently, the potential for fire in the C/M is much more strongly influenced by the
selection of materials than by acceptable 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 requirenients are
totally fulfilled. The requirements on spacecraft structure and systenis are minimized.
Based on tests of downward-burning propagation, the difference in fire poteéntial bétween
various physically acceptable atmospheres is not large, .particularly if easily combustible
matérials are eliminated.




(d) GROUND CONSIDERNTIONS

At any pressure the suitloop must contair only oxygen to avoid the “bends’®. 1f
cabin atmospheric constituénts other than oxygen are used, they should be isolated from
the suitloop and cxpelléd fvom the cabin priot to crew emergency from the Suited conditions
to avoid anozia. Thése requirements weré fulfilted for Apollo 94 by the use of oxygen
without diluents.

Downward burning ratés of some materials vary by a factor of 1.3 to 1 for an at-
mosphere of 16 psia oxygen compared to a 3 psia oXygen 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 pressures, the burning-rate ratio between 16 psia oxygen
and this environment would be only 1.8 to 1.

Tests carried out subsequent to the Apollo 204 accident with full-scale mockups at
both 16 psia and 5 psia, one hundred percent oxygen atmospheres have demonstrated
that differences in downward burning rates of materials are not indicative of actual fire
hazards.  Propagation rates and overall fire damage were much greater at the higher
pressure.  Thus. it appears that the geometric arrangement of the combustibles in their
actual installations are much more significant than tests on isolated samples.

If air were used instead of oxygen on the ground (recognizing that spaceeraft de-
sign changes would be required) a ratio of burning rates of 1 to 2 over 5 psia or 1 to
4 over 16 psia oxygen would be achieved. 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-
ficd by tests in ait with full scale mock-ups.

It must be concluded that burhing 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 teduction of burning rate over that
in pure oxygen.

(¢) FIRE EXTINGUISHING AND. SUPPRESSION

The eostablished process for extinguishing. a cabin fire in space is to évacuate the
cabin of oxygen by venting to space. Limited flammability tests indicate that burning
generally ceases whén oxygen pressur€ is reduced to a half (0.5) psia.  The cabin-venting
mechanism design results in - cabin pressure reducing from 5.0 psia to 0.5 psia in ap-
proximately one minute forty-five seconds.

Cabin depressurization requires that the crew be in theéir space suits. The donning
time is 10-15 minutes.

Alternative extinguishing techniques have been examined, but no really satisfactory
technique has so far been found. Effort in this area is coniinuing. Recent experiments
have shown only water to be effective. A better understanding of the burning and ex-
tinguishing  phenomena s required to properly assess the adéquacy of the present and
alternative extinguishing processes.

Elimination of contamtnants in the cabin by means such s suit purge and cabin
venting must be provided.  Prior to the venting process, crew protection should be pro-
vided by some means such as ovygen masks  supplied by a scparate fire-proof oxy-
wen supply.

c. REVIEW OF THE EGRESS PROCESS
(1Y INTRODUCTION.

A critical review of the egress situation investigated the elements of bath Launch Com-
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plex (LC) 39 and Launch Complex 34, including the environmental chamber, access arm,

elevator, personnel carrier (M-113) (Launch Compléx 34 only), escape chute and hardened

room (Launch Complex 39 only), lighting, communications, and fire suppression. This re-

view was supplemented by conférences and responsive writtén reports on suggested design <
critéria from the following permanént Apollo Saturn Inteér-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 organizations 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 Support 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 tiimes for crew egress were meas-
ured.  (Average times are used; best times are 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 créwman 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 204
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 comprchensive review to establish. the configuration and operating characteristics
of the Apollo 204 system; 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 filés 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
findings and detérminations.

(2) DISCUSSION:

During the OCP FO-K-0021-1 test (Plugs-Out Test during Apollo 204 incident). diffi-
cultics were experienced maintaining voice comimunications. These difficultics included
the following:

() V'oice unintelligible duc to very low levels at the listener’s position.
(b) \'oice unintelligible due to distortion, or *‘garbling.”.
(c) Syllables or words not reccived.
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(d) Inability to contact another individual.

(¢) Inability to communicate because of noise or other interference, including
undesired voice.

These problems did not occur at all stations, or at any one station all the time;
however, there were instances when several of the troubles occurred simultaneously. The
source of the problems can be divided into two parts, viz., spacecraft and ground.

SPACECRAFT:

The spacecraft experienced a ‘live mike' situation, first noticed by the crew
approximately one hour and five minutes before the accident. The records indicate
that the VHF and S-band RF downlinks (exclusive of spacecraft audio and control
circuit wiring) from spacecraft to ground operated satisfactorily during the OCP
FO-K-0021-1 test.

GROUND:

The Communications Astronaut Console ( CAST) on the ground was configured
to patch the three voice links together (Astro 1 - Unified 8" Band, Astro 2 - VHF,
and Astro 3 - Umbilical).  With this configuration any downlink transmission 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
unable to contact the Command Pilot, Senior Pilot or .Pilot at one time because
of the. Voice Operated Relay (VOX) in the ground link. The back-to-back VOX
circuits lock out operation -in the reverse direction when a signal appears. in the unit.

Any signal coming from the Cape Kennedy Air Force Communications Termi-
nal Building, Eastern Test Range, such as the MSTC or Superintendant of Range
(AFETR). going into Launch Complex 34 has priority, with interrupt capability,
over a signal originating in the Complex. Howeéver, cven though it gets into the
Complex  Operational Intercommunication System (O18) and the CAST console,
it still has no priority to the spacecraft on any link.

System and circuit analyses showed that the difficulties experienced were duc
to system design deficiencies in the ground communications system, unfamiliarity with
the system limitations and unsatisfactory procedures.

The ground communication system is onc that has evolved during a series of
modifications and additions. Rather than establishing an overall system .design, hard-
ware was merely added as néw requirements were identified. The result was an
overloaded system, with different types of subsystems which were inadequately interfaced.

D. FINDINGS AND DETERMINATIONS

1. 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 compatible with Section C above, the findings and determinations are listed according to the ma-
jor classificationss viz., lgnition and Flammability, Cabin Armosphere, Review of Egress Process, and
Review of the Flight and Ground Voice Communications.
a. IGNITION AND FLAMMABILITY
(1) FINDING:

Flammable. non-metallic materials are used throughout the spacccraft. In the Block .

I and Block 11 spacecraft design, combustible materials exist contiguous to potential ig-
nition sources.

DETERMINATION:
It the Block Tand Block 1l spacecraft design, combustible materials are éxposed in suf-
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ficient quantities to constitute a fire hazard.

(2) FINDING:
Malfunctions and failures can produce ignition 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:

N Packaging design for Block IT ¢omponents differs from Block I in that nearly all compo-
nents in Block II are hermetically or environmentally sealed.

DETERMINATION:

The Block II packaging design practice reduces the probability for the coexistence of
an ignition source and flammable. material.

(4) FINDING:

The space suit contains power wiring to electronic circuits; also, the astronauts could
be electrically insulated.

DETERMINATION:

Both the power wiring and potential . for static discharge constitute possible ignition sources
in the presence of combustible materials. The wiring in the suit could fail from working
or bending.

(5) FINDING:

Eighteen electrical circuits in Spacecraft 012 did not adhere completely to wire size/
load/circuit protection design criteria.

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) afte: 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 covld
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.

(8) 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 eéxposure which should have been prevented by both the
Contractor and.the Government..

(9YFINDING:

The environmenta! 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 ¢xperienced 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
(1) FINDING:

NASA physiologists specify that a minimum oxygen partial pressurc 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 nitrogen partial pressure.
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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, to 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.

¢. REVIEW OF THE EGRESS PROCESS
(1) 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 pressure buiidup 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 coniain 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 circuit 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 requiremenus.

E. SUPPORTING DATA

The following is a list of enclosures.to this section of the report.

Enclosures

9.1 Summary of Ignition and Flammability Review .
9-2 Spacecraft Atmospheres

9-3 Examination of Soldered Joints for Aluminum Tubing
9-4 Wiring Assessment

9.5 Wiring Assessment

9.6 Wiring Assessment

9.7 Wiring Assessment

9.8 Wiring Assessment

9.9 Wiring Assessment

910 Wiring Assessment

9.11 Wiring Asscssment

9.12 Wiring Assessment
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9-13
9-14
9-15
9-16

Wiring Assessment
Wiring Assessment
Wiring Assessment
List of Reference Material
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ABBREVIATIONS USED IN APPENDIX D -9

ALOC Apollo Launch Operations Committee
ALOP Apollo Launch Operations Panel
AS Apollo Saturn
C&WS Caution and Warning System
\ CM Command Medule
ECS Environmental Control System
ECU . Environmental Control Unit
EPS . Emergency Detection System
ECP Electrical Power System
EVA Extravehicular Activity
G&N Guidance and Navigation
T/C Telecommunications
KSC Kennedy Space Center
LC . Launch Complex
LES Launch Escape System
LHj Liquid Hydrogen
MC McDonnell Company
MSC Manned Spacecraft Center
NAA North American Aviation
02 Gaseous oxygen
ocP Operations Checkout Procedure
OCP . 0021 Space Vehicle Plugs Out Overall Test
RF Radio Frequency
RS89 Inhibited Ethylene Glycol/Wo?er Solution (AiResearch Specification)
$/C Spacecraft
SCS Stabilization and Control System
SECS Sequential Events Control System
M Service Module
TV Television

Very High Frequency
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SUMMARY OF RESULTS OF IGNITION
AND FLAMMABILITY REVIEW

This enclosure contains the significant findings of the Ignition Source Review Team for both Block I
and Block Il 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-
mately 2000 pages contained in.the basic ignition source report.

It is important to bring out the fact that neither the MSC, nor the NAA review teams nor the
integration team were able to locate any possible sources of ignition in the subsystems under normal
operating conditions. In all cases in order to have an ignition source, there must first be some type of
failure of the component in question.

When a single failure inode for each component was postulated, twénty-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 connectors, and all hamnesses or cable runs,
etc., were treated generically; 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 Il subsystem follows.

BLOCK 1
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 human 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 the.basic report revealed that there were
several cases on S/C 012 where there were deviations taken to the basic criteria for circuit-breaker
compatability with wire size. The basic ignition source repor: contains an analysis of each of the cases
of deviation, and eévaluation of these analyses revealsa very w probability that these deviations could
have been contributory to the S§/C 012 accident.

DISPLAYS AND .CONTROLS SUBSYSTEM

The following components 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 dgmagc
of wiring and conformally coated terminal strips. This damage could, in turn, lead to an arcing or
shorting failure mode.

CAUTION 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
D:9-17




This device is removed prior to flight and is, therefore,
ground operations. The Block I program has experienced one
during Downey checkout that could have led ¢
in this particular case when over-heating of a spike-s

only a potential ignition source during
problem with this indicator on S/C014

0 it being an ignition source. Smoke was observed
uppression capacitor occurred.

ENVIRONMENTAL CONTROL SYBSYSTEM.

The following com
ure condition:
Glycol Evaporator Back Pressurc Controller
Cable Assemblies
Waste. Management System Blower
Valve Seats in Oxygen Lines

ponents of this subsystem are considered possible ignition sources under a fail-

The Controller was considered as
overheating of the controller under an in
It is not known, whether such a co
classified as suspect.

a potential source only in that there is some probability that
ternal failure condition could ignite the encapsulating material.
ndition could result in ignition of the insulation, so it must be

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 t=mperature characteristics of nonmetallic materials. :

The Waste Management

System Blower is considered suspect because failures of a
arcing nature within the blower

shorting or
motor have been experienced during the program.

Overheating of regulator and valve seats can occur in high-pressure

oxygen lines due to compres-
sion waves. Because of this phenomenon, ignition of flammable plastic seats

is possible.
GUIDANCE AND NAVIGATION SUBSYSTEM
The following components of this subsys
ure condition:
Display and Keyboard ( DSKY ) Electroluminescent Panels

Guidance and Navigation (G&N) Interconnecting Harness

Inertial Measuring Unit (IMU') Control Panel Switches
Esepiece Heaters

tem are considered possible ignition sources under a fajl-

A failure of the sealing for the Electroluminescent lights on the DSKY
ture to provide a shorting path for 250 volts used to excite the luminescent m
experience failure in qualification testing during low-temperature storage.

Pancl could allow mois-
aterial. These seals did

Breakage or abrasion of the X\ harness could lead to a possible ignition source.

The IMU Control Panel pushbutton i
hermetically or environmentally sealed device.
bulbs or. poor contact due to corrosion.

ghted switches which contain bulbs do not constitute an
These are possible ignition sources in the case of cracked

An ecquipment of component is considered hermeticall
metal cover, or a gasketed cover (a molded-in-
of remaining pressurized ar evacuated for the sp

y sealed if it is sealed, either via a bonded-
place elastomer gasket) which is designed to he capable
ccification life of the equipment or component.

An equipment or component is considered environmentally sealed if it is not her
and is potted, foamed and/or conformally coated such that it will withstand the Apollo qualification
environments, particularly with regard to the humidity and salt fog environments. This type of pack-
aging generally *‘breathes’” and is normally enclosed in a metal. package.

metically scaled,

D.9.18




nt

¥R

FCSL

- The Eyepicces contain resistance heaters which operate at 28 volts and 0.1 amps. These cye-
pieces are subjeét to much handling before and during flight and are therefore subject to a greater
probability of damage than fixed lectrical componenits. Such damage could result in arcing or shorting.

STABILIZATION CONTROL. SUBSYSTEM
The following componeuts of this subsystemi are considered possible ignition sources under a fail-
uré condition:
Rotational Control
V'elocity Change Indicator t Delta V)

These two components of the Stabilization Control Subsystem contain non-hermetically scaled
switches.  If a failure occurs in the arc-suppression diodes, there could be a short to ground causing
arcing of the contacts.

SPACECRAFT COMMUNICATIONS SUBSYSTEM
The following components of this subsystem are considered possible ignition sources under a fail-
ure condition:
Radio Frequency (RF) Connéctors
Overheating of Equipment due to Loss of Cooling
Flapsed Time Indicators Oee Cauton and Warning Subsystenn
Hughes Connectors

Arcing of RF connectors and pin-to-pin shorting of the Hughes connectors are potential ignition
sources under a failure condition. There is a gencral concern with regards to potential ignition sources
if all communications system cooling should be lost.  Whether or not ignition temperatures of adjacent
non-metallics could be attained is not known.

TELEVISION SUBSYSTEM
The following components of this subsystem are considered possible ignition sources under a fail-
ure ( procedural) condition:
) Television Bulkhead Connectors and Cable Assemblies
If the TV power switch is left in the "on' position during connection or disconnection of the
TV power cable, arcing could accur théreby providing an ignition source.

SUBSYSTEM CONTAINING NO PROBABLE IGNITION SOURCES
Based on the ground rules established for this evaluation, the following subsystems are cansidered

non-suspect from a probable ignition source standpoint:

Sequential Events Controller

Mission Control Programmer

Crew Communications

Instiumentation

Experiments and Scientific Equipment

BLOCK 11
The number of Block 11 components considered to be possible ignition sources under iailure con-
ditions is fourteen. This is seven fewer components than were listed in the Block 1 subsystems. The
reduction in number is due in all cases to either one of two conditions:
(a) The Block 1 component is not used in Block 11 ot
{bYThe Block I! components have been redesigned to eliminate the problem that existed
in the Block 1 component. In many cases non-heérmetically sealed components in Block I had
been previcusly redesigned to incorporate hermetic scals due to concern over moisture penetration.
The following is a lsting by subsystem of the Block 11 components that are considered possible
ignition sources under failure conditions. The reasons that these are suspect can be found under the
prévious Block 1 susystem discussion of the component

ELECTRICAL POWER SUBSYSTEM
General Usage Connectors
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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 SUBSYSTENM
Glycol Evaporator Back Pressure Controllér
Cable Assemblies .

GUIDANCE AND NAVIGATION SUBSYSTEM
G&N Interconnecting Harnéss
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
I[nstrumentation
Experiments and Scientific Equipment

Table 1 of this Enclosure is a convenient listing of the ignition sources and identifies changes from
Block I to Block 11.

The-type of packaging and qualification history was examined for the components which were
revieved for possible ignition services. The components were treated categorically so the total number
poitrayed is greatly reduced from the total number actually reviewed (1.e., switches, circuit breakers,
terminal boards, etc. ) .

Total number of components - 188
Number environmentally sealed - 95
Number hérmetically sealed - . 78
Number not protected by either - 15
hermetic or environmeéntal packaging

Table II of this Enclosure is a listing of all the Block I1 components which are neither hermeti-
cally nor environmentally sealed.

Table IIl of this Enclosure is a lisung by subsystem of non-metallic materials contiguous to the
components in Block 11 which have been identified as possible single-failure ignition sources.




TABLE | OF ENCLOSURE
SUMMARY OF POSSIBLE SOURCES OF IGNITION UNDER A FAILURE.CONDITION
- BLOCK & BLOCK I -

BLOCK | ITEM

General Usage Connectors
Special Purpoese Connectors
Modular Termiial Boards.
Electnical Wiring
Main Display Console t MDC ) Panels
CWiring and Terminal Strips )
Lovwer Eguipment Bay « LEBY Panels
{Wiring and. Ternunal Strips)
Elapsed Time Indicator
Glyeol Evaporator Back Pressure Controller
Cable Assemblies
Waste Management Syatem Blower
Display and Keyboard (DSKY) Electroluminescent Panels
Guidanee and Navigation (GUNY Intercorthecting: Harness
Inertial Measuring Unic ENUDY Control Paniel Switches
Exepicee Heaters
Rotational Control
Velocity Change Indicator « Delta V)
Radio Frequeney ¢ RF)Y Connectors
Overheating of Equipment due to Loss of Cooling
Elapse Tune Indicators
Hughes Comneetors
Television Bulahéad Connectors and Cable Assemblies

TABLE 11 OF ENCLOSURE |
BLOCK 1t COMPONENTS NOT HERMETICALLY OR ENVIRONMENTALLY SEALED

COMPONENT SUBSYSTEM TYPE OF PACKAGING REMARKS

DA Pancd Assemblic s Misplavs X Conttols Conformal Coating

( Pwentv-eight tor Bloch 1Y (DX O)
(Fifteen tor Black 1D

Exeprece Stowage Guudance X Navisation Stonage

Video Cogstal Can Commumeations Nosead

nector Cable Nswenmiblies

DESCRIPTION  STATUS IN BLOCK Il

Clabling Same

Cabling Same

Cabling Samé i

Cabling Same - ]

Cabling Same . !
]

Clabling Same

Component  Eliininated
Component No Change
Cabling Same
Component  Fixed
Component Fixed

Clabling Same
Component Fised
Component No Change
Component No Change
component Fixed
Cabluy Same
Condition Same
Component  Eliminated
Cabling Eliminated
Cabling Same

Ternunals are potted ot con-
tormally coated.. All current
carrving contacts are within
sealed enclosures.  Tncandes
cent Biliments are doubly
sedled within glass bulbs
inside sealed envelopes

Qualified

Fhese assemblies have been
ualied  Voltage and power
levels are not considered to
be lugh ecnough to pose a
threat of hre There are no
hnown twilures which have
undicated that a fue hasand
easts i the video con

nector cable assemblies
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COMPONENT

Bulkhead Reécepracle

Stadimeter

Data Reduction Tables

DOOY Container

Ultraviolet (U'V) Stellar
Spectrograph Support
Structure

Lens Cover

UV, X-Ray Salar Spee-
trograph Cable
Scientific Nirlock

Film Magazine for
Camera

1.2 Litre Contingency

Urine Receiver

Scientific Junction
Box

SUBSYSTEM

Electrical Power

TABLE 1l OF ENCLOSURE | (Continued)

SUBSYSTEM

Commuiications

Eapetiments & Sciene
tific Equipment

FEapetnments & S¢ten-
tific Equipment

Experments & Screns
tific Equipment

Eapenments & Scien-
tific Fquipment

Eapeniments X M tene
tific Fquipment

Eapeuments & Sciens
tific Equipment

Eapeniments & Saien-
tifie Equipment

Fapenments & Mcten-
tific Equipment

Eapenments X Sotens
tific equipment

Eapetiments & Soene
tific Fquipment

Eapetiments X Sorenes
tific Equipment

TYPE OF PACKAGING

Métal housing with
plastic diclectric
around términals-
No seat

Not packaged

—~Not packaged

Not packaged

Not packaged

Not packaged
Connectors Potted

Not packaged: provides
spacecraft seal
Combustible film is
tatally enclosed. but
not scaled, in metal

nugazine

Not packaged

Not packaged

Potted. tuternally

TABLE |1t OF ENCLOSURE #1

BLOCK 11 NON-METALLIC MATERIALS CONTIGUOUS TO COMPONENTS
IDENTIFIED AS POSSIBLE SINGLE-FAILURE IGNITION SOURCES

NON-METALLIC MATERIALS

I'eflon Tetrafluotocthylene (TTL)
Silicone Rubber

REMARKS

The receptack has been

tested in 1009 O at 14 psia -
with sitmulated cameral load.

No failure has occurréd.

Non-eléctrical component

Non:cleetrical component

Non-eleetrical component

Non-clectrical component

Non-electrical component

No history of failure

Non-electrical component

No history of failure

Non-clectrical component

Non-clectrical component

No history of failuve
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TABLE NI OF ENCLOSURE 9-1 (Continued)

SUBSYSTEM NON-METALLIC MATERIALS

stabilization X Control Phenotic Moldiug Commpound

Diallylisophthalate ({DAIP)
Molding Compouid

Eaposy Praner
Aenvtic Enamnel
Epoxyv-Syntane Foam
Polyvwrethane Varish
Silicane Labwreaan

SMlicone Rubbet

Seguennal Ly ents Control No Tenition Sowroes

Musion Control Prowi e Not Appheable

Entry Momtor No lgmton Sources
Connuuie: ons Class A Doamed Polypropalene

Iradiated Polvoletin

lovadiated Polviny hidene Fluonde

Uetlon
Insttwmentaton Na lutition Soutces
Expernnents and Saentitu No lgmnon Sourees . .

Fequipnnent
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SUBSYSTEM

Misplavs X Controls

Caution X Warmng

Fanvuonmental Control

Guidance X Navikation

TABLE 111 OF ENCLOSURE 9-1 (Continued)
NON-METALLIC MATERIALS.

Feflon Tewrafluoroethylene .
Fluoro Ethvlene Propylene (TFE FEP)

Pohvvivlidene Fluoridé
Naomes Aervhe Coated

N lon

Epone Polvanude Résn
Lpose Adheane Epon 424
Niheatte Rubber Grronunéts

Room Femperature Vuleanzed (RTV
Contormal Coating

Fetlon

Polvvin hide Fluonde -
Namen. Ao Coated
Navion

Polvurethane
Uiberglam

N\eoprene

Epon Polvanude Resin

No lgmtion Sources

Compounds. \iresearch
SPEC Nos 219 081 Wl
214 044 Y,

SR4TIEL2,

EOURREUUTRL U

223 022 wndgT

Jlu o o]

Poivurethane Foam
\ itot
Diradiated Poovetbabene

Poavcratinrontt v
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SPACECRAFT ATMOSPHERES
BACKGROUND

The use of 100% oxygen for spacécraft atmosphere in the U. S. manned space program has been
based on extensive research and development in both the fields of biomedical science and enginéering.
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 of widespread investigation in the United States and abroad, by government, university,
and industrial research. While the bulk of the research has béen over the past ten years, vonsider-
able work relating to the use of 100% oxygen in aircraft was done much earlier. Probably one of
thé most authoritative compilations of this research is contained in a four-part series on ““The Selec-
tion. of Space-Cabin Atmospheéres,” prepared for NASA by Dr. E. Roth of the Lovelace Foundation
for Medical Education.and Research, Albuquerque, New Mexico. The series, which was prépared
under NASA contract, is comprised of four volumes: (1) “*Oxygeén 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 published; 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 Cabin 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 decreases in a multi-gas system, or in transitions from
normal atmosphere to pure oxygen environment at reduced pressures.

3. Total operating pressure, which affects spacecraft structural design as well as dysbarism poten-
tial in évent 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 (EVA) physiological stress levels. In general, suit
pressure levels cxceedmg 3.5 psia réesult in increasingly severe space suit rigidity.

5. Difference in cabin atmosphere constituents and suit atmosphére constituents which afféct the
possibility of dysbarism in decompression, or would dictate extended time for crew purging for EVA
activities as well as poternitial leakage problems between suit and cabin atmospheres in redundant op-
érating modes.

6. Pulmonary atclectasis (collapse of lung tissuc). which could be caused by inhalation of purc ox-
ygen for exteinded periods of time which is a function of absolute oxygen pressure level.

7. Differences between cabin atmosphere and suit atmosphere constituents which could produce
the possibility of hypoxia! lack of sufficient oxygen! in the event of minor system malfunction
or interaction.

8. The hardware complexity of the environmental control system design which is a function of
its atmosphere constituents.  This extends to consideration of oxygen uses for purposes other than life

its atmosphere constituents.  This extends to consideration of oxygen usés for purposes other than
life support.

9. The rcliability of measuring and controlling the partial pressures of constituent elements of a
multigas system.  In general, more complex measurement and control systems must. be used for a
two-gas atmosphere as compared to simply controlling the pressure of an oxygen atmospheré.
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10. Crew comfort on a long mission which is significantly affected by continued suit operation 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 relatively 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 compromisé 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 beé 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 préede-
cessor to the Mercury environment; in effect it constituted the ‘‘state of the art’® within.the aerospace
medical community.

Early in the Mercury Program, a NASA Life Sciences Committee, chaired by Dr..W. R..Love:
lace, 11, reviewed the medical requirements and approved the approach taken by the program.

As a part of the development of the Mercury Environmental Control System (ECS) manned al-
titude chamber tests were conducted in 2 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 becamé unconscious. This condition was attributed to hypoxia |(lack of sufficient oxygen).

Subsequent investigations 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 climinated the possibility of. 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 hours has been continued for all manned spacecraft launched in this coun-
try. This same procedure has been used also on all manned spacecraft vacuum chamber tests in the
Meércury, Gemini and Apollo Programs.

The Gemini spacécraft atmosphere was selécted to be the same as Mercury (5 psia, 100% oxygen).
This selection allowed the Gémini program to develop an environmeéntal 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 10 manned flights, and in a large number of manned and unmanned altitude chamber tests and
prelaunch operations.

APOLLO FLIGHT ATMOSPHERE

Early studiés based on NASA's own rescarch and also on a large body of other experimentation
on artificial atmospheres, €.g., aircraft and submarine, resulted in a recommendation for a 7 psia oxy-
gen-nitrogen atmosphere for Apollo.  This first recommendation was in 1961. The primary reason
for this recommendation was concern by physiologists that two-weck Apollo missions in a 5 psia 100%

oxygen cnvironment (used in the Mercury Program) could cause pulmonary atelectasis (collapse of .

lung tissuc).  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, thercfore, initiated to resolve these physiological questions for both
the Apollo and Gemini atmosphere sclections. (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 iramediately following launch. Test-
ing in the 5 psia 100% oxygen atmosphere indicated that atclectasis would not be a problem in the two-
week Apollo or Gemini missions. (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 rosults of this test program, NASA decided in 1962 that the Apollo spacccraft would also use the
5 psia 1009 oxygen atmosphere used in the Mercury and Gemini Programs. This seic~tion of cabin
atmosphere in space has enabled:

1. Continuation of the Mercury and Gemini experience.

2. Avoidance of potential dysbarism problems in avrious modes of space operation.
. Relatively simple environmental control system hardware with attendant high reliability.
A “shirtsleeve™ cabin environment which has enhanced crew comfort and effectiveness.

ho
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. Minimum operational restraints to EVA initiation.
6. Maximum crew mobility within the constraints of present space suit design by utilizing lowest
practical absolute pressure.

FLIGHT ATMOSPHERE FOR THE APOLLO APPLICATION PROGRAM

The Apollo Applications Program (AAD) presently plans to use a 5 psia two-gas atmosphere (60%
oxygen: 31% nitorgen) only in the airlock module (S-1VBspent stage workshop) for planned mission
durations in excess of 30 days. The 5 psia pressure level sclected for the long duration missions was
dictated by present Apollo pressure vessel capability and system compatibility considerations.

Present program plans continue the utilization of the standard Apollo purc oxygen environment
in the Command Service Module and Lunar Modules. which may be associated with ANDP missions.
While the airlock module will have the capability for a two-gas system on the first AAP mission.
present plans are to utilize the two-gas system for the second mission (45 days). Pure oxygen atmosphere
would be used on the first mission (30 days).

The primary consideration in wtilization of the two-gas system for long duration missions is a
desire to-avoid physiological uncertainties and the possibility of atelectasis.
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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 ignition temperature nor combustion rate is a strong
function of oxygen partial pressurc in the range from 3.5 psia to perhaps 7 psia. Mixed gas systems
operating  with a minimum of 3.5 psia oxygen partial pressur¢ apparently do not have significantly
different fire hazard potentials as compared to a pure oxygen atmosphere at the .samé pressure,

Limited zero:G aircraft testing has indicated that there is a tendency for combustion in a low-
pressure puré-oxygen environmeént at zeéro-G to be self-limiting. This may occur because of thé lack
of natural convection to remove products of corr.bustion which no longer contain oxygen from the vici-
ity of the flame source. Howéver, forced convection in the cabin could nullify this effect.

In orbit, fire on board the spacec-aft could be extinguished by venting the cabin to spacé. This
mode of operation would require the crew to be suited prior to the decompression period because
physiological constraints dictate that a minimum 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 firc-extinguishing system for spacceraft 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 spacccraft has resulted from
the careful consideration of all factors relating to crew safety and-mission success. This choice has
been based on cxtensive 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.




EXAMINATION OF SOLDERED JOINTS K
FOR ALUMINUM TUBING :

A. Design Selection Rationale

The decision to us¢ aluminum tubing in the Environmental 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 cssentially leak free. The maximum leak rate allowed was 5.6 x 10-6 ;
std. cc of hélium/sec.

» (2). The joints were to be compatible with the various spacecraft fluids without a loss in strength,
t particulate formation, or fluid degradation.

(3). The joints, and the lines, were to withstand an acoustic environment sustained at a sound
pressure level above 143 decibels for 150 seconds.

(4). The joints 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.

P

Another consideration was that the plumbing system be of minimum weight. The aluminum
tube wall thickness was cstablished 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 gencrates 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 sclect a soldering alloy. This alloy was required to be compatible with the spacecraft fluids, readily
available, and applicable to cxisting processing techniques.  This phase of the program involved an
intensive literature search. mechanical property determinations, flow and compatibility testing.

The literature survey resulted 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 plate thickness (nickel basc for solder)

[4!. Optimum gap for capillary flow

[5!. Peel resistance
[6!. Metallurgical analysis (diffusion, crosion of tube)

{7!. Mechanical properties (shear. stress rupture)
(8!. Effects of reheating

Subsequent to these tests. containment of N204 was not required. by the aluminum
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necessitated a re-evaluation of the soldering alloy. Based upon prior development testing, production
experience, strength,. availability and exceptionally good corrosion resistance, it was decided to test
and use the 60 Sn - 40 Pb solder alloy. This solder conformed to Federal Specification QQ-8:571,
Tvpe SN 60 RARP2 (activated rosin cored flux). This alloy was subjected to the following tests:
[1!. System and Material Compatibility Tests
a. Exposuré and weight loss
b. Metallographic examination
c. Salt spray - 240 hours at 95°F in 20% N=CL
d. Humidity - 240 hours at 120°F in 95% humidity
e. Simulated system exposure to watér-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 subsequént 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 (Hydrostatic)
e.Flexure - Impulse fatigue - Impulse 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 cach resolder operation).
b.Check joint by X-Ray for presence of voids.
c.Leak rate with mass specirometer
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 maximum 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 RESULT SUMMARY
[1!. Corrosion and Compatibility Testing
a.No evidence of deleterious corrosion or corrosion products were noted in simulated partial ECS

systems with inhibited water, glycol after cight 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
bélicved to be an anhydrous Al (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 deletérious corrosion was évident 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.

Mechanical Property and Environmental Stress Testing

a.The joint shear strenght (tensile) is more than adequate for the low préssures uséd on the
Apollo. The tensile load appliéd by the system pressurc 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.

Structural Environmental Testing (Spacecraft. Test Scctions)
Several test sections of the service module containing numerious soldered joints of all sizes
and configuration were acoustically tssted with only one leak (out of 51 joints) in a water/
glycol tube tec 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

(5).

(6).

The leak tests were performed with a mass spectrometer sensitive to 10-6 std. cc of helium/
second using helium as the detectable gas. The leak checks were performed prior to and
subsequent to vibration, flexturc-impulse, and resoldering tests. Qut of 47 joints tested,
five leaks were observed. Two of the leaks were in the tubes at the fixture, two did
not exceed the allowable limits (3.54 x 10-7 and 1.27 x.10-7 st. cc of helium/sec.) and
the fifth had a lcak rate of 8.9 x 10-6 std. cc of He,sec. '

Burst Testing
The average hydraulic fluid pressure required 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
are more than adequate for the maximum system pressure of Y00 psi. Based on thesc re-
sults the factor of safety at operating pressure is at least six.

The sclection of solder for joining aluminum tubes was evaluated further by establishing the
magnitude of the midspan deflection of a simply-supported tube specimen stressed in bend-
ing to 17,000 psi. This stress was considered to be a minimum safe allowable value.
The span was sclected by assuring that the natural frequency would be greater than 120
~ps. Based on the outer fiber stress of 17,000 psi achieved during the test, the following
midspan deflections were obtained.

Tube Diameter (In.)  Span (In.) Midspan Deflection (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 assembly handling these deflections would
permit assembly without any undue problems in tube alignment and linc movement during
cquipment installation and removal.  These deflections were substantiated by the vibration
test which imposed a fiber stress of 17,000 psi for a minimum of 61,200 cycles.

Based upon the foregoing data, the implementation of soldering for joining aluminum
tubing is cousidered to a sound decision provided the procedures for alignment arc met. good
design practice is exercised. and appropriate criteria for system installation and field main-
tenance 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 hardened 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, considérable difficulty was experienced in the nickel plating process; however,
this problem has apparently been resolvéd by establishing and maintaining rigid cléaning
\ 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 if they meet.the leakage re-

quirements.

In spite of the allowable reheat and reduced criteria, a ten percent rejection rate
\ still exists.

s
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LIST OF REFERENCE MATERIAL

The supporting data for this report have been transmitted to the \pollo 204 Review Board files.
These data aré contained in the following reférénces:
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A. TASK ASSIGNMENT

The Apollo 204 Review Board éstablished the Analysis of Fracture Arcas Panel, 10. The task assign-
ed for accomplishment by Pancl 10 was prescribed as follows:
Inspect spacecraft for structural failures resulting from the fire. Analyze these failures from
standpoint of local pressure, temperature lévels, direction of gas flow, cte.

B. PANEL ORGANIZATION

1. MEMBERSHIP:
The assigned task was .accomplished by the following members of the Analysis of Fracture Areas

Pancl:

Mr. P. C. Glynn. Chairman, Manned Spacecraft Center (MSCL_NASA

Mr. N. Koenig. Kennedy Space Center (KSC). NASA

Mr. R. E. Johnson, Manned Spacecraft Center (MSC). NASA

Mr. 8. Glorioso. Manned Spacécraft Center (MSC). NASA

Mr. L. J. Korb, North Américan Aviation,Inc. (1 NAA)

Mr. D). Root, North American Aviation, Inc. (NAA)
Technical support was provided by the Manned Spacecraft Center (MSQ) Structures and Mechanics
Division (SMD) and North American Aviation structural analysis personnel. The major portion of the
on-site task consisted of detailsd metallurgical inspection and laboratory analysis. Metallurgists Korb,
Glorioso. Root, and Johnson pérformed the majority of the inspection while Koenig monitored or per-
formed all the laboratory analyses.

2. COGNIZANT BOARD MEMBER:
Mr. E.B. Geer. Langley Research Center (LaRC), NASA, Board Member, was assigned to monitor
the NAnalysis of Fracture Areas Pancl.

C. PROCEEDINGS

In response to the direction of the Apollo 204 Review Board, the Panel derived detailed objectives.
These objectives were:
Iuspect the spacecraft structurés to determine the extent, origin, mnde, and failure sequence
of significant structural damage.

Estimate the cabin environment during the fire. Analyze all applicable data and examine the
spacecraft for evidence of local temperature and pressure extremes.

Provide netallurgical support to the systems engineers during spacecraft disassembly. Define
metallurgical test requirements to determine the cause of system damage.

1. PANEL ACTIVITY

The inspection of the spacecraft structures was conducted in a systematic manner starting with the
Command Module (G N and Service Module (S8 M) while located at Launch Complex 34 and con-
timued through G M heat shueld removal. Structural damage reports were made coincident with the
spaceeraft disassembly phases. s major sub-systems were remiioved from the spacecraft, they were vis-
ually inspected. Buckles, fractures, cracks, melted areas, localized arcing or pitting in metal components,
and obvious direct wire. shorts were noted and documented. Those items which required laboratory
analyses were identified and  detailed test requirentents were defined. Equiptent removed from the
spareeraft following heat shield removal was inspected in detail at the request of the applicable system
engineer Analvser of results of the monitored laboratory work were provided to Pancl 18 Integration
Analysis. Metal degradation due to extreme structural temperatures was documented and analyzed. An
estunate of the temperature attained in local arcas as detérmined from examination of the metallic
components was  provided to Pancl 8 Muaierials Review. Support concérning the spacccraft strength
and structural configuration was provided to Paael 4, Disassemnbly Activitics Panel. Structural and mech-
anical subsystem support was provided to the Equipment Scréening Commiiitee.
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2. INTRODUCTION

The crew compartment of C/N 012 was a pressurized shell fabricated of bonded aluminum honey-

comb sandwich structuré. The cabin structure was pressurized to a positive pressure of approximately
2 pounds per square inch differential (psid) pressure at the time of the fire. As a result of the fire,
portions of the interior and éxtérior were burned and the primary cabin structure was ruptured.

At the time of the accident, all components of the structural and mechanical subsystem were in-

active. No evidénce was found which would support a hypothesis of mechanically induced ignition of
combustibles within the C/M. The crew equipment subsystem contained combustible material which
burned. Examination of film and data from the SMD-2B boilerplate fire simulation test (Reference
10-1) verified that the rupturc of the /M cabin accelerated the propagation of the fire by inducing
forced convection.

3. INVESTIGATIVE ACTIVITIES

a. CABIN RUPTURE

(1) TIME OF RUPTURE

The time of cabin rupture was concluded ta.be between 6:31:19.3 pm EST (23:31:19.3GMT)
and 6:31:19.5 pm EST. This conclusion is supported by analysis.of aft heat shield thermo-
couple data and Stabilization and Control System (SCS) spacécraft angular rate data. The: thera-
ocouple 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 indiced structural motions at rupture, indicated at 23:31:19.3 GMT by the SCS
rate mcasurements, were analyzed and correlated with the origin of the fracture.

(2) CABIN PRESSURE HISTORY

Aumospheric pressure at the time of the accident was 14.68 pounds per square inch absolute
(psia). Direct measurement of the cabin pressure was valid until approximately 6:31:16 pm EST at
which time the cabin pressure measurement indicated full scale. However, the Guidance and Navi-
gation System did respond to cabin pressure as discussed in Reference 10-2. AC Electronics Di-
vision analyzed the applicable data from OCP FO-K-0021-1 as well as data from a previous C/M
012 cabin pressure test. This and supporting test data obtained by simulation using Spacecraft
008 (Reference 10-3) verified the cabin pressure measurement and provided the additional data
points shown in Enclosure 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 caleulated. The heat absorbed by the cabin gas was calculated up to the
time of pressure transducer saturation. The rate of heat absorbed by the cabin gas was lincarly
extrapolated and the resulting pressures and average gas temperatures were calculated.  Venting
of the cabin pressure velief valve and the addition of oxygen to the cabin were included in the
analysis (Reference 10-4 and 10-3). Operation of the cabin pressure relief valve was shown to have
negligible effect upon the time untl 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 10-2 presents the estimated cabin pressure from 6:31:06 to 6:31:22 pm EST.
Pressure values plotted for the time of rupture are:
Design ultimate pressure 12.9 psi differential (27.6 psia)
Estimated minimum pressure at rupture 14.3 psi differential (29 psia)
Estimated maximum pressurce at rupture (discussed in Section C3c(1))
23 psi differential (37.7 psia)

Average gas temperature at the time of rupture was estimated to be in excess of 700
degrees Fahrenheit (°F). The SMD-2B fire simulition test data (Reference 10-1) and analyses es-
timate a structural temperature at the time of rupture in the vicinity of the origin of fracture of
less 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 extérnal thermal control coating
was most severe in this region. Evidence of C/M crew compartment exterior structural damage
was noted in the .cgion between access panels 15 and 17, (Enclosure 10-3) and of the helium
pressurization panel bracketry as illustrated in Enclosures 10-4 and 10:5. Inspection following heat
shield removal indicated burnéd and melted secondary structure in this region.
(2) C/M CREW COMPARTMENT
Inspection of the interior of the C/M cabin determined that the primary structuré was
damaged in scveral locations. Burned penetrations of the bonded aluminum honéycomb sandwich
¢abin structure were obsérved in the aft bulkheéad beneath the Environmental Control Unit (ECU)
and Water Control Panel and in thé aft sidewall behind the Water Control Panel. Rupture of
the aft bulkhead was obscrved as illustrated in Enclosures 10-6 and 10-7. Melting and erosion of
the fracture surfaces was evident and is illustrated in Enclosure 10-8.

Nuch of the fracture.surface was not initially visible from the interior of the C/M due to
cquipment 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 10-11a, 10-11b,
and 10-1lc.

(3) C/M AFT HEAT SHIELD

The aft heat shield brazed stainless steel honeycomb sandwich structure 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 hcat 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 pressurc 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 aie welded 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 shect at the transition of the weld land to the thinner inner
face sheet near this discontinuity.

The predicted failure mod¢ is rupture due to meridional tensilé stress of the inner face
sheet. Calculation. using :irain 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. 10-9. 10-10, 10-11a, 10-11b, and 10-11c
define the total fracture. Most of the fracture surfaces were burned and melted: little mectallurgical
analysis was attempted.

(3) FAILURE SEQUENCE

It was concluded that the tensile failure of the inner face sheet at point A (Enclosure

10-9) was followed immediately by tensile failure of the outer face sheet at point A (Enclosure
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10-10). Rupturce then propagated to points B and C. Failure of. the innér face sheet to point H
and failuré of thé 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 béen of secondary
significance. The bonded doubler at point K was added as a result of manufacturing process control
testing performed during structural assembly. Failure of the innér face sheet along DEFG and
delamination of the outer face sheet from the core with burn-through holes in the -Y, +Z quadrant
occurred subséquent to the initial rupture at a pressuré-structural-temperature combination less than
that required to cause failure of thé outér face sheet. Burn-through in the area beneath the ECU
did not occur until thé late stages of the fire at a time when cabin pressure was approximately
ambient. Face sheét défects adjacent to this area are a result of the structural temperatures attained
in this vicinity. The penétration in the aft sidewall, shown in Enclosure 10-13b, was concluded
to be a result of locally impinging hot gas behind the Water Control Panel, occurting in the late
stages of the fire.

(4) SECONDARY DAMAGE
Detailed inspéction of the C/M innet.secondary structure révealed buckled aluminum panels .
and burned and delaminated aluminum honeycoinb sandwich panels. Typical damage is illustrated
in. Enclosure 10-14 and 10-15.

Aluminum melts at approximately 1200°F. With the exception of the aft bulkhead fracture,
melting of aluminum was confined to the left hand (-Y) side of the inner cabin. Meltéd 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
COg Absorbers is.shown 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 Pancl. The lines are ideatified and shown in Enclosures 10-13a, 10-13b,
10-13c, and 10-13d. Aluminum and stainless steel lines were melted in this area. It was also ob-
served that soldered joints at couplings on the aluminum lines had parted.

Melted. nickel-plated copper wire was observed in the vicinity of the ECU. Copper melts
at approximately 1980°F whercas stainless steel and nickel melt at approximately 2600°F. These
materials are distributed throughout the spacecraft and are unmelted at other locations.

d. SERVICE MODULE DAMAGE"

The Service Module (8, M) . structure was inspected for evidence of structural damage. No
evidence of structural failure was observed. Nondestructive tests were defined to determine. any
degradation in design strength. It was recommended that these tests be accomplished within the
normal Apollo program activity.

D. FINDINGS AND DETERMINATIONS

1. FINDING

The structural and mechanical subsystem-was-inactive-at-the time of the fire.

DETERMINATION
The structural and mechanical subsystem did not cause the fire.

2. FINDING
Visual inspection of the Service Module structure revealed no structural failures.

DETERMINATION
Verification of the structural adequacy for the design 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 érosion of C/M cabin and heat shield honeycomb sandwich face sheets adjacent
to thé origin.
(3) Penetration of the cabin structure beneath and adjacent to the ECU.
b. Minor structural damage resulting from the fire included:
(1) Honeycomb sandwich delamination
(2) Panel buckling
(3) Melting of metallic components

4. FINDING
Spacecraft data acquired during the OCP-FO-K-0021-1 test gaveé indications from .which a spacecraft
cabin pressure history could be estimated.

DETERMINATION
a. The C/M cabin structure ruptured at 6:31:19.4 (+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 T00°F.

5. FINDING
The G/M cabin ruytured 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 structuré.

7. FINDING
The aft heat shield stainless steel face sheets were melited and eroded.

DETERMINATION
The flame and gas temperature exiting from the fracture origin exceeded 2500°F.

8. FINDING

With the cxception of the aft bulkhead fracture surfaces, melting of aluminum was confined to
the leftzhand side of the C;M. Melting of copper wire, stainless steel and aluminum occurréd in the
vicinity of the. ECU and Water Control Panel on the left side and at the foot of the left-hand couch.
These materials arc distributed throughout the spacecraft and (excluding aluminum) are unmelted at
othér locations




DETERMINATION
a. The left-hand side of the inner ¢abin attained the wmaximum 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 was observed on the left-hand side of the C/M inner cabin in very close prox-
imity to plastic which was unmelted, although the plastic had a much lower melting point than the
aluminum.
DETERMINATION
A Ublow torch™ effect occurred where narrow ‘“tongues of flame’ impinged on certain areas at
the same time as the general burning.

10. FINDING .
Several aluminum tubes were parted at soldered joints at couplings:

DETERNMINATION :
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 temperatures
attained during the firve.
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10-1
10-2
10-3
10-4
10-5
10-6
10.7
10.8
10.9
10-10
10-11a
10-11b
10-11c
10-12a
10-12b
10-12¢
10-13a
10-13b
10-13¢
10-134d
10-14
10-15
10-16
10-17

E. SUPPORTING DATA

LIST OF ENCLOSURES

Not Used.

Cabin Pressure

Heat Shield 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 Aft Bulkhead

Outer Face Sheet of Aft Bulkhead

Aft Bulkhead of Crew Compartment, +Y View

Aft Bulkhecad of Crew Compartment. +Y Axis

Aft Bulkhead of Crew Compartment, -Y Axis

Aft Heatshield Damage, View 1

Aft Heatshield Damage, View I1

Aft Heatshield Damage, View 111

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 COq Absorbers

Buckled Food Storage Compartment Doors

Damaged Food and Garment Storage Locker Doors
Damaged Inner Sidewall Below COg Absorbers

List of References
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£-01 JYNSOIONI

ACCESS PANEL NOMENCLATURE:

CM1 CREW HATCHES

CM2 PITCH ENGINE ACCESS

CM S ROLL ENGINE & URINE DUMP PANEL
CMB8 ROLL ENGINE ACCESS

CM 10 YAW ENGINE & He FILL ACCESS
CM 1) FUEL PANEL ACCESS

CM 13 OXYGEN PANEL ACCESS

CM 15 YAW ENGINE & He FILL ACCESS
CM 17 ROLL ENGINE ACCESS

CM 19 ROLL ENGINE ACCESS

CM 23 PITCH ENGINE ACCESS

CSM 7 CM TO SM UMBILICAL

NOTE: SHADED PANELS REPRESENT AREAS

OPEN AT THE TIME OF THE ACCIDENT

HEATSHIELD ACCESS PANELS




COMMAND MODULE
HEAT SHIELD

HATCH FRAME

AFT SIDEWALL

m
z
0
-
Q
w
=
.
m
—t
o
}
o

HOLE BURNED ORIGIN OF FAILURE
BENEATH ECU < '

COMMAND MODULE CABIN
LOCATION OF CABIN FRACTURE ~ AFT BULKHEAD

ENCLOSURE 10- 6

LOCATION OF CABIN FRACTURE




AFT BULKHEAD
ALUMINUM HONEYCOMB
STRUCTURE COMPLETELY
BURNED THROUGH '
UNDER ECU

CREW COMPARTMENT
AFT SIDEWALL

/\ AFT BULKHEAD

RIGHT HAND i
EQUIP. BAY

/\ >

—

ORIGIN OF FAILURE

£-01 3¥NSOTIONI

AFT HEAT SHIELD

ORIGIN
-Z

AFT BULKHEAD

ORIGIN OF CABIN PRESSURE

b
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FACE SHEET
PEELED

HOLE BURNED

BENEATH ECU :
/

~-Z (HATCH)

&//

INNE & FACE OF AFT BULKHEAD

ORIGIN

BURNED & MELTED
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CODE GAS OR FLUID. CONTAINED PRESSURE
A OXYGEN SAME AS CABIN
B OXYGEN SAME. AS CABIN
C AR AMBIENT
D AIR AMBIENT
E NITROGEN AMBIENT
F OXYGEN 7G0 PSI

| G OXYGEN . 700 PSI
H OXYGEN 100 PSI
l NITROGEN AMBIENT
J WATER GLYCOL 50 PSIG
K OXYGEN 20 PSIG
NOTE: RED ARROWS ON ENCLOSURES 10-13b, 10- 13¢c, AND 10.13d INDICATE
DIRECTION OF FLOW IN TUBE

TUBING CODES FOR USE WITH ENCLOSURES 10-138, 10-13C, & 10-13D

ENCLOSURE 10-13A
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STN 42 - Cabin Pressure Relicf Valve and Vent Line Flow Characteristics
STN 37 - Soot Comparative Analysis (Test results will be contained in Appendix G of

101
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10:2 .
Review Board
10.3 STN 43 - Delta P vs CDU Gimbal Angles
10-4
10-5
the Apollo 204 Review Board Final Report)
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