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I. ABSTRACT: As a part of the MSC Apollo 13 Investigation Team, Panel 8
was formed to conduct a survey of the state of the art of breathing

oxygen systems design. Typical commercial aviation, military aviation,
spbmarine, aircraft carrier, hospital, and altitude chamber oxygen systenms,
and the Gemini cryogenic system were reviewed in Gepth by the panel,

and technologies, standards, and criteria were examined for similarities
and differences. The panel found no great technological differences or
unique problem areas, however, there was considerable common concern

for better and improved material selection and testing methods, safety
eriteria, and means of adapting or controlling electrical interfaces.

Throughout industry there is a heavy reliance on vendors for proper
design, safety protection, and material selection, The panel concluded
that much specific but incomplete information is avallable in the
literature but there is no szingle established guide or set of criteria
for system design. A general design guide for material selection and
oxygen system design is required for use throughout the industry.
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TIT. OBJECTIVE: The objective of Panel 8, "High Fressure Oxygen Systems
Panel.”™ of the MSC Apollo 13 Investigation Team was primarily to conduct
a comprehensive survey of the state of the art in alrcraft and commercial
oxygen systems. Although there was very limited time avallable, the
panel alsc included low pressure gaseous and liguid oxygen systems in

its scope to make the survey as complete as possible. Secondary objec-
tives of this survey were considered by the panel to be:

a. The identification of differences, if any, in techmology between
vaylous oxygen systems.

b. Tdentification of new techmology which is not in general practice
end should be considered for application across the industry.

e. The review of various standards and criteria used in the manufacture,
service, use, and comtrol of oxygzen systems.

IV, APPROACH TAKEN: Panel 8 was established on April 17, 1970, by the
Anollo Program Manager to conduct the stated survey. Several adminis-
trative meetings were held during the week of April 20, 1970, to
develop the survey approach, the overall panel makeup and worksheet
gquestionaires. To maintain the survey in menageable proportions, the
panel selected typical oxygen systems from each of several industries
and conducted a detailed review of these systems. The typical systems
selected were chosen to bhe representabive of commercial aviation, milivary
aviation, submarine, spacecyaft, aireraft carrier, hospital and altitude
chamber breathing oxysgen systems in use today. During the week of
April 27, 1970, representatives of the Boeing, McDonpell~Douglas and
AiRessarch Companies and the Neval Research Laboratory prepared data
packages and presented informstion on their respective oxygen systems

to the panel. Presentations and system reviews generally covered the
topies listed below:

s. Design shandards and system festures
B. System performance requirements

. Component design

4. Test philosophy and experience

e, Procesg controls and standards

f. Materilals control and listings

g. TFeilure experience

h. Parbts lists and suppliers



Information from the presentations and general discussions which followed,
and answers to the questionaires were used to make system comparisons.
Data submitted by each group is included or referenced in Appendix A.,

V. DISCUSSION: Because of variations in design, performance require-
ments and operating characteristics, it was not possible to make a direct
comparison of the systems. The general characteristics of these systens
are summarized in Table 1. Appendix A contains the narrative description,
system schematic, and regults of the panel questionaire on each of the
systems reviewed. The presentation and discussion of the variousg oxyzen
systems revealed a number of differences between the design methods and
needs of the different commercial and govermmental groups. However, a
common concern for safety was very much in evidence. Discussions of
safety considerations indicated that one major concern of each group

was the control of fuel (combustibie material) and ignitation sources.
Fuel was considered to be both metallic and nonmetallic system materials
and contaminants in the presence of the oxidizer. Ignition sources were
considered to be any phenomenon which could cause a material to reach its
ignition .temperature.

In design considerations, the hospital, altitude chamber and shlpboard
systems are not greatly restricted by size, weight, and volume as are

tke alrcraft and spacecraft systems. Therefore, for these ground

based systems, design marging for strength and fire resigtance are greater.
All systems-employed relief valves or burst disks to protect lines against
overpressure. Only the hospital and altitude chamber systems had all
relief lines vented out of the buildings or use area. Static electricity
was considered as a potentigl danger and all systems required electrical
grounding during operation and servicing. Contamination control in
regard to cleaning, oxygen procurement specification, and particulate
filtering was common to all systems but varied greatly in requirement,
application, and certificetion. All systems are cleaned at the time of
installation or manufacture except for the hospital which utilized pre-
cleaned pipe. All systems except the hospltal utilize particulate
filtering at the service point as a minimum.

The interfacing of electrical sysiems to the oxygen system was one of

the major ignition sources considered by the various groups. It was found
that the military aircraft, the Gemini supercritical tanks, and the MSC
altitude chamber had requirements for electrieal equipment within the
oxygen environments. The military aircraft iox converter contains a
capacitance probe in the lox tank as does the Gemini cryogenic tank:

The altitude chamber which is similar in some test configurations to
spacecraft crew compartments, regquires many electrical system interfaces,
Wire sizing To load, individuval wire fusing, close control of wire
insulation and connector potting, and isolating of circuits and power
consuming devices by hermetic sealing or nitrogen blanketing are a few

of the techniques employed in chamber design. All except the Navy systems



Table 3~

TABLE OF CXYGEN §YSTEMS
OTHER ELECT i SINGLE POINT FAIL.
Typg [OPER— IOPERATING PIPING AND | o g, [(Electncal [ENVIROMACCEPT. (PERIODIC {PERI~
SYSTEM on | aTie [ Tem. | TUBING | O N oD [ Sitem | QUAL' [pESTING| MART. | ODIC SSvstoms | Comporen
© |PRESSUREL pyp MATL USED USED fom O3, | TEST __lcLpan. | Systems | Components
MSC CHAMBER; )
Source GOX 3200 Ambient 55 Bronze & Brass] Teflon, Viton [ Ferrous KO w0 YES YES NG YES NG~
Metals
Pysrrbution GOoX 00 Anbient 88, T Bronze & Brass | KebkF, neoprene HYdITIJO. NO NO YES YES NO YES NG
azrbens .
Use (GOX J33-20psm] O to 100 § AL, ss., Cu SAME Bota, PRI Webbing) SAME YES NO YES YES NO YER . NG
MILITARY AIRCRAET, ’
Source 10X 85 -320 58 $3.7° Teflon, Catbon, YES YES YES YE& YES | YES NO
CuaNi HelF, Steel, Moo} -
hstobahion GOX 72 297190 Al i; Viton , prens NO YES YES YES N/A YES NG
Sihicone
Use GOX 13515 psral Ambiont Al Brase Rutbiber WfA  IYES, Crew! YES YES§ YE3 NiA NO NO
Microphone :
HOSPITAL SYSTEM
Source 10X ] ~353 5.8, Al Cu, Bronge, Teffon | Ferrous NO NO YES NO NO YES NO
silver solder, | Neoprene, Metals
Distribution GoX A0 Ambient Cu Aluminum Celhulose Hydro- NO NG YRS NO NG NO {2} NO
Acetaie carbons
Use GOX Ambient | Ambiont Cut, Brass YES NG YES NO NO NO 2} NO
GEMINI 0y DOTTLE, | ’
Souree (1) Cotent | 900 -298 | ss 718 Inconel | Siheons Rubber | N/A YES | YES | VES YES NO | YES e
GOX Press, Vessel .
SUBMARINES,
Source GOX 3000 Ambient Maonel w8, pressre | Tellon, Kel-F i Ferrous RO A YER YES YES YES NG
vessel, Cu Fluorocarbons Metuls
Dustribution GOX 100 Ambriont Monet Bronze Teflon, Nylon Hydrgee NG MNA YES YES YES YES NO
Brass caybons
Use GOX Ambient | Ambisnt Monel {}nﬁber NO Nia YES YES YES YES NO
fastics
AIRCRAFT CARRIERS
Source ox a5 APPIOX. 58 Ca, Monet | Teflen, Kel-F | Ferrous NG NiA YES ¥ES YES | YES NO
=300 Bronze Metals
Distabuton (3} LOX 85 SAME s5 Hydro— NO NiA YES YES YES 1 YES NO
carbans
Dnsterbution {6) GOX 38 Axabieni 58 Rabber NG N/A YES YES YES YE& NO
Plasties
COMMERCIAL AVN,
Sousce GOX 1850 Arbiant £ T3 Bronge, Al, j Kel-F, Teflon, |Titanium NO YES YES YES (42 | YES Y NO {2} NQ
Brass, Yellow § Nylon, Stheone  {Magnesium
Disteibubion GOX 150-500 § Ambent $5. Chrognmyy, | Rubber, Yyl { Rubber NG YES YES YES {4) | YES @} KO (2) YES (N
Cu, Carhon  § Pastic, Sikcone {Hydro—
Use GOX 0 to 150 | Ambiont Al Steel Rubber carlions NO YES YES NfA NA NO YRS

{1} Other ssctions of Gemmm nxygen system nol considersd

{2) Portable bottles avaable

{3} Carmer use is by nulitary sirerafl,

4
(5}
{6
&

Penodic nmintenance ond clenning porformed by awornft wser.
N/A: Datn et avadable
LOX converted to high pressure gas
Redundancy provided in system sctustion only




contain trensducers, remote alarms, solenoid valves, and other
electrically operated devices which are not directly in the oxygen
environment. 1In the event of a failure in these components, the
internal electrical section of the device could be overheated or
exposed to oxygen. The commercial aviation system reviewed requires
that all interfacing electrical devices, as mentioned above,

be tested to simulabe an overvoltage failure. It is required that
this type of failure will not result in a loss of integrity of the
oxygen system. The panel found no formal govermment or industry
standard which comtrols electrical interfaces. {see Appendix B)

In all systems reviewed it is required that vendors perform acceptance
testing of the component prior to shipment to the major contractor or
use facility. Some organizations perform component bench tests prior to
system installation. However, all organizations perform installed systems
tests for leakage and function although the extent of the functional

test varied greatly. IEnvirommental qualification tests are unique to
the military and aerospace industry. Periodic maintenance and cleaning
are generally not the rule and, primarily, maintenance is performed

only as required for failure’ correction. All systems require batch
sampling of the suwpply oxygen prior to system filling. Only the altitude
chamber requires periodic sampling from the use ports. The Navy dis-
cussed a problem which it has experienced and was related %o sampling.

It was found, in some instances, that oxygen sampled from the aircraft
lox converter did not meet specifications although the carrier supply
was within specification. It was determined that some contaminants
would remain in the liquid oxygen when the system is not in use and

with repeated partial refilling of the converter, would tend to increase
in concenbtration within the converter. The Navy now requires that each
converter be cleaned every 30 days.

The subject of failures was discussed briefly. Although many failures

are known,few were of a catastrophic nature and failures were generally
related to improper servicing procedures and handling methods. The method
for analyzing for failures vary greatly. Critical design reviews, failure
modes and effects analysis and experience record for similar systems are
used to assure reliability and safety.

The subject of noumetallic material use was discussed, and it was
generally accepted that this ares needs standardlzatlon of testing and
selection criteria. (See Appendix D). The system participants indicated
that both the govermment and prime contractors purchase component parts
from vendors with experience in manufacturing oxygen system components
and great reliance is made on these vendors to choose 'oxygen compatible"
nonmetallic materials.  Also, no adequate vendor, contrackor, or govern-
ment 1list of acceptable materials was presented or known. Much of the
time, material selection was based upon experience or limited test data.
The use of nonmetallics is often compensated by the selection of metals
which will contain fire should it occur in the nonmetallic material as

a result of heating from without or within the system. For some new

L



designs nonmeballic material selected for commereciasl aircralt use
cannot have a2 burning temperabure whieh could result in the ignition
of the surrounding metal. It shounld be noted that one commercial
airplane menufacturer has undertaken & development program 1o eliminste
all nonmetallic materisl interfacing the flow stream of the high
yressure portion of the oxygen system. Also tests are being developed
to demonstrate that a ressopable amount of contawminant can be ignited
within components without burning throvgh their hovsing.

o unique design elements or features were found, however, a device
used on some commercial sireraft should he mentioned. This device 1s
called a thermal compensabtor and it is used before each valve having &
nonmetallic seat which could be subjected to rapid pressurization.
RBapid repressurization can cause temperadures to increase by compres-
sion to the ignition temperature of contaminants which could then

lead to burning of the nommetallic materials. The thermal compensator
absorbs and conduets heat from the gas Lo the surrounding pluwbing,
thereby preventing the high gas temperature. The device is simply &
chromiom copper alloy wire brush configuration, approximsbtely 5 inches
long, which is placed inside the plumbing at the dead end. This device
may be useful to provide additional safety margins for rapid pressuriza-
tion heating.



VI. CONCLUSIONS:
1. ¥o greét technology differences exist among the fields reviewed.

2, Breathing oxygen systems utilized today have been quite
successful in meeting their Intent. The majority of the relabively
Tew Tailures which have occurred have been traced to poor handling
practices.

3. The success of ftoday's designg has been the result of designing
by experience, largely without thorough sclentific understanding.

k. Tmprovement in and standardization of specifications =nd
gridelines are needed in the following areas:

a. OSystem desigh requirements as a function of pressure, and
use.

b. Materials requirements and a sultable list of materials
for ‘specific applications.

c. Materials test methods which will verify suitability of
materials for the given applications.

d. Accurate testing methods for debermination of s given
gystems contamination level.

e. Allowable contamination levels and maierials including
particle sizes for the various system pressure levels.
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1. Commercial Aviation
by J., Lea, dnd Dr. R. A. Mahugh, Boeing,
and H, H, Jamison, MSC
(a) Description
(b) Operational System Work Sheet
{c¢) Sketch

(d) Bibliography
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Jet Transport Oxygen Systems

With the advent of commercial jet transports in the late 1950's, the
maximum cruising altitudes of commercial airxrplanes was increased from
25,000 to 12,000 feet. The crew oxygen systems were revised to Drom=
vide diluter demand pressure breathing and a new automatically presented
continuous flow oxygen system was developed for the passengers., These
systems were designed to handle the emergency descent following a pos-.
sible rapid decompression at 42,000 feet. The oxygen flow rates in ,
both systems are conbtrolled by aneroids which sense ‘the cabin altitude.

Separate crew and passenger systems are provided in commercial jet
transports and these systems are backed up by portable oxygen cylinders.
The oxygen supply for all commercial jet transports is provided by

1850 psi ambient temperature gas storage cylinders. A schematic diagram
of the crew and passenger oxygen systems for a typical current commercial

Jjet transport is attached. These systems are generally guite similar on
all jet transports.

Some ailrcraft now in development will have passenger oxygen systems supplied
by chlorate candles. In these systems, sepaiabe candles are provided for
each group of seats in a seat row. Candles will be ignited mechanically
when the mask is removed from stowage. The crew oxygen systems will be
gaseous as on cther jets.

In the all-gaseous systems, the pressure is provided by pressure reducers
located near the storage cylinders and is further reduced and modulated

by the flow control units, additional in-line reducing valwves and/or
diluter demand regulators as shown on the schematic and reference drawings.

The plumbing in the high pressure systems is stainless steel and valve
housings are generally of brass or bronze. Valve seat materials are
generally of metal or Kel-F. New valves are being developed which will
allow more general use of metal seats in high pressure valves. Medium
pressure tubing is also generally of stainless steel and valve seats
are generally Kel-¥. Low pressure tubing which is normally pressurized
is usually stainless steel but distribution tubing in the portions of
the system normally unpressurized is generally of aluminum. The res-
ervolr bags and hoses on the passenger masks are of vinyl plastic.

Face masks are of silicone rubber.

Boeing recommends replenishment of the crew and passenger oxygen systems
by cylinder replacement. However, facilitiesg for external charging are
available which conbrol the filling rate and automatically turn off the
charging supply when the system has reached the design charging pressure.

Cylinder valves are slow-opening to 1imit pressurization heating. On
Boeing airplanes a heat sink device is added to reduce further the pos-
s8ibility of heating at high pressure dead-ends where there are nonmetal
materials, The heat sink is callied a thermal compensator. It is builb
in the form of a wire brush made of chromium copper alloy. Tt limits

13 PRECEDING PAGE BLANK NOT FILUED



the heat of compression by providing a heat sink within the hot gas
and shortening the distance that the heat must travel within the gas.

A rupture disc is provided in each cylinder valve which is connected
to an overboard discharge system which will discharge the oxygen over-
board~ in event of over-pressurizing of the cylinders or fire in the
vicinity of the cylinders.

1k



PAGE t OF 4

COMMERCIAL AVIATION DATE_ %/28/70
MILITARY AVIATION
SUBMARINE

AIRCRAFT CARRIER

nooOoos

MSC CHAMBER PRESENTER. I..M. Tea ____

HOSPITAL " R. A. Mahugh
OPERATIONAL SYSTEM REVIEW WORK SHEET

Type of System(s) Lox Lo Pressure Gox X Hi Pressure Gox ¥

SYSTEM DESIGN STANDARDS AND FEATURES

Type of Joints/Fittings — MS flareless and pipe threads
High pressure -~ 18-8 stainless low press. aluminum

Operating Life & Level — QOperating life varies with componenbs. Some component specifications
indicate 60,000 hour goal.

Shelf LifefAge Life — (ylinders controlled by ICC. No specified limit on most components.

Operating Environment & Limitations — -65 to +160° F.
-0 to +160° F,
-1000' to 15,100' altitude
Special or Unique Component Designs — Several components conbined into single housings.

Single Point Failures — Service experience shows high reliability
Backup provided by porbable cylinders

Static Electric Charge Precautions ~ Bonding spec., BAC 5117, "Electrical Bonding and Grounding"

Electrical Interfaces — No Wiring e@osed to oxXygen
Special over~voltage tests For electrical components

Ignition Source Control — 1, Slow-opening valves, 2, Clsanliness control per BAC-5402 and
BPS-0-100. 3. TFire resistant materials. U4. Heat sinks (thermal compensators) provided at
some dead-end locations to control compression heating.

PROCESS CONTROL SPECIFICATIONS - Flectrical Interface/Contamination Levels/Spccml
Handling Requirements/Inspections.

Manufacture BPS-0-100 "Gensral Engineering Requirements for Breathing Oxygen System Components

(3 milligrams hydrocarbon/sg.%5.). (BAG-5k02 "Oxygen Systems"” (Mfg. & Instl Control)(5 milligram:
(BAC~5408 "Vapor Degreasing”(Cleaning Methods) (of hydro-

Service, Maintenance & Repair: (carbon/sq.fi

Boeing Document D6-22676, "Airplane Servieing, Gaseons Oxygen.”

Boeing Maintensnce Manuals, Sectioms 35-11 and 35-21.

15

Q1R_nni



. PAGE 2 OF 4
GOX Commercial Lea/Mahugh :

TYPE OF SYSTEM COMM., MiL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Gontinued

- = * I . g 1

MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

Jesign .groups conducht critical design reviews; meet requirements for. certification
FMEA. etc. — per TAR 25, (Presented in certification docurents for airplane type.)

Configuration Control(s) — MIL Specs, SAE recommendations, vendor proposals, and Boeing Engineering
Approval.

Certification/Recertifications — Airplane type certification and model certification per FAR pars 25.
Airplane certification by airlines per FAR part 121.

Testing/Retesting — Functional test document and maiwtenance manuals.

Material Control (Procedure) — Boeing operating procedure 6-1000-041 "Aireraft Oxygem Systems and
Supporting Equipment”, Boeing process spec. No. BAC-5402 "Oxygen Systems”, BAC-5408 "Vapor Dew
gﬁarg?lc‘i‘%nt‘rol — Tndividual component specifications, Boeing Parts Specification, BPS=0-100 "General
Engineering Requirements For Breathing Oxygen System Components.™

TESTING

Philosophy. Envirommental qualification tests by vendors, with oxyzen, funcbional test of compo-

nents and systems in factory with 1\T2 and system acceptance tests with oxygen are required,

Experience: Development and production testing experience has been rputine,
Operational EIertification: Only problems during certification were mask-drop relisbility,

Test Failures: Wo system failures during development, production, or certification testing;

SAFETY FEATURES

Relief Valves ~  0n most medium and low pressure systems.

Burst Discs — On high pressure systems,

Redundancies — Tn system initiation and flow comtrol units in passenger systems only.
Over Design —  Ajreraft quality for reliability.

Electro Static Charge Control — Boeing process. spec., BAC-51L7 "Electrical Bonding and Grouading"
Other —1, Recommend replenishment by cylinder exchange. 2. Use slow-opeming cylinder valves.,

3. Filler valve to control flow rates and maximam pressure. 4. Thermal compensators (heat
gsinks) at some dead-ends suscepbible to compression heating. :

16



PAGE 3 OF 4

GOX Gommerecial - Lea /Mahugh.
TYPE OF SYSTEM COMM., MIL., ETC, FRESENTER

[

- OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE:

Some fires have occurred during system servicing and testing on the ground on eariier models.
No system failures have occurred in flight. Some temporary mask "hangups)' inadvertent pas-
senger system actuations and valve seat disappearances have been reported.

MAJOR SUPPLIERS:

Scott Aviation Gorporation, Lancaster, New York (greater than 80% of equipment)
Puritan Equipment Corporation, Lenexa, Kansas

ARQ of California, Los Angeles, California

Carleton CGontrol Corporation, East Aurora, New York

Sierra Engineering, Sierra Madre, California

METALLIC MATERIALS: List Acceptable Materials SEE ATTACHED SHEET

Pressure Range —

Temperature Range —

Design Considerations/Application Limitations —

Screening Tests —

Special Procedures —

Ignition Source Controls —

Failure Experience —

17



PAGE 4 OF 4

GOX " Bommercial Leg/Matugh
TYPE OF SYSTEM COMM.. MIL.. ETC. PRESENTER

" OPERATIONAL SYSTEM REVIEW WORK SHEET — Concludsd

1;IONME:I‘ALLIC MATERIALS: List Acceptable Materials by Cafegory or UsefRange
SEE ATTACHED SHEET

Class One,-A, etc.-

1 Pressu;e .Range —

2. Temperature Range —
3.. Application Limitation —
4. Screening Test(s) -

5. Special Procedure(sy —

6. Ignition Source Controls —

*"Class™ Two; "Befc.
1. Pressure Range —
2. Temperature Range —
3. Application Limitation —
4. Screening Test(s) —
5. Special Procedure(s) —

6. lIgnition Source Contirols —

Class Three, C, etc.
1. Pressure Rz'mge —
2. Temperature Range —
3. Application Limitation —
4. Screening Tesi(s) —
5. Special Procedure(s) —
6. lgnition Source Conirols —

LIST OF NO-NO'S IN REGARDS TO MATERIALS

Titanium, magnesium, rubber, hydrocarbomns

15
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Material

Metals

18-8 Stainless steel

Aluminum alloy

Brass - yellow

Monel

Bronze

Use

GOX

GOX

GOX

GOX

GOX

Press.
Range
PSIG

0-3000

0-3000

0-3000

0-3000

0-3000

MATERTALS FOR COMMERCIAL TRANSPORT OXYGEN SYSTEMS

Temp.
Range
OF.

-65 to
+160

«65 to
+160

-55 to
+160

-65 to
+160

-65 to
+160

*No failures directly attributed to use of

Design
Consid.

Local ig-
nition
sources &
combustion
character-~
istics

do.

Local
ignition
sources

do.

do.

Applié.
Limits

Plumbing,
valve
housings
and parts

Soﬁg fit-
tings &
valve
housings.
Tubing in
low pres-
sure sys-
tems only

Valve
housings
& valve
parts

Plumbing
housings
& valve
parts

Valve
housings,
valwve
parts &
filter el-
ements

: Sereen-

ring

Tests

Parts &
system
qualifi-
cation
tests

do.

do.

do.:

this material in oxygen systems

Spec.
Proc.

Limit of

Ignition
‘Source
Control

Slow open-~

5 mg., hy- ing valves,
drocarbon Electrical
per sq.ft,bonding &

BAC~5402

do.,

do.

do.

do.

cleanliness
controk

do.

do.

do

do.

1

Failure
Experi-
ence

*Has re-
sisted ex-
ternal fires
but has been
consumed dur-
ing internal
system fires

*Has ruptured
in externdl
fires & has
been consumed
during internal
fires

*Has good re-
sistance to
external &
internal fires

New applica-
tion, no ex-
perience

*Has good re-
sistance to
external &
internal fires



Oc

Material

Metals (cont.)

Carbon steel

Nonmetal

Kel-F 81

Teflon

Silicone rubber

'Pres.

Range
Use PSIG
GOX 0-3000
GOX 0-3000
GOX.  0-3000
GOX 0~3000

MATERTALS FOR COMMERCIAL TRANSPORT GXYGEN SYSTEMS

Temp.
Range
oF,

-65 to
“+1.60

-65 to
+160

-65 to
+160

55 to
+160

| Design
Consid,

Local ig-
nition
sources

Local ig-
nition
sources,
quantity

& location
of materi-

al

do.

do.

Aﬁplic:
Limits

Genéral-
1y limited .
to storage
cylinders

Valve
seats
and
seals

Valve
seats &
seals &
low pres-~
sure
hoses

Static
seals,
low pres-
sure dia-
phragms &
face masks

Screen-
ing | Spec.
Tests ' Proc.
,Parts & 1Limit of
system | 3 mg. hy-
quali-
fication per sq.ft}
tests BPS-O-lOO’
Parts Limit of
quali- 3 mg. hy-
fication drocarbon
tests per sq ft:
BPS~0.100:
do. do.
do. do.

*No fallures directly attributed to use of this material in OXY£EIN SYSLemSe

I

Ignition
Source
Control

Slow pres-
surization

" drocarbon rate, elec-
trical bond-
ing & clean-

liness
control

Slow open-
ing valves
& dead-end
heat sinks
BPS-0-100

& BAC-5402

do.

do

Failure
Experi=-
ence

*Has good
resistance

to external
fires. No
experience
with interior
fires

*Burned when
ignited by
external fire.
Spontaneous
"disappearance!
of valve seats
has been re-
ported

*Burned when

ignited by
external fire,

*  do.



e

Material

Nonmetal (cont.)}

Thread sealant
MIL-T-~5542

Vinyl plastic

Pres .

Range ,
‘Use PSIG
GOX  0-3000
GOX 0-150

MATERIALS FOR COMMERCIA
H

Temp;:
Range
oF,

-65 to
+1.60

-40 to
+160

Design
Consid.

Local ig-
nition
sources,
quantity
& loca-
tion of
material

Local ig-
nition
sources
& design
require-
ments

Applic.
Limits

Apply to
male
threads
only, per
BAC 5402

Reger-
voir bags
and tub.-
ing--low
pressure
system
only

| Screen-
ing
. Tests

Parts
qualifi-
cation
tests

do.

*No fallures directly attributed to use of this material in oxygen Systems.

L TRANSPORT OXYGEN SYSTEMS

" Spec.

Proc.

- Apply

sparing-
ly to
first
three
male
threads
only per
BAC-5402

Limit of

3 mg. hy-
drocarbon
per sq.ft
BES-0-100

| Ignition
v Source
» Control

Slow open-
ing valves
& dead end
heat sinks

BP5-0-100
BAC-5402

Prevent
smoking
during
use

' Failure
Experi-
ence

* "Disappeared!
when heated by
external firxe.

*No failure
experience.
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NOTE: See Bocing Draw:lng 65B50300 for basic design
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General Description of System:

The liquid oxygen system consists of the liquid oxygen converter and
its associated components, a warmup plate, diluter demand oxygen regulators,
supply and vent lines, supply line filters, and supply line relief valve.
The basic unit of the system is the liquid oxysen converter. The liquid
oxygen converter is a quick-removable unit that contains space for liquid
oxygen storage, a combination £ill, buildup and vent valve, a pressure con-
trol valve, a capacitance probe, a relief valve, and a buildup coil. During
normal operation, the conversion of liquid to gaseous oxygen is automaticaily
accomplished within the converter and its components. The rate at which
liguid oxygen is converted to gaseous oxygen depends upon the demands placed
upon the system by the flight crew. A capacitance type quantity indicating
system is utilized to inform the crew of the amount of oxygen contained in
the converter. A warning light located on the vertical panel forward of
the pilot's right console warns of low oxygen supply. Gaseous oxygen gen-
erated by the converter is extremely cold and must be warmed before the oxy-
gen, can be breathed by the crew members. The oxygen, received from the
converter, is warmed by a warmup plate. Normal servicing is accomplished
with the converter in the aircraft; however, the quick removable feature
of the converter enables the unit to be filled in a remote area away from
the aircrafit, which reduces the hazards involved with servicing the con-
verter while installed in the aircraft. Turnaround time is also reduced
by replacing any empty converter with a full converter.

Normal oxygen is diverted from the supply line through the diluter
demand oxygen regulators to the right consoles and to the crew members'
oxygen masks. See Figures 1 and 2. A filter in each diluter demand okygen
regulator removes contaminants acquired through improper handling or storage
of liguid oxygen.

Liquid oxygen quantity is indicated on the quantity indicators, which
are located in the forward and aft cockpits. These indicators enable the
pilot and radar pilot to determine the amount of liguid oxygen (in liters)
that remains in the oxygen converter at all times during flight. The in-
dicators are automatically operated by the gaging system which consists of
a capacitance probe and an amplifying unit. The capacitance probe, located
within the converter, serves as the sensing element for the system and
supplies electrical variations to the amplifying unit. A preflight test
of the indicators is accomplished with the oxygen quantity test switch.
This push type switch is located on the pilot's left utility panel. When
the switch is depressed, thd pointer of the quantity indicator rotates
toward zero, As the pointer passes the l-liter mark, the oxygen low warning
light illuminates and the indicator pointer comtinues to rotate to zero.
When the pointer reaches zero, and the test switch is released, the poimter
rotates to the same reading that was reglstered on the indicator before
the test switch was depressed, and the warning light extinguishes.
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AIR FORCE LIQUID OXYGEN SYSTEM
(Without Pressure Suit Capability)

THEQRY OF OPERATION

General System Operation. The liquid oxygen system is automatically
operated by controlling the rate ofevaporation of liquid oxygen with pres-
sure operating valves., Evaporation of liquid oxygen is accomplished by
adding heat to the liquid which causes it to expand and, therefore, raise
its pressure. A buildup coil is incorporated in the system which provides
the necessary heat transfer to the liquid.

The pressure closing valve controls the rate of liquid evaporation
during flow. A relief valve is provided to relieve excess pressure caused
from repeated cycling or low demand on the system. General system opera-
tion involves several phases or modes of operation which are explained
below.

Filling. See Figurei, - Filling the system is generally required
prior to each flight to ensure that an adequate supply of liquid oxygen
is available in the system at all times, During the filling operation,
liquid oxygen is transferred to comverter from the servicing traiier
through the transfer hose. The hose contains a nozzle that attaches to
the £111, buildup and vent valve of the system. The hose nozzle when
attached to the fill, buildup and vent valve, actuates a plunger within
the valve which places the valve in the vent position. The valve, when
in the vent position, provides an opening from the top of the converter
to the atmosphere which is utilized to vent gaseous oxygen during filling
and liquid after the converter is full. During liquid transfer, liquid
oxygen flows into the converter through a passage located in the bottom
of the converter. This arrangement allows gaseous oxygen to vent through
the converter top as it is being displaced by liquid flow in the bottom.
When the converter is completely full, liquid flows overboard through the
vent line. Removal of the transfer hose nozzle from the £i1l, buildup
and vent valve automatically places the system in the buildup phase.

Buildup. See Figure L. The buildup phase of operation provides
a rapid pressure buildup to normal operating pressure. During this
phase, liquid oxygen from the liquid container fills the buildup coil by
gravitational feed. Liquid in the coil absorbs heat from the coil and
vaporizes which causes a pressure buildup. Gaseous oxygen formed in the
coil then circulates.; through the pressure closing valve and back to the
top of the converter which enables more liquid to flow inte the buildup
coil, This circulation and pressure buildup cominues until approximately
72 psi is reached, at which time the pressure closing valve closes, pre-
venting rapid liquid evaporation and consequent fast boil-off (venting).

Normal Operation. Normal operation begins during the buildup phase
and continues until all 1iquid oxygen has evaporated from the system.
When system pressure is low and a demand by the aircrewman creates a
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pressure drop in the supply line, liquid oxygen is drawn from the bottom
of the converter. As the liquid travels through the supply line and
warmup coil, vaporization occurs which provides gaseous oxygen for breath-
ing and also aids pressure buildup in the system., As system pressure in-
creases to approximately 72 psi, the pressure closing valve closes which
prevents rapid pressure buildup to continue. As the pressure is lowered
by crew consumption, the pressure closing valve opens allowing the pressure
to again buildup. When oxygen is not 'being ‘used, the pressure continues

to increase by normal evaporation until it reaches a value equal to the relief’
valve setting. At this point the relief valve opens allowing excess pres-
sure to escape from the system.

SYSTEM PRESSURE SUPPLY

Standard Flight Gear Normal Operation. See Figure 2, Normal
system operation with standard flight gear is primarily controlled by
the diluter demand oxygen regulator ON/OFF valves. With the valve lever
placed on the ON position, gaseous oxygen from the liquid oxygen conver-
ter passes through the diluter demand regulator inlet filter and is then

automatically mixed with cabin air at a ratio dependent upon cabin altitude.
This mixture is then delivered upon demand through the system lines and
hoses to the' crewmember's oxygen mask,

Standard Fligh Gear Emergency Operation. The emergency oxygen cylinder
is attached inside the aft,left corner of the seat bucket. See Figure 2.
Upon actuation by the emergency oxygen manual release control (i0), the oxy-
gen flows from the cylinder to the standard flight gear adapter assembly.
During seat ejection, emergency oxygen is automatically actuated by the
trip lever (11) being rotated by hitting the emergency oxygen automatic
release striker plate (7).

Diluter Demand Oxygen Regulator Emergency Function. In situations
where oxygen supply is available from the liquid oxygen converter, the
diluter demand oxygen regulator will furnish an emergency nondiluted
supply of oxygen to, the crewmember's mask. By placing the EMERGENCY-
NORMAL-TEST MASK selector to the EMERGENGY position, 100% oxygen coupled
with an increase in pressure is automatically supplied to the crewmember
(100% oxygen will be furnished regardless of the position of the 100%
NORMAL selector). This emergency function of the regulator can be utilized
in situations such as loss of a canopy in flight, smoke in the cockpit, or
suspected insufficient normal oxygen supply.

3L



PAGE 1 OF 4

COMMERCIAL AVIATION DATE__4/28/70

MILITARY AVIATION
SUBMARINE
AIRCRAFT CARRIER

"C. M. Ramsey

oooO0O®Ed

MSC CHAMBER - PRESENTER
HOSPITAL
OPERATIONAL SYSTEM REVIEW WORK SHEET
Type of System(s) Lox X Lo Pressure Gox X Hi Pressure Gox

SYSTEM DESIGN STANDARDS AND FEATURES

Type of Joints/Fittines — Metal-to-metal, 5052-0 Al., Al. Tubing, AN fittings & B-nuts

Operating Life & Level — System operating life varies with components.
with as required replacement of failed components.

Shelf Life/Age life — Elastomer components, except silicones, not more than 12 months.

- A
Operating Environment & Ltmltatlons — Alt. - Sea level to 70,000 ft. with pressure suit
45,000 ft. with standard gear
Temp. -=65° F to +160° F Vibration & shock per MIL-E-5272

Special or Unique Component Designs — and MDC Rpt. 8738
Standard per MIL-G-19803D and MIL-I-19376B (AER)

Single Point Failures — No formal review made, emergency system provides redundancy except
for oxygen mask,

Static Electric Charge Precautions —  Bonding per MIL-B05087 Jumpers

Electrical Interfaces — Capacitance 0, quantity gaging system

Material selection control by applicable specifications and drawings.
Ignition Source Control — Hardware and fluid gystems contamination control by quality assurance:
MDC-PS 12020

12300
20021

17009

PROCESS CONTROL SPECIFICATIONS — Electrical Interface/Contamination Levels/Special
Handling Requirements/Inspections.

Manufacture: See attached documentation sheet

Service, Maintenance & Repair: AFTO IF-4G-2-7, part 2
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Liquid/Caseous Oxygen Military C., M, Ramsey - MDC

TYPE OF SYSTEM COMM., MIL., ETC. FRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

FMEA, etc. — Equivalent analysis achieved by contractor and customer system design reviews to
insure safety and reliability.

Configuration Control(s) — Part No. changes for all hardware change

Certification/Recertifications — Qualification testing per design requirements and environmental
requirements per MIL-E-5272 and MDC Rpt. 8738

Testing/Retesting ~ Retesting or certification by analysis

Material Control (Procedure) — Nonmetallic materials usage reviewed by materials dept.

Parts Control — See configuration control(s)

TESTING

Philosophy: To comply with applicable military and company specifications and demonstrate
acceptability of system for mission performance.

Experience: Approximately 3,800 F-4 series aircraft.

Operational Certification;

Test Failures: Failure to conform to MIL-G-19803D, para. 4.8.9, Evaporation Loss Tests, due to
leakage through buildup and vent valve or loss of vacuum insulation due to container leakage.

SAFETY FEATURES (No real redundancy)

Relief Valves — Converter Relief Valve 100-110 psig, System Relief Valve 120-140 psig

Burst Discs — Converter outer shell - rupture point 3/8 in. dia. area, rupture pressure
20% less than burst pressure of outer shell.

Redundancies — Emergency Oxygen System, 50 cu. in. @ 1,800 psi

Over Design —

Electro Static Charge Control — Bonding per MIL-B-5087

Other —

33



PAGE 3 OF 4

LOX - GOX Military - C. M. Ramsey
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET - Continued

OPERATIONAL FAILURE EXPERIENCE:

1. No known fires, explosions, or catastrophic failures.
2. ©See documentatlion list for failure data.

MAJOR SUPPLIERS: (GFAE) Couverters: Bendix, ARO-Firewel, Essex Cryogenics
Relief Valve : Bendix, A.R.D.C. (Airborne Research & Devel. Corp.)
(GFAE) MS27599 Regulators : Bendix, ARO-Firewel
Braathing Flex, Hoses : R. E. Darling Co.
Metallic Flex Hose : Tite Flex (SCD 32-8501k4)

METALLIC MATERIALS: List Acceptable Materials  (SEE ATTACHED SHEET)

Pressure Range —

Temperature Range —

Désign Considerations/Application Limitations —

Screening Tests —

Special Procedures —

Ignition Source Controls —

Failure Experience —
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LOX = GOX Military C. M. Ramsevy
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — -Concluded

NONMETALLIC MATERIALS: List Acceptable Materials by Category or Use/Range (SEE ATTACHED SHEET)

Class One, A, etc.
1. Pressure Range —
2. Temperature Range —
3. Application Limitation —
4. Screening Test(s) —
5. Special Procedure(s) —

6. Ignition Source Controls —

Class Two, B, etc.
1. Pressure Range —
2. Temperature Range —
3. Application Limitation —
4. Screening Test(s) —
5. Special Procadure(s) —

6. lgnition Source Conirols —

Class Three, C, etc.
i. Pressure Range ~
2. Temperature Range —
3. Application Limitation —
4., Screening Tesi(s) —
5. Special Procedure(s} —
6. Ilgnition Sou_rce Controls —

LIST OF NO-NO'S IN REGARDS TO MATERIALS
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Figure 1. Ligquid Oxygen System Schematic
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MATERTALS SATISFACTORY FOR USAGE IN AN OXYGEN ENVIRONMENT
METALS:

Aluminum Alloy 5052

Aluminum Alloy 6061T6

Stainless or corrosion-resistant steels - 301, 302, 347
T0-30 cupro-nickel alloy

AMPCO-24 alloy

Gopper

Beryllium copper alloy 25

Cadmium, copper, nickel and chrome plating

NON-METALLIC :

Plastics, Elastomers:
KEL-F 81, 800
Viton A, B
Rulon 4, B, C
Fluorel KX2141
Teflon
Aclar 33C

Thread Lubricants:
Halocarbon 0il series 13-21
Halocarbon grease series 25-10
KEL-F 90 grease
KEL-F o0il No. 1
Molykote 2
Fluorelube S-30
Teflon tape per MIL-7-27730

MATERIATS NOT RECOMMENDED :

Metals:
Titanium
Magnesium
Zirconium alloys
Indium

Non-Metallic:
Polyethylene
Buna N
Nylon
Neoprene
Polypropylene
Fluorosilicone Rubber
Polyurethane Insulation
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McDonnell-Douglas Documentation - F4 Series Aircraft

MIL-D-19326D Design and Installation of Liquid Oxygen Systems
In Aireraft, General Specification For

MIL-G-19803D Converter, Liquid Oxygen, 10 Liter, GCU-24/A
(Process Spec.) P.S. 17009 - Oxygen Systems,
Liquid: Installation and Testing of

P.S. 12300 Cleaning and Capping of Fluid Garrying Parts and
Assemblies

B.3 20031 Storage and Handling of Liquid Oxygen

P,S, 12020 Gleaniné, Solvent Vapor Degreasing

P.S, 17001 Lines, Fluid (Except Oxygen) Installation Of

P.S, 23600 AGE Control Requirements

P.S, 17009 Oxygen Systems: Liquid, Install & Testing Of

Drawings

32-85018 Equipment Installation -LOX System

53-81042 Oxygen Installation - Forward Cockpit (USAF)

53-81043 Oxygen Installation - Aft Cockpit (USAF)

53-81033 Pressure Suit Panel - Fwd. Cockpit (USAF)

53-81063 Oxygen and Utility Panel - Aft Cockpit (USAF)

32-85013 Oxygen Warm-up Plate (USAF/USN)

MS 27599 Diluter Demand Oxygen Regulator (USAF)

32-85055 Spec. Gontrol Dwg. - 10 Liter Oxygen Converter

32-85014 Spec: Control Dwg. - Flexible Metal Lines Assembly

32-85001 Oxygen Installation = Cockgit (usn)

32-85002 Oxygen System Installation - Radar Operator

32.81019 Panel Assembly - Oxygen and Utility
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McDonnell Douglas Documentation

32-90173 Acceptance Test Procedure - 10 Liter Converter
Excerpt from T.0. IF-4C-2-7 - Oxygen System
Description and Schematic

324483 Final Report - Test and Inspection of Two Discrepant
LOX Converters

NAVWEPS 03 -50GCB-7 I.P.B, LOX Converter 21170-3 (ARO)

NAVWEPS 03 .50GDB~9 I.P.B. LOX Converter 29073-8l (Bendix)
29073-C1l (Bendix)

W. L. Maddox Memo R-0225 24 April 1970
Failure Data on F«4 Oxygen System

Reference Data:

MIL-I-5585 - Installation of Low Pressure Oxygen Equipment in
Aircraft, General Specification for

MIT-I-8683 - Installation of Oxygen Equipment in Aircraft

MIL~I-9T45 - Installation Design of Liquid Oxygen Systems in Aircraft,
General Specéifications for

MIL-I~-19326- Installation and Tests of Ligquid Oxygen Systems in
Alrcrart, General Specification for

NASA Report TM-X-985
TM-X-53052
TM-X-53T7T73
™=-X-53533

USAF (WADC} TM Report WORD-TM-55-76
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3. Gemini Oy Bottle
by J. Kennedy, Garrett Corp

(a) Deseription

(b) Operational System Work Sheet

(c) Sketch
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GEMINI SUPERCRITICAL OXYGEN
SYSTEM OPERATION

The Gemini supercritical oxygen system consisted of two cryogenic tanks
and their associated controls and conditioning components. One tank
provided oxygen for the envirommental control system and the other pro-
vided oxygen for the fuel cell, The operation of the two tanks was
essentially identical. The sequence was as follows:

Loading: Oxygen was loaded as a liquid at one atmosphere through
the £fill valve. The gas generated during this process was released
through the vent valve. These two valves were then capped.

Pressure Buildup: The pressure within the storage system was
increased from one atmosphere to operating pressure (nominal 850 psia)
by the addition of heat. This heat came either from heat transfer across
the annulus insulation or from the operation of the internal heaters.

Fluid Delivery: Oxygen is supplied to the using systems (ECS or
fuel cell) on demand by the action of the pressure regulators. The
supply pressure within the cryogenic tanks is maintained by the ad-
dition of heat. Some of this heat is supplied by the heat transfer
across the annulus insulation and the remainder is supplied by the
internal electrical heaters. These heaters can be operated either
manually or automatically.

The storage containers themselves have several design features of special
interest. The inner pressure vessel is fabricated of Inconel 718. In-
side this vessel is a stainless steel capacitance probe and a copper ex-
tended surface heater. The electrical leads to the capacitance probe

are brought into the tank swaged in magnesium oxide encased in stainless
steel. These are two separate lines which terminate in glass to metal
seals inside the immer tank. Bare wires are run from this seal to the
capacitance probe. The insulators on the probe itgelf are all ceramic.

The heater leads are also brought into the tank swaged in magnesium ox-
ide encased in stainless steel. They are joined to the heater element
in a sealed boss on the inner tank, The heater is a resistance element
swaged in magnesium oxide and encased in stainless steel. This is
brazed to the copper extended surface, These are the only electrical
elements exposed to oxygen in the Gemini cryogenic system,

] o FIUMED
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DATE April 27, 1970

COMMERCIAL AVIATION
MILITARY AVIATION
SUBMARINE

AIRCRAFT CARRIER

MsC CHAMBER

PRESENTER__John Kennedy _

oponoQo

HOSPITAL
GERMINI 05 BOTTLE

OPERATIONAL SYSTEM REVIEW WORK SHEET

Type of Systemf(s) Lox X Lo Pressure Gox Hi Pressure Gox

SYSTEM DESIGN STANDARDS AND FEATURES

Type of Joints/Fittings — Welds, brazes, B-nuts

Operating Life & Level — 336 hrs. @ 100 naut. mi. orbit

Shelf Life/Age Life — 18 monchs/18-months

Operating Environment & Limitations — Titan IT launch followed by low earth orbit
Special or Unique Component Designs — No

Single Point Failures — All except pressure control valve

Static Electric Charge Precautions — None

Electrical Interfaces —  Piping connectors at interfaces but no insulation exposed to oxygen
Ignition Source Control — Gleanliness and no nonmetals in storage contdiner

PROCESS CONTROL SPECIFICATIONS — Electrical Interface/Contamimation Levels/Special

Handling Requirements/Inspections.

Manufacture:  Interp,y specs om all manufacturing materials and processes.

Service, Maintenance & Repair: None
b
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PAGE 2 OF 4

Lox Gemini “E Bottle - John Kepnedwv
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

FMEA, etc. — Complete
Configuration Control(s) — c¢omplete

Certification/Recertifications —  Formal qualification and reliability

Testing/Retesting —  In.process testing and acceptance testing

Material Control (Procedure) — Complete traceabilify on all significant materials
Parts Control —  Serial numbering and traceability

TESTING

Philosophy: Qualification testing demonstrates design adequacy. Acceptance testing demonstrates
proper fabrication

Experience: 100 containers in Gemini, approximately 150 other space tanks
Operational Certification: Qua]_ifj_cation raport

Test Failures: None significant, i.e., no structural failures, fires, or other catastrophic

events

SAFETY FEATURES

Relief Valves -  vyag

Burst Discs — No, But outer shell pinch tube serves as burst disc for outer shell
Redundancies — ©On control functions only

Over Design — 1.67 proof 2.22 burst

Electro Static Charge Control — No special precautions

Other — All electrical wires which are in contact with oxygen are bare. Whenever posgible,

electrical wires are encased in swaged stainless steel tubing with Mg0 insulation

b5



PAGE 3 OF 4

Lox Gemini On Bobtle John Kepnedy
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATICNAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE: GT-5 heater circuit

(See Attached)

MAJOR SUPPLIERS: Honeywell - capacitance gauge
Bourns - pressure transducer

METALLIC MATERIALS: List Acceptable Materials INCO 718, 347 S.8, 304 8.8, 321 s.S.
Cu. Ni braze, Ag braze, Aw Braze, Ti (5.0 AL, 2.5 Si ).

Pressure Range — 0-1,000 psia

Temperature Range —  140° Rankin - 2,200° Rankin

Design ConsiderationsfApplication Limitations — INCO 718 pressure vessel S5.5. fittings and lines,
cu. heat transfer surfaces.

Screening Tests —  None for flammability

Special Procedures —  Vacuum melt material, complete CMR on all material

Ignition Source Controls — Absolute cleanliness

Failure Experience — WNo material failures

U6



Tox Gemini Oc_ Bottle John Kennedy
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

PAGE 4 OF 4

OPERATIONAL SYSTEM REVIEW WORK SHEET — Concluded

NbNMETALLIC MATERIALS: List Acceptable Materials by Category or Use/Range

Class One, A, etc. Teflon, silicone rubber

I. Pressure Range — 150 -« 1,000 psia
2. Temperature Range — _300 - +160° F.
3. Application Limitation — valve seats and O=rings

-

4. Screening Test(s) — High pressufe GOX cycling
5. Special Procedure(s) — None 4n storage containers

6. Ignition Source Controls — No insulated electrical leads

Class Two, B, etc. Teflon, silicone rubber, V.iton

1. Pressure Range — 50 - 150 psia

2. Temperature Range — -65 to +t160° F,

3. Application Limitation — Valve seats and O=rings
4. Screening Test(s) — High pressure GOX cycling

5. Special Procedure(s) —

6. lgnition Source Controls — No electrical wiring

Class Three, C, etc.
1. Pressure Range —
2. Temperature Range —
3. Application Limitation —
4, Screening Test{s) —
5. Special Procedure(s) —
6. Ignition Source Controls —

LIST OF NO-NO'S IN REGARDS TO MATERIALS

b7



GT~5 Heater Failure

The one operational failure which occurred during the Gemini cryogenic
tankage program occurred on GT-5. GT-5 launched with the Reactant
Supply System (RSS) oxygen tank heater on in the automatic mode. At
approximately 28 minutes GET a current spike occurred and the circuit
breaker apparently tripped. When the pressure was observed to be drop-
ping below the automatic control band, the circuit breaker was reset
by the crew. This did not activate the heater nor did an attempt to
operate in the manual mode. The actual failure was never identified
since the adapter section which contains the eryogenic tanks is not
recovered. It was established from the review of the available data
that the most probable cause was a short circuit to ground of a 28 volt
high lead some place before the heater element, This could have been
either tank wiring or vehicle wiring.

This failure left the tank with no source of pressurization energy
other than heat leak through the insulation. This was not adequate

to maintain supercritical operation and the pressure in this tank

fell from more than 800 psia to 65 psia over a period of several hours.
At this pressure, the fluid in the tank became two-phase and the
energy requirements for isobaric operation changed dramatically. The
energy required for liquid delivery under these conditions is such
that the pressure stabilized and began to rise. After a powered down
period of less than 24 hours, the normal mission was resumed. The tank
préssure continued to rise throughout the mission and had reached 251
psia at the end of the mission. This occurred because the fluid in
the tank was oriented by surface tension effects such that the with-
drawal port saw liquid throughout the mission.
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Submarines

by Or. J. E. Johnson,

Naval Research Lab

(a) Deseription

(b) Operational System Work Sheet
{c) Sketch

(d) Bibliography
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Submarine Oxygen System

Oxygen gas is stored in the submarine in large flasks which are 18 inches
in diameter and up to 15 feet long with a maximum volume of 21 cu. ft.
Liquid oxygen is not normally carried in the submarine. Gaseous oxygen
is charged to 3,100 psi in the flasks from LOX either from the air plant
in the submarine tender (AS) which is identical to the plants on aircraft
carriers, or from dockside facilities.

A charging line is prepared to transfer the evaporated LOX into the sub-
marine gaseous oxygen storage system, The line must be copper tubing,
single piece as short as possible, with connectors only at the ends.
Connections are made with silver brazing couplings. Alternatively, lengths
of monel pipe together with two ox three lengths of flexible metal hose
and monel couplings may be used. In either case, the entire charging line
shall be welded or silver brazed so that the only threaded comnections are
at the ends. The charging line is hydrostatically tested to 4,500 psi and
cleaned with R-113, purged with dry, oll-free nitrogen. During charging,
applicable éompartments in submarine are monitored with portable oxygen
analyzers, (Details of preparations, charging, and shut down are given

in BUSHIPS INSTRUCTION 9230.16)

In addition to external sources described above, oxygen is supplied from
electrolysis of water in plants aboard some nuclear submarines (Treadwell
generators). The oxygen is generated at 2100 psig pressure and the
by-product hydrogen gas also generated at 2,100 psig is discharged directly
to sea., The oxygen is carried either to storage banks or directly to dis-
posal. 120 SCFH of 072 is normally produced by one plant, which is usually
enough to supply the continuous demand for personnel breathing., Various
safety features are built into the operation of the oxygen generator.

Oxygen gas is dropped by regulators to 100 psig or lower for dispersal. Dispersal
is normally accomplished by bleeding oxygen through needle valves into

the submarine at several points using special diffusers at 2 to 3 psig.

An important aspect of the gaseous oxygen storage and distribution facilities
is maintaining them contaminant-free. When contamination of any part of sys=
tem is suspected, or repairs and replacement parts are required, cleaning and
purging is done using trichlorotrifluoroethylene according to MIL-STANDARD-
1330 (SHIPS). The trend is to use only nickel-copper or copper-nickel alloys
for all parts of the high pressure gaseous oxygen system including piping,
fittings, and valves. A recent change is to replace stainless steel end
plugs in oxygen flasks with monel plugs whenever cleaning of the flasks is
accomplished., TFlasks themselves are still fabricated of corrosion resistant
steel in accordance with MIL-F-22606B(SHIPS).

A single line schematic flow diagram of the submarine oxygen distribution
system is attached. Additional sgpecific details are included in the attached

specifications and documentation. i
PruCEDING PAGE BLANE NOT FILMD
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PAGE {1 OF 4

COMMERCIAL AVIATION DATE_ . 4/28/70
MILITARY AVIATION

0
O
SUBMARINE =
O
0

AIRCRAFT CARRIER
MSC CHAMBER
HOSPITAL

ATRCRAFT CARRIER GOX SYSTEMS USE IDENTICAL COMPONENTS FOR PIPING

PRESENTER__Johnson/Kitts

[

OPERATIONAL SYSTEM REVIEW WORK SHEET

Only load-
Type of System(s) Lox ing from Lo Pressure Gox 100 psiHi Pressure Gox 3,000 psi
tender

SYSTEM DESIGN STANDARDS AND FEATURES

3,000 psi - Pipe, wvalves, fitring of nickel-copper alloy (monel). Diaphragm
X - i Kel-F disc inserts. All valves have welded nipples.
T £ Joints/Fittines —valves with Teflon
ype © ints/Fitting Pipe threads shall not be used.
Socket ends for silver brazing

Operating Life & Level — Components will be scrapped if inspection reveals excessive corrosion
or thread galling.

Shelf Life/Age Life — 1Indefinitely long - no scheduled retirement.

Operating Environment & Limitations — External environment 65-80° F., 50-60% r.h., 1.0 atm, press.
Special or Unique Component Designs — Keep all joints and interfaces to minimum.

Single Point Failures — Redundance of system precludes SPF.

Static Electric Charge Precautions — Permanently grounded

Electrical Interfaces — No electrical penetration fox instrumentatien

Isolation from electrolytic 02 plant.

Ignition Source Control — Quality control on 02 to eliminate metallie and organic sources of
ignition. Electrical grounds.

PROCESS CONTROL SPECIFICATIONS — Electrical Interface/Contamination Levels/Special
Handling Requirements/Inspections.

Manufacture: Systems are assembled from components mfd. to mil. specs.

Service, Maintenance & Repair: Cleaning of oxygen banks, piping systems, and components by flushing
with trichlorotrifluorcethylene (ultra-clean) only, Testing for residual flushing solvent re-
quired. For any repair work, cleaning process must be repeated. All oxygen flasks shall have
CRES plugs replaced by monel plugs at next opporbunity. ALL COMPONENTS AND COMPIETED SYSTEMS
TESTED TO 1.5 TIMES MAX, OPERATING PRESSURE,

56
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PAGE 2 OF 4

Submarine Hp GOX Military . Johnson/Kitts
TYPE OF SYSTEM COMM., MIL,, ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

FMEA, etc. — Based on experience and use

Configuration Control(s) — Modifications to systems incorporated during overhaul.

Certification/Recertifications — Quality assurance maintained by Govt. imspectors.
Testing/Retesting — Pressure tests required every time system is opened or system integrity is
in doubt,

Material Control (Procedure) — Actual material is specified in mil. spe. for each component.

Parts Control — A1l parts for replacement shall be of materials in strict accordance with
material spec. shown of approved drawing.

SYSTEM COMPONENT
TESTING

Philosophy: Test for contamination level--pressure According to spec. requirements.
test for leaks using Ns gas.

Experience: Systems can be operated safely if kept
clean and properly maintained.

Operational Certification: After inspection, vepair & Tested as part of system
cleaning, 15 min. hydrostatic
fest tﬂ 1,5 times max. QP PEes: using E%eanin sol-
vent. Next pressure test wi ZAE egn- mixe gﬁs
; . for 7 days. Max. 15%8b1e press.~drop
Test Failures: - ;
is 5 psig (at 3,000 psi). Purge to

free of Freon-12.

Repair or replace defective
component

SAFETY FEATURES

For oxygen service, relief valves are used: body and spring housing are of
monel, springs of bronze, monel, copper-nickel alloy; valve disc inserts of
Teflon (MIL-V-22549D{SHIPS)}).

Relief Valves —

Burst Discs —

Redundancies — yq single point Ffailure

Over Design —
Electro Static Charge Control — ALl systems are to common ground

Other — contamination and quality control of oxygen., Strict control of materials and
components according to mil. specs.
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PAGE 3 OF 4
military Johnson/Kitts

—submarins Hpy GOX
TYPE QF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE:

MAJOR SUPPLIERS: From numerous Sol:erES

(See Next Page Also) ;
METALLIC MATERIALS: List Acceptable Materials Copper, nickel-copper alloy, copper-nickel
(for oxygen flasks use HY~80 or F-22 (of ASTM A336) steel.

Pressure Range — 3,000 psi op. pressure; 4,500 psig hyprostatic test pressure
Temperature Range — normal 65 - S0OF

Design Considerations/Application Limitations — compatibilitj} with HP 09
‘Screening Tests — Experience

Special Procedures —  Surfaces must be clean to eliminate o0il and hydrocarboms.
Ignition Source Controls — Controlled by specific metal permitted

Failure Experience — Few. Have experienced at least one 02 bottle fire in which CRES end
plug was burned almost completely.
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Submarine Hp GOX Military Johnson/Kitts

TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REV!EWA\WORK SHEET — Concluded

NONMETALLIC MATERIALS:

Class One. A, etc. Teflon, Kel-F

1.

W

Pressure Range — 3,000 psi HP GOX

Temperature Range —~ MNormal, 60-850 F,
Application Limitation — Flange gaskets, wvalve disc
inserts

Screening Test(s) —
Special Procedure(s) —

Ignition Source Controls —

Class Two, B, etc.

i.

2
3
4

5
6.

Pressure Range — 0-100 psig
Temperature Range —  Ambient
Application Limitation — Stem packing-~Teflon
. disc washer--Teflon or
Screening Test(s) — nylon
Special Procedure(s) —

Ignition Source Controls —

METALS

Class JDhregs A, etc.

i

oW

5.

6.

LIST OF NO-NO’S IN REGARDS TO MATERIALS Plastics

Two Copper, bronze, Naval brass
Pressure Range — g.100 psig

Temperature Range — Ambient

Application Limitation — pipe, valves, fittings
Screening Test(s) —

Special Procedure(s) —

Ignition Source Controls —

cast irom, carbon steél, organic compounds.

59

List Acceptable Materials by Category or Use/Range

Fluorolubes, Teflon tape,
Kel-F oil

3,000 psi HP GOX

Normal, 60-85° F.

Lubricants and thread compounds

Avoid direct contact with flow-
ing oxygen )

(other than Fflouorocarbons)rubber,

No greases with a petroleum base.
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Reference Material On Submarine Oxygen Systems (Received &4/27/70)

1. Naval Ships Technical Manual, chapter 9230 "Industrial Gases; Generating,
Handling and Storage," NAVSHIPS 0901-230-0002, September 1967 edition.

2. General Specifications for Ships of the United States Navy, Department
of the Navy, Naval Ship Engineering Center, section 9230-1, Compressed
Gas Systems" draft copy, supersedes section S23-1, dated 1 May 1958.

3. BUSHIPS Instruction 9230.12A, "Oxygen and Nitrogen Piping Systems,
Cleaning and Inspection of," BUSHIPS 9230,12A, Ser 648F-188, 8 Feb. 1961,

4, BUSHIPS Instruction 9230.15B, "High Pressure Air, Oxygen and Dry,
Oil-Free Nitrogen Systems, approved Lubricants and Thread Compounds for, "
BUSHIPS 9230.15B Ser 648F-2475, 27 Dec. 1962.

5. BUSHIPS Instructiom 9230,16, "Submarine Oxygen Systems, Dockside
and Tender (AS) Charging and Off-Loading of," BUSHIPS 9230.16, Ser.
648F-1300, 20 Aug. 1962,

6. Military Standard, "Cleaning and Testing of Oxygen and Nitrogen Gas
Piping Systems, " Mil-STD-1330(SHIPS), 10 May 1968.

7. Military Standard, "Schedule of Piping, Valves, Fittings, and Associated
Piping Components for Submarine Service,! MIL-STD-438D(SHIPS), 30 Oct. 1969,
(See Category K-1 and K-2)

8. Mil. Spec. "Flask, Compressed Gas and End Plugs for Air, Oxygen
and Nitrogen," MIL-F-22606B(SHIPS), 12 June 1964 (with Amendment -4)

9. MIL S8PEC "Indicators, Pressure, Bourdon Type," and others,
MIL-I-18997/1(SHIPS), 7 Mar. 1967

MIL-1-18997/2(SHIPS), 7 Mar. 1967

MIL-1~18997C(SHIPS), 6 Mar. 1967 and SUPPLEMENT-1.

10, MIL SPEGC, "Bronze, Valve: Castings," MIL-B-16541B(WP) 3 Dec. 1964 (plus
Amend.-1)

11. MILL SPEC, "Valves, Pressure Reducing, for Oxygen Service,' MIL-V-24336
(SHIPS), 20 May 1968 (plus Amend.-1).

12, MIL SPEC "Valves, Angle, Relief, for Gas and Oxygen Service (Sizes
2-inches IP5 and Below); Naval Shipboard," MIL-V~22549D(SHIPS), 20 Sept.
1968,

13. MIL SPEC "Tube, Copper (Seamless)," MIL-T-24107(SHIPS), 10 Mar. 1965.

14, MIL SPEC "Fittings, Tubé, Cast Bronze, Silver-Brazing," MIL-F-1183E,
24 July 1961, (plus Amend.-1).
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15. MIL SPEC "Tube, 70-30 and 90-10 Copper-Nickel Alloy, Seamless and
Welded," MIL-T-16420J(SHIPS), 4 Mar 1965 (plus Amend.-3).

16, MIL SPEC "Pipe, Stainless Steel, (Corrosion-Resistant), Seamless
or Welded," MIL-P-1144B(SHIPS), 18 Oct. 1962 (plus Amend.-1).

17. MIL SPEC "Tube and Pipe, Nickel-Copper Alloy,' Seamless and Welded,"
MIL-T-1368C, 2 June 1965, (plus Amend.-2).

18. FED SPEC '"Nickel~Copper Alloy Bar, Plate, Rod, Sheet, Strip, Wire,
Forgings, and Structural and Special Shaped Sections,'' QQ-N-281b, Oct. 31,
1966.

19. FED SPEC "Brass, Naval, etc.," QQ-B-637a, Mar. 14, 1G67.

20. NRL Ltr. Rpt. "Fire in oxygen make-up system for pressure chambers
used for manned exposures," 6180-48A:FWW:JEJ:ec of 3 May 1968.

2l. DNRL Ltr. Rpt. "Aviators breathing oxygen from aircraft converters,
evaluation of:!" 6180-176A:FWW:ec of 20 Nov. 1968.
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DRAWINGS

Diagram, "SS(N)637-501-2142136.
(Newport News S.&D.D. No. 273-325).

Diagram, "ASR21-513-4369845, Rev. B" Sheet 1 and 2,
Submarine Rescue Ship, ASR21, "Compressed Gas System Diagram.”
Alzbama Dry Dock and Shipbuilding Co., Mobile, Ala,

Miscellaneous BuShips Drawings

1385941, Sheets 1 and 2, "Fittings, Silver Brazed, WOG, for 3000 PSI Service".

1385943, Sheets 1 and 2, " Unions, Sil Brzg, 3000 PSI Service".

1385946, "Unions, Bronze, Silver Grazing, WOG".

1385950, "Bosses, Non-Ferrous Piping, 3000 PSI Service".

1385963, Sheets 1 and 2, "Fittings, Silver Brazing Ni-Al-Brz for 1500 & 3000
PsI”.

1385846, Sheets 1-b, "Oxygen Systems, Submarines, Replenishment" Schematic
Piping Diagram.

1385859, "Union, Bronze, Silver Brazing Alloy, Low Pressure Service 800-1500
PSIG".
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5. Aireraft Carriers
by W. Kitts, M5C

(a) Description
(b) Operational System Work Sheet
(c) Systems Schematic

(d) Bibliography

ERECEDING PAGE BLAaN NOT FILME)
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Aircraft Carrier Oxygen System (CVA)

The source of oxygen on the Navy aircraft carrier is the air separation
plant which produces, by distillation, liquid oxygen and liquid nitrogen.
Each aircraft carrier is equipped with two such air separation plants
which are located on the hangar deck level, one forward and one aft in
outboard compartments. The liquid products are transferred from the air
separation plant to storage as liquid or gaseous products. FEach air
separation plant is capable of producing liquid oxygen at the rate of

110 1bs./hr. or 1.32 tons/day or producing liquid oxygen and liquid ni-
trogen simultaneously. '

The cryogenic storage system consists of two liquid tanks suspended inside
2 single outer shell. The insulating space between the tanks and shell
are filled with perlite insulating material and evacuated to provide in-
sulation against heat leakage. The storage systems piping includes pres-
surizing controls to each tank to permit increasing the gas pressure

over the liquid for liquid withdrawal or transfer. Each tank is equipped
with pressure controls, instrumentation, valves, relief walves, burst
discs, liquid level gages, and vacuum gages to permit ease of operatiomn
and to prevent dangerous pressure levels from building up in the storage
tanks, The normal capacity of the liquid oxygen storage tank is 750
gallons of LOX with a 10 percent vapor space provided for the expansion

of the stored liquid as it vaporizes.

A liquid oxygen fill bench is provided to fill removed aircraft liquid

oXygen converters at a remote compartment adjacent to thé oxygen plant on the hangar
deck level. The aircraft comverters can also be filled in the aircraft

on the flight deck level by utilizing portable 50-gallon storage tanks.

The portable storage tanks are replenished from the main 750 gallon LOX

storage tank on the hangar deck level.

Each oxygen plant is equipped with a liquid oxygen pump and vaporizing
system to produce high pressure (3,000 psig) gaseous oxygen from the liquid
product. The pump is a single cylinder, positive displacement reciprocating
pump driven by a crosshead comnecting rod, crankshaft, and electric motor
assembly. The pump and vaporizer assembly is capable of producing gaseous
oxygen at a maximum rate of 25,000 standard cubic foot per hour at ambient
temperature -and at a maximum pressure of 3,500 psig. The gaseous oxygen

is pumped into the ships storage system wherein it is manifolded into con-
necting piping which distributes the gaseous product to the ships oxXygen
piping system for various uses as high and low pressure gas throughout

the ship. A single line schematic flow .diagram of the aircraft carrier's
oxygen distribution system is attached.

Additional specific details are included in the attached specifications
and documentation.
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PAGE 1 OF 4

COMMERCIAL. AVIATION DATE___29 April 1970

MILITARY AVIATION
SUBMARINE
AIRCRAFT CARRIER
MSC CHAMBER
HOSPITAL

PRESENTER, Fitts/Johnson

00000

OPERATIONAL SYSTEM REVIEW WORK SHEET

Type of System(s) Lox X Lo Pressure Gox Hi Pressure Gox

SYSTEM DESIGN STANDARDS AND FEATURES

Type of Joints/Fittings — Pipe, valves, and fittings of stainless steel; socket weld fittings
and joints are composed of 316L stainless steel.

Operating Life & Level — Gomponents replaced when inspection reveals defects or damaged in use.
Shelf LifefAge Life — Indefinite.
Operating Environment & Limitations — -297° F. to 120° F., exposed to salt or sea spray

sea level pressure, maximum internal operating pressure - 3,500 psig.

Special or Unique Component Designs — Cryogenic transfer lines of double wall or vacuum-
jacketed construction. Keep all connections, welds, and interfaces to a minimum.
Single Point Failures —Redundancy of the system precludes SPF.

Static Electric Charge Precautions — LOX transfer lines are grounded.

Electrical Interfaces — No electrical interfaces required for instrumentation.

Ignition Source Control — Electrical grounds, acetylene tests required for LOX storage tanks
at 90 day intervals.

PROCESS CONTROL SPECIFICATIONS - Electrical Interface/Contamination Levels/Special
Handling Requirements/Inspections.

Manufacture: Components assembled to meet military specifications,

Service, Muintenance & Repair: All oxygen systems shall be cleaned in accordance with requirements
of MIL-STD-1330. Freon 113 solvent is used. All repair parts shall be identical in material
and quality of those originally furnished with the valve or component.
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Aireraft carvier LOX military Kitts/Johnson FPAGE 2 OF 4
TYPE OF SYSTEM cCOoMM., MIL., ETC. PRESENTER

OPERAT!ONAL SYSTEM REVIEW WORK SHEET — Continued

MANAGEMENT PROCESSES AND CONTROLS TQ ENSURE SAFETY & RELIABILITY

FMEA, etc. — Based on experience while in use.

Configuration Control(s) — Modifications to the systems are made during the normal overhaul period
at the shipyard.

Certification/Recertifications — QA coverage provided by Naval inspectors. The original oxygen plant

ertificgtion is accomﬁlifhed at the shipbuilders yard with Navy surveillance and recertified
%rélsr ng the normal overhaul pexiod.

I
tmf/Retestmg — Compone

Material Control (Procedure} — Components are procured to meet mil. spec. requirements. The basic
oxygen plant must demonstrate satisfactory performance to Navy shipboard specifications.

Parts Control — Quality control is provided to assure that parts are cleaned and are of identi-
cal materials for LOX service as the original.

TESTING

Phi hy: A gas sample is obrained from the system to ascertain the system eleanliness level
hilosophy:  ang to meet the criteria and Tequirements for LOX. The system integrity must be
verified by leak testing and free of contaminants.

Experience: Experience indicates that safety cannot be over-emphasized and ig a prime considera-
tion in safe handling and production of ecryogenic liquids. :

Operational Certification: For new ships plant certification for LOX is obtained at the shipyard under
" naval inspector serutiny to assure that the plant produces LOX to the
purity and quantity required by the specificatiosn.

Test Failures: Puring overhaul periods, the carrier's LOX plants are cleaned, purged, leak tested
and operated to verify plant performance for recertification.

SAFETY FEATURES

Relief Valves — For oxygen service relief valves and burst discs are used for overpressure

conditions. Burst discs are used as a second level of protectionm on LOX tanks.
Burst Discs —

Redundancies — Two complete plants are installed on each aircraft carrier.
Over Desian —
Electro Static Charge Control — A11 LOX and GOX systems are grounded.

Other — An automatic sprinkling system is activated by thermostatic controls located in the
floor of the LOX plants on carriers. In the event of mass spillage of LOX, the system is
actuated when the floor temperature reaches 09 F.
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Aircraft carriex LOX milirary Kitts/Johnson

TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE:

MAJOR SUPPLIERS: TFrom several sources to meet the applicable military specifications for
LOX and GOX service.

METALLIC MATERIALS: List Acceptable Materials Copper, nickel copper, bronze, CRES type 316 L

Pressure Range — 3,000 psi for LOX pump and vaporizer
Temperature Range — -207° F, to 1200 F,

Design Considerations/Application Limitations — System must be compatible for LOX and have pump and
vaporizing capability to supply gaseous oxygen for the carriers requirement.

Screening Tests —

Special Procedures —Cleaning to rigid requirements to eliminate oil, grease, and hydrocarbons.
Procedures are used to limit and prevent acetylene buildup in LOX storage tanks.

Ignition Source Controls —

Failure Experience ~

TO



PAGE 4 OF 4
LOX, aircraft carrier military Kitts. Johnson
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Concluded

NONMETALLIC MATERIALS: List Acceptable Materials by Category or Use/Range

Class One, A, etc. Teflon, Kelf
1. Pressure Range — 0 - 3,000 psi in pump and vaporizing unit, reduced to 100 psi or less
for specific uses.
2. Temperature Range — _3970 F, ¢o 120° F.
3. Application Limitation — vy3ives seats and packing
4. Screening Test(s) —

5. Special Procedurs(s) —

6. lgnition Source Controls —

Class Two, B, etc.

1. Pressure Range —

2. Temperature Range —
Application Limitation —
Screening Test(s) —

Special Procedure(s) —

S O

Ignition Source Controls —

Ciass Three, C, etc.
1. Pressure Range —
2. Temperature Range —
3. Application Limitation —
4.  Screening Test(s) —
5. Special Procedure(s) —
6. Ignition Source Conirols -
LIST OF NO-NO'S IN REGARDS TO MATERIALS Plastics (other than 'flucrocarbonsrubber, cast iron,

carbon steel, organie compounds are not permitted. No grease, oils, or patroleum base products
can be used.
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‘REFERENCE MATERTAL OR AIRCRAFT CARRIER OXYGEN SYSTEMS

Received 4/24/70 from Ships Command, Military Specls.

1.

10.

]_1.

12,

13.

14.

MIL-P-236384 (Ships) 11 October 1963

Plant; for Producing, Storing, Pumping and vaporizing Liquid Oxygen
and Liquid Nitrogen (Shipboard type)

MIL-S5-23639A (Ships) 1l October 1963

System for Liquid Oxygen and Liquid Nitrogen Storage and Chargings
(Shipboard type)

MIL-D-19326D3 29 September 1966

Design and Installation of Liquid Oxygen Systems in Aircraft, General
Specification for

MIL-C-19803D; 18 January 1968
Converter, Liquid Oxygen, 10 Liter, GEU-24A

MIL-V-25514C (USAF); 28 September 1965
Valve, Oxygen Check, for 70-psi Oxygen Convexters

MIL-V-25513A (ASG); 21 November 1956
Valve, Oxygen Check, for 300-psi Oxygen Converters

MIL-T-81387 (AS); 18 July 1966
Indicators, Liquid Oxygen Quantity

MIL-R-~25410F; 15 January 1968
Regulators, Oxygen, Diluter-Demand, Automatic-Pressure Breathing

MIL-0-23678A3 29 September 1966
Oxygen Systems, Portable

MIL-H-22343A (AS); 16 January 1968
Hose Assemblies, Metal, Liquid Oxygen

MIL-S-81018A (AS); 5 August 1966

Survival Kit Container, Aircraft Seat, with Oxygen; General Specification

for

MIL-0-27210D-(A8G); 16 May 1969
Oxygen, Aviator'!'s Breathing, Liquid and Gas

MIL-T-27730A(ASG); 15 April 1964
Tape, Antiseize, Polytetrafluoroethylene, with Dispenser

MIL-H-26626A3 1 April 1966
Hose Assembly, Tetrafluocrcethylene, Oxygen
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15.

16.

17.

18.

].9-

20,

21.

22.

23.

MIL-G-25969A (USAF); 19 November 1959
Capsule Emergency Escape Systems General Requirements for

MIL-V-25961C {(ASG); 21 June 1965 & Amend!'s 2 & 3
Valve, Fill-Buildup-Vent, Liquid Oxygen Converter, CRU-501A

MIL-V-9050D (ASG); 11 April 1968 & Amend 1
Valve, Oxygen, Pressure Relief, Aireraft

MIL-T-8506A; 14 December 1966
Tubing, Steel, Gorrosion-Resistant, (304), Annealed, Seamless
and Welded

MIL-V-79084; 5 March 1965 & Amend 1
Valves, Check, Aircraft Low Pressure OxXygen Systems

MIL-H-7138D; 29 September 1966 & Amend 1
Hose Assemblies, Oxygen Breathing, Connector to Regulator

MIL-E-5272C (ASG); 13 April 1959 & Amend 1
Environmental Testing, Aeronautical and Associated Equipment,
General Specificaticen for

MIL-T-38170D (USAF); 26 April 1967 & Amend 3
Tank, Storage, Liquid Oxygen TMU-27/M

NAVWEPS 06-30-501; 1 August 1959
Handbook Field Handling of Liquid Breathing Oxygen

Th



Technical Manual - NAVSHIPS 323-0049

Liquid Oxygen Tank 150 Gallon Horizontal
Model NALO-1508

Technical Manuaf - NAVSHIPS 323-0094
Liquid Oxygen-Nitrogen Plant
Model J6287

Technical Manual - NAVSHIPS 323-0055

Shipboard Oxygen-Nitrogen Generating Plant
Model LGSB 80-30

Technical Manual - NAVSHIPS 323-0095

1500 Gallon Liquid Nitrogen/Oxygen Storage and Charging System
Model RC-5

[



DRAWINGS

Diagram, "H-90613-504-4323961, Rev, A"
Aireraft Carrier CVA(N)68, Diagram of 0,N, SYS Showing Hose Coverage
. 272
on Flight Deck"
{Newport News H594-.2732-41),

Diagram, "H-80064-800-2640670, Rev. B"
Attack Aircraft Carrier, CVANG6S Arrangement of Machinery, Forward
and Aft, 02 and N2 plant.’ ' ’

Diagram, Nav Ships Ne. ATS-1,545,2671412, Rev. B
Brooke Marine No. Ship No. 362.
Salvage Tug, ATS-1-Class, Diag. Arrangement of High Pressure Mixed
(Gas Systems

Nav Ships No. C-90613-504-4323960, Rev. A. Sheets 1-22.
Ajrcraft Carrier CVAN68, Diag. 02/N2 System, Notes, Tables and
Materials.
Newport News. No. H594-2732-40.

Miscellaneous BuShips Drawings
1385941, Sheets 1&2, "Fittings, Silver Brazed, WOG, for 3000 PSI Servicel.
1385943, Sheets 1&2, "Unions, Sil Brzg, 3000 PSI Serxrvicell.
1385946, "Inions, Bronze, Silver Grazing, WOGH.
1385950, '"Bosses, Non-Ferrous Piping, 3000 PSI Service'.
1385963, Sheets 1&2, "Fittings, Silver Brazing Ni-Al-Brz for 1500 & 3000 PSIM.
1385846, Sheets 1-4, "Oxygen Systems, Submarines, Replenishment" Schematic
Piping Diagram.
1385859, "Union, Bronze, Silver Brazing Alloy, low pressure service 800-1500 PSIG"
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6. Hospital Oxygen Systems
by Dr. C. X. lLa Pinta, MSC
and Dr. R. A. Mahugh, Boeing
() Description
(b) Operational System Work Sheet
(¢) Sketch

(a) Bibliography
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OXYGEN SYSTEM
VETERANS ADMINISTRATTION HOSPITAL

Houston, Pexas
April 24, 1970

Oxygen is normally supplied from a liquid oxygen container in which

the pressure 1s approximately 70 pounds per square inch. From the
liquid container the oxygen line ig comnected to a dQuplex manifold
asgembly, to the other slde of which is attached 14 each, 300 cu. ft.
oxygen cylinders for standby reserve. The manifold arrengement
consists of pressure regulators, gages, header valves and relief valves,
adjusted in such a manner that oxygen is delivered to the distribution
system at 60 pounds per square inch pressure. 1In the event the pres-
sure should drop to b4 pounds, oxygen is admitited to the system from
the reserve cylinders. ’

When the reserve system is activated as a result of a pressure drop
to 4h pounds per square inch, an alarm is sounded in the admitting
office and a warning light is activated. The alarm may be silenced,
but the warning light will remain on until normal service is restored.
In the event pressure should fall to approximately 30 pounds per square
inch, an alarm is sounded in each ward and facility vhere oxygen is
used. Silmultaneously with the sounding of the alarm a red light is
activated, indicating low pressure. In the event of complete loss

of pressure another red light is activated, indicating oxygen failure.
All of the above alarms may be silenced, but the lights will continue
to glow until service 1s restored to normal.

The relief valve connected to an extension manifold assembly is
asjusted to open at approximately 80 pounds per square inch.

The liquid oxygen storage/converter unit is supplied by the GSA con-
tracted vendor. Currently, American Cryogenics (La Porte, Texas)
has the contract to supply both liguid and gaseous oxygen as well as
a 1,320-gallon LOX facility.

The storage/converter unit is of standard design and was built by

the Cosmodyne Corporation (Torrance, Celif.). Construction is of

type 304 stainless steel, anodized aluminum, bronze, and brass, with
Teflon used as the valve packing material. All joints are either
welded (preferred method)}, all metal fittings (e.g., swagelock), or
flanged. Screw connections are avoided as are nonmetal seals. Valves,
both relief and shut-off, are of hard-seat (brass or other copper alloy)
desigh with Teflon stem packing. Cosmodyne depends heavily on air-
craft and space hardware manufacturers for approved methods and
materials recommendations.
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PAGE 1 OF 4

COMMERCIAL AVIATION ] DATE—27 Apr. 70

MILITARY AVIATION ad

SUBMARINE ]

AIRCRAFT CARRIER a

MsSC CHAMBER a PRESENTER Dr. R. Mahugh

HOSPITAL Il Dr. C.K. La Pinta
OPERATIONAL SYSTEM REVIEW WORK SHEET

Type of System(s) Lox 70 psi Lo Pressure Gox 40 psi Hi Pressure Gox 2200 osi

SYSTEM DESIGN STANDARDS AND FEATURES

Type of Joints/Fittings — Tubing per Fed Spec WW-T-799 Silver Solder per Fed Spec 0Q-S-561,
) Class 3  Screw joints made wilh a luting compound.

Operating Life & Level — No information given
Shell Life/Age Life — No information given
Opcrating Environment & Limitations — No information given

Special or Unique Component Designs — (GA-~D.I.5.5 (Diameter “ndex Safety System) Connector No.
1240. Gages shall be U,L. listed for oxygen service.

Single Point Fajlures - No Protection (except alarm) beyond autematic reserve switcl —over,
Static Electric Charge Precautions —System is all-metal, grounded

Electrical Interfaces —No internal {(to oxygen) circuits, componenis cleaned and prepared for oxygen
per cleaning vrocedure,

Ignition Source Control — Use low pressure (regulated), no rapid oressurization, system grounded,
l.oses made of conductive neoprene,

PROCESS CONTROL SPECIFICATIONS - Electrical interface/Contamination Levels/Special
Handling Requirements/Inspections.

Manufacture: NFPA 565 shall apply. All items cleaned with NayCO3 or Na,PO, (L # to 3 gals. H 50)

Water rinsed, dried and packed especiallr for 0o service, Tub:_ng-same s Witk ends
sealed with wooden plugs or soldered caps.
Service, Maintenance & Repair:

A1l work per NFPA 565,

8o
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DR. R. MALUGH
LOX ~GRK YA HOSPITAL DR, C. La Pinta

TYPE OF SYSTEM COMM., MiL., ETC. PRESENTER

PAGE 2 OF 4

OPERATIONAL SYSTEM REVIEW WORK SHEET - Continued

MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

FMEA, etc. — N.I.G.

Configuration Control(s) —All valves shall be 1/4 turn, of same manufacture andof similar design.

CertificationfRecertifications — NONE

Testing/Retesting — Test piping with air at 200 psi or 11 times (1l.p.) working pressure--final

. test-24 hrs with 0y, no leaks.

Material Control (Procedure) — Specific use of nen-ferrous metals, swecs call for copper tubing per
Fed Spec WW-T-561, class 3

Parts Control — Parts shall be supplied by-a mfr of oxygen system components

TESTING

Philosophy:  Acceptance iest ohly - for leakage and delivery of approx. 99% 05 at service
outlets. All testing is with soap solution---no leaks are permitted,
Experience:  y 1.3,

Operational Certification: N.I.G.

Test Failures: N.I.0G.

SAFETY FEATURES NFPA 565 shall apply

Relief Valves — on each cylinder or LOX sonvester; also on low pressure line, set to 1.5 times

system pressure. Must re-seat after relief.
Burst Discs —

Redundancies — Multiple cylinders, check valve isolation for failure--at least two sources of

supply at all times, sutomatically switched.
Over Design —

Electro Static Charge Control — Grounded system - ioses {low pressure) of conductive neoprene

Other — High pressure storage or bulk storage shall be located in a separate room or
enclosure, per NFPA 566. Quantity and pressure alarm systems, per NFPA 565. A1l
quick-disconnect couplings use C.G.A. D.I.S.S fittings.
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PAGE 3 OF 4
Dx., R. Mahugh

LOX-GOX VA Hospital Dr. C. K. La Pinta
TYPE OF SYSTEM COMM., MIL.. ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE:

No failures in 17 yrs. at Houston, Texas VA Hospital

MAJOR SUPPLIERS: Both storage zkank/converter and LOX are on GSA contract. American

Cryogenics is the current contractor. Storage vessell/ converter unit is manufactured by
. Cosmodyne--uses gages, regulators, etc., from various manufacturers. Much of the hospital
system components are supplied by National Cylinder Gas Co.

METALLIC MATERIALS: List Acceptable Materials Copper and copper a;lloys, cast bronze

aluminum on low pressure outlets, CRES
on outlet boxes.

Pressure Range —

Temperature Range —

Design Considerations/Application Limitations —
Screening Tests —

Special Procedures —

Ignition Source Controls —

Failure Experience — No failures in 17 yrs. at the Houston, Texas VA Hospital
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Dr. Mahugh
LOE-COEL. yaA HOSPITAL Dr. 1a Pinta
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Concluded

NONMETALLIC MATERIALS: List Acceptable Materials by Category or Use/Range

Class One, A, etc. Hi pressure System

1. Pressure Range — 150-3000 psi

2. Temperature Range — Ambient

3. Application Limitation - May use Teflon - seate in valves---no oils or greases
: . permitted
4. Screening Tesi(s) —

5. Special Procedure(s) —

6. Ignition Source Controls —

Class Two, B, etc.
1. Pressure Range —  50-~150 psi

2. Temperature Range — ambient

L8]

Application Limitation — May use Teflon or neoprene seats in vp,lves
4. Screening Test(s) —
5. Special Procedure(s) —

6. Ienition Source Controls —

Class Three, C, etc. Low pressure outleis and tents
1. Pressure Range — Up to 50 psi
2. Temperature Range — Ambient

3. Application Limitation — Tents of slow burning material, e.g., cellulose acetale
Hoses of conductive neosrene
4, Screening Test(s) —

5. Special Procedure(s) —

6. Ignition Source Controls — No electrical devices, no hydrocarbon liquids or gases, signing &c
protibit open flame or smoking

LIST OF NG-NO'S IN REGARDS TO MATERIALS
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Bldg. No. 26D Bldg. No. 26C 3 Bldg. No. 6 Bldg, No. 4
All Floors Ward No. 108 Wards No. 106, 206, 306 Wards No, 104, 204, 304 & CBOC
PS P3 PS PS —Vent Line
B & Relief Valve
L} 11
B Low/Hi Pressure
Alarm System for Bidg. No. 26D Mercury Alarm Switch
Independent of Main System JB ‘Wired to Adm. Office
Bldg. No.1A| s v -
5th Floor (M| l A & D Office 400 1) reg. set
| on 601b LP

70 1bs Line Pressure

Licuid Oxygen < To Emergency Reserve
1000 Gals. Valve Open (14 cylii_'ldcrs‘}7

1BL

i 44 1bs 2,200 b
PS Comes in when pressure B ]
Bldg. No. 1 118 Drops to 44 1bs. our IN
5th, 6th, 7th } - L

Main disconnect to alarm system located

Fl
o0rs on wall over drinking fountain,basement
corridor, Bldg. No. 1
Bldg. No, 27
Oxygen House ;
(Red Light)
Paoint A PS .
:J—[l} A ~4—Hospital Supply Line
L}
jB Connection inside brace shop for hook-up
to emergency bank furnished by Vendor
. A ps o ps rS Ps PS
e Same as Point A
Bldg. No. 104 Bidg. No. 101 Bidg. No. 3 —— — =
Ward No. 113 Bidg. No. 103 Ward No. 107 Bidg. No. 5 Wards No. 103, NOTE: This connection is to”
Ward No. 111 Wards No. 105, 205 connect temporary cylinders
and 305 203, 303 . "
when repairs to manifold are

bel riormed
KEY:  JB — Junction Box T8 pe
PS — Pressure Switch (Wired to alarms in areas where oxygen is used)

OXYGEN SUPPLY & ALARM SYSTEM AND OXYGEN SUPPLY
CONTROL PANEL, BLDG. NOQ. 27

Veterans Administration Hospital, Houston, Texas

NOTE: Setting for all pressure switches — 45 psi
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LEGEND:

Z Check Valves

X Cylinder Valve To outside of building Relief Valve
'q Safety Relief Supply Piping System
BPrevice
Operating -~ [~
; Control Unit
Secondary Bank ]— 1 Line Pr.essure
Regulating Valve
Pressure Regulator | i
Valve R Reserve Pressure
| TN L7 Change Over Regulating Valve
= — ) -
Bleeder Valve i - | D-—Alarm Switch
! <
L Operating Selector
Primary Supply Sccondary Supply Reserve Supply
(Liguid Cylinders 250 psig) (High Pressure Cylinders)

2200 psig

Operating Supply may consist of one or more supply units on cach bank,

FIGURE 2.- TYPICAL OXYGEN CYLINDER SUPPLY SYSTEM WITH RESERVE SUPPLY



HOSPITAL DOCUMENTATTON-

Simple Schematic from Houston VA Hospital

National Fire Codes, National Fire Protection Association,
Vol. 2, 1966-67 ’

Section. 565~1 Nonflammable Medical Gag Systems

Section 566-1 Bulk Oxygen Systems at Consumer Sites

Specifications 691R Hospital Oxygen System
VA Bulletin, Section 311

Narrative of Houston VA Hospital Oxygen System
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MSC Chamber
by W. H.. Bugsh, MSq

(a)
(b)
(c)
(d)

Description

Operational System Work Sheet

Sketch

Bibliography
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MSC - Chamber (11-ft. ~ Bldg. 7)

Description - Bldg. 7 Oxygen Supply and Distribution System and 1l-ft.
Chamber Open. Loop Environmental Gontrol System (OLECS)

The oxygen systems involved in the operations of the 11-ft. chamber will
be divided into two major catagories for simplification of description.
These are the (I).Bldg. 7 Oxygen Supply and Distribution System and

(1I) Open Loop EGS,

I. The Bldg. 7 oxygen distribution system is supplied by a high
pressure (2,200 psi) gaseous tube trailer as primary, 50,000 cu. ft.
capacity, with a 3,750 cu. ft. K bottle secondary bank. The secondary
is used in-event of component-failures or primary supply depietion. The
primary oxygen is supplied through high flow regulators in the Bldg. 7
distribution system at a nominal pressure of 100 psi. The primary and
secondary systems are plumbed through an automatic source switch-over system,
activated by redundant electronic pressure switches, to the chamber and oc-
cupants., There are safety relief valves and burst disks on each individual
line segment and regulators to provide and insure described working pres-
sure. There is approximately 1,500 cu. ft. of high pressure oxygen (2,200
psi) available at the chamber from an independent K bottle source.

II. The ll1-ft., chamber Open Loop Environment Control System (OLECS)
is designed to provide an open loop flow of 100% oxygen between 6 and 12
ACFM for each of two space suited test subjects in the chamber at absolute
pressures between 3.7 and 21 psia. This system will maintain space suit
pressures from a few inches of water above, to 3.7 psi above chamber pres-
sure. The chamber can be evacuated to a few microns of mercury. The
open loop gas is discharged into a separate vacuum system. The oxygen
flow is used for both breathing and the removal of metabolic heat generated
by the suited subjects. The OLEGS is supplied by the 100 psig oxygen from
the Bldg. 7 oxygen distribution (1) system. In event of a system malfunction
95 psi 02 is supplied across a limiting orifice to supply 12 ACFM to the
suit, also barostats sensing suit pressure will automatically repressurize
the chamber to a safe level in the event of a suit pressure failure.
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COMMERCIAL AVIATION 0O DATE___4-20-70

MILITARY AVIATION (|

SUBMARINE ]

AIRCRAFT CARRIER 0O -

MSC CHAMBER by PRESENTER _L. O_. Casey

" HOSPITAL [ ]

OPERATIONAL SYSTEM REVIEW WORK SHEET
Type of System{s} Lox Lo Pressure Gox X Hi Pressure Gox X
0-100 psig 0-2200 psig

SYSTEM. DESIGN STANDARDS AND FEATURES
Type of Jomnis/Fiftings — Vv threaded, welded, & flared. Permanent larger
Joints welded. Small tubing flared. :
QOperating Life & Level — Permanent facility with scheduled and unscheduwled.maintenance

capability. Can operate nearly continuously.

Shelf LifefAge Life — Replace components when they fail only - routine checkout procedures
identify. failures. -

Operating Environment & Limitations — Normal leboratory building enviromments in regards
to temperature & humidity. Relasive clean and vibration #ree, )

Special or Unigue Component Designs — None -~ off the shelf commercisl equipment used through
out the system

" Single Point Failures No credible {not considering structural & wire breakage) single poinr
failures allowed by failure modes and effects

Statlc.Electric Charge Precautions — Building srounded and system Gied to grouad. Ground GOX
trailer prior to comnection to. -

Electrical Interfaces — None other than crew compartments or space suit intericrs

Ignition Source Control — Dynamic system analysis, nonmetallic material usage location
review & control. Electrical component minimization and fusing of all wires. Hermet-
ically seal electronics.

PROCESS CONTROL SPECIFICATIONS — Electricel Interface/Contamination Levels/Special
Handling Requircments/Inspections,

Manufacture: Electrical: Fusing each wire, wire sizing, teflon Insulation, potting hermetically
sesling electronic circuits, grounding. No switching, no mobors, etc. .
Nommetallie Materials: Selecting & screening, covering, testing. Cleaning & Sampling:

Service, Mainterance & Repair: Inspect all work; control all work on configuration and quality
documents, periodically system cleanliness is sampled and certified. Quality and cleanliness
of all ox;’rgen and connections is maintained.
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GOX MEC Chawber L. O, Casey
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET -— Continued

"MANAGEMENT PROCESSES AND CONTROLS TO ENSURE SAFETY & RELIABILITY

FMEA, etc. — Formal analysis per written FMEA procedures. No single point failures allowed.

Configuration Controi(s) — Work, documentation & maberials are all controlled and mspected to-
show current status and 1ns‘brucb10n adherence.

Certification/Recertifications — certified as an operating system by pericdic testing in all modes.

Recertified operational prior to each mammed test by written checklists
TestmE/Rctestmﬂ —

Material Control (Procedure) — A1) nonmetallic materials are selected, per established criteria

Parts Control — erocurement inspection for nonmetallic material compliance. Comtrol of
quality of oxygen (batch sampling).

TESTING

Philosophy: Test system in all modes to insure workability. Overpressure to 1.5 operating
pressure and determine leaks.
Experience: o major problems.

éections of 100 psl header made of copper wWas verj difficult
to make leak tight.

Operational Certification: Operational readiness inspection and manned test readiness review
boards.

Test Failures: None -significant.

SAFETY FEATURES

Relief Valves -~ On each individual line segment

Burst Discs —  In geries with relief valves vo eliminate single point failures

Redundancies — Supplies, regulators, & check valves where a single item would create a
single point failure
Over Design —  aASME code

Electro Static Charge Control —~ Grounding of system and supply trailers

Other — A1l overpressure reliefs are vented out of the building
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(e10):4 MSC Chamher L, Q. Casey
TYPE OF SYSTEM COMM., MIL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Continued

OPERATIONAL FAILURE EXPERIENCE:

None of a .catastrophic nature.

Miscellaneous components fail from time to time due to wear. None have occutred while system
was in use, All failures are picked up in pretest system verifications., WNo fire or explosive
tyoe failures have been recorded. B

MAJOR SUPPLIERS:

Jamesbury, Victor, Rego, Hoke, Whitey

METALLIC MATERIALS: List Acceptable Materials \ /

All applicatioms are generally within Stainless steel 1s chosen
room or habitat environments with pressure limited for all high pressure ap-
Pressure Range — to 2,500 psi. (This applies plications, Stainless

to all items below.} steel is also desired for
for all low pressure (115tpo
Temperature Range — 20 psia)applications, although
copper is used occasionally
and is acceptable. Alumi-
Design Considerations/Application Limitations — num is used in applications
below 20 psia. Metallic
> materials are chosen so as
Screening Tests — to prevent galvanig action

and sigzed structurally to
ASME code. (This applies
Special Procedures — . to all items listed above.)

Ignition Source Controls —

Failure Experience — / \
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PAGE 4 OF 4

GOX MSC Chanbers L. 0. Casey
TYPE OF SYSTEM COMM., MiL., ETC. PRESENTER

OPERATIONAL SYSTEM REVIEW WORK SHEET — Concluded

NONMETALLIC MATERIALS: List Acceptable Materials by Category or Use/Range

Class QoEXAXXY Crew Compartments or suit interiors
1. Pressure Range — 0-20 psia ( Teflon
. ( Beta
2. Temperature Range — 0-100° F. ( PBI Webbing
o o (8ilicon Rubber
3. Application Limitation - ) (Wylon (Limited)
. (Asbestos
4. Screening Test(s) — Flame impingement and flame propogation
5. Special Procedure(s) — 100% water spray available on all exposed surfaces
6. Ignition Source Controls — A1l wires fused at 1% of rated load, wires Teflon insulated
and limited to 500 cir-mil/amp hermetical,
Class ToxB8IX High Pressure
1. Pressure Range — 100 - 2,200 psi ( Teflon
{ Viton
2. Temperature Range — Room temp. { Wylon (Limited
3. Application Limitation — Each use is examined
4, Screening Test(s) — MSC STD
5. Special Procedure(s) — Routine cleaning
6. Ignition Source Controls — No electrical interfaces--slow opening valves
Class Rbuogeyx&08. Low Pressure
l.  Pressure Range — Below 100.0
2. Temperature Range — Room temp.
3. Application Limitation ~  Bach use is examined { Teflon
( Vitom
4. Screening Test(s) —  MSC STD { Kel-F
some Tneoprene
5. Special Procedure(s) — Routine cleaning
6. Ignition Source Controls — No electrical interfaces

LIST OF NO-NO'S IN REGARDS TO MATERIALS Iron, oil
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10.

- 11,

12.

13.

14.

15.

16.

MSG 11-Ft. Chamber Oxygen System Documentation

STB-S0PM 5.2.2 Cleanliness Spec. For Precision Cleaning
STB-F-037 - 11-ft. Chamber Oy System Checkout Procedure

STB-F-047 - 11-ft, Chamber Suit Engineering 02 and Overpress. Relief
System Checkout Procedure

STB-F-053 - FMEA 09 Source and Dist. System, Bldg. 7
STB-F-032 - FMEA O Source and Dist. System, ll-ft. chamber
STB-S50PM 6.9 - Nonmetallic Material Program for STB

PMTO - ME-A-450 - Maintenance task on 0Oy system

PMTO - ME-A-440 -~ Maintenance task om 07 system

FMU-5 -~ 11-ft. Chamber 0j system pretest checklist

FMU-6 - ll-ft. Chamber 05 system posttest checklist
STB-F-064 -~ OLECS Operation Manual

STB-F-058 - FMEA ~ 11 ft. chamber OLECS

STB-SOPM 5.7.1 - Electrical Guidelines and Design Criteria for 02
rich environments

PMU-16 - 11 ft. chamber OLECS pretest and checklist

PMF-~17 - 11-ft. chamber OLECS posttest checklist

NAS-TO-03-0764-EC11l -~ R&D "Engineering Analysis for Oxygen Compatibility

of Materials Use In The PLSS Test Console, 8-ft,
Chamber, and 20-ft. Chamber Oxygen Manifold."
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B. CRITERIA AND STANDARDS REVIEW
by John Conlon and J. H. Kimzey,
MSC
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Specifications and Standards

A listing of specifications and standards for oxygen has been prepared
and is enclosed ag Appendix A. This list includes those that are used
by the Manned Spacecraft Center for its own facilities and those pro-
scribed for contractors! use in building spacecraft.

It is noted that thousands of specifications exist and the list, there-
fore, is not intended to be complete, It is however, a listing of the
major documents from which others are referenced, except that many con-
tractors such as Noxth American-Rockwell, Grumman, McDomnnell-Douglas,
Martin, Boeing, and others have their own in-house documents which are
prepared for their procurement and shop use and include, in some cases,
proprietary data and techniques.

There are many manufacturers and suppliers of spacecraft components.
The Beech Aircraft Company, for example, makes cryogenic vessels under
contract to North American-Rockwell. They, in turn, buy parts such as
motors from the Globe Co. No attempt has been made to obtain fdentifi-

cation of all the specifications involved, much less copies of these
documents,

Categories of specifications include the raw material, design and fab-
rication, cleaning, labeling, assembly, packaging, and environmental

test requirements. There are also specifications on assembly areas, such as
clean rooms, clothing worn by operators, and test equipment to describe

screening procedures to enable a new material to be included, as appro-
priate.

Another category of standards specifically excluded from Appendix A is
those prepared by organizations; such as, the Society of Automotive En-
gineers, Inc., (for-example, Aerospace Standard "Minimum Standards for
Valve High Pressure Oxygen, Cylinder Shut-Off, Manually Operated AS1066"),
and other professional groups.

Despite the many standards and specifications reviewed by this panel, it
hag become obvious that a void exists in several areas. One area of

major concern is the apparent lack of sufficient detail on nonmetallic
materials and their application for high pressure oxygen systems to enable
a designer to select the proper material for his system,

The reason for this is that a comprehensive test program has yet to be
defined and accomplished. Although some work has been started im this
area, it appears that the required effort is a major one and should
begin with developing a standard approach to the problem on the part

of both Govermment and industry so that all data developed can ultimately
be universally used without the requirements for interpolating test re-
sults from a many faceted approach.

The second area of concern is that no standards and/or specifications
appear to exist on a total system which peints out the hazards resulting
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from misapplication of a component which may serve its function well in
some applications, but may be trigger mechanism of disaster in another
application,

The NASA attempts to do these kinds of analyses in their required hazards
and system safety analysis. This effort undoubtedly has served the NASA
well, but these type analyses are not the generally accepted practice

of industr?y since we have been unable to find documentation to indicate
that this practice exists during any of the panels work,
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S/C and GFE-02 System Related Specifications

1. MSC-NA-D-68-1(F), Nomnmetallic Materials Design Guidelines and Tast
Data Handbook, 11/26/69

2. MSC-SPEC-C~11, Precision Cleaning Specification for
3. MSC-SPEC-C-6B, Apollo S/C Fluid Cleanliness Specification for

4. MSC-SPEG-C-7, Apollo $/C Fluid Systems Surface Cleanliness, Specification
for

5. MBC~SPEG-C-9, Cleanliness of Non-airborne Breathing Systems, Specifica-
tion for

6., MSC-SPEC-G-15, Pressure Garment Assembly, Specification for

/. MSC-SPEC-C-27, Apollo EMO Cleanliness, Specification for
Fluid Specifications used for Procurement of 02

8. MIL-0-27210C, Oxygen, Aviator's Breathing, Liquid * Gas Specification,
Specification for

9. MSFC-SPEC-399, Gaseous and Liquid Oxygen
10, MSG-PD-D-67-13, Apollo Spacecraft Nonmmetallic Materials Requirements -
11. Spec No. 4046-1, Pressure Vessel Specification - Testing and Cleaning

of Pressure Vessels Valves, Fittings, and Piping
June 14, 1966

12. MSC-SPEC-C-11A, Precision Cleaning, Specification for

13. TTA SPEC 01, Cleaning Requirements for Oxygen and Hydrogen Systems,
July 6, 1965

14. MSFG SPEC 16L4, Amendment 4, Cleanlines of Components For Use In
Oxygen Fuel and Pneumatic Systems

Contmactor Specifications
Grumman

15, GAC LSP-14-0011B, Surface Cleanliness Levels, General Specification for

North American

16, MAO 610-017, Precision Cleaning Methods and Cleanliness Requirements
For Parts and Assemblies of Apollo Fluid Systems
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17. MA 0110-018, Cleaning Compoments of Propellant, Pressurizding and
Girculating Systemsy, 1/17/64

18, MA 0115-005, .Testing Compatability of Materials For Liquid 6xygen
Systems, 2/12/64

19. MB0110-011, Oxygen, Liquid and Gas, 10/16/64
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MS5C FLIGHT SAFETY INFORMATION BULLETIN

SUBJECT NO.
Titanium in Contact with Anhydrous Methanol or

Methanol-Freon Méxtures 3-1
Use of Breathing Oxygen as a Pressure Source 6-3

Stress Reduction of 4340 Steel Exposed to Ammonium

Fluorocoborate 18-2
Explosion Hazard - Metais/Halogenated Hydrocarbons 18-3
Use of Nonmetallic Materials in the Presence of Medium to

High Pressure Gaseous Oxygen 19-2
Lubricants Composed of Chloro-Fluoro Chemical Bonds in the

Presence of Aluminum and/or Magnesium 193
Corrosion of Aluminum Allpys By Solvent Mixtures of Methanol 19-4

and Trichlorotrifluoroethane
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MSC DESIGN STANDARDS BULLETIN

TITLE

Systems Accessibility for Maintenance

Separation of Redundant Paths

Systems Checkout Provisions

Flow Restriction Requirements - Pressurized Sources
Titanium or its Alloys - Prohibited Use With Oxygen

Service Points - Positive Protection From Interchangeability
of Fluid Service Lines ’

Service Points - Fluid Systems
Fluid Systems - Design for Flushing
Fluid Lines - Separation Provisions

Capping of Servicing and Test Ports Which Are Not Required
To Function In Flight

Fluid Line Components Whose Function Is Dependent On Direction
of Flow-Protecttion Against Incorrect Installation

Threaded Fittings - Restriction On Release Of Particles and
Foreign Material

Metals and Metal Couples - Restriction on Use
Fludd Supplies - Verification Tests

Protection of Pressurized Systems From Damage Due To Pressurant
Depletion - Ground Support Equipment

Cabin Pressure - Venting Restriction
Pressure-Sensor Line Installation

Control of Time - Sensitive Components

Cleanliness of Flowing Fluids and Associated Systems

Procurement Document Identification for Manned Space Flight
Vehicle Items

Brazed Joints - Tdentification Marks

Non-Destructive Testing - Radieographic Inspection of Brazed
Joints

10k

¥O,
DS-1
DS-4
DS-7
DS-17
DS-26

D530

DS-35
D5-38

D3-42 .

DS-47

DS-49

D562

DS-63
D571

DS8-77

D5-78
Ps-1
PS-2
P5-3

PS4,
Rev, B

P5.7

Ps-12



Toxicity - Requirements for Nommetallic Materials Proposed
For Use Within Crew Compartments

Pressure Relief Valves - Standardization of Functional Test

Protection for Tubing, Fittings, and Fluid System Components-
Flight Hardware and Associated Equipment

Fluid System Cleanliness - Verification in Draining, Purging,
and Flushing Operations

Fluid Systems - Flushing Requirements

Equipment Failure and Replacement - Verification of Flight
Readiness

Leak Detectors - Wetting Agents

Pressure Vessel Material - Stress Corrosion

Presgsure Vessels - Qualification Tests

Fluid Systems - Review of Cleaning, Flushing, and Purging
Procedures

Purge Gases - Temperature and Humidity Requirements
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PS-14

P5-17

PS.18
PS-.19

PS5.22

P5-25

P5-36

P5-38,
Rev, A

Ps5-39

PS-42

P5-43



C.

Oxygen Specifications Comparison



VII. APPENDIX:
Cr Oxygen Specifications Comparison

Four specifications used to procure oxygen for various uses
vere compared to debermine the relative requirements. These specificétions
and priority requirements are shown on table IT . From this date the
following observations can be made.

1. The specification used is procuring oxygen for the (Grade A
MSE - Spec~C~6B) Apollo commend moduvle fuel cells has the most stringent
purity requirement of the specifications reviewed. This high pI:iori:l;y
requirement is required to insure proper fuel cell operation; however
compliance with these requirements greatiy reduces the hazards assoclated
with oxygen contamination.

2. The grade B oxygen MSC-Spec=C=6B is used in the lumar
module or for other non fuel cell uses. It compares very close to the
oxygen uged for aviator breathing oxygen.

3. Specification BB~0-9252 is used for procuring:oxygen fo;
iz_ldustriai uses and does not contaln requirement for trace contaminate

levels other than an odor test.

PRECEDING PAGE BLANK NOT FILMED
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Characteristic

Purity

Methane

Ethane
Propane

Alkyne
Hydrocarbens

Total
Hydrocarbons

— Moisture

OT

Nitros
Oxide (NZO)

Halogenated
Hydrocarbone

Odor

Ethylene

GO and CO2

* MIL-0-27210D

TABLE IT -

5/C Fuel Cell 02 §/C Breathing Q2
Grade A Grade B
(MSC-SPEC-C-6B)  (MSC-SPEC-C-6B)

G9.995 percent
by Veol, Min,

99.60 percent
by Vol, Min,

10 ppm 25 ppm
2 ppm 2 ppm
1 ppm 1L ppm
(Higher Hydrocarbons as Propane)
0,05 ppm 0.05 ppm
(As Acetylene) (As Acetylene)
14,0 ppm 29,0 ppm

(As Methane) (As Methane)

3.0 ppm 3.0 ppm

1.0 ppm 1.0 ppm

1.0 ppm 1.0 ppm

Wone None .

1 ppm total 5.0 ppm CO'
5.0 ppm CJ9g

- dated May 16, 1969

*% MIL-0-27210C -~ dated June 22,. 1966

Oxygen Specification Requirements

*Aviator's Breathing 02
(MIL-0-27210D) ‘
Type I (Gas) Type -II (Liq.)
99.5 percent 99.5 percént
by Vol, Min,

50 ppm 25 ppm

0.10 ppm
(As Acetylene)

0.05 ppm
(As Acetylene)

6 bpm for ethane 3 ppm for ethane

and others and others

0.005 ing Hy0/Lliter0.005 mg HoO/liter

(Approx. 7 ppm)  (Approx. 7 ppm)

2,0 ppm 1.0 ppm

2.0 ppm As Freons 1.0 ppm as Fresons 1.0 ppm as Freons
0.2 ppm as Solvent 0.0 ppm as Solvent 0.1 ppm as Solvent

None None
0.4 ppm 0.2 ppm
10 ppm CO2

5.0 ppm CO2

%% As Gas

As Refrigerants

by Vol, Min,%#%

**Aviator's
Breathing 032
{MIL-0-27210C)
99.5 percent
by Vol. Min.

25 ppm

0.05 ppm
(As Acetylene)

3 ppm for ethane

and others

Same as
Type I and II

1.0 ppm

flone
0.2 ppm
5.0 ppm GO2

Commerical
02
BB-0-925a

99.5 percent
by Vol.

None



D. COXYGEN SYSTEM FAITURE EXPERIENCE SURVEY
by Meyer Cook, MSC R&QA (GE)
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DOCUMENT SUMMARY

Oxygen Bottle Explosion

Title

McDonneli-Douglas Alreraft Cempany, tng, , MP1D, 2171 McD/D Co

Source

4, 0, Weber, C. A, Serl

Author

Janvary 17, 1956

Date

SUMMARY

Code 4(D) (B)

Full cause of explosion and fire not
delermined because oo much damage
was done Lo feave entocgh equipment Oxyaen/1800 pst
to examire, Cause attributed Lo Gas Constituens/Fressume
hthzrge-glycerol cement. in the
eyhnder, Alreraft gxygen breathing equlpment
Equipment
Property damage
Nature of Damage Alnjurfes
Key Words
oxygen Iitharge glycerol cement materials
explosfon  fue property damage

DOCUMENT SUMMARY

DOxygen Supply Systam Masfiaps {Letter)

Tite

Dept . of the Air Force

Letter, AFIAS-F3

Sourea

L. Col. Paul A. Berncrat, USAF
AR fior

Apnl 24, 1970
Tate

SUMMARY

Code 4C

Serviceman used improper pracedure
vhich resulted in an explosion when
the axygen system pressure relief
was compromsed.

Key Woeds

Oxgen 200 PSI
as Constituents/Pressurae

T33A Ajrcraft Oxvgen System
Fra22A Mlrcrett Oeyaen System

weygen pressvrerelief  procedyre

explosien  fire  property damage

.ﬂjIZZ,FBDLO_nnﬁ;Lv_dumualmft damaga)
lature of Damage/lnjunes

DOCUMENT SUMMARY

Awcraft Fire

Title

NFPA #32 27

ource

LA
Author

1369 Fdition
Date

SUMMARY

Code 40

Fire statted while crew's axygen
system was prefiight checked. Cause
not stated.,

Key Words

707 Awcraft
quipment

T—%amnﬁﬁ&ﬁme_hm 25 and ambient
as Lonstittiehts,/Prosstre

Propart: mags
atere of Damage/Injuries

Oxygen Fire

Unknewn oeigin

Proparty Damage

DOCUMENT SUMMARY

%_v_-gen Supply_System Mishaps (Lir}
Titde

Dapt, of the Ajr Forca Letter, AFIAS-F3
cLiECe:

It .Col. Panl A, Porgarct, HSAFE

Author

,E__Anr” 248 1970
ate

SUMMARY Code 4D
Explosion 1n exygen seryice cart -
tause not determimed - still under Oxygen 425 PSI
investigation, Gas Constituents/Pressure
T37 Alrcrait
Equipment

Key Words

Injuries Property damage
atire of Damage/Tnjunes

Oxygen feak explosion

fire injurias woperty damane
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A LITERATURE SURVEY OF REPORTS
OF UNEXPECTED INCIDENTS
IN THE PRESENCE OF OXYGEN AT
CONCENTRATIONS AND PRESSURES
‘HIGHER THAN THAT OF THE
NORMAL ATMOSPHERE

MSC R&QA
MAY 14, 1970

}/4: L ﬂt/

Meyér Cook
MSC R&QA (GE)
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I. Summary

A limited survey has been made of the available literature of unexpected dccurrences

(incidents) involving oxygen at concentrations and pressures higher than that in a

normal atmosphere of 14.7 pounds per square inch.

The results of the survey are reported herein, covering 44 separate incidents.
Twenty-three of the incidents occurred in the presence of 100% oxygen at greater than
14,7 PSI pressure. Of these:

3 were caused by equipment failures

13 were caused by the presence of noncompatible materials

1 was caused by failure of personnel to ohserve procedures and/or precautions

2 had unknown causes or were still under investigation as of the date of the report

2 were attributed to accident

2 were the result of the presence of 100% oxygen without the knowledge of the

participants.

About half of the foregoing were attributed to multiple causes.

A tabulation of the causes of incidents are shown in Table I, and an individual

summary of each incident is contained in Section V.

NOTE: Categories above are as used in the original reports,

dhm'z'—;gfi"\@i D
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Il. Introduction

The purpose of this survey was to classify and summarize incidents such as fires and
explosions which occurred in the presence of a combination of 100% oxygen and a
pressure of approximately one atmosphere (14.7 pounds per square inch) or greater.
The literature available for this survey consisted of documents and reports from the
NASA Manned Spacecraft Center Library, plus additional documents and information

obtained from several information services. (See Section V)
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ill., Discussion
During the initial screening search of the library and information services listed in
Section IV, document titles, and summaries where possible, were examined. In the search.

the key words "oxygen," "fire," "

explosion," "property damage ," “injuries," and the phras:
"nressute greater than atmospheric” were used as search criteria. This search yielded a
total of 250 incidents; upon further examination, ittwas found that only 44 incidents |
occurred at initial pressures greater than one atmosphere in the presence of 100% oxygen
or where the heavy oxygen concentration seemed to be the controlling factor. These 44

incidents have been categorized in Table li, and eac‘h incident is further identified and

described in Section V.
The coding used in Table Il is shown in Table 1 below,

TABLE | - Explanation of Coding Used in Table I

Cause of Incident

A. Equipment Failure
B. Presence of Flammabte Contaminants
C. Failure of personnel to observe procedures/precautions

D. Causes unknown (or unresolved ~ still being investigated as of the date of the

document or incident repor’g)
E. Accident

F. Participants did not know oxygen was present
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QTT

L.ocation of Incident or
Type of Surroundings

TABLE 1l - Tabulation of Causes of Incidents

Cause of Incidents

100% Oxygen

Oxygen + Inert Gasses

Oxygen + Active Fluids

1,

Space Vehicles (including
Ground Support Equipment)

. Missiles (including Ground

Support Equipment}

. Laboratories/Test Chambers

Aircraft (including Ground
Support Equipment)

. Medical (Hospitals,

Hyperbaric Chambers, Etc.)

. Industrial Welding, Trans~-

portation, Etc,)

TOTAL

A (1)

A (1)
B (1)
c

B (4)
D (1)

B (3}
D (3)
E 1)

B (1)
F D

A (6)
B (4)
C @
D (2)
E @)
F (2)

34%

* Eleven of the 34 were mixed high/low pressure.

NOTES: See Table Il for explanation of categories A, B, etc.

A1)

A (D)
F (1)

C (3
E (1)

Numbers in parentheses show total number of incidents in that category,

A

A (1)

E (1)




1V. Sources of Documentation and Reports

(1)
2)
3
4)
(5)
(6)
(7)
(8)
(9)
(10)

NASA MSC Industrial Safety Office

NASA MSC R&QA Technical Retrieval Information Service (General Electric)
U. S. Department of the Interior, Bureau of Mines

U. S. Navy

NASA MSC Technical Library Bibliography Service

The Boeing Company Technical Bibliography Service

The Martin Marietta Company (Denver) Bibliography Service

IDEP (Interagency Data Exchange Program)

U. S. Air Force

Douglas Aircraft Company, Inc.
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V. Summaries of Individual incidents

The folfowing 11 pages are summaries of the 44 incidents
which form the basis of this report. Four incident summaries

appear on each page.

The code classifications used on the summary sheets are
the same as those used in Table Il
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DOCUMENT SUMMARY

SFace'craft Command Module Fire . .
Tille

NFPA 53M _¢3253 p22

Source

HA

FAuthor

1969 Editron
Date

- SUMMARY

Code 1A

Summary of Apollo SC 204 fire.

Key Words

Oxygen 16 PS| N
Gas Gonstituants/Presstre
Spacecraft
quepment

hrge fatalities
ature of Damage/Tnjuries

ygen spacecraft 14 Pal

3 fatalities fire

DOCUMENT SUMMARY

N Trtan Massale & Srlo Agcident -
Titdle

NEPA S Page 21 #3250
ource

MA
Auther -

]g_ﬁg Editran
ale

SUMMARY Code 2A

Liquid Oxygen line leak caused
oxygen cariched atmosphere to
suppert xapid combustion after
a spark agnited combustibles_

LOX
Gas Conslituents/Pressire

Titapn Missale an a Launch $31lo
QUipitient

ﬁature 0? Samageﬁlmums

Key Wordg
Oxygen Massile Silo Titan
Leak Line Spark Combustikles

Property loss

DOCUMENT SUMMARY

Oxyaen Supply System Mishags (Leter)
Tite

Letter, AFIAS-F3

Dept, of the Air Force
olirce

L%: Cal, Paul A, Besserot, USAF
uthior

Uﬂ_pnl 24, 1970
ate

SUMMARY

Cods 2B

Hydrecarbon contaminants inside Filter
case adjudged cause of explosion.
Probably through;

1. Wicking through flange gaskets,

2. Contamination of vent plugs during
mafatenance.

3. Conkaminated LOX sepply

Key Words

LOX 2
Gas Ccnstituents/Press ure

SM-65 F Misule €115 Filter)
quipment

o & I &
Nature of damabe/injuries

$10,300,000 damage

Naluce of Damage/ingin es-

LOX Property damage
SM-65F

Missile

L-15

Filter

No fatalitles

DOCUMENT SUMMARY

—_— e

__,Pr\mﬂn Supply System Mishaps €1 stter)
Title

Leiter, AFIAS-F3

Dept, of the Air Force
ource

Lt, Col, Panl A Bergerot, USAF
wthor

Aprd 24, 1970
Date

SUMMARY

Code 24

Most probable cause of faifure was
combination of faulty welds and misdrilled
Reles in fuel passageway plate. Over-
stress caused rupture permitting pramature
mixing of fuel and exidizer.

o]

2 Fuel 2
as LonstituentssPressure

COM-10A Missile
quipment

Inlector assembly

52,026,17 property damage
ature of Damage/injunes

Key Words

Weld . Fractuce
Misdrilled  Holes
Injector  Plate
Manufacturing  Fauft
Weld Embelttlemant



DOCUMENT SUMMARY

en ly System Mishaps {Letter)

Tithe

Letter AFIAS ~F3

SOUI'CQ

Iu#;ﬁnL.Emﬂ.A—&muﬂ...ﬂS&F____._

Date

SUMMARY Coda 2C

t_1.%3 29,5 PSI
as Genstituents/Pressure

- il
Eqipment

Deviation from Technical order checklist
allowed the boil-off valve to remain
closed for an extended penod of time.
“LOX Growth" occured, axygen boil-oif
followed and fire and explos lons resulted

Natire oi ﬁlamage%njunes

Key Words

Oxygen  boil-off valve checklist  procedwes  LOX-growth fire

explosion propesty damage

DOCOMENT SUMMARY

_annmuessjnn.chambar_ﬁre
Title
.S_N.EEA_SEM #3287 P24

oLrce

NA
Author

1969 Edition

ite

SUMMARY Code 3A

Portable CO., scrubber single-phased,
averheating fene ¢ord, czusing Tgmition.

t%xgau@;@m%muﬂﬁ

as Lonstituents/Pressurs
Decompressjon Chamber

quipment

_Nz_hlall}i%i;&l%ﬂks;ﬂnm:zwpﬂty damag
atere of Damage/lnjuries .

Key Words
Oxygen helium nitrogen decompression chamber scrubber  single-phase
mator overheated lina cord fire  2deaths 2injuries propaty damage

i

|

.
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DOCUMENT SUMMARY
Final Report of the WSTF Fire Investigation Boazd Altitude Simulation

S¥ste'm LOX Pump Number Ons st MASA White Sands Test Facility on
e December 11, l9sg

NASA/ MSC,~ WSTF, Code SC

Source
B. €. Ingels, X. B. Gilbreath, J, A. Hathis
Author

12 December 1968
ate

SUMMARY Code 38
Accident attributed to use of
valves having mater:als in-com= LOX 980 PSIG Maximum
patible with pure Oxygen atmos- |Was Conshiloents/Pressore
phetes.
LOX Pump driven by 250 HP Motor
Equipmest
No_Injury Estamated 517,300,00
ture of Damaqe/Tnpories Property damage
Key Words
jrerd Euna-Rubber Partacle Fige
Explosion Valve Material Incompatible
Oxygen
DOCYMENT SUMMARY
Rocket Engine Test 1aboratory Fire
Title
HEPA  53M #3251  p23
Source
Imﬁrx
d]
ate
SUMMARY Code 3A
LOX lina broke during test on 2 heat
exchanger, Hot surfaces igniled moygen ~ LOX
Fuel mixture Gas Consuituents /Pressure
Equipment
]
55,000 propesty danage i
ature of Damage Anjusies
Key Words
axXygen LOX  linerupture  hreak  fuel heat  fire  property damage



DOCUMENTSUMMARY

_EllmJnJozmn.nwl'"e
Title

_S_N_FPA 530 #3247 P21
oliFce
NA
Author
1940 Eddicn
Date
SUMMARY - Cade 3B

Gentaminaticn by halogenated hydro-
carbon caused explosion en high pressize

Oxygen 2200 PSI
Gas 8onst|tuents75rcssure

pipe ling,
Laboratory Systems
quh patent
$215,000 property damage
- Natwre of 5amagel7|n;urnes
Key Words
Oxygen Pipe line hydrecarhon contamipation  ’explosion

property damage

DOCUMENT SUMMARY

Accrdent Report on ECS Module C-59, Bmaldang 32, January 14, 1966

Title -

HASA/MSC Safety Office BM3

Soutce B -

J. H, Chappee, J. E. Powell, M. G. Simmons
Author
21 June, 1966
Date
Code 3B

SUMMARY

Accadent was atkzabuoted to eithex
the cummulative huild-up of contaminataon
on the valve seat or the sudden entrap-
went of a contaminent between the ball
and seat of the walve, En either case,
the zecadent anvestigation resulted an
the replacement of DELRIN as valve seats
with TEFLON and the redesign of the
systeén to prevent the possabilaty of
operating the valves at high pressures,
Erocedures wexre also re-wxrtten

o} en 2250PSI Max
Cas %onshl:uen!s?ﬁressure
ECS Module High Pressure System
Equipment

Seeond and Third Degzee Burns
atwre of Damaga/Injuries  Property Damage

net mentioned

Key Words
oxygen ” DELRIN
Valve Seat
Injuries

TEFLON
Fare

Contaminant
Explosion

123

DOCUMENT SUMMARY

Statse Invertaer Plammabiliby Teat

Title -

North hmerrecan Rockwell Corp., Repot #ATR 142007

Source

Several

Author

7 July 1967
Date

SUMMARY

Code 3D

This was a tesk under controlled
conditighs, HNo cenclusicns can
be drawn from the test results
other than that the re-des:gn of
the equipment was necessary.

Ox!%en 16,5253
3% Lonstituents/ Pressure

‘| Static Inverter in Test Chamber
piabic Inverter in Test Cher

quipment

Hot assessable

Natwe of Damage/injunes -

Key Words
Oxygen Test Chamber
Igntker Igmtion Pire
DOCUMENT SUMMARY.

Final Report of the WSTF Firxe Investigation Board Altitude
Simulation System LOX Pump Number Three at NASA MSC White Sandsg

Title

Test Pacility on September 16, 1966

NASA/ MSC, WSTF, Code 8C
ource

D J. Patts E. I, Burke
uthor
13 October, 1966
Hate
SUMMARY

R Sturtz

Code 3E{A}

Cause of accident not definitelly

determrnad, Attributed to ocne
the three followang causes an
order of probabalaty.
L. Chrp of prece of ampeller flew off
and was ground between housing and
impeller creakting heat and sparks.

‘. Inboard Thrust Bearing fallure

A foreagn particle of unknown
cempesition entering inte the

Lo¥ 500 to 60Q PSX

Gas Constilugnts/Prassirg

LOX Pump draven by 250 HP Motor
Equipment

pump. . No Inyuries, bollar value of damag
Nature of Damage fnjunies not stated
Key Wards .- .
TOX Purap Particle Fire
Chap Metal -~ Bearing Failure
Material Incompakible



DOCUMENT SUMMARY

Report of Investigation —. Damage to Pulse X-Ray Equipment
Title July 24, 1969 Building 31

HASA/MSC Industrial Safety Office, Cade SC
Source

Author

8 October, 1963
ate

SUMMARY Code 3F

Explosion caused hy capacitor
digcharge 1in pure Oxygen mis- 99% Oxzygen 2015 pai znternal flask
labeled "Compressed Air, 79% GaF Constal ients/ Pressure 240 psi working
Ritrogen, 21% Oxygen" -

Fobotron Pulsed Blectron-Beam X-Ray
Quipment Syatom

No Inpur: Less than Q.00
Hature of ﬁamage?lmunes Property damage.

Key Words.

Oxygen Explosion 240 PSI Mis-labal

2015 PSI Flask Capacitor Discharge

DOCUMENT SUMMARY

Aireraft Fire
Tufe -

NEPA  53M #3260 P26
Source

A . B,
Author

1969 Edition

gle

SUMMARY Code 3 (E)

Shoet circunt Tomked fuel leaking from

line. Fire cavsed aluminum fitting te en Prossure Boitle

melt from oxygen control panel, releasing [ Gas Gorstilvecis/Fressore

02-

Alrcraft
tequipment
177,000 property damage
atwre of Damage/Inauries

Kay Words

oxygen short circuft fuel  Fre  property damage

124

DOCUMENT SUMMARY.

Oxygen Supply System Mjshaps {Letter}

Title

Dept, oFthe Alr Force  Letter, AFTAS-F3
Gurce

| SAF
uther
.D_ADLI.LZQ.JQ'?U
ate
SUMMARY Code 2B()

Grease or oil contamsnation suspected

as cause of explosion and fire evidence _G.__Coxy_?gn 250 P51
destroyed in aceident, as Lonstituents/Prassure
Equipzent

1 Eﬁ»“i![ﬂ Propetty damage
ature of Damagenjunas

Key Words .

Oxygen contamination explossen fire Fatality  property damage

DOCUMENT SUMMARY

en Supply_System Mishaps (Letler)
Title

of the Awr Foree _Letter, AFTAS F-3

[

5{. Col, Payl A, Berqerot, USAF
uthor

April 24, 1970
Date .

SUMMARY Lode 3B ()

Combination of-

) Contamlination by hydrocatbons
) Querteequing of connestions
{&)} Improper servicang pe

00 PSI
25 LoNSLILents/Pressre
yenerating excessfve heat
caused fire and explosion duing servicing T33ﬁmﬂffc ft_Gaseous cxygen system
Qi i e

of alrceaft ctygen system

’ SI? I?QQ p_a_:%ggr![ damoe
lzture of Damage/Iitjuries

Key Words .
oxysen contamination ydrocarbon procedures  Qvertorting
fittings fire explosion  property damage



DOGUMERNT SUMMARY -

Ajrcraft Fire

itle

NFPA _ 53M #3261 P26

Sonrce

Ruthar

ate

SUMMARY

Code 4D

Derang anspection, opening of valve
triggered fire. 2 Unl cause - pi

gen. Pregsure Bottle

Ouygel
mpunity of temperalure rise caused by | Gas Conshiluents/Pressure

adiabalic pressure of pure oxygen.

Alreraft

Eqlapment

- Pro%ly damage
. ature of Damage/Tnjuries

Key Words

oxygen adiabatic pressure impurity

fire property damage

DOCUMENT SUMMARY

Qxygen Bottfe Explasion

Tule

MoDonnell-Douglas Afremit Company, Inc.  MP 11, 477 MeD/D Co

Source

®. P, Colbun, 4, R, Hollinger

Author

B8/26/59
Date

SUMMARY Code 4E
Loose Nylon poppet moving under '
1800 psi pressure or heat generated Oxyqen/1800 psi

by compression, ignited the poppet In
the valve, causing Tire and explosion

Key Words

Gas Constituents/Pressure

DC-8 Aircraft oxygen supply bottle
quipment

Personne] bogey, bottle destroyed
Fature of Eamageiinjurles _

oxygen valve explosion
aircraft

fire inguey

DOCUMENT SUMMARY

Aarcraft Explosion
?Tﬂ?‘"p_;

NFPA _ 53M #3321 P30

Source

MA
Author

diti
ate

SUMMARY

Code 4F

Oxygen cylinder mistakenly esed to
"nest" Foel manifold dines inan
awcraft instead of mitrogen, Explosion
kiited 3 men and damaged arcraft
extensively.

Key Words

High
as Constituents/Pressure

Atrcraft Fuel System
quipment

Wﬂﬂﬂp&mﬁpﬁmmmmum&
ature of Damage/imuries

Oxygen fuel manifold nitrogen

explosion 3 fatalities  property damage

DOCUMENT SUMMARY

Tﬁ&n@_ﬁr_&

NFPA 53M 43262 P26é

Source

i

ﬁate

SUMMARY

Code 4F

Spark igmted flammables being used
to remove Hinolerm. Fire cavsed axygen
relief valves to vent, intensifying flames

Key Words

%ﬂggu Prosgwe Rotkles
as Lonstituents/Pressure
Equpment

Ratwre of ﬁamageﬁmunes

1 .

Oxygan spark flammables

valves fire  property damage



DOCUMERTY SUMMARY

([ Pressure Regulatoer Valwa Fire

Title

KREPA 53M #3216 _pacs O

olirce

HA
Author

Lg_ﬁa_gli_tm______
e

SUMMARY

Code 58

Duraing transfer of the pressure
regulator valve from one Oxygen
supply bottle to' another, the
valve components ignited.

Accident attributed to non=-compat-
able material an regulater.

Oxygen Cylinder pressure
Bas Cons hituehis/Pressire
Encubator Oxyqgen Tent
Eﬁu:pment

Infant fatalit*. 5 pergong anjured :
ature of Damage/Tnjunes

Key Words
Oxygen Reguilator Fatality Injuries
Material lant =13 8
DOCUMENT SUMMARY
erating Room 1eeion
itle
TS #3200 Page 27
orrce
Ha
Author
1969 Editlon
Date
SUMMARY Code 5F (B)

Boriea of events in an operating
rooxz resgulted in explosion & fire
which destroyed room and eavasd

asveral deatp, persanent injurte
and large property losa.

Acclideng

Oxygen/Cyolopropans  Ets.
plas Lonstituents/Pressore

atiricuted te:
4« Cyclopropane bottle pertizll]
loaded with Oxygen.

Bs Too-rapid opening of valye
on bottie. deat of friction
1gnited mixed gas.
{Frobably would not hsve

A agulpt.
&nmﬂma_ﬂmm_&lmﬁmu_mm o quip

ocourred had bottle contalrjed

only eyclopropane)

-ﬁ_hi%J_a?fu&m_uvem ranae
atere of Damage/Injures .property losas.

Key Words
DxyZEen CydIopropana Valve Ether
Firs Explosion Fragmentation

Kitrous Cxidse

426

DOCUMENT SUMMARY

Oxyqen Cylinder Fire
itle

_s_ﬂEEA_'ilM #3222 P20
ource

NA
Author

te

SUMMARY Code 64

Fire attributed to failure of a valve
on an acetylens cylinder, Heat fused en High
valves on axygen and acetylene cylinder, | Gas Constalvents/Pressure

Welding
Eqiirpment

Six Deaths  $1,123 000 rty damage
Natire of 5amage?|njurles

Key Words
oxygen  acetylene  valve failure fire  property damage  faulities {6}
DOCUMENT SUMMARY
Pressure Gane Explosion
itle
M #3224 P20
ource
NA
Author
le_E:S_EdlUﬁn
e
SHMMARY Code &£A
Pressure gage from a hydrautic system
Installed on oxygen system caused %’Mﬁ_"
explosion. as Lonstituents/Pressure
Eqmpment
QI S e e
Key Words
cxygen gage hydraulle system explosion personnel injuries



DOCUMENT SUMMARY

Jrygen Transfer Punip Explosion

Transfer Pump Explosion

Title

NFPR 538 3202 Page 17
Sairrce —
3539
Author
1969 Editron
ate
SUMMARY * Code 6A (B)

Nitrogen Seal in crosshead seectaon '

of transfer pump Failed, p-emu.ttarg‘ Oxygen ACO0 PST
as Lanstituents/Pressure

contamination of oxygen with lube

orl.
ly caused 1gnition and explesion,

Heat of comprassion evident.

Reciproecating Oxvgen Trapnsfer Pump
QUiptant

ialue 0 %amagea in;unes

Key Words
axygen Pump Witzogen Seal
Transfer Farluxe Explosion
DOCUMENT SUMMARY
Compressor
Tule
NEPA  G63u 3207  Page 17
ajrce
RA
‘Author
1969 Edition
ale
SUMMARY Code GA(B)

Worn TEFLON rider rings on a
compressor paston rod permrtted
lubracating oul to escape into an
Ovygen- cylinder where it
sponkaneously ignated,

[s) en Hot Specafzed (Hagh
Gas Eonsmuents? Pressure
Compreésgor -
Eﬁulpmem

ﬁ;zﬁ.gog,gg E,EQE“'! Danaas
izture of Damage/Tnjuries .

Key Words
oxygen High Pressure TEFLON ¢ Rider rings
Lubracating oil Piston Explosion Fire

DOCUMENT SUMMARY.

Ox¥gen£Aoetylene Piping System Explosion/Fire
Tule

NFPA S53M_ #3220 P19
Source
ﬁhw
1969 Edition
Date
__ SUMMARY Code 6A

Electric ar¢ ruptured on acetylena pipe line
ané igmted gas, Explosion ruptured

bl 3200 PSI
axygen line, m%tltuenzs/l’mssure
qunpmenl
$760,000 propedy damage
Nature of Uamageﬁn \phities
Key Words -
oxygen Property damage
explosion
acetylene
pipirg
Fire
electric arc

MARY

DOCUMENT SUMMARY

LOX Belivery Truck Tank Rupttre
Title

NFPA 53M 53201 _Ple

QUITE

HA
Author

19569 Fditinn
Date

SUMMARY Cods BA
Tank ruptured durang delsvery, Oxygen .
reached nencompatible matersal resulting LOX

in Tgnition,

Key Words

Gas Constituents/Pressiize

Dalvery Truck
Tquipment

1,000,000 pro
ature of Damage/Injurnies

LOX  -Tank- Rupture Materral

Noncompatible  preperty damage


http:Ex.plOS.On

DOCUMENT SUMMARY

-Fare an Oxyqgen Cylander Storage Area

Tatle

NFPA 534 #3215 PI8

Solrce

KA
Author

1969 Ed:tion
ate

SUMMARY

Code 6A

Fire fp storage shed caused ex-—
plosion of Oxygen Cylinders,
Considerable property damage

[} en, 2250 PSI (Cylinders)
Gas Lonshiluents/Pressure

Oxygen Cylinders in Storage Arem
quipment

Key Words

Property Damage — unspecified
Nature of Eamageﬂn;cnes

oxygen Fire
Cylindexs

Explosion Storage

DOCUMENT SUMMARY

3,800 qaf, cagacity LOX Truck
ttle

NEPA, 53M #3200 P16
ource

r’lﬁlﬁﬂf

ate

SUMMARY Goda AAIEIR)
Leak in transfer hose released oxygen, 0
Static spark (or other) igrated grease LOX
oc tires, Heat caused LOX tank to a5 Gonstuluents/Fressifre
rupture,
LOX delivery truck
Equispment
H;iu'e of Bamageﬂn;unes .
Key Wonls

hose leak static spark

tank rupture LOX  property  loss

DOCUMENT SUMMARY

High Pressure Gxygen Pump Equipment Explosion & Fire
ke

NFPA S3M _ #3203 P17
olirce

A
Aikhor

1969 Edition
Date

SUMMARY Code 6B

Glycering or other flammable materlal
residue in bottom of filter ignited during =l H
opesation. as Lenstituents, ssure

; n k
uIpment

Hature ﬂi‘ [garnageiilm urigx

Key Words

Oxygen purtp Fliter glyeerine nencompatible matarial  residue
igmtion  property damage

DOCUMENT SUMMARY

- Ruptute of @ high pressure Oxvaen valve
itle

HEPh $3M  Pace 2] #3240
ource

HA,
Author

igﬁs Edit:on
ate

SUMMARY Code 6A (F)
Accident attributed to either:

Rupture of a high pressure valve, {Ns}
or i3 Eonstlluemsﬁussme
Short carcuit of 300 VEC cable to

Equlpmeni

Oxygen pipe, resulting in ignitio
of pipe and rupture of valwve.

Haau'e OE Bamageﬂruuues 1 og:opetty

Key Words
Oxygen High Pressure Valve High Voltage
Pire Property Loss - Rupture



DOCUMENT SUMMARY

Ckygen Compresser Fue

Title

NFPA G3M #3204 P17

Source B

NA

Ruthor

1969 Edition
Date

SUMMARY Code 6B(D)
Fire attnbuted {0 metal “feathers" or
“fingers" ekt 1n compressor cylinder, or (xygen

oil seepage into cyhinder or rupture of
cylinder wall. Damage was sa extensive,
exact cause riot determined.

Key Words

Gas Censtituents /Pressure

Cempressor

Equpment.

Property damage $375,000

Nature of Damage/Injunes

oxygen fingers  prepery damage
rupture  feathers fire

DOCUMENT SUM

compressure  ¢ylinder  metal

MARY

Oxyqen Distyilatfon Golumn Explosen
Title

NFPA_ 53M #3206 _ P17

§ource

Nn
Author

1949 Edibran
Date

Flie Location aiﬂ Accession Rumber

SUMMARY

Code 6B

Hydrocarben buld-up in the refracter
column bel“eved to have caused
explosien,

Key Words

en
Gas Eonslrluemsﬂsﬂessur\e

Refracter Column

Fquipment

$830,000 preperty damage

Nature of Damage/fnstries

oxygen hydrocachon  explosion

property damage

Adthor

DOCUMENT SUMMARY

Oxygen Cylinder Eyre
Title

NFPA _ 53M #3223 P20
ource

NA

1969 Edjtjon.
ate

SUMMARY Code 6C (B

Fira started in aily raos igmted by |
sparks from a grinder. Spread to oxygen Oxygen Heghe
tank. Gas Constitughls/Pressure

Welding
quipatent

- $35,000 property damage
Fatiwe bi’ bamagegfnjunes

Key Words -

ocyyen  rags oil sparks  grinder  peoperty damage

DOCUMENT SUMMARY

—_——e

Distillatina Column Explasion

Title

NFPA_53M #3205 P17

v Bawrce

A

Author

1949 Edition

Date

SUMMARY Code 6B (D)

Key Words

Foreiga matter {undetermined) in
distillation column exploded.

Cxyaen
Gas écnsmuents?Pressure

. Distillatren Column
qurpmest.

5400,000 property damage
Tatire of Damage%'lruunes

axygen forelgn matter exploslon proerty damage


http:I400,.00

DOCUMENT SUMMARY DOCUMENT SUMMARY

.J'lun:s&mmum.ﬂm 1
Title itle

NFPA 53M 3332 B3 NFEPA _ S53M %3330 P20
Source ource

NA NA ’
Auvthor Author

1969 Edition QA0 Fdyr
ale 'L'lfalte heon

SUMMARY Code D (G} R SUMMARY Code 6F
Fire of unknown erlgin aggravated by Oxygen used instead of compreseed air
use of oxygen to blow cut ship's suctlon _ 1o start a diesel engloe resulted in Qxygen 150 PSI
25 Colistifuents/Pressure explosion and fire, as Censtituents/Pressire

lines instead of compressed alr.

f - Diesel Engune :
Equipment Equipment

5 fataitres One fatalit Property damage
Natere oF Damage/Inpnies Kature of Damage/Tnpunes

KeyWords Key Words
Oxygen compressed air blowing fire 5 fatalities Oxygen  diesel stater explosien fatahty  property Jamage  Fire
DOCUMENT SUMMARY DOCUMENT SUMMARY
Fire an Ethylene-Oxygen Reastoar feed. T Accadent ar Oxygen/Ammonia Plant
Title e
NEPA S3M Page 20 #3230 NFPA 53 M Page 20 3231
Source ource
NA A
Author Author
1669 Edation tion
ate afe

0 o e P et
ke Location & ccession umber

SUMMARY Code 6D SUMMARY Code GE (4)
Unexplained explosaon following i Electrical Failpre opened redueind
adjustment by operators at the valve. Compressore, idling to

Oxygen Plant, Eﬂx%:nﬁp__ﬂn;mﬁied maintain pressure against shut— Oxvgen Pressure unspecified=
. as Lonstituents/ Pressure off valve, perm:rtted hot oLl tao Gas EMSIiluenls7Fressure

enter Oxygen line after 3% hours,

.Eﬂxmmnﬂnx__— Case of no “fail safe” design, re rs
quiprient uipment

$.§.ﬁ$ﬂ..?%..ﬂn_5fnpe.:ty_namga and 0,0 ) 2ge
ature of Damage/Infinies peoavebaon snterr. latare of Damage /Injuries

uption
Key Words ol Key Words
Oxygen Copressor Explosion Pire Oxygen Hitrogen. Compressors Valwve
Industrial Accident Lospes Ethylene Electracal Paxlure ozl Contamanaticn

Detonation

B
[=]
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